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BACKGROUND OF THE.INVENTION 
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The invention relates to controlling 1ransferof an AC maclrine between power· 
from a po~ supply and power from a variable 1R.qucncy drive. More sp~,. :·\ 

. ..,:.~·.·.·· 

the invention is a method and apparatus for transfeuing an AC machine betwCcil '.. h:. 

power from a power supply and power from a drive that does not use a volts per~ 

S control scheme. 

In inany applications, it is desirable to transfer an AC machine receiving 

power a power supply, such as supply mains, to receive power from a variable 

frequency motor drive, or vice versa. The phrase "power supply=, as used herein, 

refers to any source of AC electric power such as supply mains, a generator, an 

10 uninterruptable power supply, or the like. The phmse "AC machine", as used herein, 

refers to any AC rotating machine, such as AC synchronous motors, AC reluCa.nce 

motors, generators, dynamos ,or the like. 

For example, in gas turbine static starters,, a \.iu:iable frequency motor drive is 

used in place of a diesel engine to bring a generator llp to a self-svstaining speed at 

15 which the generator can subsequently be switched to supply mains. In other 

applications, such as variable speed fans and pumps, it is desirable to achieve variable 

speed with a motor 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 transfer the motor to the supply mains to continue operation. 

20 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. Switching of an AC machine from a drive to a power supply is referred to as 

"transfer" herein and switching of an AC machine from a power supply to a drive is 
referred to as a "capture" herein. 

25 

__ ..... _., ••• 4 - ...... , ........ 

Of course, AC machine speed varies with :frequency of the input signal driving 

the motor. However, the inductive reactance of the motor drops at low frequencies, 

.resulting in excess current in the motor if voltage is constant. Therefore, conventional 

V IF ("volts per frequency" or "volts per hertz'') drive control, utilizes a fixed ratio 

between the drive voltage and frequency and the :frequency is controlled under this 
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assumption, up to a nominal operating frequency, to control the speed of a motor 
driven by the drive output. In V IF control drives, it is relatively simple to 
synchronize the frequency of the drive output and a power supply to accomplish 
transfer and capture. However, V IF control is open loop in nature and thus has 

S inherent stability problems.· For example, since the frequency is eontrolled, the 
machine speed is not controlled directly. Machine slip occurs depending on the load 
and thus motor speed is not directly proportional to :frequency of the input current 
Complex slip :frequency algorithms have been developed to overcome this problem. 
However, in addition to the added complexity of slip frequency control, V/F control 

10 does not separately control the field producing and the torque producing components 
of the input current and thus instantaneous torque control cannot be achieved. 

"Vector control" drives have been developed to overcome limitations ofV/F 
control drives. The phrase "vector control", as USed herein, refers to any type of AC 
machine torque control such as field orientation, natural field orientation control, and 

1 S direct torque control. In vector control drives, torque in the motor is controlled 
directly or indirectly. Accordingly, vector control allows an AC machine to be 
controlled in a manner similar to a DC machine. Vector control algorithms are well 
known and vector control drives are used in various DC machine control applications. 
However, since vector control inherently does not provide a reference voltage, it is 

20 difficult to synchronize the output of a vector control drive with that of supply mains 
and thus it is difficult to implement line transfer or capture procedures in systems 

having vector control drives. 

BRIEF SUMMARY OF THE INVENTION 

A first aspect of the invention is a method for switching an AC machine 
between power from a power supply and power from a drive comprising the steps of, 
coupling the output of a drive to an AC machine, controlling the speed of the AC 
machine with the output of the drive utilizing a control procedure other than a volts 
per hertz control procedure, freezing voltage and :frequency output by the drive at a 
transfer voltage value and transfer .frequency value, controlling the output of the drive 
in accordance with a quasi-voltage mode using the transfer voltage value and the 
transfer :frequency value as a reference, synchronizing the output of the drive and the 
output of a power supply after said controlling step, coupling the power supply to the 
AC machine after said synchronizing step, and removing the output of the drive from 
the AC machine. 
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A second aspect of the invention is a method for Switching an AC maehine 

between power from a power supply and power from a drive comprising coupling an 

output of a power supply to· an AC machine to drive the AC machine with the output 

of the power supply, coupling an output of a drive tO the AC machine with the drive 

in an idle state, uncoupling the output of the power supply from tlie AC machine, 
detecting operating states of the AC machine, preconditioning the oU1put of the drive 

to correspond to the operating states detected in said detecting step, and controlling 

the output of the drive based on said preconditioning step. 

A third aspect of the invention is an apparatus for switching an AC machine 

between power from a power supply and power from a motor drive comprising means 

for coupling the output of a drive to an AC machine, means for controlling the speed 

of the AC machine with the output of the drive utilizing a control procedure other th.an 

S a volts per hertz control procedure, means for freezing voltage and frequency oU1put 

by the drive at a transfer voltage value and transfer frequency value, means for 

controlling the output of the drive in accordance with a quasi-voltage mode using the 

transfer voltage value and the transfer frequency values as a reference, means for 

synchronizing the output of the drive and the outpUt of a power supply, means for 

10 coupling the power supply to the AC machine after said means for synchronizing has 

synchronized the output of the drive and the output of the power supply, and means 

for removing the output of the drive from the AC machine after said means for 

coupling has coupled the power supply to the AC machine. 

A fourth aspect of the invention is an apparatus for switching an AC machine 

15 between power from a power supply and power from a drive comprising means for 

coupling an o~t of a power supply to an AC machine to drive the AC machine with 

the output of the power supply, means for coupling an output of a drive to the AC 

machine with the drive in an idle state, means for uncoupling the output of the power 

supply from the AC machine, mCmµ; for detecting operating states of the AC machine, 

20 means for preconditioning the output of the drive to conespond to the operating states 

detected by said means for detecting, and means for controlling the output of the drive 
based on an output of said means for preconditioning. 

A fifth aspect of the invention is a method for detecting opening of a switch 

mechanism in a drive systems having a power supply coupled to a drive to provide 

25 power to the drive, a first switch mechanism. coupled to an output section of the drive, 

a second switch mechanism coupled to the power supply, an.AC machine coupled to 

the first switch mechanism and the second switch mechanism, and a controller 

-3-



WO 01/41292 
PCT/US00/32968 

operatively coupled to the first switch mechanism and the seoond switch mechanism 
to control to the first switch mechanism and the second switch mechanism to 
selectively couple the AC machine to the utility and the output section of the drive. 
The method comprises detecting frequency at terminals of the AC machine, and 

S generating a signal indicating the second switch mechanism is open based on the 
frequency at terminals of the AC machine. 

A sixth aspect of the invention comprises a switching system for switching an 
AC machine between power from a power supply and power from a drive comprising, 
a power supply, a drive having an output section and an input section, said input 

10 section being coupled to said power supply, a first switch mechanism coupled to said 
output section, a second switch mechanism coupled to said power supply, an AC 
machine coupled to said first switch mechanism and said second switch mechanism, 
and a controller operatively coupled to said first switch mechanism and said second 
switch mechanism to control to said first switch mechanism and said second switch 

15 mechanism to selectively couple the AC machine to said power supply and the output 
section of the drive, said controller being operative to control the speed of the AC 
machine with the output of the drive when the first switch mechanism is closed and 
said second switch mechanism is open utilizing a control procedure other than a volts 
per hertz control procedure, to fteeze the voltage and frequency output by said drive at 

20 a transfer voltage value and transfer frequency value, said controller also being 
operative to control the output of said drive in accordance with a quasi-voltage mode 
using the transfer voltage value and the transfer frequency as a reference during a 
transfer procedure to facilitate synchronizing the output of said drive and the output of 
said power supply, to close the second switch mechanism to couple said power supply 

25 to said AC machine after the output of said drive and the output of said power supply 
have been synchronized, and to subsequently remove the output of said drive from 
said AC machine. 

A seventh aspect of the invention is a switching system for switching an AC 
machine between power from a power supply and power from a drive comprising a 

30 power supply, a drive having an output section and an input section, said input section 
being coupled to said power supply, a first switch mechanism coupled to .said output 
section, a second switch mechanism coupled to said power supply, an AC machine 
coupled to said first switch mechanism and said second switch mechanism, and a 
controller operatively coupled tO said first switch mechanism and said second switch 

35 mechanism to control to said first switch mechanism and said second switch 
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mechanism to selectively couple said AC machine to said power supply and said 

output section of said drive, said controller being operative to close said second switch 

mechanism to couple an output of said power supply to the AC machine to drive said 

AC machine with the output of said power supply and close said first switch 

S mechanism to couple an output of said drive to said AC machine With said drive in an 

. idle state, said controller also being operative to open said second switch mechanism 

to uncouple the output of said power supply from said AC machine, to detect 

operating states of said AC machine, to precondition the output of said drive to 

correspond to the detected operating states and to control the oll'tput of said drive 

10 based on the p~onditioning. 

15 

20 

25 

BRIEF DESCRIPTION OF TIIE ORA WINGS 

The invention is described herein through a preferred embodiment and the 

drawing in which: 

Fig. 1 is a block diagram of a sWitching system in accordance with a prefeired 

embodiment; 

Fig. 2 is a graph of motor speed versus time in a transfer procedure; 

Fig. 3 is a flowchart.of a transfer procedure; 

Fig. 4 is a graph of motor speed versus time during a capture procedure of the 
preferred embodiment; 

Fig. 5 is a flowchart of a capture procedure of the preferred embodiment; 

Fig. 6 is a block diagram of a capture module of the preferred embodiment; 

Fig. 7 is a block diagram of the capture control logic of the preferred 

embodiment; and 

Fig. 8 is a logic diagram of the procedure for detecting opening of the utility 

contactor of the preferred embodiment. 

DETAILED DESCRIPTION.OF TIIB INVENTION. 

Fig. 1 illustrates power 1ransfer system 10 in accordance with a preferred 

embodiment. System 10 includes supply mains 12, a source. of three phase AC power 

at frequency f, motor drive 14, a vector controlled variable frequency AC drive, drive 
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output contactor 16 (sei'ving as a switching mechanism), utility contactor 18 (also 
serving as a switching mechanism), and motor 20. It can be seen that operation of 
contactors 18 and 16 can be controlled to selectively couple motor 20 to supply mains 
12, to motor drive 14, or to both. Controller 22 is operatively coupled to contactors 

5 16 and 18 to control the state of contactors 16 and 18 in a desired manner. Controller 
22 can be a microprocessor ba8ed 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. 

Motor drive 14 includes drive controller 30 having a memory including 
l 0 instructions for a vector control algorithm for controlling the torque of motor 20 in 

accordance with known vector control techniques. Controller 30 also includes quasi­
voltage module 34 which includes an algorithm for controlling motor 20 in a voltage 
follower manner. Quasi-voltage module 34 is described as a separate element herein 
for clarity, can be constituted of instructions providing the quasi-voltage control 

15 mode described below and need not include separate hardware or software. Motor 
drive 20 also includes output section 64 having switching bridges controlled by 
controller 30 for generating an output signal for driving motor 20 in a known manner. 
Output section 64 includes motor flux phase locked loop (PLL) 52 as is well known. 
Motor drive 20 also includes input section 68 having line PLL 70. Controller 22 and 

20 controller 30 are illustrated as separate elements for clarity. However, one controller 
can be used to accomplish the :function of both. 

Fig. 2 is a graph of motor speed versus time in the transfer procedure of the 
preferred embodiment and Fig. 3 is a flowchart of the transfer procedure of the 
preferred embodiment. With contactor 18 open and contactor 16 closed to allow 

25 motor 20 to be controlled by the output of motor drive 14, in step A, at time Tl, a 
transfer command is generated by controller 22. In step B, motor 20 is ramped up to 
speed by motor drive 14, under vector control of drive controller 30, until motor 20 
reaches steady state speed S at time T2. Shortly thereafter, at time T3, controller 30 
generates an internal synchronize command in step C to indicate tb.&t a switch should 

30 be made to the quasi-voltage control mode. In response to the internal synchronize 
command, in step D, the motor frequency is sampled using existing electronics in 
power converter 14 and the voltage and frequency at the output of motor drive 14 are 
frozen, i.e. maintained at the last value prior to synchronization, at time T4. In step E, 
controller 30 switches to the quasi-voltage control mo~ under control of quasi-
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voltage module 34. The output voltage and frequency of drive 14 are fixed and 

become the reference in the quasi-voltage mode. 

At time TS, the phase and magnitude, i.e. voltage, of output signals from 

supply mains 12 and motoi: drive 14 are matehed, i.e. synchronized, in a known 

5 manner, in step G, while motor drive 14 is in the quasi-voltage control mode; In 
particular, the output frequency motor drive 14 will be ramped, i.e. trimmed, to place 

the oU1plit of motor drive· 14 in phase with utility 12. Because the quasi-voltage 

control mode uses a voltage follower algorithm, phase and voltage matching is easily 
accomplished by phase and voltage regulators. Also, this mode can be insensitive to 

10 load disturbances. At time T6, controller 22 closes contactor 18 in step H. 

15 

Subsequently, in step I. Controller 30 places motor drive. 14 in an idle mode, i.e; a 

state in which no output signal is generated by output section 64 and then controller 

22 opens contactor 16 to complete the transfer procedure and allow motor 20 to be 

powered by supply mains 12. 

Fig. 4 is a graph of motor speed versus time during the capture procedure and 

Fig. S is a flowchart of a captilre procedure of the preferred embodiment. During the 

capture proeedure, motor 20 is switched from being powered by supply mains 12 to 

being powered by motor drive 14. To minimiz.e current disturbances, i.e. high or low 

current values, it is desirable to have the output voltage of motor drive .14 closely 

20 match the motor terminal voltage during capture. In the preferred embodiment, 

various motor states are tracked and motor drive 14 is preconditioned before being 

energized, i.e. generating an output signal. In step A, at time Tl, a capture command 

is generated by controller 22 and drive contactor 16 is closed while motor drive 14 is 

in the idle mode, i.e. is not generating an output signal to motor 20. In step B, motor 

25 drive 14 begins to be preconditioned as descnoed below. At time T2 in step C, utility 

contactor 18 is opened by controller 22. The full opening of utility contactor 18 is 

detected at time T3 in Step D. For example, the counter emf of motor 20 can be used 

to detect opening of contactor 18 or the method described in detail below can be used. 
At time T4, in step E, output section 64 of ~otor drive 14 is fired, i.e. switching 

30 bridges of output section 64 are gated in a manner to provide a signal to drive motor 

20. Motor drive 14 is controlled in accordance with various motor states, as described 

in detail below, to smoothly capture motor 20. A time TS, in step F, motor drive 14 is 
controlled to take over torque and speed regulation of motor 20. 

Fig. 6 illustrates capture module 36 of controller 30which includes 

35 instructions for preconditioning and accomplishing the capture procedure. In 
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particular, capture module 36 can be preprogrammed into a memory of controller 30 
and can u~ instrumentation in motor drive 14 to detect various motor states. The 
algorithm of capture module 36 is accomplished beginning at time T2 of Fig. 4 and 
continues until time T4 when the output section of drive 14 is fired. The algorithm 

5 can be accomplished in about 1 millisecond. However, data transfer to complete 
preconditioning can take several milliseconds. The instantaneous voltage between 
·phase a and phase b (V ab) of motor 20 and the instantaneous voltage between phase b 
and phase c (Vbc) of motor 20 are detected by instrumentation of motor drive 14 and 
input into motor flux calculation 50 to determine the flux vector in stator windings of 

10 motor 20 due to Vab (Flux_ ab) and due to Vbc (Flux_ be) in a known manner. The 
calculated flux vectors are input into motor flux PLL 52 to determine the angle, 
frequency, and flux value of the flux vectors. Command voltages, i.e. instantaneous 
voltages to be applied to terminals of motor 20 for capture, are then calculated by 

15 

20 

calculation instruction 54 using the following equations: 

1) Vx = meFlux; and 

2) Vy- Flux (Rl/Ll ). 

Where: 

me is the electrical frequency; 

Rl is the motor stator winding resistance; and 

LI is the magnetization inductance of the motor. 

Controller 30 is then preconditioned using Vx, Vy and the flux angle. As 
illustrated in Fig. 7, Vx and Vy are input into voltage regulation and DC bus 
compensation module 60 of controller 30. An output of module 60 is input into 
vector rotate and pulse width modulation module 62 along with the angle signal to 

25 generate gating signals in accordance with the command voltages and the angle. The 
gating signals are sent to switching bridges of output section 64 to gate the switching 
bridges to generate a pulse width modulated signal for driving motor 20. The pulse 
width modulated signal is a variable frequency pulsed voltage signal that induces a 
sinusoidal current in stator windings of motor 20 to control the torque and speed of 

30 motor 20 in a known manner. 
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.Closed loop con~ol is accomplished by sensing the motor voltage and CUttent 

of each phase, using Hall effect sensors or the like, and demodulating the voltage and 

ctirrent into vector form with demodulation module 66 for feedback into voltage 

regulation and DC bus compensation module 60. Of course, modulation and 

5 demodulation are accomplished in coordination with the angle calculated by motor 

flax PLL 52. 

In step C of Fig, 5, the opening of utility contactor 18 is detected. Fig. 8 

illustrates the logic used to affect the detection. The logic of Fig. 8 can be 

programmed into controller 30 or can be accomplished through separate analog or 

10 digital devices. When both contactors 16 and 18 are closed, the frequency and 
magnitude, i.e. voltage, of line PLL 70 and motor flux PLL 52 are matched. 

However, when utility· contactor 18 OJ>CDS, the :frequency and magnitude of motor flux 

PLL 52 will begin to drift. Accordingly, the frequency difference between line PLL 

70 and motor flux PLL 52 can be used to detect opening of contactor 18. 

15 Alternatively, motor flux PLL52 can be sampled and used to compute drift over time 

to indicate opening of contactor 18. In such a case ool is wl(t) and CAl2 can be set to be 

CA>l(t-1). 

As illustrated in Fig. 8, the output :frequency ci:>l of motor flux PLL 52 is 

subtracted from the output frequency C&l2 of line PLL 70 at summing junction 80. The 

20 output of summing junction 80 is then filtered by filter 82 to eliminate noise and the 

output of the filter 82, i.e. the difference betWeen the respective frequencies output by 

motor flux PLL 52 and line PLL 70, is compared with a predetermined threshold Tl 

by comparator 84. If the frequency difference is greater than Tl, a utility contactor 

open signal is generated. A delay time can be incorporated into the logic to allow for 

25 a full stroke of the contacts in utility contactor 18. The value of Tl can be determined 

by monitoring operating conditions of motor 20. 

When motor 20 has a relatively large inertial load thereon, motor 20 will 

continue to spin at substantially the same speed after opening of contactor 18. In such 

a case, the procedure above will be ineffective because the drift in motor flux PLL 52 

30 after opening of utility contactor 18 will be very slow. However, voltage Vl output 

by motor PLL 52 will collapse at a rate that is independent of the inertial load. 

Accordingly, the voltage Vl output by motor flux PLL 52 is subtracted from the 

voltage V2 output by line PLL 70, at summing junction 86 and the result is compared 

with threshold T2 by comparator 88. If the result is greater that 12, the utility 
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contactor open signal is generated. The output of comparators 88 and 84 are input to 

OR gate 90 so that either condition will generate the utility contactor open signal. In 

most cases, the :frequency comparison is a much faster indicator. However, in the case 

of large mechanical loads, the voltage comparison will be faster. 

It can be seen that the preferred embodiment detects motor states during a 

capture procedure and preconditions the output of a motor drive to match the terminal 

voltage of the motor. In this manner, the motor canbe captured very quickly after a 

utility contactor is open. This avoids the current disturbances that are generated in a 

conventional "make before break" capture while avoiding the time lag and operational 

10 abnormalities associated with conventional "break ~fore make" capture procedures. 

Also, the preferred embodiment allows vector controlled motor drives, or any other 

drives using control schemes other than volts per hertz, to be applied in transfer 

applications. 

The invention can be applied to any type of drive using vector control or any 

15 control scheme other than volts per hertz. Various algorithms can be used to calculate 

and apply the precondition variables. Any type of switching mechanism can be used, 

such as contactors, manual switches, solid state switches, or the like. The power 

supply can be of any type, such as supply mains, a generator, an unintemiptible power 

supply, or the like. The various modules can be separate hardware or software on can 

20 be implemented as a single unit. For exampl~ a single micr<>pfocessor based 

controller can be programmed with the various modules. The preferred embodiment 
utilizes a motor. However, the-invention can be applied to any AC machine. 

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 

25 not to be interpreted as limitations of the present invention. Many modifications to 

the embodiments described above can be made without departing :from the spirit and 
scope of the invention, as is intended to be encompassed by the following claims and 
their legal equivalents. 

-10-. 



WO 01/41292 · PCT/US00/32968 

WHAT IS CLAIMED IS: 

1. A method for switching an AC machine between power from a power 

supply and power from a drive, said method comprising the steps of: 

coupling the output of a drive to an AC machine, 

controlling the AC machine with the output of the drive uti1izing a 

5 control procedure other than a volts per hertz control procedure; 

10 

sampling electrical frequency of the.AC machine; 

:freezing voltage output by the drive at a transfer voltage value; 

freezing the frequency output by the drive at a transfer frequency 

value; 

·controlling the output of the drive in accordance with a quasi-voltage 

mode using the transfer frequency value and the transfer voltage value as a reference; 

synchronizing the output of the drive and the output of a power supply 
after said controlling step; 

coupling the power supply to the AC machine after said synchronizing 

15 step; and 

removing the output of the drive frOm the AC nw:Mne. 

2. A method as recited in claim I, wherein said removing step comprises 

placing the drive in an idle mode. 

3. A method as recited in claim 1, wherein said removing step comprises 

20 uncoupling the output of the drive from the AC machine. 

4. A method as recited in claim I, wherein the AC machine is an AC 

motor. 

S. A method as recited in claim I, wherein the quasi-voltage mode is a 

voltage follower mode. 

25 6. A method as recited in claim 1, wherein said step of the AC machine 

utilizes a vector control procedure. 
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7. A method for switching an AC machine between power from a power 

supply and power from a drive, said method comprising the steps of: 

coupling an output of a power supply to an AC machine to drive the 

AC machine with the output of the power supply; 

coupling an output of a drive to the AC machine with the drive in an 

idle state; 

uncoupling the output of the power supply from the AC machine; 

detecting operating states of the AC machine; 

preconditioning the output of the drive to correspond to the operating 

10 states detected in said detecting step; and 

controlling the output of the drive based on said preconditioning step. 

8. A method as recited in claim 7, wherein said detecting step comprises 

detecting the instantaneous voltage between phase a and phase b of the AC machine, 

detecting the instantaneous voltage between phase b and phase c of the AC machine, 

IS calculating flux vectors of stator windings of the AC machine based on said detecting 
steps, wherein said preconditioning step comprises determining.the angle, frequency, 

and flux value of the fllix vectors, and calculating command voltages based on the 

flux value, and wherein said controlling step comprises controlling the output of the 

drive based on the command voltages. 

20 9. A method as recited in claim 8, wherein said step of calculating the 

command voltages is accomplished in accordance with the following equations; 

Vx = (coe)(Flux); and 

Vy= Flux (Rl/Ll); 

where: 

25 coe is the electrical frequency of the motor emf; 

Rl is the stator winding resistance of the AC machine; and 

Ll is the magnetization inductance of the AC ·machine. 
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A method as recited in claim 7, wherein the AC machine is an AC 
motor. 

11. A method as recited in claim 7, wherein said controlling step 

comprises controlling the output of the drive using a vector control procedure. 

12. A method as recited in claim 7, wherein said step of uncoupling 

comprises opening a switching mechanism. 

13. A method as recite in claim 12, further comprising the step of detecting 

said opening step prior to said step of detecting operating states. 

14. A method as recited in claim 13, wherein said step of detecting said 

I 0 opening step comprises comparing the difference between the frequency at terminals 

of the AC machine and the frequency of the power supply with a predetermined 

threshold and generating a signal if the difference exceeds the threshold. 

15. A method as recited in claim 13, wherein said step of detecting said 

opening step comprises comparing the difference between the voltage at terminals of 
.. . . 

15 the AC machine and the voltage of the power supply with a predetermined threshold 

20 

25 

and generating a signal if the difference exceeds the threshold. 

16. . A method as recited in claim 14, further comprising, determining the 

frequency at the temtlnals of the AC machine with a motOr PLL of the drive and 
detennining the frequency of the power supply with a line PLL of the drive. 

17. A method as recited in claim 15, :further comprising, determining the 

voltage at the terminals of the AC machine with a motor PLL of the drive and 

determining the voltage of the power supply with a line PLL of the drive. 

18. An apparatus for switching an AC machine between power from a 

power supply and power from a motor drive comprising: 

means for coupling the output of a drive to an AC machine, 

means for controlling the AC machine with the output of the drive 

utilizing a control procedure other than a volts per hertz control procedure; 

means for :freezing voltage output by the drive at a transfer voltage 
value; 
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means for freezing the frequency output by the drive at a frequency 
value; 

means for controlling the output of the drive in accordance with a 
quasi-voltage mode using the transfer frequency value and the transfer voltage value 

S as a reference; 

means for synchronizing the output of the drive and the output of a 
power supply; 

means for coupling the power supply to the AC machine after said 
means for synchronizing has synchronized the output of the drive and the output of 

10 the power supply; and 

means for removing the output of the drive from the AC machine after 
said means for coupling has coupled the power supply to the AC machine. 

19. An apparatus as recited in claim 18, wherein said means for removing 
comprises means for placing the drive in an idle mode. 

1 S 20. An apparatus as recited in claim 18, wherein said means for removing 
comprises means for uncoupling the output of the drive from the AC machine. 

21. An apparatus as recited in claim 18, wherein the AC machine is an AC 
motor. 

22. An apparatus as recited in claim 18, wherein the quasi-voltage mode is 
20 a voltage follower mode. 

23. An apparatus as recited in claim 18, wherein said means for controlling 
the AC machine utilizes a vector control procedure. 

24. An apparatus for switching an AC machine between power from a 
power supply and power from a drive comprising: 

25 means for coupling an output of a power supply to an AC machine to 
drive the AC machine with the output of the power supply; 

means for coupling an output of a drive to the AC machine with the 
drive in an idle state; 
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means for uncoupling the output of the power supply from the AC 

means for detecting operating states of the AC machine; 

means for preconditioning the output of the drive to correspond to the 
S operating states detected by said means for detecting; and 

means for controlling the output of the drive based on an output of said 
means for preconditioning. 

25. An apparatus as recited in claim 24. wherein said means for detecting 
comprises means for detecting the instantaneous voltage between phase a and phase b 

IO of the AC machine, means for detecting the instantaneous voltage between phase b 
and phase c of the AC inachine, means for calculating flux vectors of stator windings 
of the AC machine, means.for determining the angle, frequency, and flux value of the 
fl~ vectors, wherein said means for preconditioning comprises means for calculating 
command voltages based on the flux value, and wherein said.means for controlling 

15 comprises means for controlling the output of the drive based on the command 
voltages. 

· 26. An apparatus as recited in claim 25, wherein said means for calculating 
the command voltages utilizes the following equations; 

Vx = (ooe)(Flux); and 

20 Vy =Flux (RlJLl ); 

where: 

ooe is the electrical frequency of the motor emf; 

Rl is the stator winding resistance of the AC~; and 

Ll is the magnetization inductance of the AC machine. 

25 27. An apparatlis as recited in claim 24, wherein the AC machine is an AC 
motor. 
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28. An apparatus as recited in claim 24. wherein said means for controlling 
comprises means for c~~trolling the output of the drive us;ng a vector control 
procedure. 

29. An appara~ as recited in claim 14, wherein said means for uncoupling 
5 comprises means for opening a switching mechanism. 

30. An apparatus as recited in claim 29, further comprising means for 
detecting operation of said means for opening prior to said operation of said means for 
detecting operating states. 

31. An apparatus as recited in claim 30, wherein said means for detecting 
10 operation comprises means for comparing the difference between the frequency at 

terminals of the AC machine and the frequency of the power supply with a 
predetermfu.ed threshold and means for generating a signal if the difference exceeds 
the threshold. 

32. An apparatus as recited in claim 30, wherein said means for detecting 
15 operation comprises means for comparing the difference between the voltage at 

terminals of the AC machine and the voltage of the power supply with a 
predetermined threshold and means for generating a signal if the difference exceeds 
the threshold. 

33. A method for detecting opening of a switch mechanism in a drive 
20 systems having a power supply coupled to a drive to provide power to the drive, a first 

switch mechanism coupled to an output section of the drive, a second switch 
mechanism coupled to the power supply, an AC machine coupled to the first switch 
mechanism and the second switch mechanism, and a controller operatively coupled to 
the first switch mechanism and the second switch mechanism to control to the first 

25 switch mechanism and the second switch mechanism to selectively couple the AC 
machine to the utility and the output section of the drive, said method comprising the 
steps of: 

detecting the :frequency at terminals of the AC machine; 

and generating a signal indicating the second switch mechanism is 
30 open based on said step of detecting the frequency. 
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34. A method as recited in claim 33, further comprising detecting the 
voltage at terminals of the AC machine; and 

generating a signal indicating the second switch mechanism is open 

based on said step of detecting the voltage. 

35.. A method as recited in claim 34, wherein said step of detecting the 

frequency comprises determining the frequency at the terminals of the AC machine 

with a motor PLL of the drive. 

36. A method as recited in claim 35, wherein said step of detecting the 

voltage comprises determining the voltage at the terminals of the AC machine with a 

~O motor PLL of the drive. 

37. A method as recited in claim 33 wherein said step of detecting the 

:frequency comprises comparing the difference between the :frequency at terminals of 

the AC machine and the frequency of the power supply with a first threshold and said 

generating step comprises generating the signal if the difference is greater then the 

15 first threshold. 

38. A method as recited in claim 34, wherein said step of detecting the 

voltage comprises comparing the difference between the voltage at tCrminals of the 

AC machine and the voltage of the power supply with a second threshold and said 

generating step comprises generating the signal of the difference is greater than the 

20 second threshold. 

25 

39. A method as recited in claim 33, wherein said detecting step comprises 

sampling the :frequency at the terminals of the AC machine and said generating step 

comprises generating the signal if the sampled frequency changes by a threshold 

amount over time. 

40. A method as recited in claim 34, wherein said detecting step comprises 

sampling the voltage at the tenninals of the AC machine and said generating step 

comprises generating the signal if the sampled voltage changes by a threshold amount 

overtime. 

41. A switching sysiem for switching an AC machine between power 

30 from a power supply and power from a drive, said system comprising: 

a power supply; 
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a drive having an output section and an input section, said input section 
being coupled to said pp~r supply; 

-:_~;.· ~.' .... 

a first switch mechanism coupled to said output section; 

a second switch mechanism coupled to said power supply; 

an AC machine coupled to said first switch mechanism and said second 

switch mechanism; and 

a controller operatively coupled to said first switch mechanism and 
said second switch mechanism to control to said first switch mechanism and said 
second switch mechanism to selectively couple the AC machine to said power supply 

IO and the output section of the drive, said controller being operative to control the speed 
of the AC machine with the output of the drive when the first switch mechanism is 

closed and said second switch mechanism is open utilizing a control procedure other 
than a volts per hertz control procedure, to freeze the voltage output by said drive at a 

transfer voltage value, and to freeze the output by said drive of a transfer frequency 
15 value based,, said controller also being operative to control the output of said drive in 

accordance with the a quasi-voltage using the transfer voltage value and the transfer 
frequency value as a reference to facilitate synchronizing the output of said drive and 
the output of said power supply, to close the second switch mechanism to couple said 
power supply to said AC machine after the output of said drive and the output of said 

20 power supply have been synchronized, and to subsequently remove the output of said 
drive from said AC machine. 

42. A switching system for switching an AC machine between power 

from a power supply and power from a drive, said system comprising: 

a power supply; 

25 a drive having an output section and an input section, said input section 
being coupled to said power supply; 

a first switch mechanism coupled to said output section; 

a second switch mechanism coupled to said power supply; 

an AC machine coupled to said first switch ~chanism and said second 
30 switch mechanism; and 
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a controller operatively coupled to said first switch mechanism and 
said second switch mechanism to control to said first switch mechanism and said 
second switch mechanism to selectively couple said AC ma.chlne to said power ~ly 
and said output section of said drive, said controller being operative to close said 

S second switch mechanism to couple an output of said power SUJ>PIY to the AC 
machine to drive said AC machine with the output of said power supply and close said 

first switch mechanism to couple an oµtput of said drive to said AC machine with said 
drive in an idle state, said controller also being operative to open said second switch 

mechanism to uncouple the output of said power supply from said AC machine, to 
10 detect operating states of said AC machine, to precondition the output of said drive to 

correspond to the detected operating states and to control the output of said drive 

based on the preconditioning. 
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