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(57) Abstract: A system and method of controlling a motor are disclosed. The system comprises a current observer for observing a
motor current at a sampling rate and a proportionate-integral controller that provides a proportionate path and an integral path and at
least forms part of a proportionate-integral control loop based on the motor current. The current observer observes a motor current of
the motor at a sampling rate. The proportionate path calculates, for a present cycle of the sampling rate, a proportionate path term for
the proportionate-integral control loop based on the motor current. The system outputs a respective motor output voltage to the mo-
tor in conformity with the proportionate path term calculated for the present cycle. In conformity with the motor current, the integral
path calculates an integral path term for another respective motor output voltage to be used in a later cycle of the sampling rate.
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Motor Control Loop with Fast Response

Fiald of invention

[0001] The present invention generally relates {o motor controllers, and, more particularly, to a
method and system of controlling a motor in general and controliing the torque of the motor.

Background of the Invention

{0002] Motor controliers control motors in general, and, in particular, control the torque outputs
of motors by regulating the current. Motor controfiers utilizing current control loops in controliing
motors are well known in the art. The current control loop may be placed inside of a speed or
position control loop. The control loops requires, as an input, the rofational motor position.
Typically, the current is controlied to be in alignment with the rotational motor position. One way
of determining motor position is by using a sensorless motor control approach. The sensoriess
motor control approach does not use a sensor 10 sense the position of the motor but instead
typically uses an observer. The observer is herein defined as an opsrational block, device, or

system that determines the motor position as a function of the electrical inputfoutput (1VO") of

the motor. They have been developed to avoid at ieast some of the issues that sensors
typically add. The electrical /O is typically the voltages and currents present at the terminals of

the motor,

[0003] Figure 1 shows a conventional sensorless, fisld-oriented control (FOC) motor control
system 100 in accordance with the prior art. Motor control system 100 generally includes a
motor controlier 102, a power supply 120, an inverter 122, a motor 124, and & current observer
128. The motor 124 is typically a permanent magnet synchronous motor (PMSM) or brushiess
direct current {BLDC) motor. Typically, the motor has three terminals, although other
configurations are also used. The motor controller 102 generally comprises a proportionate-

integral (*PI") controfler 103, an inverse Park converter 108, an inverse Clarke converter 110, a

three phase (3-0) pulse width modulation (PWM) controller block 112, and a rotor position

ohserver 118.  The inverse Park converter 108 performs inverse Park transformations on the
outputs from the Pl controller 103, rotating the control feedback vector from a rotor centric
platform to a stator centric value. The inverse Clarke converter 110 performs inverse Clarke
transformations on the two outputs from inverse Park converter 108 to transform them from a

two-dimensional signal into three output signals. The three oulput signals from the inverse

1
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Clarke converter 110 are provided to PWM controller block 112, The PWM controller, by
varying the pulse width, provides a voltage in conformity with its input signal without the power
inss of a linear regulator. The outputs from PWM controller block 112 are provided to inverter
122. The motor controller 102 further includes a Clarke converter 114 for respectively receiving
three signals from motor 124 via current observer 128 and performing Clarke transformations
thereon. The Clarke converter 114 converts the three input signals from motor 124 to two
output signals, representing the current signal in the stator frame of reference. The two output
signals from the Clarke converter 114 are fed into a Park converter 118 for performing Park
transformations which are mathematically equivalent to complex rotations, transforming the
ourrent value to the frame of reference of the rotor. Park converter 116 provides ocutputs to

respective proportionate-integral (“P") Q controller 104 and proportionate-integral ('PIN D
controller 108. Pl Q controller 104 and P D controller 108 can be viewed or considered
together as a Pl confroller in the complex domain. Pl Q controlier 104 provides and handles the
“Q" integratl aspecis of the Pl controller while P! D controller 108 provides and handles the D"

integral aspects of the Pl conirolier. The input target current e 10 the control loop is the

desired current.

[0004] During operation, the PWM controller block 112 of motor controlier 102 provides
continuous PWM signals to control inverter 122 so that inverter 122 can provide commanded
voltage to each phase of motor 124 from power supply 120. Motor controlier 102 provides
control of motor 124 through the application of PWM signals from PWM controller block 112
Rotor position observer 118 determines the rotor position or angle and provides an angle signal,
used as a rotation value, to the Park converter 116 and inverse Park converter 108.

[0006] Motor control systems and methods that use motor control loops are well known in the
art. Such an exemplary prior art conventional motor control system and method are disclosed in
U.S. Patent Application Publication No. US2012/0248033 to inventor Ling Gin entitled

“Sensoriess Motor Control” (hereafter referrsd to as ‘033 Patent Application). Paragraph 0005

of the ‘033 Patent Application further ciles exemplary conventional motor control systems and

methods in accordance with the prior art. Also, another prior art conventional motor conirol

systermn and method are disclosed in the Texas Instruments’ (T1) white paper entitled "Designing
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High-Performance and Power-Efficient Motor Control Systems” by Brett Novak and Bilal Akin

dated June 2008. Such motor control systems and methods suffer from deficiencies.

10007] For example, the current control in such motor control systems and methods that use
motor conirol loops is less accurate than desired, largely due {0 the bandwidth iimitations of the
control ioop. Thus, the current control accuracy and/or speed are often set by the delay in the
fesdback loop. Any outer control loops, such as the loops needed for speed or position, must
similarly be decreased in bandwidth fo provide phase margin, Referring to Figure 1, system 100
shows Pl Q) controller 104 and Pl D controlier 108 receiving the input target current lgger. 118
outputs from P Q controlier 104 and PI D controller 106 are provided to inverse Park converter
108. Pl Q controller 104 sets the desired current magnitude for controlling motor 124 while PI D
controlier 106 sets and provides a zero level reference. The Clarke and inverse Clarke
converters 114 and 110 perform the transformations that handle the conversion from a winding
of motor 124 to rectangular or complex coordinates. The Park and inverse Park converters 118
and 108 handie rotating the frame of reference for the Pt control loops. Clarke and inverse
Clarke converters and Park and inverse Park converters are well known in the art.

[0008] Systern 100 requires significant computation and adds fesedback delay. A number of
variants of the control topology of system 100 exist and are well known in the motor control art.
A motor control system and method that requires a low or lower amount of computation
requirements and has faster feedback control (e.g., low, lower, or minimal feedback delays) are

desired.
Summary of the Invention

[0008] A system and method of controlling a motor are disclosed. The system comprises an
current observer for observing a motor current at a sampling rate and a proportionate-integral
controfler that provides a proportionate path and an integral path and at least forms part of a
proportionate-integral control loop based on the motor current. The sample rate is normally
synchronous with the PWM rate. The current observer observes a motor current of the motor at
a sampling rate. The proportionate path calculates, for a present cycle of the sampling rate, a
proportionate path term for the proportionate-integral control loop based on the motor current,
The system cutputs a respective motor output voltage to the motor in conformity with the
proportionate path term calculated for the present cycle. In conformity with the motor current,

L3
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the integral path calculates an integral path term for another respeclive motor output voltage to

he used in a later cycle of the sampling rale.

[{0010] In one embodiment, a system for controlling a motor comprises a motor current control
feadback loop that receives an error current as an input and provides a respective motor output
voltage for driving the motor as an output. The metor current control fesdback loop has a
current control algorithm block, a current observer for observing a motor current at a sampling
rate, and a proportionate-integral controller that provides a proportionate path and an integral
path and at least forms part of a proportionate-integral control loop based on the motor current.
The motor current control feedback loop can further comprise an inverse Clarke converter that
is used for processing the integral path term and a Clarke converter that is used for providing

the proportionate path term.

{0011] In another embodiment, the integral path can calculate the integral path term by
performing at least a Park transformation, an infegral operation, and an inverse Park
transformation on the motor current fed back from the motor. The calculation of the integral path
term can involve defining state variables that are representative of D and GQ integral aspects of
the proportionate-integral control loop, combining the state variables into a complex state
variable, and multiplying the complex state variable by a complex rotator that is set in conformity
with a frequency of the motor. The proportionate path calculates the proportionate path term

outside of the integral path. The system can be an integrated circuit.
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Brief Description of the Drawings

[0012] Figure 1 is a conventional sensorless, field-oriented control (FOC) motor control system

in accordancs with the prior art.

[0013] Figure 2 is an exemplary mathematical block diagram of a system portion of an electric
motor control system in accordance with the present disclosure Hlustrating the view of the Pi

controller being a complex Pl controlier.
[0014] Figure 3 is an exemplary functional block diagram of a system portion of an electric
maotor control system in accordance with the present disclosure ilustrating a delaying integrator

{“complex calculations™) in the Parldinverse Park transformation path while the proportionate

{(“P"} term calculations are separated from the Park/inverse Park transformation path.

[0015] Figure 4 is another exemplary functional block diagram of a system portion of an electric
motor control system in accordance with the present disclosure Hllustraling a delaying integrator

{“complex calculations”} in the Park/inverse Park fransformation path while the proportionate

{“P" term calculations are separated from the Park/inverse Park transformation path,

[0016] Figure BA is an exemplary block diagram of an electric motor control system in

accordance with the present disclosure.

[0017] Figure 88 is an sxemplary mathematical implementation and model of the integral path
term block of Figure 5 iilustrating the D and Q integral aspects being processsd separately.

[0018] Figure 5C is ancther exemplary mathematical implementation and mode! of the integral
path term block of Figure 5 illustrating the D and Q infegral aspects being combined and then

processed.

10018] Figure 8 is an exemplary timing diagram illustrating the error current being sampled by
the system portion in accordance with the present disclosure and showing how the error current
sampling relates to a pulse width modulation (PWHM) operational cycle of the motor conirol

sysiem.
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Detalled Description

[0020] In a feadback system such as system 100, a proportionate-integral (P controller {e.g.,
Pl Q confrolier 104 and PI D controller 108) is typically used for feedback stabilization. The |
term provided by the Pl controller provides direct current (“DC”) aceuracy while the P term
provided by the Pl controller gives loop stability. As PWM systems are nearly always operated
in the Z (discrete time) sampled time domain, the transfer function of the Pl controfier is a0 +
at/(1-z5-1), where al is the P term, a1 is the | term, 1/{1-z"-1) Is a discrete-time integrator in
which z*-1 is a delay element. The design and optimization of such Pl loops is well understeod

in the art.

100211 a0 + a1/{1-z*1) is equivalent to (al+al) + at 2 1{1-2%1). 28-1/(1-27-1) is commonly
known as a delaying integrator. Therefore, an squivalent Pl loop can be constructed with a
delaying integrator and slightly different coefficients resulting in the same loop response. The Pl
controller in a motor control is typically viewed as two real Pl loops (e.g., loops comprising PLQ
controller 104 and P1 D controller 108) but can also be viewed as a single Pl controller with
complex inputs, outputs and state variables (the state variables being delay elements in the

integrator). The coefficients remain real.

[0022] Figure 2 shows a system portion 200 of a motor control system that Hlustrate the key
slements of the feedback controlier for motor control in accordance with the present disclosure.
System portion 200 #llustrates the view of the Pl controller being a complex Pl controller 204
having complex inputs, outputs, and state variables (e.g., complex Pl controller 204 has or acts
as the delay element in the integrator). System portion 200 shows the Park converter 202
receiving the phase information of the motor from rotor position observer 208. Park converter
202 also receives as an input the output from a Clarke converter. Park converter 202 performs
Park transformations on the signals from the Clarke converter, and the Park transformed
outputs from Park converter 202 are fed into complex Pl controller 204. The outputs of complex
Pt controlier 204 are fed into inverse Park converter 208. Inverse Park converter 208 also
receives the motor phase information from rotor position observer 208. Inverse Park converter
206 performs inverse Park transformations on the signals from complex Pl controller 204 and
provides the inverse Park transformed cutputs to an Inverse Clarke converter.

[0023] If the variables for motor control system portion 200 are viewed as complex numbers
{e.g., because of the complex Pl controlier 204}, the Park transform operation performed by the
Park converter 202 is a rotation of the phase in a positive direction while the inverse Park

&
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transform performed by the inverse Park converter 206 is a rotation of the phase in a negative
direction. By simply constructing the Pl controller 204 with a delaying integrator and allowing
the Pl controller 204 to be a complex Pl controlier and also by factoring out the P term, the
computational delay is significantly reduced. The P ferm is subject to two rotations of the same

magnitude in opposite directions, effectively canceling each other out.

10024] Figure 3 provides a motor control system portion 300 that is a funclional rearrangement
and re-ordering of the motor control system portion 200. System portion 300 shows the motor
feedback signal 301 bsing fed into Park converter 202. Park converter 202 also receives phase
information from rotor position observer 208. Park converter 202 performs a Park transform on
the motor feedback signal 301 by using the phase information and performing a positive phase
rotation on the motor fesdback signal 301. Park converter 202 provides the Park transformed
output as an input {o adder 304. A target current by is provided as another input to adder 304.
Adder 304 performs an addition operation on the two input signals and provides its resuiting
output fo a delaying integrator {(e.q., | term block 308). The delaying integrator {8.g., I term
block 308) provides its output as an input into the inverse Park converter 208. Inverse Park
converter 208 also receives the target current oulput b and the phase information from rotor
position ohserver 208 as inputs and provides outputs to both adders 310 and 312. Inverse Park
converter 208 performs an inverse Park transform on the target current hege by using the phase
information and performing a negative phase rotation on that signal. Adder 312 receives as
another input the motor feedback signal 301, Adder 312 performs an addition operation on ifs
two inputs and provides its output to a proportionate block {8.g., P term block) 308. P term
block 308 provides its output as a second input o adder 310. Adder 310 provides s outputto a
PWM block, such as PWM block 112 in Figure 1.

[0025] System portion 300 is a functional rearrangement and re-ordering of system portion 200
because system portion 300 has a Pl controller (such as a Pi controlier comprising P Q
controlier 104 and P! D controller 108 in Figure 1) in which the delaying integrator {e.g.,  term
block 306) is still maintained in the path of the Park converter 202 and inverse Park converter

206 while the proportionate (*P") term of the Pl controlier (e.g., P term block 308) is separated to

another path that is outside of the path of the Park converter 202 and inverse Park converter
2086. By constructing the Pl controlier with a delaying integrator (e.g., | term block 306 still in the
Park/inverse Park transformation path} and separating out the P term block 308 from the
Park/inverse Park transformation path, the overall mathematical calculations for the motor
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controfier that incorporates a system portion 300 become much easier and faster, and the
computational delays of the fesdback loop are dramatically reduced. Thus, the path with the |
term block 308 contains most of the computational load for the motor controller, and the
calculation of the | term is used for & later cycle (whether the later cycle is a nexd cycle or
subseguent cycle) of operation of the motor controller operating at a sampling rate. On ths
other hand, the calculation of the P term is used on a present cycle of operation of the motor
controller operating at & sampling rate, and the calculation of the P term is not delayed or held
up since it is separated from the complex caloulations that are involved with the Parki/inverse
Park transformation path. The arrangement of the P term block 308 in this manner allows for a

much quicker way {o determine the feedback valus.

[0026] Figure 4 provides a motor control system portion 400 that is a further functional
rearrangement and re-ordering of the motor control system portion 200. The entire feedback
control loop of system portion 400 is driven by a current error signal in the frame of reference of
the stator. System portion 400 shows the current motor feedback signal 401 being fed as an
input into an adder 402. A target current luge is provided as an input o inverse Park converter
208. Inverse Park converter 208 performs an inverse Park transform on the target current by
and the inverse Park transformed signal is provided as an output that is another input o adder
402. Adder 402 performs an addition operation on its two input signals and provides as its
output an error current Ly that is determined/derived from the current motor feedback signal
401 and the inverse Park transformed signal from inverse Park converter 208, Error current le:
is provided as an input fo Park converter 202. The rotated and transformed lge can be pre-

calculated before the current is observed on this sampling cycle.

[0027] Park converter 202 also receives phase information from rotor position observer 208.
Park converter 202 performs a Park transform on the signal received from adder 402 by using
the phase information and performing a positive phase rotation on that signal. Park converter
202 provides the Park transformed output as an input to a delaying integrator {e.g., { term block
308). The delaying integrator (e.g., | term block 308} performs a delayed integration on the Park
fransformed output and provides its output as an input info the inverse Park conventer 206,
inverse Park converter 208 also receives the phase information from rotor position observer 208
as another input and provides an ouiput to adder 404. Inverse Park converter 208 performs an
inverse Park fransform on the signal received from the | term block 306 by using the phase
information and performing a negative phase rotation on that signal. Adder 404 receives as
another input the oulput from proportionate block {e.g., P ferm block) 308. P term block 308

&
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receives as its input the error current lgn, and P term block 308 provides its oulput as a second
input to adder 404. Adder 404 performs an addition operation on its two inputs and provides its
output to a PWHM block, such as PWM block 112 in Figure 1.

[{0028] System portion 400 is a functional rearrangement and re-ordering of system portion 200
because system portion 400 has a Pl controller (such as a Pl controller comprising PI Q
controller 104 and P D confrofler 108 in Figure 1) in which the delaying integrator {e.g., | term
block 308) is also still maintained in the path of the Park converter 202 and inverse Park

converter 208 while the proportionate ("P") term of the Pl controller (e.g., P term block 308} is

separated to another path that is outside of the path of the Park converter 202 and inverse Park
converter 208. By constructing the Pl controller with a delaying integrator {e.g., | term block 308
still in the Parkfinverse Park transformation path) and separating out the P term block 308 from
the Parkfinverse Park transformation path, the overall mathematical calculations for the motor
controfler that incorporates a system portion 400 become much easier and faster in the fime-
critical portions, and the computational delays of the motor controller are dramatically reduced.
in fact, the computational complexities for system portion 400 are sven less than for system
portion 300. The arrangement of the P term block 308 in this manner allows for a much guicker

way (o determine the feedback value.

{0029] As with system portion 300, system 400 similarly has a path with the | term block 306
that contains most of the computational delay for the motor controlier, and the calculation of the
{ term is only needed for a later cycle (whether the later cycle is a next cycle or subsequent
cycle) of operation of the motor controller operating at & sampling rate. On the other hand, the
calculation of the P term is used on a present cycle of operation of the motor controlier
operating at a sampling rate, and the calculation of the P term is not delayed or held up since |
is separated from the complex calculations that are involved with the Pari/inverse Park
fransformation path. The inverse Parlk fransformation performed by inverse Park converter 206
on target current hage (Normally a real value) invelves two real multiplication operations and can
be performed in the prior operational control period of the motor controller operating at a
sampling rate. The | term calculation done by the | term block 308 can be performed afler the

present cycle/period output, as a delaying integrator is used.

[0030] Figure 5A shows an exemplary block diagram of an electric motor system 500 in
accordance with the present invention. System 500 has a multiplier 501, an adder 503, an

integral path (") term block 308, an adder 508, an inverse Clark converter 110, a PWM block

9
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112, a current observer 126, a Clarke converter 114, a rotor position observer 208, a power

supply 120, an inverter 122, and an electric motor ("M"} 124 coupled in the manner shown in

Figure BA. A target current lyge is provided as an input to multiplier 501, Multiplier 501 also
receives as another input a phasor value €% from rotor position observer 208. Multiplier 501
muitiplies its two inputs and provides a resulting cutput to adder 503 as an input. Adder 503
receives a P term feedback signal, such as from P term block 308, as another input. The P
term feedback signal is provided from current observer 126 observing the current signals from
motor 124 and current observer 128 providing the observed current signals {o a Clarke
converter 114, Clarke converter 114 performs Clarke transformations on the signals received
from current ohserver 1268. The Clarke transformed output from Clarks converter 114 isfed to
adder 503, As the Clarke and inverse Clarke transform are linear operations, the P term is not
imited {o calculation between the Clarke and inverse Clarke transforms but may be performed
directly on the three signal motor signals. In this mode of implementation in which the
calculations are performed directly, some further computational improvements may be possible.

10031] Adder 503 adds the two inputs to provide as an output an error current oy Error current
Larror i fed into the | term block 308. 1 term block 306 also receives the phasor value €™ from
rotor position observer 208, The error current lo is also fed info adder 508 as an input, and
adder 508 also receives the oulput of | term block 308 as ancther input. Adder 508 adds ifs two
inputs and provides its output fo inverse Clarke converter 110, Inverse Clarks converter 110
performs an inverse Clarke transformation on the oulput from adder 506 and provides the
inverse Clarke transformed signals as an input to PWM block 112, PWM block 112 supplies its
output signals to inverter 122 which is coupled to power supply 122 and motor 124

[0032] Figure 58 shows an exemplary embodiment of a2 mathematical implementation and
model 530 for the integral path term 308 shown in Figure 5A. Mathematical implementation and
model 530 shows & multiplier 502 multiplying the error current loq with a phasor value giPhase
The resulting ocutput of multiplier 502 is provided to adder 504. The output of adder 504 is then
fed into delay (27) block 508. The output of delay block 508 is fed to another multiplier 508 and
also fed back as another input to adder 504. Another input fo multiplier 508 is an inverse
phasor value ™% Multiplier 508 multiplies the output from the inverse delay block 508 with
the inverse phasor value e gnd provides a respective multiplication resulf. Mathematical

implementation and model 530 shows all of its values and calculations as being complex.

10
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[0033] Two multipliers 502 and 508 are shown in model 530 because they are reflective of the
complex nature of the mathematical calculations for mode! 530. The mathematical calculations
for model 530 are complex for at least the reason of the Pl controlier being inclusive of PIQ
controlier 104 and P D controller 108. As indicated earlier, Pl Q controlier 104 provides the Q
integral aspects of the Pl controller while the Pi D controller 108 provides the D integral aspects
of the Pl controller. Since two integral aspects need to be mathematically processed in model
530, two multipliers 502 and 508 are needed. Siate variables that are representative of the D
and Q integral aspects of the integrator are defined and used for the calculations in mods! 530.

[0034] Figure 5C shows another exemplary embodiment of a mathematical implementation and
model 550 for the integral path term 306 shown in Figure 5A. Mathematical implementation and
model 550 shows an addsr 504, a multiplier 502, and an delay (Z7) block 506 coupled together
in series. Adder 504 adds the error current lu. and the fed-back output signal of inverse delay
(Z7y block 508. The resulting output of adder 504 is fed into multiplier 502, Muitiplier 502 also
receives as another input a frequency compensation factor ¥ Complex multiplier 502
musitiplies the resulting output from adder 504 and the frequency compensation factor e and
provides the multiplied output to delay block 508. delay block 506 provides the resulting

mathematical cutput.

I0035] Mathematical implementation and model 550 show a reduction in computation from
mathematical implementation and model 530 because model 550 uses frequency rotation, in
which the frequency is the derivative of the phase. Model 550 still involves defining state
variables that are representative of the D and Q integral aspects of the integrator. However,
model 550 further involves combining the state variables into a single complex state variable
that is maintained in the stator frame of refersnce. The single complex state variable is further
multiplied by & complex rotator. The complex rotator is set in conformity with a frequency of the
motor {e.g., motor 124). Thus, model 550 requires only one multiplier 502 performing only one
complex multiplication operation because the state variables have been combined into a single

complex state variable.

[0036] Figure 6 shows a timing diagram 800 of the error current |, being sampled and how the
grror current sampling relates to a pulse width modulation (PWM) cycle. PWM waveform 602
shows the cycles within which the proportionate path calculations and the integral path
caiculations are performed. Timing diagram 800 shows that within one sampling cycle,
proportionate path calculations are performed within time interval 604 while the integral path

11
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calculations are performed within the time interval 808. Timing diagram 600 further shows for a
fater oycle (whether the later cycle is a next cycle or subsequent cycle), proportionate path
calculations are performed within time interval 808 while the integral path calculations are

performed within the time interval 610,

100371 During a PWM update period, the proportionate path calculations are more quickly
performed and allow the current error to be determined in a PWM trough (e.g., the time penod
that at least includes time intervals 606 and 808 as shown in Figure 8). At a later leading edge
{that can be sither a next leading edge or a subssquent leading edge) of the PWM waveform
802 {e.q., the leading edge that occurs between time interval 808 and time interval 810Q), the
proportionate path calculations (and thus the error current for the later PWM cycle} are already
determined and up to date before all computations {e.g., the integral path calculations) and
gther control functions are completed. In other words, the proportionate path calculations are
aiready performed and up-to-date for the present PWM cycle while the integral path calculations
are stifl baing performed for a later PWM cycle (whether the later PWM cycle is a next PVWM
cycle or subsequent PWM cycle). Such a motor control system arrangement allows for faster
fesdback, provides for more loop bandwidth and phase margin for the closed loop system,
provides higher signal fidelity, and faster response, as well as allows operation at higher motor

spesds when compared with conventional motor control operations.

10038] Although embodiments have been described in detail, it should be understood that
various changes, substitutions, and alterations can be made hereto without departing from the

spirit and scope of the invention as defined by the appended claims.

12
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What is claimed is:

1. A method of controfling a motor, comprising:
ohserving a motor current of the motor at a sampling rate;

calculating, for a presant cycle of the sampling rate, a proportionate path term for a

proportionate~-integral control loop based on the motor current;

outputting a respective motor output voliage to the motor in conformity with the

proporiionate path term calculated for the present cycle; and

in conformity with the motor current, calculating an integral path term for another
respective motor output voltage to be used in a later cycle of the sampling rate.

2. The method according to Claim 1, further comprising:
using an inverse Clarke converter to process the integral path term; and
using a Clarke converter to provide the proportionate path term.

3. The method according o Claim 1, wherein calculating an integral path term further

comprises:

calculating, by an integral path, the integral path term by performing at least a Park
transformation, an integral operation, and an inverse Park transformation on the motor current

fed back from the motor.

4. The method according to Claim 3, wherein calculating, for a present cycle of the

sampling rate, a proportionate path term further comprises:

calculating, by a proportionate path, the proportionate path term outside of the integral

path.

5. The method according to Claim 1, wherein calculating an integral path term further

comprises:

defining state variables that are representative of D and Q integral aspects of the

proportionate-integral control loop;

combining the state variables into a complex state variable; and
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mudtiplying the complex state variable by a complex rotator that is set in conformity with

a frequency of the motor,

8. The method according to Claim 1, wherein the later cycle is a next cycle of the sampling

rate.
7. A system for controlling a motor, comprising:

a motor current control feedback loop that receives an error current as an input and
provides a respective motor output voltage for driving the metor as an output wherein the motor
current control feedback loop has a current control algorithm block, a current observer for
observing a motor current at a sampling rate, and a proportionate-integral controller that
provides a proportionate path and an integral path and at least forms part of a proportionate-

integral conirol ioop based on the motor current; and

wherein, for a present cycle of the sampling rats, the proportionate path calculates a
proportionate path term for the proportionate-integral control loop; wherein the respective motor
output voltage o the motor is outputted in conformity with the proportionate path term calculated

for the present cycle; and

whersin, in conformity with the motor current, the integral path calculates an integral
path term for another respective motor oulput voltage 1o be used in a later cycle of the sampling

rate.

8. The system according to Claim 7, wherein the motor current control feedback loop

further comprises:
an inverse Clarke converter that is used for processing the integral path term; and
a Clarke converter that is used for providing the proportionate path term.
9. The system according to Claim 7, whersin the integral path further comprises at least:

a Park converter for performing a Park transformation on the motor current fed back

from the motor;

an integrator block coupled to the Park converter wherein the integrator block performs

integration on signals from the Park converter; and
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an inverse Park converter coupled to the integrator block wherein the inverse Park
converter performs an inverse Park transformation on integrated signals from the integrator
block.

10. The system according to Claim 9, wherein the proportionate path caloulates the

proportionate path term outside of the integral path.

11. The system according to Claim 8, wherein the integral path caiculates the integrat path
term by defining state variables that are representative of D and Q integral aspects of the
proportionate-integral control loop, combining the state variables into a complex state variable,
and multiplying the complex state variable by a complex rofator that is set in conformity with a

frequency of the motor.

12. The system according to Claim 7, wherein the later cycle is a next cycle of the sampling

rate.
13. The system according fo Claim 7, wherein the system is an integrated circuit.

14. A method for calculating an integral path term of an integral path for a proportionate-
integral control loop for a motor controlier controliing a motor current for a motor, comprising:

defining state variables that are representative of D and Q integral aspects of the

proportionate-integral control loop;
combining the state variables info a complex state variable; and

multiplying the complex state variable by a complex rotator that is set in conformity with a

frequency of the motor.
18. The method according to Claim 14, further comprising:
using an inverse Clarke converier for processing the integral path term.

18. The method according to Claim 14, wherein defining state variables, combining the
state variables, and multiplving the complex state variable by a complex rotator further

comprises;

performing at least a Park transformation, an integral operation, and an inverse Park

transformation on the motor current fed back from the motor.
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17. A system for calculating an integral path term of an integral path for a proportionate-
integral control loop for a motor controller controlling a motor current for @ motor, comprising:

a proportionate-integral control foop having state variables defined that are representative of
D and Q integral aspects of the proportionate-integral control loop, wherein the state variables
are combined into a complex state variable and the complex state variable is multiplied by a

complex rotator that is set in conformity with a frequency of the motor,
18. The system according to Claim 17 further comprising:
an inverse Clarke converter that is used for processing the integral path term.
19. The system according to Claim 17, wherein the integral path further comprises:

a Park converter for performing a Park transformation on the motor current fed back from

the motor

an integrator block coupled to the Park converter wherein the integrator biock performs

integration on signals from the Park converter; and

an inverse Park converter coupled to the integrator block wherein the inverse Park converter

performs an inverse Park transformation on integrated signals from the integrator block.

20. The system according to Claim 17, wherein the system is an integrated circui.
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