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Abstract: Control algorithm and driver development of PMSM is a hard work in embedded development
environment due to the limited resowrces. PC host has abundant hardware and software for engineers. In this
paper, we provide a development platform based on PC host mstalling LabWindows/CVI. LabWmdows/CVI
programming environment from National Tnstruments is designed for instrumentation control, data acquisition

and visualization of processes. In addition, the complier is based on C language. Therefore, the algorithm can
be transplanted to embed processors easily. We use the platform to realize a SVPWM algorithm and design a
PID control algorithm. The results ndicate that the SVPWM algorithm 1s valid to drive the PMSM and the
control algorithm is valid to realize closed loop control and against load disturbances.
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INTRODUCTION

AC servo system plays an important role as an
industrial device driver source in modemn industrial
automation field and widely used in social production and
daily life. Tt is very suitable for some high-performance
requirement applications, e.g. robotics, aerospace, electric
ship propulsion systems, wind power generation systems
(L et al, 2012). It has been shown that PMSM can
provide significant performance improvement in many
variable speed applications (Caricchi et al., 1998). Motor
speed control method 1s numerous. The commonly used
one 18 vector control. The control algorithm development
procedure of PMSM is: firstly we use mathematical model
and simulation software to evaluate the performance of
the algorithm on the computer. If the simulation result is
perfect, the simulation code will be converted to a
transplantable code and then the code will be
transplanted into DSP, FPGA or other embedded
processors (Rodriguez-Resendiz et al., 2012). Finally, the
developers debug the algorithm on actual motor.
However, due to the complexity of development and
testing of the embedded processor, together with the
difference between the simulation model and actual motor,
the development of control algorithm often meet with
unexpected problems and the development cycle will grow
long. In order to reduce development cycle, using mature
hardware and software technology under Windows
(Kong et al., 2010) 1t 15 a valid method to realize reliable
control of PMSM. LabWindows CVI is based on C
language environment under Windows. Tt has friendly
user interface, rich library function and variety of simple
debugging methods (Metzger, 1999). These characters
make designers to design and debug algorithm rapidly.

In this study, PMSM is the research object. In the
LabWimdows/CVI platform, we write and debug the
SVPWM program and PID control algorithm. We can
obtain the test result conveniently and the result can be
analyzed deeply. Through this, we can determine the
improvement plan of the algorithm. And also, C language
is easy to write and it is easy to transplant to DSP and
ARM etc. directly. The platform can reduce the
development cycle.

MATHEMATIC MODEL OF PMSM

Accurate mathematical model of motor 15 the
foundation of vector control technology. Supposed that,
there 1s no iron saturation, no rotor damping winding, no
eddy curent and no hysteresis loss. We use the d-q
rotating coordinate to analyze PMSM’s steady and
dynamic performance it 15 more convenient than other
coordinates. In d-q rotating coordinate, the voltage
equations are as follows (Wang et al., 201 2):

uq:Rsiq+pq}q+qu}d (1)
u, =R, +py, —Woy

Flux equations can be described as equation:

{%:Lqiq 2)
Yy = Laid Y

Flux equations can be described as:

T =p.(pd, —wi,) (3)
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For PMSM, we use id = 0 control method. Therefore,
the flux equation (3) is described as:

“4)

T, = pnq”'diq

where, u,, u,, i, i,, L, L, ¥yand ¥ are voltage, current,
inductance and flux on d, q axis. Rs 1s the phase stator
resistance. W, 1s electric angular speed of rotor. P, 1s
rotor flux generated by permanent magnet. P, is number of
pole pairs. T, is electro-magnetic torque.

From above equations, we can see torque output of
PMSM can be centrolled by the value of 1,

REALIZATION OF SOFTWARE AND HARDWARE

Design of overall system: We use the ST110-series motor
in this study. The three phases winding of stator is the
star connection mode and the back electromotive force is
sinusoidal waveform. NI PCI-6221 data acquisition (DAQ)
card 1s the signal acquisition and output equipment, the
host computer is the main controller. Intelligent power
module TPM PS21267 is the power conversion device.
Using Space Vector Pulse Width Moedulation Technology
(SVPWM) realizes the PMSM ac servo system control.
Figure 1 shows the diagram of whole system.

The main structure of the system is a voltage type
comverter of ac to de to ac and composes of the rectifier
circuit, filter circuit and the mverter circuit. Rectifier circuit
adopts three-phase uncontrolled rectifier bridge with high
power factor. Capacitance is used in filtering part. Inverter
circuit adopts mtelligent power module IPM PS21267.
LabWindows/CVI 2009 software 1s mnstalled on PC host.
LabWindows/CVI 2009 provides a wealth graphical user
mnterface elements and integration of a variety of interface
function library and 1t 18 convenient to debug and
maintain the system (Song et af., 2009). LabWmdows/CVI
(each pulse is 0.036° mechanical angle). The encoder can
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adopts PCT-6221 Data Acquisition Card (DAQ Card) to
acquire data. The DAQ card have 16 analog input ports
with the resolution of 16, two analog output ports with the
high speed of 833 k sec™, 24 digital I/O, two timer with
32bit and 8 DIO with the clock of 1MHZ. The resource of
PCT-6221 Data Acquisition Card is enough to develop the
driver of the servo system.

Vector control technology has a requirement of stator
current collection. PCI-6221 data acquisition card can
realize acquisition of phase current, rotor speed and
voltage signal. These signals will transfer to PC host, the
software of PC uses the current for current close loop
adjustment and it 1s converted to SVPWM input voltage
after coordinate transformation and then SVPWM pulse
signal will be generated. The output of SVPWM pulse
needs the digital pulse generating function of data
acquisition card. The SVPWN pulse is transferred to light
coupling isolation circuit and driver circuit and then
added to the IGBT of intelligent power module IPM. Three
phase Alternating Current (AC) 1s output. The start of
synchronous motor needs the positon of the rotor
(Bolognam et al., 1999). We can determine 1t through
counting the encoder pulse signals. Motor speed i1s
detected by measuring encoder pulse signal. These parts
will be introduced in the following part.

ROTOR SPEED AND POSITION DETECTION

Photoelectric encoder and counter: Cuwrrently, the
methods of detecting position mainly are
photoelectric coding plate method, rotating transformer
method and motor internal position sensor method etc.
(Zhou et al., 2008). ST110-series motor has an incremental
photoelectric encoder internal. The encoder is connected
to the DAQ card. The zero offset of ST series servo motor
has 2650 pulses. Every cycle of motor has 10000 pulses
output two types of signal, ABZ signal and UVW signal.

rotor

s @

Driver

Encoder

Opto-couplers
isolation

Current
sense

1T

| PCI — 6221 DAQ card |

Fig. 1: Structure of the whole system
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3076



Inform. Technol. J., 12 (15): 3075-3081, 2013

o L
L LT
]
s L

\
\
|

A

010 | 110 | 100 | 101

Fig. 2: Pulse output of encoder

A and B pulses are used to judge the steering and speed
of rator. Z, pulse is released every cycle of motor. U, V and
W pulses number are the same as motor pole. It can be
used to judge the position of pole sketchy. Fig. 2 is the
pulse waveform of encoder. The rotor position 1s
important parameter in the PMSM control. Before the start
of the motor, the rotor position is unknown. Therefore, we
need to detect the rotor imitial position (Morimoto et al.,
2006). After the start, we need to use the electrical angle
in the process of coordinate transformation. Tn order to
detect the position of electrical angle, the rotor position is
required (De Belie et af., 2010). In the process of working,
we need to get the current motor speed feedback value in
order to realize speed closed loop control, so we must test
motor speed through the encoder. The rotor mechanical
angular displacement can be detected by pulse number.
PCI-6221 DAQ card have two 32bit counters. The pulse
can be measured by the counter. The counter can be
configured according to our requirement.

Realization of rotor speed and position detection
under LabWindows: In the  speed  detection,
DAQmxCreateTask function of DAQ card is used to
build the task. DAQmxCreateClFreqChan function 1s
used to  build the  detection charmel.
DAQmxReadCounterF64 function is used to read the
frequency value, the detection frequency can be
configured and the DAQ card can select the
reference clock automatically. The sample time 1s 1s. In
the initial position detection of rotor, the relations of
UVW pulse are requirement. DAQmxCreateDIChan
functon 18 used to bwld a digital chamnel and
DAQmxReadDigitalScalartU32 function 1s used to read
the digital value. The UUVW pulse output of encoder is
divided into six sectors. Every sector is  corresponding
to 60°¢lectrical angle. The mutial program of rotor position
1s shown as follows.

SVPWM pulse generation: Inverter system and motor are
considered as a whole system in SVPWM technology.
Fig. 3 13 a typical three phase voltage inverter circuit,
where Udc 1s the DC bus voltage.

InFig. 4, there are six switching devices. The twrn-on
of upper bridge is defined as 1 and turn-off is 0. Therefore,
there are eight statuses for six switching devices. The
status of upper and lower switching devices are inverse.
There is no current in motor for status VO (000) and V1
(111), they are zero vectors. Other six status of switching
devices are valid vector, the amplitude of the vector 1s
2Udc/3. The 360 degree 1s divided into six sectors by the
six statuses. The six valid vectors and zero vectors
compose of any space voltage vector (Reza and Ali, 2010).

The SVPWM can be realized by table-look-up method
in open loop. In this paper, we adopt a simne table to
simulate the component of stator current on two phase
rotary coordinate. The sine table is even-distributed. The
amplitude 1s decided by the component of stator current
on o and P coordinate axis. The PWM pulse 1s calculated
in timing program. In LabWindows/CVI, the highest
frequency of timer is 1KHZ. Therefore, the cycle of timer
15 1 m sec.

The frequency of sine wave has a relationship with
sine table as following:

K_M @)
£
Namely:
£ 10001 (10)
M

where, the timer frequency is 1000, the sine wave
frequency is f, the data number of sine table is M and i is
the increment of indexing value for sine table which is a
integer value. From the equation we can see bigger M can
create a high accuracy sine wave. Therefore, the
corresponding speed regulation accuracy is higher. For
example, if we want a sine wave of 50HZ, due to the timer
frequency 1s 1 KHz, every period of sine wave can sample
20 data corresponding to the sine table. Therefore, 1f M 15
400, the indexing value will be 20 in the timer callback
function. In the same way, if we want a sine wave of 10Hz
and the increment of indexing value 1s 4. The frequency
accuracy of sine wave 13 0.02HZ when M 1s 50000. The
speed regulation accuracy is 0.57 r mim™ in theory
according to the equation n = 60f/p of PMSM (n is speed,
f 18 power frequency, p 1s pole par number). The
regulation accuracy can meet the requirement. Therefore,
the number of sine table is 50000. The & and & coordinates
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Fig. 3: Inverter circuit of three phase voltage
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Fig. 4: Realization diagram of SVPWM program

have a difference of 90 degree electrical angle. The
indexing of the two signals has a difference of 12500 in
sine table when the sine table has 50000 data. The imitial
position of rotor can be obtained by encoder, determining
the corresponding position in sine table according to the
encoder value and then the mdexing value of anther
signal has an offset of 12500. Fmally, the SVPWM pulse
was output. The carrier function 1s triangle function. The
triangle function is realized through table. The table 1s
even-distributed. The number of the triangle function
table affects the pulse accuracy and motor speed. In this
paper, the number 15 101. The amplitude of triangle
function 1s 0.5.

In the calculation of pulse duration, in order to avoid
frequent table-look-up operation and improve the

_> X

Y
Track of flux @

execution speed of the program, we need to calculation
the pulse mdexing value of every channel in the triangle
function table. The conversion of switch point and the
indexing value are shown as follows:

coml= (int)(Tem(1)/0.5*100) (11)
com2 = (int)(Tom(2)/0.5*100) (12)
com3 = (int)(Tom(3)/0.5*100) (13)

where, Tem(1) 15 the switch point by calculation, comN 1s
the indexing value in triangle function table.

In LabWindows/CVI, we should write the SVPWM
program correspondingly. Fig. 4 1s realization diagram of
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SVPWM program. Tn open loop SVPWM program, ua and
uf} can be obtained by sine table which have a difference
of 90° electrical angle, namely the indexing value has a
oftset of 12500. According to ua and uf, we can judge the
sector of the vector. And then the switch point and
indexing value of triangle are calculated. Finally, the pulse
is obtained. The DAQ card outputs the pulse in timer
callback function to control the PMSM.

SOFTWARE DESIGN

The LabWimndows/CVI 15 based on the event, like
user action etc. LabWindows/CVI call event callback
function and carry out the program of callback function.
In this paper, the timer button and display box are used.
The mainly program is realized in the timer function, the
timing setting value is 1k. The button is used to input the
parameters. The display box is used to display the real-
time speed. The flow of main program is shown in
Fig. 5.

In the program, the variables are mainly used to
preserve detection information data external and output
signal data. The initialization tasks include analog
quantity acquisition task, digital pulse output task and
external pulse counting and frequency detection task. In
addition, there are some global variables and sine table,
triangular wave table data, etc. out of the main program.

In the process of pulse generation, all of the pulses
are stored in a buffer of data [600]. Every channel has
100 data. A 100KHZ clock internal is adopted as the
output sample clock. The pulse generation will occur in
timer callback function every millisecond.

<

Main program

v

Variables intialization

v

| Syatem intialization

v

Task building and configuration

v

Routor position detection

v

| GUl |

v

Release GUI

v

=

Fig. 5. Flow of main program

EXPERIMENTS

In the experiment, we use ST110-series motor to test
the system in owur lab. The test platform includes a motor
platform, a rectifier device supplying the DC power, an
TPM board providing an interface of DAQ card and three
phases AC power sowrce, PCT-6221 DAQ card for data
input/output and a PC host installing LabWindows/CVI
as controller.

FLUKEA43B power quality analysis instrument is used
to detect the voltage and cwrrent of stator and its
harmonic analysis. Fig. 6 is the voltage wave form of
stator, Fig. 7 and 8 is the harmonic analysis of voltage and
current.

152"
3813,

nl 19 131-?212529333?414549

BACK RECALL W (11

Fig. 6: Voltage and current

152%°
3813.

14
EE.EE Hz
3764 v

EB.B *r

Oe

15 19 131-?‘212529333?414549

BACK

RECALL W (11]

Fig. 7: Voltage harmonic
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HARMOHICS
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Fig. 9: Motor test report after adding 0.5N.m load

The speed set point is 300r/min. we use the
dynamometer to test the control system. Two types of
load 0.5 Nom and IN.m were added to the motor
whenmotor 15 stable. Fig. 9 and 10 15 the motor test
report. From Fig. 9and 10, we can see the PTD is valid and
the capacity of resisting disturbance of the system is
strong.
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Fig. 10: Motor test report after adding 0.5N.m load
CONCLUSTONS

In the software design of servo driver, the CCS and
simulator of DSP are commonly used to debug the control
algorithm. However, CCS has some limitation in parameter
configuration, result display and analysis. This study
provides a better way to design the control algorithm of
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PMSM. The platform is based on the windows and also,
LabWindows/CVI provides a lot of functions for result
analysis. Therefore, this will help designer to analyze the
algorithm deeply and determine the mmprovement plan
quickly and easily. This is the prototype of the platform.
We have a lot of works to perfect the function of the
platform. We will use the platform to design some useful
and practical algorithm form PMSM control.
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