WSEAS TRANSACTIONS on SYSTEMS Aimin Yang, Junping Wu, Wenxiang Zhang, Xianhong Kan

Resear ch on asynchronous motor vector control system
based on rotor parameter stime-varying

Aimin Yang, Junping Wu, Wenxiang Zhang, Xianhong Kan
Computer Science and Information Technology College
Zhejiang Wanli University
No.8, South Qian Hu Road Ningbo, Zhejiang Province
CHINA
http://www.computer.zwu.edu.cn

Abstract: On the basis of the asynchronous motor equations in theT Meference frame rotating at
synchronous speed, the paper, in detail, analyses the affect of the rotor parameters, including reluctance anc
inductance, to the performance of the Flux-Observation based Vector Control. Considering the time-varying of
rotor parameters along with the running state in the real experimental systems and the AC motor model
included in the SimPowerSystems of Matlab can not change its own rotor parameters with time, an AC model
is built, which can simulate real-time changes of its rotor parameters, making use of S-Function in MATLAB.
Based on the model, a whole Vector Control simulation system is established, and for the first time,
respectively it is implemented that the simulation and analysis of the system on the condition of both
neglecting and considering the time-varying of rotor parameters. It is indicated that, from the simulation
results, the variations of the rotor parameters resulting from the Skin Effect make the dynamic performance of
AC Vector Control get worse.At the same time , A control system based on the TMS320F2812 digital signal
processor produced by Texas Instruments is designed,the design of control circuit and control soft is
accomplished.The paper adopts VC++ soft to compile the observation interface of Pc.The experimentation
indicates the control system can implement the scheme and the control performance is fine.

Key-Words: Asynchronous Motor; Vector Control; S-Function; Dynamic Simulation; simulation model; rotor
parameters

1 Introduction important defect, i.e., it's easy to be affected by

Alternating current asynchronous motor is a systemmotor para{g}weters, especially by rotor time constant.
of multi variable, strong couple, nonlinear and time Literature = only listed the advantages and
varying. Its instantaneous torque is hard to control.disadvantages of the few existing rotor linkage test
So it's difficult to gain the same high dynamic methods without detailed analysis on the effect of
timing performance as direct current motor. In 1971,@Synchronous motor rotor parameters on vector
German scholarBlaschke, put forward the vector Ccounterchange control performance and without
counterchange control technology based on showing relative simulation or experiment analysis
field-orientation which is mainly reached by results as well. _ _ _
coordinate counterchange and decomposing sfator N view of that, this article, starting from the
current into torque current and excitation current. Ircirculation mechanism of the asynchronous motor
asynchronous motor rotor field-orientation control, €quation and asynchronous motor vector control
the accurate decouple between the two is assured typder the synchronoud! —T coordinate system,
the accuracy of field-orientation, that is, it's a mustanalyzes the effect of motor rotor parameters on
to get exactly the rotor flux vector timely location. ~ vector counterchange control performance in detail.
Rotor flux is usually gained by the following two Considering that the motor rotor parameters
methods™®: (1) Direct method, i.e., embedding (inductance and resistance) in real system will
Whoer magnetic test sensor inside the motor to testhange according to the working conditions of motor,
air flux and then get rotor flux; (2) Indirect method, @s the asynchronous motor model MATLAB
calculating the location of rotor flux according to its COmputer simulation software electric system tool
speed and slippage. Usually we adopted indiredp0x can't change its parameters timely in circulation,
method instead of direct method because a sensdtis article composed the motor model of which the
needs to be installed. While, indirect method has aRarameters can timely change by making use of
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S-function in MATLA. Based on this, establish a js, W,,=Ww, (2
computer simulation system for the whole :
asynchronous motor vector control, firstly simulate
and analyze the system under conditions of rotor From that, we can get the asynchronous motor
parameters unchangeable and considering rotovector control mathematical modéf of rotor
parameters timing separately. Simulation researchig|q-orientatior® -
shows th_at the rotor parameters c_hange caused R+Lp —wly Lp L, 1 T
actual skin effect makes the dynamic performance o U W, RLp @l Lp )

1 |- 1 1. T1
asynchronous motor become worse. 0 Lp 0 R+L,p 0 i

0 (ag—w)Lm 0 (C‘I_@Lzz RIz"'l-lzzo i+2
2 Analysis on asynchronous motor From the third and fourth line of formula3) , we

vector control mechanism Get
0=p(Lnivst Laiz)t Ry, (4)

=pW,., + RZ‘iM 2l

W =0

2.1 Asynchronous motor model under
synchronous M-T coordinate system

The asynchronous motor mathematical model under
3-phase static coordinate system can get the
mathematical model! under synchronous M-T _
coordinate system by counterchanging and rotating?-2 Analysison vector control mechanism

0= (@~ @)(Lpiys* Lysizn) + Ray » (5)
= (W, - W)Wy, + Ry,

coordinate® : Considering that rotor linkagep, is unchanged,
Us| | RtLp Lp ., | substitute the first 2 lines of formula (3) in
|| oy RLp o, Lp il (D electromagnetism power express, we can get

0] Lb @b, Rlp Ay, p =3

e E(uMliMl-'_uTliTl)

3 o
Ewle(lTllM 2 “lmar 2)

0] [(@al, Lp (@, R+p i, (6)
B

7

\
AN . _ .
______ From formula (4), and ignore the’, change, i.e.,
re p®,,, =0, we geti,, =0,
So electromagnetism power is further expressed as
- as,.a 3 . . '
K ialf), -
/ ’ P, = Z_wlelM il 2 7
//'f Substitute formula (2) in (7), we get
7 3 L N
— m
. . . . 22
Fig-1 Quiescent coordinate as-bus:¢ and rotating While electromagnetism torque is expressed as
coordinate M-T 3 L .
. . : T. =2p —m_y i (D
In the formula: R R, are the resistance of e > T M2t
22

stator and rotor. {4. L,, . L., are self-induction .
tor. 4s. Lz m Considering formula (2) . (4) . (5) , we can

and mutual induction of stator and rotor. UM1 ot rotor linkage

uTl. iM1. iT1l. iIM2". iy,” are stator direct and 9 9

L

quadrate axis pressure, stator direct and quadratep ' = m

. : : — | (10
axis current and rotor direct and quadrate axis M2 1+T2p M1
current. P is the arithmetic operators of diffelant Co _
coefficient. In the formula, T,=L,,/R,, is rotor time

Take rotor whole flux® , (opposite to rotor constant? _
Seen from torque expression (9) and torque

whole Iinkage?z) as the direction of M axis. That linkage expression (10), torque linkage is just
relevant to the stator current excitation component
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iy, on M axis, and electromagnetism torque is3.1 Vector control system model

relevant to rotor linkage and the stator currerdue  gyjilg the block diagram of the whole vector control

componenti;, on T axis. As the stator current on system as diagram 3. The whole system includes

M\T axis has decoupled and is independent, torqu :
control can be realized by independently contrel th %peed loop (outer loop) and current loop (innepjoo

i _ The outputting of speed loop is the imputing of
stator current compo'nerltMlx T on M, T axis,  ¢rent loop. Current loop mainly realizes the
and then further realize the static decoupled .od)ntr torque-decoupled control of rotor field-orientation
between asynchronous motor torque and ImkageT _ _ ,
realizing the dynamic timing performance as direct 'N€ ac-motor model in the diagram is the motor
current motor. It's also seen that the existence ofmodel of which the motor parameters can timely
rotor time constant will Surely delay the dynamiC Change Composed by the Writer making use of
performance of torque to some extent. In realftg, t S-function in MATLAB. The followings are detailed
change of rotor parameters makés change, and . -

i ] ] analysis on the way of building model.
so makes the accuracy of field-orientation decrease
the dynamic and static performance of vector cdntro
become worse FOC mocel IGET Inverter ac motor model

The key to effectively implement vector Wmm s e R N
k B

counterchange control is to accurately confirm o i-mat
phirb ph

.|. Vdc
&J'zspace location and realize the orientation of M, I » isa phmat

i i rliabc isb
T coordinate system. The article calculates the Te

R acutal r

B

whole flux q3'2 and its separation anglﬁ0 P puses

relative to @ axis by testing pressure and current,
according to motor mathematical model. And then
get the block diagram of flux surveyor as diagram 2 (e

Bl [T
o 2l
.

Fig.3 Vector-controlled system of AC motor

L actual

h 4

im1&it1

3.2 Asynchronous motor model based on
S-function
While asynchronous motor actually circulates, rotor
parameters (inductance and resistance) will change
according to the working condition of motor
circulation. As of the asynchronous motor model in
MATLAB/SIMULINK can't meet the demands in
actual system circulation, as per the below motor
equation, composed the motor model of which
motor parameters can timely change and simulated
3 Establishment of system simulation the actual circulation conditions of asynchronous
model motor by making use of S-Function in MATLAB.
According to the above analysis, the writer One 3-phase rat cage-type synchronous motor,
composed the motor model of which the motor Under the @ — S coordinate system of 2-phase static,
parameters can timely change by making use ofts pressure equation is
S-function in MATLAB, and established a

simulation system for the whole asynchronous motor
vector control on this basis.

Fig.2 Principle diagram of flux observer
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: d
Uy = Rslsa + gtsa
— d¢sﬁ
Usp = Relgp + —¢ (1)

motor_ab

. d
0= erra + ¢tra + npw¢r/3

S-Function

d
0= R,|rﬁ d—tr_ npa)¢,ﬁ

Linkage equation is Fig.4 AC motor model based on S-Function
¢sa = Lglge + M,

¢, =L, +Mi
sB s'sp B (12 4 Simulation result

¢ra - Lrlra + M'SH The simulation research on the flux test-type
¢rﬂ = Lrirﬂ + M isﬁ asynchronous motor vector control of rotor

_ _ _ _ parameters time varying is carried on the motor

The circulation equation of motor is shown in appendix. Diagram 5~7, 8~10 and 11~13
dw an . - T are the rotor linkage change waveform, rotor
E: ] lsg o _Isalrﬂ)_T (13 resistance and inductance real value and relevant

. ] alternating and direct current change waveform and
Mea.nmgs of each symbol: , rotating speed and torque change course on
R i\ ¢ u. L. M Represent resistance, current,congitions of ignoring rotor parameters change,
linkage, imputing pressure, inductance and mutuakonsidering resistance timely change and
inductance.a. S Representa and S axis of  considering rotor inductance timely change. Of

2-phase static coordinate system. r Represent Which, the simulation result of diagram 5~7 well

stator and rotor.J. n. @ T, Refer to the proves the torque dynamic decoupled performance
of wvector control on condition of ignoring

moment inertia, polar logarithm, and mechanical parameters change. While considering  rotor

angular speed and load torque of motor. parameters change (diagram 8~10 and 11~13),
By delaminating the middle variable simulate the conditions of asynchronous motor

actual circulation. The detailed analysis is a®Wwel

'm"fﬁ’¢5ﬂ'¢sﬂ in formula (11 . (13) , we get In real circulation, the current of motor rotor

the 5-phase nonlinear dynamic equatibof motor. increases because of load increase, rotor paraneter
Y change because of skin effect. That ik,,
da) an@ s ) decreases (diagrale}?,Q'2 increases (diagram 9),
Q.
Therefore, time constant of motor rotor
d%_ R%"’b@ RM T, = L,, / R, increases. That is, the space location
T
d¢ L L (14 g, (diagram 1) of rotor whole flux®, changes,
B = R¢rﬁ+npa¢pa R Mg incorrect M axis orientation affects M, T axis
L L decouple and finally leads to the characteristics
dg,_ MR @+ w MZR+L2R, Usa variation of torque dynamic control (the alterngtin
d o™ aLSLr oll.? 't 0LS and direct current change in diagram 9 and 12).
Gy MR, MM, MRHR,
a ol aiE e

_ 4.1 lgnoring the change of rotor parameters
They reinto, c=1-M?/L.L,

According to this, the motor model built in
SIMULINK is as diagram 4°
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Fig.5 Rotor flux

- e ' Fig.8 Rotor flux
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Fig.6 Changes of rotor resistance and inductance and
correspondingM. T -axis current

Fig.9 Changes of rotor resistance and inductance and

correspondingM. T -axis current
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Fig.7 Changes of rotor speed and torque Time(S)
Fig.10 Changes of rotor speed and torque
4.2 Considering the change of rotor (2) Rotor inductance decrease by 20% (resistance
parameters keeps unchanged)

(1) Rotor resistance increase by 20% (inductance
keeps unchanged)
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Fig.11 Rotor flux
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Fig.12 Changes of rotor resistance and inductande an
correspondingM. T -axis current
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Appendix: asynchronous motor parameters
P = 3kw,

2P = 4,

Ty = 21.45 Nm,
NN= 1420 r/min,
Iy =6.8 A

R, =1.898Q,

R, =1.49),

L, = 187 mH
L, = 196 mH,

L, = 196 mH, J= 0.0067 kgrh

5 Experimental results

Based on the simulation results, We have done on
the actual asynchronous motor control experiment,
To verify the performance of asynchronous motor
vector control system based on rotor parameters
time-varying,In order to test security, we are gsin
the power of 1.1 KW small three-phase synchronous
motor control experiment.

5.1 Experimenta three-phase asynchronous
motor
Three-phase  asynchronous
parameters such as Table 1
Fig.14 to Fig.17 for different frequencies empty
motor stator phase voltage and current waveforms.

induction motor

\w Its digital oscilloscope waveforms are measured, th
N7 I, results directly into the computer.
i 1000
%. 500 Table.Jar anet er s
T o n 5 3 7 Parameters Number  Units
e(s) Rated voltagel, 380 V
o % Rated Currentk, 2.7 A
5 5 Rated frequenci, 50 HZ
= Electrodes on the fep 2
D 0 Stator resistanci 6.1 Q
20 Rotor resistanc® 5.0 Q
° "ot $ Etgtor leakage Inductance 22.5 mH
s
Rotor leakage Inductance 30.0 mH
Fig.13 Changes of rotor speed and torque Lri
Excitation inductancem 475 mH

The simulation results can be seen from
this paper, the control system designed by the full
realization of the stator current torque weight and
the weight of bad excitation. Start fast response,
the steady-state performance, and sudden changes
in load torque system response time of less than
looms, it has good dynamic performance.

ISSN: 1109-2777
389

Issue 4, Volume 7, April 2008



WSEAS TRANSACTIONS on SYSTEMS

B3 0.000 voc

Tekhun: cO0KS/s sample

=2 1Y 20ms

Fig.14 5Hz Waveform of Stator Voltage and Currenéwh
No-load

B3 -0.001 voc

1111111

M BRI L) oy

1A 20ms

Fig.15 20Hz waveform of Stator Voltage an
Current When No-load
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Fig.16 30Hz Waveform of Stator Voltage
and Current When No-load
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Fig.17 50 Hz Waveform of Stator Voltage and
Current When No-load
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Fig.17 to Fig.20 for different frequency band
containing motor stator phase voltage and current
waveforms (additional electrical load for 70% of

rated
load)
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Fig.17 5Hz Waveform of Stator Voltage and CurrenteWh
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Fig.18 15Hz Waveform of Stator Voltage
and Current When loading
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Fig.23 for the electrical steady-state operation,
given the speed from 300 rpm 1200 rpm sudden Add
the rotor flux waveform Figure Fig.24 for the
electrical steady-state operation, given the speed
1200 rpm from the process to reduce the rotor 300
rpm Flux waveform for Channel A flux waveforms,
channel B for the actual motor speed waveform. Can
be seen from the map, given the speed will lead to
mutations in the rotor flux transient in about 10%o

Ty - the changes, but in less than 0.5 s time and esbtor
L34 ] ZA Vows to the original values. Rotor flux will change
because the voltage decoupling control in a dynamic
process does not achieve complete decoupling, but
to use direct cross between a small shaft coupling
Fig.21 for the motor to accelerate the speed an&ystem to improve the dynamic response capability.
the actual stator current waveform, Fig.22 for moto
deceleration speed and the actual stator currer — Tek(Illi=sa sss OMgs B3 0.000 voc
waveform. e , ,. T

Fig.20 50Hz Waveform of Stator Voltage and Curreritedy
loading
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Fig.23 Waveform of Rotor Flux When Accelerating

ov

Fig.21 Waveform of Speed and Stator Current When
Accelerating
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Fig.24 Waveform of Rotor Flux When Speed Reducing

_._-l'l_ﬁfl B3 0.000 voc

Fig.25 for the motor to run at 1200 rpm stability,
the electrical load torque rated suddenly from thesystem on motor speed closed-loop control can be
10% change to 70%, and the rotor flux motor speeccarried out on the motor speed
waveform; Fig.26 for the motor to run at 1200 rpm Precise adjustment. Fig.27 for the motor speedéo t
stability, the electrical load suddenly Rated terqu Speed of the response of the signal waveform for a
changes from 70% to 10%, and the rotor flux motorgiven channel A speed signal waveforms, channel B
speed waveform for Channel A rotor flux waveforms,for the actual motor speed response waveforms.
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Fig.26 Waveform of Rotor Flux and Speed When Offiiog

In this paper the design of vector control

channel B for the speed waveform. The torque
responsive, and the mutation on the load and spee
flux little impact, as can be seen from Figure, the
transient changes in the flux of not more than 10%,
and about 0.5 s return to the previous value; spee
Transient changes in not more than 5%, and 0.6 s, 0
the resumption of the pre-mutation to load value.
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Fig.25 Waveform of Rotor Flux and Speed When Loading
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Fig.27 Waveform of Speed Response

6 Conclusions

Considering that the parameters inductance and
resistance of motor rotor will change according to
the circulation conditions of motor (load change) i
real experiment system, while the asynchronous
motor model in MATLAB/SIMULINK can't timely
change its parameters in circulation, compose the
motor model of which motor parameters can timely
change by making use of the S-Function in
MATLAB. Based on that, establish a simulation
system of the whole flux test-type asynchronous
motor vector control, firstly simulate and compare
the system under conditions of ignoring rotor
parameters and considering rotor parameters timely
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change (resistance and inductance). Simulation
result simulates the rotor parameters change caused
by skin effect in reality and thus leads to the
worseness of torque dynamic performance 0f[10]
asynchronous motor vector control.

At the same time, on the basis of simulation
results, we designed a TMS320F2812 DSP chip a§l1]
the core control system, completed a control dircui
and control software design. The actual induction
motor for a field experiment, and experiments show
that the control system practical, good control
performance, the rapid response system.
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