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ROBUST CONTROL THE ROTOR MECHANICAL ANGULAR SPEED OF SURFACE MOUNTED
PERMANENT MAGNET SYNCHRONOUS MOTOR

There has been proposed robust control the rotor mechanical angular speed of a surface mounted permanent magnet synchronous machine under con -
ditions of parametric uncertainty. The perturbations have been bound with incomplete information about the structure mathematical model and param-
eters of the control object. Consequently, a field oriented control system has the considerable degradation of transient processes of electrical and me -
chanic coordinates. The improve performance the quality of transition processes in system with cascade control decides by means of the application
control algorithms based on the concept of inverse problems of dynamics combined with the minimization of the local instantaneous energy values
functional.
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M. 5. OCTPOBEPXOB, M. I1. BYPUK

POBACTHE KEPYBAHHSA KYTOBOIO NIBNJKICTIO POTOPA CMHXPOHHOI'O IBUT'YHA 3
IMOCTIMHUMU MATHITAMUA

3arporioHoBaHO pobacTHe peryJIHOBaHHS KyTOBOI MIBUAKOCTI POTOpPa CHHXPOHHOI MAIlMHY 3 MOCTiHHUMH MarHiTaMy B YMOBaX IapaMeTPUYHOI HEBH -
3HaueHOCTi. 30ypeHHs TIOB'sA3aHi 3 HEMOBHOO iH(OPMALIi€r0 PO CTPYKTYPY MaTreMaTuyuHOi MozeIi Ta 3 apamMeTpamu 06'ekTa KepyBaHHsl. B Hacmifok
YOro y CHMCTeMi BEKTOPHOTO KepyBaHHSI CIIOCTepiraeTbCsl 3HaUHa flerpajaliisi epexifiHUX MpoLieciB efIeKTPUUHKX i MexaHiuHKX KoopauHar. [Tokpariie -
HHsI [TOKa3HUKIB SIKOCTi MepexiZIHUX MpoLeciB y CUCTeMi 3 KaCKa/JHUM KepyBaHHSM BHPIIIy€TbCS 3a JI0NMOMOIOI0 3aCTOCYBaHHsI alrOPUTMIB KepyBaH -
Hsl, LIJ0 3aCHOBAHi Ha KOHLIeMLlii 3BOPOTHUX 3a/au AWHAMIKM B MOEAHAHHI 3 MiHiMi3ali€t0 QyHKI[iOHaIbHUX JIOKAJIBHUX MUTTEBUX 3HaueHb eHepril.
CHHTe30BaHi aJITOPUTMH KepyBaHHS 3alMCYIOThCs Oe3nocepefHBO 3 PiBHSHHS 00'€KTa Ta piBHSIHHS OaKaHOI IKOCTI KepyBaHHs 0e3 PO3B's3aHHS 3a/a-
ui onTuMi3aLii B TpagULiiHOMY CeHCi Ta He MiCTATb ornepawiii AudepeHLiloBaHHS, 110 CIPOLIYE iX peasi3aljito. AITOPUTMH KepyBaHHsS Ha/jaloThb 3a -
MKHYTili CHCTeMi B/aCTHBICTh CTIMKOCTi B IIiJiOMY, 1[0 [JO3BOJSIE BUpIlIyBaTh 3ajadi KepyBaHHs B3a€MOIOB'A3aHUX Ta HeMiHIAHUX 06'€KTiB 3a
MaTeMaTHYHUMH MOZEJISIMH JIOKalTbHUX KOHTYPIB SIK y MiHIHHNUX crucTeMax. JJoC/tipkeHHsT BEKTOPHOI CHCTeMH KepyBaHHs CHHXPOHHHM /IBUT'YHOM BH -
KOHYBAJIOCh IpH Jiii TapaMeTPUYHKX i KOOpJMHATHUX 30yPeHb, sKi MOB'sI3aHi 3i 3MiHO aKTHBHOTO OTIOPYy 0OMOTKHM CTaTopa, iHAYKTUBHOCTI 0OMOTKU
craropa 1o ocsix d i g, MOCTIHHOrO MarHiTHOTO TIOTOKY i MOMEHTY iHepiii. 3arporoHOBaHi a/rOPUTMU KepyBaHHsI 3a0€3MeuyIoTh 3ajaHKil acTaTU3M
3a Kepyro4or0 Ji€ro Ta BiZJICyTHICTb CTaTUYHMX TIOMUJIOK TP 3MiHi HaBaHTa’KeHHsI.

KirouoBi ciioBa: pobacTHe KepyBaHHS, CHHXPOHHA MalllHa 3 OCTiIHHUMM MarHiTamMy, KyToBa IIBH/IKiCTb, a/ITOPUTMH KepyBaHHsl, TapaMeTpH -
yHi 36ypeHHsI.

H. 5. OCTPOBEPXOB, H. II. BYPUK

POBACTHOE YIIPAB/IEHUME YITIOBOM CKOPOCTBIO POTOPA CUHXPOHHOT'O JIBUTATEJIA C
ITIOCTOSAHHBIMU MATHUTAMM

ITpensoxkeHo pobacTHOe pery/IMpoBaHHe YITIOBOM CKOPOCTH POTOpPAa CMHXPOHHOW MaIlMHBI C TTOCTOSHHBIMM MarHUTaMM B YCJIOBHSIX IlapaMeTpHye-
CKO¥1 Heorpe/ie/leHHOCTH. Bo3My1LjeHHst CBSI3aHBI C HETMOJIHOM MH(OpPMaLell 0 CTPYKType MaTeMaThueCcKol MOJIe/IM U C apaMeTpaMu o6beKTa yrpas-
nenust. BeiieicTBHe yero B BEKTOPHOM CHCTeEMe yIIpaB/ieHHs Hab/IOaroTCst ierpajjaLivisi IIepexoHbIX MPOL{eCCOB IEKTPUUECKUX ¥ MEXaHHMYECKHUX KO -
OpAMHAT. YiyullleHWe TOKa3aTesiell KauecTBa MepeXo/jHbIX MPOLIeCCOB B CHCTEMe C KacKaJjHbIM YIIPaB/eHHeM DellaeTcsi C TIOMOLbI0 TIPUMeHeHHUst
aJIFOPUTMOB YIIPaBJIeHNs], KOTOpble OCHOBaHbI Ha KOHL|EML{M 0OpaTHBIX 3a/jau AUHAMUKM B COYETAHUM C MUHUMM3aLjiel (hyHKI[IOHA/TbHBIX JIOKA/Ib -
HBIX MCHOBEHHBIX 3Ha4eHUH SHEepruu.

KiroueBble coBa: pobacTHOe yrpaB/eHHs, CHHXPOHHas! MallliHa C MTOCTOSHHBIMM MarHUTaMH, YIJIOBasi CKOPOCTb, a/lTOPUTMBbI YIIpaB/IeHHUs],
rapamMeTpHYecKue BO3MYILeHHsI.

Introduction. Advantages of the surface mounted
permanent magnet synchronous machine (SPMSM) are of
their high torque to inertia and high performance [1]. Vec-
tor-controlled synchronous motors combine the simplicity
of control inherent in DC motors, and the advantages of
non-contact constructions of AC machines.

High dynamic performances of the system of the
electric drive coordinates regulation are achieved at the
expense by using field oriented control (FOC). The vector
control strategy is based on the independence of the elec-
tromagnetic torque of the motor from the direct compo-
nent of the stator vector i14. But the practical implementa-
tion of the vector control system of the synchronous mo-
tor from standard control algorithms requires complete in-
formation about the structure and parameters of the math-
ematical model. This is caused by the fact that the stan-
dard algorithms have a compensating type. The transfer
functions of the controllers compensate the corresponding
sections of the control object to obtain the required trans-

fer functions of the control loop.

However, manufacturers usually provide insufficient
information on the characteristics of the machine, which
are needed to calculate the parameters of the replacement
scheme. In addition, during operation, the synchronous
motor is heated as the result changes the electric resis-
tance of the windings of the stator [2].

Variations of parameters of the control object and of
the coordinate perturbations lead to a deterioration in the
quality of control, requiring application of robust or adap-
tive control algorithms [3-4], which have a weak sensitiv-
ity to parametric and coordinate uncertainty. But these au-
tomatic control methodologies increase the unwieldy of
control systems as a result of the use of additional algo-
rithms for parameterization, adaptation and compensation.

An analysis of modern methods of management in
the conditions of uncertainty of the mathematical model
of the object, shows that the above problems can be
solved using the concept of inverse problems of dynamics
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combined with the minimization of the local instanta-
neous energy values functional [5-6].

The purpose of the paper is to improve the quality of
vector control of the coordinates of cascade drives with
SPMSM in the conditions of parametric and coordinate
perturbations by developing control algorithms that pro-
vide robustness to parametric uncertainties and provide
dynamic decomposition of the interconnected system.

The stated purpose has determined the following re-
search tasks:

1. Develop of vector control system of the SPMSM
with of control algorithms based on the concept of inverse
problems of dynamics combined with the minimization of
the local instantaneous energy values functional.

Fundamental concept. The concept of control is
based on of the reciprocity of the direct Lyapunov method
in the study of stability allows us to find control algo-
rithms in which a closed-loop control loop has a predeter-
mined Lyapunov function, which serves as the instanta-
neous value of energy [6].

The object of the local control loop is described by
the following differential equation (1)

g (h=1)
x(h):z bku(k)—z ax", 1)
k=0 i=0

where x —regulatory coordinate;

u — control function;

bx , a; — coefficients of the equation;

h, g — the order of the left and right sides of the dif-
ferential equation, with h > g.

The reference quality control of the coordinate the
close-loop is given by the ordinary differential equation

n—1

(n—1) m

24 Y y27= Y, @
i=0
where z — intermediate coordinate;

Yi , Bj — coefficients that determine the nature and du-
ration of the transition process;

x* — coordinate reference;

n , m — the order of the left and right sides of the
equation, withn>m.

The local functional is the degree of approach of the
real control process to the reference one and represents
the normalized, instantaneous value of the generalized en-
ergy

G(u)=0.5[z("]—x(h>r;
dG(u)  of|u,x"
du ou

3

A (h)l‘

Minimization of the functional (3) is carried out ac-
cording to the gradient law of the first order (4).

The condition of the convergence of the process
minimization of the functional (4) is (5).

As result of minimization, the general control algo-
rithm has the form (6).

du _ dG(u)’ >0;
dt ou
dG(u) _ oflu,x"r )
_ )_ )], 4
du ou z ]’ @
(i)
= af(u, ):const>0.
ou
(i)
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dt ou ©)
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sign (k)=sign f(g;x ]),HOO
u=k z("fl)—x(hfl)]‘
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(m-1) (n-2)
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Method and calculation. The method for the devel-
opment of the algorithms to control the coordinates of the
electric drive for FOC is presented. During the study stan-
dard limitations and assumptions were made in the mathe-
matical models of the inverter and electric machine [1, 7]:
the stator winding SPMSM produce sinusoidal magneto-
motive force distribution in the air-gap (d and g-axis in-
ductance L = Lq = Ly ); the mechanical system is mod-
elled as one-mass system; the slip frequency is zero be-
cause the motor always runs at synchronous speed . ; the
magnetizing current i:d because the rotor flux is supplied
the permanent magnets.

The mathematical model of the SPMSM in (dq) the
rotor coordinate system, oriented by the ir vector, can be
described by the differential equations system (7)

diy R,

S .

dt L.+

N

dig R _uy

T T R T L R S
Yoy =Logioqt W pm =Y pms Wyg =Ly Iy )
Te:1.5pn1ppmi5q:kTeisq;
do, B, T, TuutTy T,
a 7,05,
.dee_

W, =P, Wy 5 dt =,

usd . u
—L——u)e lsq——+P5d,
N N

_mewpm usd

N N N
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where R, — stator resistance; L; — stator inductance;

®. , ®n — electrical and mechanical angular rotor
speeds;

DPn — pole couples number;

m —permanent magnet flux;

Jn — the total inertia moment;

T., Tiwas , Ty — electromagnetic torque, mechanical
load torque and combined coulomb friction coefficient of
the drive system;

B,, — combined viscous damping coefficient motor
and load;

0. — electrical angular speed;

s , Usq — (dg) components of the stator flux linkage;

Usq , Usq — (dq) components of the stator voltage vec-
tor;

isa , isy — d and g-axis of the stator current;
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Py, Py, P, — indeterminate that reflecting the coor-
dinates interrelation.
At the expense of dynamic decomposition the coor-
dinate perturbations should be limited at value
P,<P),,P <P, P,<P,.
The control variables are sufficient to compensate
perturbations
u u T
f”g"’f? Pfq,J—;>PS,.
The control algorithms of vector system have devel-
oped applying the proposed concept (1-7) have such
structure:
= current controllers

usd:ki(yi.r(i*sd_isd)dt_isd); 8)
u =k v, (i =i )de =i,

where k,=n, L, '=const — the gain coefficient of the cur-
rent.

A control time of the current continuous transient
t ~ 3 /vy is defined by a coefficient y,<1/7,+L;'R,
which depends on small uncompensated time constant of
the voltage source inverter.

500

= speed controller

=k yof (0)—0,)dt+B,on-w,); (9
where kw:nwmj,;l:const — the gain coefficient of the
speed.

Simulation results. The synchronous motor

(Siemens SPMSM) of PROTEC 1FT6084-8SH7 type
have the following the manufacturer parameter parame-
ters [7]: P, = 9.4 kW, I, = 24.5 A, f. = 300 Hz, o, = 471,2
rad/sec — rated power, current, frequency, mechanical an-
gular speed; Jspusy = 0.0048 kg-m® — inertia constant;
T, = 20 kNm - rated torque; R, = 0.18 Ohm — active resis-
tance of the stator; Ly = Ly = 0.002 H — d and g-axis in-
ductance; Wpy = 0.123 Wb — permanent magnet flux-link-
age; p» = 4 — pole pairs.

Control algorithms have the following parameters:
current controller i: y; = 700, k; = 100; speed controller w:
Yo =30, Bo =1, ke = 3.

The sequence the simulation execution is shown in
Fig. 1.

Solid line Fig. 2 shows the graphs of the transient
processes of the electric mechanical system coordinates in
case of rated parameters of SPMSM and dotted line
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Fig. 2. Transients of the speed error A},
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shows the graph of the transient processes in case of the
of action of parametric perturbations (active electric resis-
tance of stator winding has increased to 0.19 Om, d and g-
axis inductance has increased to 0.0022 H, permanent
magnet flux-linkage has decreased to 0.012258 Wb, mo-
ment of inertia the installation has increased d to 0.0146
kg-m?).

Graphs of transient processes in the Fig. 2 show that
the suggested system provides the no static error by of
speed in both cases. The maximum speed dynamic error
during the start-up period is decreased from 1.14 to 0.32
rad/s and is increased from 6.84 to 9.05 rad/s after a load
applied. Compensation time decreased from 0.203 to
0.109 sec after a load applied.

Conclusions. The proposed method of the design of
the control algorithms for the synchronous drive with of
cascade control, based on the concept of inverse problems
of dynamics, provides the high control quality under con-
ditions of parametric uncertainty without additional algo-
rithms for adaptation and compensation. The system pro-
vides the desirable astatism and absence of the static er-
rors at the moment the load toque change.

As it is seen Fig. 2 the considerable degradation of
transient processes of electrical mechanic coordinates is
missing in the system during the parametric disturbance.
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