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Abstrl\ct 

E. 10 

'rhis paper p!:'es ents II method for stabi 1 i ~ inS t.he low-icequem::y 
oscill.ations in reluct.&l1ce 1I10tOt'f.I. This method is based on 
modulating the input voltage by a feedback signal, This aignal is 
obtained by uslng a speed feed back through a lead/L~ compensating 
network, T~e parameterf.l of this network are designed using an 
eigenvalues shift techniqu~ and ~he values which give maximum 
damping were determined. Tne obtained results illustrate a 
significant increase in damping and indica~es that substantial 
improvement in reluctance motor performance can be achieved by 
using 8. simple electric Ci!:'cult. 

1. INTlIDDUCTION' 

Fro~ among the electric drive system5. reluctance motors 
exhibit a rolativel¥ poor dynamic performance. This is indicated by 
II. limited stable o~erating relion and small-amplitude lo~-{requency 
oscillations about the synchronous speed. Dynamic instability has 
been a subjeot of growing interest since the early 70's and I 

PrOper unaer&tandlng of th~s in~tabiiit~, ~9 affeoted by doci, 
parameter$, has been reported [1-4]. However, prOblems associar 
with the lo~-frequenc, oscilletions are ,till. to the autho 
kno~ledge. unsolved. These oscillations dAteriorate the dyn 
pertorman~e that tollows small diGturbancea and. unda~ 
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conditions, they build-up in magnitude, leading to motor 
instability. Theae problems, in the author9 point of view, are 
limiting the wido opread applioation of roluotance motor •. 

To overcome this proble~. positive damping must be add cd to the 
motor to compensate for its low inherent damping. The additional 
damping may be introduced either internally. via a proper design of 
the motor parameters, or externally, by using a suitable control 
strategy. Lawrenson et AL indicated that overall internal damping 
is affected by some of the motor parameters [3J. Tha problem of how 
to increase the internal damping has been recently invsstigated 
using the damping and synchroni~ing torque technique. It has been 
concluded [5,6) that the internal damping can be substantially 
improved by a ~uitable choice o~ both the q-axis resistance and 
the .xes reactances ratio. The external additional damping was 
firstly discussed by Krause who Su"gssted methods for stabilizing 
reluctance motors, basad on a proportlonal feedbaCK (7). 
Alternatively, thi3 paper examines the introduction of additional 
external damping usinQ beth Proportional and integral feedback. 

The object o~ this paper is to design and test a compensating 
network to stabilize the low-frequency OSCll~ations in reluctance 
motors. This is achieved by u9ing a le~/lag compen5ator and a 
speed feedback signal. lhe speed ctabili~er parameters have been 
considered and their opcimum values are obtained using an 
eigenvalues shift technlQue. The etfect~ of thi5 stabilizer on 
dynamic performance is inve~tig6t6d. Results il~ustrate a 
substantial improvement in bath motOr damping and oVer&ll 
performance u5H,g t.hlS approach. The obtained results ar& of 
interest to both users and de~igners due to the f&ct that the 
improved performance is achieved using a simple circuit. 

2. STAllILIZAlION CONCEPT 

Small al1lplitude and law-~r:-eQuency oscillations often persist on 
the shaft ot reLuccan~e l1Iotar:-~ (or a lon~ period of time, limiting 
the stable region and deteriorating the motor:- performance. The 
basic function of tho stabilizer is to add positive damping to 
these oscillations so that the dynamic performance is i~proved. To 
provide damping, tbe ~tabilizer must produce a componant of 
electrical torque in phase wiLh the speed variations. Also, the 
transfer funct.i.:>n 01' the stabili71ar muat compensate for the motors' 
gain and phase characteristics. Moreover, the phase compensation of 
the stabili2er should cover the interested range of frequencie9. 

Stabilizing the low-frequency oscillations is a well known 
tachnique in i!Oynchronous mach i nes [B -10] . Ne ... erthe le9S. its 
application to reluctance motors is still uninvestigate;:i. In 
synchronous machines, the stabilizing signal is added to the 
exciter reference point, a mstter that yields positive damping to 
oompensate for deterioration in damping follOWing 
disturbances[B, 10J. In reluctance motors, the stabilizing signal is 
added to the input voltage which modulates the axes flux in a way 
that produces positive damping. The stabilizing network used in 
this investigation is shown in Fig.1. It consists of two time 
constants ( T. & To ) and a gain. c,. This lead/lag network can be 
easily configured from a simple RLC circuit, with a suitable choice 
of tbe time constants and the gain [11]. The ratio of .the time 
constant affects the range of stabilized frequencies: and i.t 
generally depends on the machine type. In conventional sYnch~onoua 
machines this time-con~tant ratio iu about 10 (10) and in 
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,ina aene~ator$ it reaches 50 [12]. In reluctance motors 
previous pubti~hed values ooncernin~ the stabilizer 

nd careful att~ntiun musL be given to their choice. 
to the fact that en improper choice of stabilizer 

may lead to motor instability even from $table 
In thic ~or~, theao ~ar~eters are deeigned based on an 
shift technique, to predict those values which increase 
he frequency range of interest. 

Outpul 

Fir.. ! Stabilizing Transfer FUnction 

ING VAIHABI.ES 

~nt acce~sibility, steady-state values and the 
!ropinR erB generally, the ~easurce ~u be considered for 
~ a specific variabls as a stabilizer input signal. 
ilizing ~ignalB ~uch as rotor speed, electrical torque 
~ion cen be u~ed (9). In reluctance m~tors. the 
led changes require zero steady 5tate value of the 
lput signal. hlthough it gives good ~tabili2aticn and 
'0 steady ~tate value, the rDtor acceleration is not 
lecause i~ is difficult to measure in practice. The 
)m aynchronous speed is used ~s a stabilizing ~ignal 
~ati~fies th~ above mentioned measures. The 

,~s of thIS ~ignal are invsstig~ted later. 

:9 RiPHKSKNTI\TIOt.! 

,ally. transfer function end high-order polYnomials are 
tl.nel Y<J i!l of r-o luc tc.nce lDachines (Z. 4]. This, hal/ever, 

Ie 5 impli fi cati ons wh ieh, in same cases, neg lects 
.rameter!! in the analysis of motor dynamical 
1- Recently, a lineer, time-lnvarient, state-space 
ined for reluctance motors which takes account of all 
paremeters (13 J. The non linear ec;.uati ons of polyphase 
tor~ are pertu~bBd about an opera~ins ~oint, leading 
ing state 5pace model in I/hich the state vector is 

t· U 

he motor matrix; 
~e input m,,-tri~; 
.,e s;-c,ate vector. 
~e input voltage,measured trom a reference point 

2 
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The A mat~ix is the open loop matrix and 
obtained using thi~ ma~~ix are used to asses 
damping due to Dome stab1112er peremetorD. 
stabili~er in the above state ~pace model, 
variable 1. i~ int~oduced as shown in FlS.2, 
following equ~tiona : 

LlY, .. !G,·T,IT,)·bw"'LlX, 

the eigenva.lues 
the increa~e in 
To include the 
additlonai etate 

leading to tho 

3 

4 

Equation 2 can be augmented to include Equation 3 by adding: 

1I(7.2)-C.(I-T,/T,) 11 (7.7) - - ! IT 1 5 

The controlled input can Glso be modified to be: 

6 

Eqn.6 can be ~imply written as: 

~u.- [Fj· X 7 

Substituting from EQn. 7 into EQn. 2, the closed Leap met~lX can bo 
obtained ~s: 

XD[A "'B·p) X 

.. ,l. X 

Where 1 i~ the clos~~ loop matrix. 
represent the new motor roots. 

8 

9 

Tho roots of thi~ matrix 

Fig. 2 State Representation Of Stabilizing Netwo~k 

5. DESIGN ASPECTS 

~ormally. the stabili2er must improve the motor performance 
about the severe low-frp.quency mode. Therefore. the center of the 
network compensation range may be Het to the hunting mode. This 
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f~eq~ency Can be obtained, for the network in Fig.1, as (9J: 

I .. __ 1_.-
r 2JIJr IT 2-

liz 10 

\IIhere the time cOrultant rat io R (- TilT z) > 

Hz II 
'lit} 

Substitutina the huntin4 frequenc¥, obtained trOQ the open loop 
matrix Eqn.2, in Eqn.ll. the time co~stants can be obtained. To 
illustrate the efieeto of stabilizer paraneters On the motor 
dynamic performance, the eigenvalues of the closed-loop ~atrix, 
Eqn. 9, are obtained f~r dif~erent vnlu~~ of ~ime oonstant ratio, 
R. and gain c •. The loci of the dominant roots are 6bo~n in Fig.J. 
This result illustrates that. for a specific value ot R, inorea5ing 
c. up to a certain value, increaces motor damping a~d r&duces the 
o~cillation frequency. A further inoroa~c in G. .edUC8B motor 
da~ping. This result al~o illustrate5 that, xor each ti~e constant 
ratio there is a value of stabilizer gain at which ~aximum damping 
occurs as ob~erved from Fig. 4. Therefore, for eaen time constant 
ratlO, the ;:)ptimul1\ stabil izer gAin c • • " Cb'" be defintOd 8:0 t;he 
value \IIhich gives maximum da~ping. The re~ults indicate that a 
decrease in the time con~tant ratio increases motor damping. 
However, tha range of compensating fre~uencies is reduced as the 
time-constant ratio increAses as sho~n in FiS. 5. Thererore, ~ne 
choice of R is a compromise b8t~een increasing motor damp log and 
decreasing the range of compensating f~equencies. A value ot R = 
~.O has been found suitaole for proper ~tabiliz6tion of reluctance 
motor9. This time-conlS:taot rAtio ie within the pUo.ctictll range uJ: 
compensating net\llor~s (ll]. 
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Fig.3 ~ff6cts of Stabilizer Gain on the 
Loci of Dominant Eigenvalues 
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6, COHPlllfISON OIl KIGI!:NVIIJ,UI';S 

Table-l sho~s a comperison betveen the eigenvalues of the 
reluctance motor with and vit.hout speed stabilizer. The above 
recommended parameters of the atabilizer were Used. It is clear 
that the stabilizer shifts the roots to~ardo the negative real 
axis. indicating an increase in damping and an improvement of the 
dynamic performance. 

Table-l : EFFECTS OF STABILIZER ON EIGENVALUES 

~ 
E i g e n v a 1 u e s 

Oscillati.ons 
Without With 

Hotor Circui fltabil i26r stabilizer 

Stllt;or Cireuit - 467+j 110.0 -240.6+i424.5 
Rotor Circuit -10.6+j58.9 -19.7 .. j33.2 
08!Jtper Circui.ts -9!J. 4. -151. 8 -65.20 . -4.4..4 
Stabilizer Hade 0 -53.7 

The above mentloned technique, used to choose the stabilizer 
parameters, is based on the eigenvalues analysis of linear motor 
equations, The object at this section is to evaluate and confirm 
the results u~ina the time response analysis at nonlinear equations 
[6.10). Following a load chartae on the motor shatto the resulting 
electrical t.orque can be decomposed into damping and synchronizing 
torque components as follows 

.1 r ... K J)~' llw ... K u . ll6 12 

Where " ... K.. are time-invariant coefficients of d6lllPing and 
synchronizing torque. respectively. The st8bili~er must add a 
t.orque component in time phase with the rotor speed. This leads to 
the following equation; 

IJ 

Where K ... I(.. are the increaGe in damping and r;ynchronizinil 
torques, respectively, due to the stabilizer aotion. FiS,S 
illustrates the damping torque coefficient using the damping and 
synchronizing torque technique. It confirms the re~arks explained 
in the above section, indicating that, for each time-constant ratio 
R, there is an optimum value of stabilizer gain at which mDXimum 
damping occurs. The time re!3ponse of tha speed deviation due to a 
step load disturbance is shawn in Fig.7 for a reluctance motor 
without and with st.abilizer at different values or R. It can . be 
observed that the increase in motor damping, even with a higher 
value of R , about 400 X of the original motor dampi~. is 
sufficient. to provide excellent motor performance follovini a load 
disturbance. Although higher values of R, increase the range ot 
stabilizing frequencies, they are not recommended as the st4bili~er 
becomes sensitive to system noise. Therefore, values ot R = 5 and 
stabilizer gain below 0.05 are recommended to give good 
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Fig.4 Damplng Factor Versus Stabilizer Gain for 
Diffsrent 'riI1l6~CO!">~t!U'lt Ratio:!, R 
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Fig.S Pbase Compensation Versus Stabilized Frsquencies 
for Different Time-Constant Ratios, R 

E. 16 



E. 17 r.H.Abdel Kader and S.H.OSheba 

stabilization of reluctance motors. 
of the Il tabi 1 i2er in i.ncrealling 
chllnlles. 

8. IMPLEMENTATION 

Fig. e illustr~te. the effect 
UII:>tOt' dampi.ng folloviflR load 

To verify thi~ developed stabilizing technique. a detailed 
nonlinear simulation. taking all nonlinearities and constraints 
into account, is constructed. The motor tilDe respulI",e to a pulse 
load disturbance, with and ~ithout stabiliter, is sho~n in Fig,S. 
This reoult i llustt'ates liubstantial improvement in IIIOtor 
performance usin« Gpeed stabili~ing 5i~nal to ~odulate the input 
voltage. The off~ct of this signal on modifying the d-axis flu~ is 
also demonstrated in the figUre. To further elucidete the effect of 
the stabili~er, a step load increase is applied on the moter shaft 
and the moter response is shown in Fig, LO, The motor, with the 
stabilizer. moved to the ne~ load conditions without e~cessive 
di5plaoe~ent of load enS Ie, and with w811-d~ped rotor swings. 
Further~orB, the starting characteristics of the ~etor, with and 
~ithout otabilizar, are compared in Fig, 11. Thie renult illuetratee 
that the stabilizer has no adverse effects on motor startins 
perforlllance. 

9. CONCl.U510NS 

A method for stabilizing pol~pha5e reluctance motors has been 
introduced and extensively evaluated. This is based on feeding back 
a signel proportional to rotor speed. through a lead/lag 
oompensatina-network, to modulate the input voltage. The choice of 
the c~pensating-network parameters (i.e time oonstant ratio and 
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Fig.6 Damping torque Coefficients Versus Stebili~er Gain 
for Different Time-Constant Ratios, R 
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stabilizer gain) which must ba defined to sdd sufficient positive 
dampins is of pri~e i~port~ce, A timD constar.t ratio Df ~ was 
found adftqUAts for reluctanco moLor oompensating networks. The 
results illustrate outstandinl i~provement in motor perfcrm~ce 
usin( this technique. 
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