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Assessment of Unsymmetrical Voltage Sag Effectson AC
Adjustable Speed Drives
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Abstract: This paper analyses the influence of unsymmetrical voltage en the in-
crease of torque and speed deviation induction motor adjlestspeed drives. The
three following general types of induction motor drives ttohare analysed: scalar-
controlled (V/Hz), rotor-field-oriented (RFO) and dirdorgue-controlled (DTC). The
analytical expression for variations of dc link voltage drgorated into the corre-
sponding drive models and formulas for assessment of d/tgeque deviation are
derived depending on the applied control algorithm. Afimds, the presented the-
oretical results for the deterioration of motor drive penfiance due to voltage sags
are validated experimentally. Measurements of sag-causethanical vibrations are
used for the additional verification of the obtained results

Keywords: Power quality, voltage sag, induction motor drives, speed @rque
deviation.

1 Introduction

VOLTAGE sags (dips) are power quality problems with the most often appear-
ances in public power supply network. Sensitivity of adjustable speedri
(ASDs) to voltage sags was a subject of numerous studies and expefingenta
searches (e.g. [1]). In continuous process applications, stop elddirés may
occur due to deviations in the speed and/or electromagnetic torque. Majbrity o
the previous works was, concentrated only on determining sensitivity limitedela
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to disconnection/tripping of analysed or tested ASDs due to the activatioriof th
overcurrent/undervoltage protection systems.

The paper researches behaviour of scalar controlled (V/Hz), retdrdtiented
(RFO) and direct torque controlled (DTC) induction motor (IM) drives preed
and torque controlled application in voltage sags circumstances. Analdfats,
presented in this paper, show differences in behaviour of electriwvaisgidepend-
ing on the applied control algorithm, and suggest opportunities for impraveime
practical applications.

The recent researches in ASD sag sensitivity did not take into accopat ty
and actual settings of applied drive control, and this paper aims to fill thi®gap
presenting corresponding analytical relations and experimental resulte fink
voltage ripple, torque ripple and mechanical vibrations caused by urdealaolt-
age sags. The use of experimental measurements was particularly imfamrthat
verification of the developed models and control algorithms of high-padace
ASDs, as these are very complex. The presented results show thatadl&EC
drives using torque and flux comparators practically insensible to areise@ dc
voltage ripple, while RFO-controlled drives and DTC drives with Pl regutafor
flux and torque control are only slightly sensible.

Section Il of this paper provides a short description of single-line-tangad
faults caused voltage sags and analytically describes their conseguende link
voltage deviation. Section Il presents three analysed general congtblods:
scalar control (V/Hz), direct torque control (DTC) and rotor flux ated (RFO)
control. Section IV analytically compares influence of unbalanced voltage @n
ASD performance, and points out main differences in responses o A#tb dif-
ferent controls. Based on the analysis of obtained analytical resultssisetttion
also discusses and highlights key parameters and characteristics ofaff8&ised
by voltage sags. Finally, the last section of the paper presents soméneapiai
results, including vibration spectra, for sag-caused torque harmonics.

2 \oltage Sags effects

Unbalanced voltage sags are of particular importance during the assg¢ssEme
equipment sensitivity, as they are usually caused by single-line-to-grawtts
(SLGFs), which are the most frequent types of system fault (regiderier around
70% of all faults, [2]). As one or two-phase voltages of SLGF-cawsdzhlanced
single-phase and two-phase voltage sags are either unaffected, onlyitominor
reduction in magnitude. During sag, ASD dc link voltage may, depending on the
magnitude and duration of the experienced unbalanced sags, remainthban-
dervoltage protection limit. Numerous measurements around the world ( [Bf) po
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to the fact that the expected value of the remaining voltage during the sdgses c

to the upper limit (between 50% and 90% of nominal voltage). Frequency con
verter of the some manufacturer will not lead to failure, but it will certainlyllea
performance deterioration. Figure 1 illustrates the distribution of the volage s
and also refers to the fact that they usually last for a few seconds.
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Fig. 1. Magnitude/duration chart of voltage sags (adopted from wwidiapm [3]).

Based on [2] it is known that SLGF’s can produce B type sags with thindiep
range oth=0 ... 1, while C and D types voltage sags depths are in ran@s33...1.
Phase voltage equations in complex form and the appropriate phasardgtirat
illustrate the above basic unsymmetrical sag types were given in Table 1s path
per, the analysis was conducted precisely for these types of voltageatégpugh
similar conclusions can be drawn for the case of other types, but in Eastage
unbalance.

In case of B, C or D voltage sag input rectifier passes into single phase op
erations with the consequences as input current distortion and DC voifgue
increase with dominant component at 100Hz and with average voltageticdu
in C type voltage sag case. DC bus voltaggt) in case of a voltage sag supply
conditions, having in mind [4] is presented as:

Vdc(t) =Vbc +Vbe2 cos(20qt + 92) (1)

whereVpc presents an average voltage vaMg;; is the second voltage harmonic,
w is power supply angular frequencyrf20s—! or 2r60s 1) and6, is an appropri-
ate angle of the second harmonic component referrigeeis which defines point
on wave at sag initiation. In general case, modulation signals can beeeped:

ui(t) = ui (t) +e(t) 2
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Table 1. Basic types of unsymmetrical voltage sags.

Sag type| Phasor diagram Phase-to-neutral voltages
solid lines during fault (h designates remain voltage in p.u.)
Ua = hU
B > Up = —(1/2)U — (v/3/2)U
Ue = —(1/2)U +j(v3/2)U
\\\ Ua = U
c > Up = —(1/2)U — j(v/3/2)hU
/ Ue = —(1/2)U + j(v/3/2)hU
\\\ Ua = hU
D E— Up = —(1/2)hU — j(v/3/2)U
’/ Uc = —(1/2)hU + j(v/3/2)U

wheree(t) is injected harmonic (also represents direct transformation SV-PWM
into carrier based PWM), angj(t) are called fundamental signals for appropriate
phase voltages<£a, b, ¢). Fundamental components of line to neutral output PWM
voltages are:

Uen(t) = SVaclt) -cOS G2t + ) + @ (1)
Uon(t) = 2aelt)[m-CoS @t — 2+ ) + & 1)

Uen(t) = %vdc(t)[m‘ cog wst + %HJr P)+e(t)
wherews - inverter output fundamental frequency with modulation indeXPhase
angle¢ corresponds to initial phase voltage angle relatediaais.
Combining equation$2) and (3), and applying coordinate transformations,
induction motor stator voltages dy reference frame that rotates at a synchronous
reference speedy, are:

1
Ugs(t) = Em[VDc cos$ + Vpcacog 2wt + B2) cosp]
1 . ,
Ugs(t) = Em[VDC sing +Vpcz cos 2wt + 62) sing . ©))
In equations above the second term is a direct consequence of dcliaggerdpple

because of rectifier single-phase operation. Voltages given by egyalicorre-
spond to three-phase voltages with terms2w +ws and — 2w +ws.
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3 Description of Implemented ASD Models

Modern ASDs usually allow end-users to apply different types of chrasomost
manufacturers provide options for selecting different control methotizisame
ASD. General classification divides induction motor controls into scalsedhand
vector-based ( [5]). The most commonly used control method in industrgiis-a

ple scalar-control, also known as constant Voltage/Frequency (Vibigyal. Al-
though very simple, V/Hz control is usually not implemented in high performance
drive applications due to its drawbacks.

Opposite to scalar control, which allows for control of only output voltagg-ma
nitude and frequency, vector-based control methods enable cohitnetantaneous
voltage, current and flux vectors. Accordingly, vector-based obmafigorithms
result in significantly improved regulation of drive’s dynamic charactegsaicd
better sag ride-through capabilities. This is discussed in more detail in the nex
subsections.

3.1 V/Hz controlled ASDs

Numerous industrial and other applications with induction motors requireatontr
of motor speed (e.g., various paper, textile and material processing lares, f
blowers, HVAC-heating, ventilation and air conditioning, etc.). As mentiorred p
viously, V/Hz control is commonly selected as an optimal solution, because of its
simplicity and low cost. Generally, V/Hz control can be realized as opendoop
closed-loop control, with the information on actual motor speed supplied to the
controller in the latter case.
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Fig. 2. Basic V/Hz control scheme.
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The V/Hz control can be modified to offset the voltage drop across thetémve
and stator resistance, which usually has a significant impact at low oudjojutein-
cies/speeds. Algorithms implemented in practice may also include a dead-time
compensation circuit and a torque estimator based on the measurement of stato
currents and voltages, instead of using torque sensor. Figure 2 illgstféatz
open-loop control structure, where pulse-width modulation (PWM) is k-
plying space vector technique (SVPWM) and output voltage fundamemmaba-
nent amplitude controlled according to:

0 = g+ 20 @)
fsn
whereUg, and fsn are nominal voltage magnitude and frequengy, — voltage
offset (voltage drop compensation) afd designates output frequency reference
value.

3.2 Rotor field oriented control of ASDs

Rotor-flux-oriented (RFO) vector control technique is dominant in modégh-
performance ASDs. In this case, decoupled control of torque and flatois
achieved by acting og andd stator current components, respectively, assuming
that the reference frame is attached to rotor flux vector. One of the mdurdea
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Fig. 3. Indirect RFO control scheme.

of the RFO control method is the application of the co-ordinate transformation.
Stator currents are measured in a stationary coordinate frame, and tbspood-

ing current componenigy andisq are obtained by rotational transformation, using
feed-forward estimator. Basic control structure of indirect RFO coitF®C) is
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illustrated in Fig. 3. Two inner PI controlled current loops fbandq stator cur-
rent components are shown, as well as synchronous speed estimatoaged on
reference stator currents components).

3.3 Direct torque control of ASDs

The notion of direct torque and flux control suggests the fact that itzstaaus
torque and flux values are controlled directly by appropriate switchingssthtbe
inverter. In the basic version, direct torque control (DTC) consists thfee-level
hysteresis comparator for torque control and a two-level hysteresiparator for
flux control. The main problem in classical direct-torque-controlled ASpliap
cation is a high value of the torque ripple, which can be minimised by reducing
calculation time for the switching states [6], or by using switching table modifica-
tion [7]. In this paper, modified DTC scheme is used, in whief8 plane is divided
into twelve sectors (denoted as “C12DTC"), instead in just six sectors4Fibhis
approach usually results in low/acceptable torque ripple and low distortstatoir
currents.
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Fig. 4. Twelve sector DTC control scheme.

One of the favourable solutions for constant switching frequency antbi@ue
ripple is described in [8] and illustrated in Fig. 5. This control scheme, datégl
as PIDTC, uses two PI controllers, one for flux control and the othetoigue
control.
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Fig. 5. PIDTC control scheme.

4 Theoretical Analysis and ASD Behavior Comparisons

Assuming magnetic linearity, the equivalent two-phase model of the symmetrical
IM, represented in the synchronous rotating reference frame, is:

s = R — s+ s ©
Ugs = Reigs+ WsWys+ %lﬂqs (6)
0= Ry — (6 o) Yl + 3 )
0= Rigr-+ (@1 — ) o + 3 Uty ®

The relations betweedhq flux linkage and currents are:

Yds = Lsigs+ Migr, Ygs = Lsigs+ Migr
Wdr = Lrigr +Migs, Ygr = Lrigr +Migs %)

Electromagnetic torque can be calculated using the following formula:

In steady state condition, solving equatid®$ - (9) in case of voltage given by
equationg4), and applying the superposition theorem, we obtain expressions for



Assessment of unsymmetrical voltage sag .. 349

thedq stator currents:

ids = Igen+ ld €O 2t + Oqs) (11)

where average stator current components are given by:

ids0 = Ko[goCOSp —bosing], and
iqu =Ko [gosind) -+ boCOS(p] .

Magnitudes of additional oscillatory stator current components are iffglisity
it will be 6,=0):

la2 = Kay/ 1ol + Iyal? + 21y lyal cos(29 + Ly1 + 2y2) (13)

lo2 = Ka/Iyal? +y2 + 2lyal yal cos29 + iy + - 2y2) (14)

The values of certain coefficients in the previous equations are:

1 1
Ko==-m Ki=-m
0=7 \be, K1 Z \bc2

Yo =go+ jbo = [rs+ jasLis+ {jsM || (re/so+ jeasLir) }]7F
y1 = [rs+ jonLis+ {jaM||(rr /st + joorlyr) 37
y2 = [rs+ japLis+ {jwaM||(rr /S + japLir) } 7

W = 20 + s, W = —20) + W,
_M _O)_L—OO _002—0)

% 'S .S :
w W w

wherew denotes motor rotor angular speégh anddys represents second harmonic
stator current components angle respec &mdq axis, respectively.

After combining(12) and(13), taking into account expressio(ikl), the torque
value can be calculated in the closed form:

Te = Teo + Tex COY 2t + @) + Tes COS 40t + 1), (15)

whereTg represents average torque vallig represents the second harmonic com-
ponent and, represents the fourth harmonic components.

In the following chapters will be given the discussions on the impact of in-
dividual torque and current components, depending on the appliedbfyd8Ds
control.
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4.1 DC link voltage reduction effects

Limitations, as a consequence of the maximum output curtggd @nd maximum
output voltage Unmay) of an AC/DC converter, can be presented in the appropriate
stator variable through the equations:

i2s+i3s < 13ae  and (16)

Ugs+ Uds < Uax (17)
Maximum output current is determined by maximum continuous current of in-
verter semiconductor switches or induction motor rated current, i.e. maximum al-
lowable thermal capacity of the converter or induction motor. The maximum stator
voltage depends on the available DC-link voltafC and pulsewidth modulation
(PWM) strategy ([9]).

Equation(18), in steady state and voltage limit condition, having in mind the
relationships (6)-(11), can be written as:

Aifs+Cigs+ Bigsigs < Ufa (18)

where:A = RZ2 + w?L?, B=2RswM? /L, andC = R2 + w?0?°L2.

This voltage-limit boundary, given by (19), is an ellipse, which area augtiea
of major axis depend on voltage and frequency. Equation (17) in the seige a
system explains a circle, so range of drive operation can be founds$s section
of these two ones.

In voltage dip case, based on (19), new ellipse can be drawn resgotedin
the reduced voltage limit, where is easily noticeable decreasing of maximum pos-
sible g-axis stator current component which corresponds to electrical towue
duction. In this case, for constant load torque, this leads to the spegidtieg
loss, which explicitly explains if we build adequate torque-speed chaistater
Figure 6 shows the curves that correspond to these limits, and also dravna-th
jectory of constant rotor flux and constant stator flux, which illustrateA®BBs
working point with RFO and DTC control algorithm, respectively. Intetigec
among flux trajectories and contours that correspond to voltage arehtilimit
restrictions give concrete electric motor drives torque/speed behadiepending
on the applied control algorithm. Obvious fact is that RFO and DTC drivérob
differenceses can lead to various torque limits during voltage sag conditions

Figure 7 shows these differences for the case of average voltageticedto
80% of nominal which corresponds to the worst case situation of dc linkgelta
reduction (C type voltage sag witir0.333) and, additionally, we have a significant
second harmonic occurrence at same time. It should be noted the faadjilngting
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Fig. 6. Voltage and current limits under nominal and voltage sag conditions

the value of flux allows the correction of the maximum available torque and in some
cases overcome the consequences of voltage sag. More detailedsaregjsisding
voltage reduction effects and several possibilities for ride throughieee @ [9].
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Fig. 7. Maximum torque comparison fdfc = 80%Vpcn, for RFO controlled
and DTC drives.

4.2 DC link voltage ripple effects

The presence of second harmonic in dc link voltage, as shown in equatpn (
leads to appearance of additional harmonic torque, which can caus¢iaiband
motor overheating. It should be noted the fact that the dominant, side hiarfiagn
depends on the output frequency and motor load which is shown in Figasgdb
on formula (16)).

In the case of ASDs with the RFO and DTC control, expected behaviour is
significantly different. It is well known that RFO vector control has two lint,
fast control loops foigs andigs currents. From the aspect of current control loops
oscillatory componentge andige represent external disturbances such as it is
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Fig. 8. Slip and output frequency influence on torque.

shown in Fig. 9 in continuous time domain, neglecting the sample and hold effects.

PI PWM M ;
controller converter stator a2
I Cias[ K5tk A & ugs [ IR, igs0 %+ g
O = i ™ Tl
T Whi(s) W,(s)

Fig. 9. RFO controlled drives g-axis current control loop.

The design of Pl controller is made to cancel the machinelgglé, = Rs/0Ls,
and if a desired system bandwidth @f,, is defined, the proportional and integral
gains are ( [10]):

Ki = Rstow- (20)

Error signal in control loop, shown in Fig. 9, can be represented as:
€gs = 6r + &g (21)

where theg;, indicates an error in tracking the reference sigga, eq marks the
error arising from effects of the disturbance, calculated as:

1

1 +Wei (SWy(9) a2 (22)

&d = —W2(S)ige =

For a PI controller, whose parameters are given in (20) and (21)e B
gram of functiorW»(s) is shown in Fig. 10. Increasing bandwidth of Pl controller
directly influence to the reduction of current amplitude oscillations while retginin
basic frequency@ in currentdgs(t) andigs(t). Increasing bandwidth is necessarily
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Fig. 10. Current loop bandwidth influence on second harmonic coergon

accompanied by the request of increasing switching frequency, whible imit
imposed by the IGBT transistors. In the experiments, accomplished in the pape
current control loops bandwidth is set on 1250rad/s, which is mainly limited by
noise presence in measured currents. For induction motor data, givaile Z,
digital PI controller parameters forandq current control loops ar,=21.75 and
Ki=0.768 when sample time is set to 160

Table 2. Motor data (per phase) and ASD parameters.

Rated power / speed 2200W/2835rpm
Stator voltagdJs 230V

Stator resistancBg 2.7Q

Stator leakage inductantg, 10.5mH

Rotor resistanc&, 2.2Q

Rotor leakage resistantg 10.5mH

Mutual inductancév 270mH

Motor inertiadm 0.00184kgm2
Total leakage coefficierd 0.073

DC link capacitanceQ;) 2x330mF(in series)
DC link inductancel() 2x3.6mH

In case of DTC control application, there are two control contours: fone
stator flux regulation and the other one for torque control as a slaveotientin
speed control loop. Torque control structure shown in Figs. 4 an& Siarilar
because in both exist a decoupled flux and torque control, and for simpbicity
analysis can be considered that the C12DTC scheme derived fromCRgbtrol
structure. Suitable torque control, in the case of constant stator fluxhisvad
by setting voltage componenys in synchronous reference frame related to the
stator flux. Torque control loop is shown in Fig. 11 together with the cpaeding
induction motor and PI controller transfer functions.

In this article, Pl torque controller design was done using root loci method
with the help of Matlab SISO tool (Control System Toolbox, [11]) enteriatural
frequencyw, and coefficient of relative damping ratéo Similarly to the analysis
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Fig. 11. Torque control loop in PI-DTC drives.

Y

for RFO electric drive, influence parameters of Pl controller on dishubarror

analysis can be explored using Bode plot diagram of fundfipp given by the
relation:

1

erd = —Wr2(s)Tex = — 1T Wh (W ()

Teo. (23)
The coefficients of transfer functidftr (s) are terms of:

A — 1-54’5.8 . Rer+RrLs.B ~ 1.5y,
1oL YT T ol T olym

(24)

Setting parameter values natural frequewgyn the range from (2100) rad/s
to (2r300) rad/s, and with fixed settin§=0.707, Bode diagram OiVr,(s) are
drawn in Fig. 12. Having in mind the existence of induction motor parameters
uncertainty and control algorithm implementation in digital form, the experiment
proved that the optimal settings of parameters regulatorkye=19.875 andKir
=0.425, for torque; and,,=2500 andK;,=0.425 for flux. For these controller
parameters in Fig. 12 amplitude/frequency characteristic is drawn.

] T experiment
Ts=100us

] SRR Kp=19.875,
Ki=0.425

Magnitude [dB]

. I
100 300 400 500

Frequency [Hz]

Fig. 12. PI controller adjusting influence on torque ripple.

In the case of classical DTC with the torque (flux), hysteresis contralterse
bandwidth is infinite (practically restricted by power transistor switching gpee
it is clear that the reduction of side harmonic components is almost completely,
which explains the experimental results obtained later.
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5 Experimental Results

The test bed used for testing of ASDs consisted of the following main parts:

1. Rapid prototyping system based on dSpace DS1104 and with modified in-
dustrial frequency converter Danfoss VLT5003.

2. \oltage sag generator consisting of three-phase power transfarithein-
terchangeable vector group (Dy, Yd or Yy) and with one autotransfoome
primary side and switch network controlled by PLC [12]. Maximum output
power is 15kVA.

3. Independent real-time data acquisition system (LMG450 Multi Charove¢P
Analyzer) with four current and four voltage inputs and with 0.1% basic ac
curacy.

4. Loading induction motor with servo controller interfaced to dSpace D&110

5. Vibration measurement instrument VIBROTEST 60 with piezo-electric ac-
celeration sensor AS-065 [13].

The first set of experiments was performed with a V/Hz ASD, controlling a moto
loaded in steady state by a constant torque of 7Nm at rotational spedQraid?s.
Shortly after the B saghE0) initiation, overcurrent protection was activated. In
order to observe changes in relevant ASD/motor parameters without tyitpén
drive, motor load was reduced to 6Nm. Figure 13 presents the effectsiogla-
phase type B voltage sag, obtained in experimental measurements. It saarbe
that the presence of large ripples in both dc link voltage and torque (with domi-
nant second harmonic) identified in theoretical analysis, which is alsacetiin

experiments.
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Fig. 13. B type voltage sag effects on V/Hz drive.
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Afterwards, the RFO drive was tested with nearly the same rotational Spated
with the load torque equal to the rated one (7.4Nm). At tinf@04s voltage sag
was initiated. Figure 14 presents measurement results, where a signiéidaction
in torque ripple is evident in comparison to V/Hz controlled drive. It canlbe a
seen that the characteristic torque harmonics occur at the same frespfen&®RFO
drive as for V/Hz drive, but the magnitude of the dominant 100Hz compioise
significantly smaller in the case of RFO drive.
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Fig. 14. B type voltage sag effects on RFO drive.

DTC drives with Pl controllers possess nearly the same torque closed loop
bandwidth as well as RFO drives at torque producing current conmemmen-
trol loop (See note in Fig. 12). Expectations regarding the torque harsyatithe
same condition as RFO drives, are reached in Fig. 15: reduction wast ahrexs
times, which corresponds to the theoretical results from Fig. 12. Twebterse
DTC drive is submitted to voltage unbalance and in Fig. 16 can be seen the ex-
pected dc bus voltage ripple, but at the estimated torque practically is ndevisib
voltage sag influence. Torque control loop with hysteresis controllerexifly sup-
presses torque oscillation that is illustrated in the importance in achieving torque
recall as fast as possible.

In addition, the torque harmonic spectrum is shown in the Figs. 13-16 as a
confirmation of the theoretical analysis carried out. Additional measureménts
ASDs vibration can also confirm the previous results (torque harmonatrepe)
and may indicate the possibility of interaction between sag-caused vibratittins w
purely mechanically induced vibrations at inter-harmonic frequencies.

In Fig. 17 are presented alongside measured vibration spectra foattjastable-
speed drives. Under normal supply operation, in Fig. 17.a) can besdotibra-
tions that match the rotation frequency (approximately 40Hz). Vibration haigso
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Fig. 15. B type voltage sag effects on PI-DTC drive.
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Fig. 16. B type voltage sag effects on C12DTC drive.

at frequenciegx40Hz k=1, 2, ...) are the consequences of non-perfect mechani-
cal construction (motor and load coupling misalignment). Component with 100Hz
frequency is direct consequence of the voltage sag. Interharmeriicd) are the
consequence of the inter-reaction between vibration mechanical contpqja¢
kx40Hz) and sag component at 100Hz can also be seen. In the cas®sfwih

a scalar control (Fig. 17.b) can be observed a significant amplitude oilihe

tion at power supply second harmonic frequency and aside vibratiomomics at
140Hz and 180Hz (interharmonics).

Reduction of torque oscillations for RFO ASD are also confirmed in vibration
measurements (Fig. 17.c), where again sag-caused vibrations oqreviausly
identified frequency, but now with significant amplitude reduction. As RIDIfive
has almost the same bandwidth for torque closed loop as the RFO drivedoeto
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producing current components control loop, the correspondingtiobreneasuring
results are similar (Fig. 17.d). In both cases the reduction of dominantesaged
vibration is almost 4.5 times, while the appearance of additional interharmonics
almost negligible.

Finally, the measurement of vibration in the case of C12DTC drives cordirme
the analytical results expected in the presence of vibration amplitude amaiar
values. In the area of low frequency vibration spectra, in Fig. 17.ebeaseen
only harmonics that are a consequence of the rotation, while the vibratiers a
result of voltage sag completely suppressed.

6 Conclusion

Modern adjustable speed drives, regarding to voltage sag conditiom different
characteristics, in terms of momentary tripping or partial performance degpoa.
This paper, based on analytical expressions, predicts the behakinduction mo-
tor drives in case of SLGFs caused voltage sags, and then, respbetidifferent
control algorithms allows assessment torque/speed behaviour of higihrpance
drives. Based on analytical expression and experimental ressaméeonclude
that type control algorithm is with great importance considering unsymmesacgal
effects.

High performance drives (with RFO and DTC algorithm) are less sensible on
voltage unbalance, especially drives with traditional DTC technique wittehss
sis comparators. Torque or torque-producing current closseddaongwidth is a
key parameter with the greatest influence on the amplitude of unwanted hasmon
Experimental measurements in industrial ASDs in which they implemented var-
ious control algorithms confirmed the theoretically predicted results. Labgra
measurements indicated the potential risk of inter-reaction between vibration me
chanical components and sag-caused torque component, which adt@aasbe
appearance of inter-harmonics whose frequency can be found inehefnatural
system resonance, especially for drives in a wide speed range.

Professional engineers in the field of industrial electric drives can libein
stage of plant system design choose a lower operating speed, whicligwifi-s
cantly reduce possible oscillation in torque. In addition, the application afrembd
control methods, particularly traditional DTC technique, is one of the pitifisi®
for overcoming the voltage sag consequences and prevents degraafafi&Ds
performance. Further researches will be conducted on the distertudrserver
application in torque/current control loops aimed to additional torque hdosion
suppression.
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