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Modeling and Performance of a SRM Drive with
Improved Ride-Through Capability

Pragasen PillaySenior Member, IEEBVI. Ahmed, and R. Samudio

Abstract—One of the problems with the switched reluctance 10000
motor drive, which is a problem of increasing concern for all drives, h /
is the ability to ride through dips or short duration power outages T
of several power cycles. In this paper, the modeling and perfor- MTBF 1000
mance of a chopper controlled SRM drive is presented with the
aim of improving its ride-through capability. Super capacitors are
used in the power supplies of the driver and logic circuits to allow
them to operate in the absence of mains power. Practical measure-
ments of the improved ride-through capability are included. 10
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|. INTRODUCTION

HE SWITCHED reluctance motor (SRM) has consider-
able potential for industrial applications because of its highy. 1. Mean time between failures (MTBF) versus down time of the public
reliability as a result of the absence of rotor windings. In addpewer supply [4].
tion, most of the losses are confined to the stator from where
they are more easily removed. The SRM is thus more rob
both thermally and mechanically, than a squirrel-cage inducti
motor [1]-[3]. One of the problems of increasing concern for
drives is the ability to ride-through dips or short duration powg
outages of several power cycles.
Most of the current drives on the market have instantaneous
trips for undervoltage. Voltage spikes, thus produce nuisanée DRIVE DESIGN FORIMPROVED RIDE-THROUGH CAPABILITY
tripp_ing._ At the same time, d_rives are being used in more criti_cgll Introduction
applications because of the improved performance they provide. ] ) .
The industry, and in particular the continuous process industry jsMotor drives are notorious for their low tolerance to supply
concerned about the ability of motors and drives to ride throuéill{_sturbances. Many have instantaneous trips that disconnect the
short term outages or voltage dips [4]. The loss of a criticdfive from the supply for an undervoltage of say 90% of the
motor or drive can cause expensive downtime and hours or eféninal. Thus, a negative voltage spike of short duration may

days are sometimes required before full production is achievéconnect the drive, resulting in nuisance tripping. o
again. Fig. 1 indicates that a power interruption of 10 ms duration is

In this paper, a chopper is placed in series with the rectifilk€ly to occur every 80 h on the average. On the other hand, the
and dc link capacitor to improve the ride through capability. TH8€an time between failures (MTBF) for the power converters
use of the chopper also allows controlled charging of the dc lifike of the order of 10 000 hours. Short time interruptions of the
capacitors during startup and thus avoids the use of a charghRfyver supply are therefore the most frequent cause for inverter
circuit. Particular attention is paid to providing power to th&PPing [4]. . o - _
electronics and driver circuits during power interruptions so that T e commercial SRM drive used in this paper utilizes a series
they are operational during the outage as well as providing tFgsistor to control the charging current of the' dc link capacitor.
ability to detect and reapply the mains power to the motor in@nce the dc link reaches the nominal operating voltage, the re-
controlled manner. sistor is shorted with a relay.

The paper is organized into 5 sections. Section Il discussed2uring a supply disturbance like an outage for a few cycles or
modification to the drive design to improve the ride through dip for several cycles, the dc link voltage will rapidly reduce

capability. Section Ill presents a brief model of the SRMRS it supplies power to the motor. In the commercial drive, the
entire drive is disconnected at around 90% of nominal voltage.

. . . . _The reason is that if the power is reclosed onto a low dc link
Manuscript received April 23, 1999; revised December 18, 2000. This work . g . .
was supported by EPRI and the Energy Corporation. voltage, a large surge in the rectifier current will result, which
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Wy SPEBD N e — o Some overlap between the phase currents is often desirable
v CONTROLLER o w:::nt:“ :i;_ to minimize the torque ripple; this overlap is achieved by ad-

vancing the firing angle of each phase and is controlled by a
DSP. The motor used is a commercial SRM with 8 stator poles
and 6 rotor poles.

The rectifier is supplied from a 3-phase 460 V AC supply.
It converts this voltage to a 600 V DC supply. The constant
DC supply from the rectifier is then converted to a variable DC
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supply by means of a series chopper. The chopper operates at
O lm::mfy;;&"g,, . 5 kHz frequency and varies the input voltage to the SRM con-
»s &3] BasD oRIvD verter based on the speed. There is an L-C filter between the
TT . chopper and the converter to smooth the current waveform input
& to the split-link converter, which supplies power to different

windings of the SRM stator depending on the rotor position.
The rotor position is sensed by an optical encoder mounted
on the shaft of the motor. Depending on the rotor position, the
Fig. 2. Block diagram of the DSP based control system a DSP. control circuit generates firing signals for a particular phase of
the stator winding. This signal is amplified and isolated from
the converter (Power Circuit) by the driver circuit. The control

alternative is to use a chopper which can control the infush Clé§nal is passed to the converter IGBTSs via the driver circuit. The

31 T2 13 T4

rbent by vsr)gng tEe marz-s;)la(\jcelralt(|o. 'll'hus, the |rr:put voltagi &Rt link converter allows the use of 4 power switching devices
e matched to the residual dc link voltage (on the output of i 4 hhoces and only 2 current transducers.

chopper) with a proper mark-space ratio.

) D. Power Circuit
B. Super Capacitors

) _In this converter’1 is used to allow current to flow into
Super capacitors, also known as Double Layer CapacitQfigase 1. For current contrdl;1 is turned off and the current
(DLCs), are a new electric energy storage device with extremeféawheels througtD1, capacitorC2 and phase 1. When the
high volumetric efficiency (over three faradsf)nvirtually un-  ~rrent flows throughC'2, —1/2 Vdc is effectively applied to
limited service life, fast charge/discharge capability and VePhase 1 so that the current reduces more quickly than if 0 V is
low leakage current [5]. The commercial names for these GRpplied. In order to turn the phase off completdly, is turned
pacitors are: super capacitors, ultra capacitors or capattery. H€and the current takes the same path as during freewheeling

generic name is double layer capacitor. ~ sothat the rate of fall is the same as during current control.
Conventional energy storage devices such as batteries and

aluminum electrolytic capacitors often must be replaced during
the life of a product. Super capacitors last much longer becalise Enhancements of the Semicron Driver Circuits to Improve
unlike batteries, they do not undergo life-limiting, irreversibl¢he Ride-Through Capability

chemical reactions, and unlike aluminum electrolytic capaci- ) ) ) _
tors, they do not experience dry-up problems. Up to now, a conventional drive design has been described.

The power supply discussed here is the 15 Volts floating power

supply designed for the driver circuit. In order to improve the
C. Overall Block Diagram ride-through capability of the driver circuits, super capacitors

are connected on the output. To ensure the voltage across indi-

The motor drive consists of the speed, switching angle agiiual devices in the series string does not exceed the maximum
current feedback controllers as well as the rectifier, choppgbltage of each capacitor, zener diodes are connected in parallel
split-link converter, motor and encoder as is shown in Fig. t3 each super capacitor. The value of the super capacitors chosen
[6]. Speed and position feedback are obtained from an absolige the drive power supply was determined experimentally to
optical encoder. The commanded spé&fi is compared with provide the desired output voltage for a 15 cycle interruption.
the actual spee’,.; the difference between these two signals f$he value is 1.1 F. Three 5.5 V super capacitor were used in
the speed error. This error is the input of a Pl speed controllgéries because of the availability of the 5.5 V rating. As higher
The output of the PI controller is the commanded torque frogdltage supercapacitors become available, they could be used in
which a current #*” is produced. the dc link as well.

The switching angle controller produces the reference cur-The drivers used for the chopper and for the four switches
rentsé’, ¢, %, ¢, the rotor positiord,. and*. These are com- 7’1 to 7°4 are the SKHI 21 manufactured by SEMIKRON. Each
pared with the actual,, ¢, 7., andiy currents for current con- driver controls two IGBTSs, so only three drivers are required.
trol. While many different forms of current control are availableThe power supply for these driversis 15 V. The supply current is
a simple hysteresis controller is used here. The aétyal, <. 160 mA. The minimum supply voltage is 13 V. If it falls below
and:q currents are measured using current transducers. this value the turn-on pulses for the IGBTs are blocked. The
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Fig. 3. 5V and 15 V supply voltage without super capacitors. 2 V/div (top),
5 V/div (lower). 0.1 s/div.
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. 1 1 Fig. 5. Logic used to improve the ride through capability during power
1 interruption or dip of the input voltage.
L +

the optocoupler. Hence the voltales also proportional to the
Fig. 4. 5V and 15 V supply voltage with super capacitors. 2 V/div (top)(,:iC link voltage aF the output of the bridge rectifier.
5 V/div (lower). 0.2 s/div. The voltage’, is compared to a reference voltage;. When
V > Vi the output of the comparator is low. W < V¢ the
. . ) _comparator output goes high; under this condition a dip or an
voltage of the super capacitors during the power interruptigiverrntion in the power supply has been detected. To avoid os-
must be greater than 13 V. cillations, the output of the comparator feeds a Schmitt-trigger.
The output of the comparator is used to turn on LED 1, which is
F. Super Capacitors for the Logic Circuit used to indicate a disturbance at the input voltage. The output of

The DSP TMS320E15 and all the logic requires 5 V DC aniije comparator is also used to interrupt the DSP. The DSP then
the supply currentis 1.3 amps. Hence four super capacitors raddfS the chopper off and continues to fire the converter, thus
at 3.3 F, 5.5 V are used to provide standby power. The Cd@nsferr_lng energy from. the.dc link to the motor. Energy for the
rent transducers, the analog to digital converter and the anafdgctronic and drivers circuits are obtained from the super ca-
switch requirest+12 V DC and—12 V DC and the supply cur- pacitors described previously. . . .
rent is 130 mA. Thus three super capacitors of 3.3 F 5.5 v DGATter the power returns, the highest priority is the charging
connected in series are used to provide backup power. To gf,the dc link capacitors. To control the charging current, the

sure equal voltage distribution, 5.6 V/ zener diodes are connecftpPPer is turned on for a short time and turned off again, so the

across each capacitor. The discharge rates of the 5 V logic CHYent does not exceed the ratings of the devices.

well as the+15 V supply, both with and without super capaci- During the period of the dc link capacitor charging, the firing
tors are in Figs. 3 and 4, respectively. of the converter is inhibited. To avoid the use of a second voltage

sensor on the output of the chopper, an open loop charging for
the capacitor is executed, assuming a worst case of the dc link
capacitor being completely discharged.

During a power interruption or dip, the chopper is turned In order to limit the current flowing through the chopper and
off, but the controller continues firing the phases through ttibe diode bridge, the firing of the motor converter is inhibited to
converter, based on the rotor position. Because the choppereigiove an additional parallel path to the dc link capacitor. The
off, there is no current flow from the power supply, and the ddme duration to fire is determined from a PSPICE simulation as
link capacitors supply energy to the motor. The energy storedshown in Fig. 6. Once the nominal voltage for the capacitor is
the dc link capacitors is relatively small, therefore the capacitobtained, the SRM converter is fired again.
voltage decays. Hence the speed also decays, since the motor
energy requirements are not being met.

Fig. 5 gives the algorithm for improved ride through capa-
bility during the power interruption or dip. To detect the inter- The outward simplicity of construction and relatively easy
ruption or dip in the power supply, a resistB2 = 100K and working principles belies the complexity of the mathematical
an optocoupler LM3093 IC9 are connected as shown in Fig.rodeling for performance prediction, due to the severe satu-
A current: flows through the resistor and the optocoupler. Aation of the iron. The saturation is particularly severe when
voltageV proportional to the currenitappears at the output ofa narrow airgap for improved energy conversion efficiency is

G. Algorithm for Improved Ride-Through Capability

I1l. M ODELING OF THE SWITCHED RELUCTANCE MOTOR
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1) Theironinside the motor is highly saturated for improved
o - . : 3 energy conversion efficiency.
: : / Voltage - 2) Dependence of motor parameters on switching strategy.
A T 3) Dependence of static torque, flux linkage and inductance
on both rotor position and excitation current.

4) Uneven distribution of flux in both rotor and stator cores.
Since the SRM characteristics are nonlinear, no constant param-
eter equivalent circuit is possible. The dynamics of the SRM
are governed by the following electrical equations for a 4-phase

o dipq ,
e IR : : : : ;/; =1, — 1o Rq (2.6)
' Current- :
: ' d
. . ; .i_“j ; | _%:%_Mﬁ 2.7)
: . . . . ; dip. .
ERR A P “""":':':.":"";..:.'"';s;:';;‘.:‘ djt =, — 1R, (2.8)
% = Uy —ide (29)

Fig. 6. Charging current and voltage waveforms using PSPICE simulation.
and the following mechanical equations

used. The high degree of difficulty in modeling of the SRM is

due to the nonlinear electrical phase equation, represented in dw — L. -1 (2.10)
several different forms as follows: gte J |
WZ@ _ Ri(¢, 6) 2.1) d (2.11)
di(y, ) < dz/) ) T @) 2.2) The static characteristic equations are
dt de
di 1 6L / (0 (2.12)
dt |:7:| < Lw |: 69 :| ) (23) 6W/ ) 8=constant
di 1 o o1 = AR
d9 o w < |: (;i :|> <U LR B [%} CU> (24) T(e’ ) 69 i=constant (213)
W = oti— Fw) (25)
IV. M ODELING OF THE RECTIFIER
where )
0, = Flux linkage of phasé in WbT. A. Introduction
Uk = Applied voltage of phasg in Volts. In order to derive the rectifier model, it is necessary to con-
i = Phase current of phagein Amps. sider the overlap angles of the diodes during the transfer of cur-
R = Phase Resistance in Ohms. rent conduction from one diode to another. The overlap is caused
w = Rotor speed in Rad/Sec by source inductance present on the supply side, the neglect of
T, = Electromagnetic Torque in Nm which can cause serious errors in the calculation of the output
T = Load torque in Nm voltage of the rectifier. The rectifier model for the switched re-
0 = Rotor angle in mechanical Rad luctance motor drive has been derived by considering the effects
W'(8, i) = Coenergy function of overlap as well as current and voltage harmonics. The effects
l = Incremental inductance of the overlap have been considered by comparing the instanta-
L = Slope of line from origin to instantaneous flux neous values of the terminal phase voltages at the input of the
g = a function of current and flux linkage rectifier.
f = a function of flux linkage The voltage and current equations for the drive circuit have

It is obvious that the above equations have no analytical dzeen derived using the different conduction sequences. Consid-
lution as the flux linkage is a nonlinear function of current andring that there will be no more than three diodes in conduc-
rotor angle and the equations have two unknownand:. The tion at a time, a three phase bridge rectifier can have a total of
attempts to model SRMs basically differs on the variable chos&R conduction sequences. During a single phase or three phase
for solution and hence the requirement of different data sets.fault, a thirteenth nonconducting sequence may occur when the

The operation and hence the modeling of SRMs is entireti link current becomes discontinuous and the line currents are
different from conventional motors. The complication in modinterrupted.
eling the SRM is due to the nonlinear nature of the motor for the According to Fig. 7, topology “1” corresponds to a conduc-
following reasons. tion sequence in which diodd31 and D2 are conducting. On
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Fig. 7. Circuit diagram for the chopper controlled drive. Fig. 9. Effective circuit for conduction sequence 2.
Gom — 1 Gam — 1 — ig
CHOPPER V., = an m Vo = an 4.3
von  ro Lo i PVel Cl ’ PVea 02 ( . )
( ) vV - l l I lom = —lan 2pn = 0. (4.4)
A 3] D3 05
ion

Conduction Sequence ZFhe effective circuit for this con-
duction sequence is given in Fig. 9 where diod&s D2, and
D3 are in conduction.

The governing equations are

Van - Taian - Lapian +pribn +7)bibn
= ‘/bn - (_Lapian +prlbn)
Fig. 8. Effective circuit for conduction sequence 1. = _(Vbn —Van—"bln +7’aian) (4-5)

Vin, — Toion — Lopien — (11 +7)(Can + %o ) — (L; + L.
the other hand, in topology “2,01, D2 and D3 are in conduc- ’ - vPe (s I m) = (L )

tion. This sequence of conduction happens when current com- Plian + i) = Ve = ve2
mutates from phase “a” to phase “b.” = Ven(—(Li + Le)pivn — (Lp + Ly + Le)pian)

The duration of the overlap depends on the source parameters = (V,,, — Vi, + Vo1 + Voo +(rp+r1 470 Yipn + (11470 Yign)
and the dc link current. If we consider no more than three diodes (4.6)
conducting simultaneously, then the overlap angle can vary from
zero to 60 degrees. Overlap angles greater than 60 degreds, —"atan —LaPian— (T147c)(fan+1bn) — (Li+ L)
ang simulta_nTOL_Js conduction of f((j)ur:dio?es occurs (Iqu(ijtedrahrely - PianFipn)— Vel —veo
under special circumstances and therefore not included here. _ . .
After commutation is complete, diodes 2 and 3 start conducting. Von = (=(Lit-Le)Pian = (L“+Ll+.Lc)pr") .

= (‘/cn - ‘/a +‘/cl +‘/<:2 + (Ta +77 +7)c)zan +(7)l +7)c)zbn)-
Determination of Conduction Sequences—See Table II. 4.7)

B. Equivalent Circuit for the Rectifier . , , ,
] o _ Combining the above equations we obtain the following
1) Equivalent Circuit with the Chopper Conductingn equations in Matrix form

this section, the equivalent circuits of the rectifier for different

conduction sequences are depicted in circuit diagrams. Then L, —L; tan
the mathematical model for the corresponding circuits are then Ly+L;+ L. L+ L. P
written by using Kirchoff’s Voltage Law. L+ L, Lo+ L;+ L, Tbn

Conduction Sequence Ifhe effective circuit for this con- Von — Vin — Talan + Toion
duction sequence is given in Fig. 8 where diofldsand D2 are
in conduction. (Vo = Ven = Ver = Ve

The governing equations are =| (ot retre)ion = (it reian) |- (4.8)
V:zn - V;n - V;l - V;Q
Van - Taian - Lapian — Tlign, — Llpian _(Ta + 7+ TC)ian - (Tl + Tc)ibn

= Ver = Ve = Lepian = Telan = Ven =0 (41) | 3 similar manner, the other conduction sequences described

in Table | can be derived.
2) Equivalent Circuits with the Chopper Oftdere, the
Van = Ven = (ro + 71+ 70)tan — Vo1 — Ve equivalent circuits of the rectifier and corresponding equations
42) for diff ducti d with th
Lo+ L;+1L, or different conduction sequences are presented with the

Dlagn =
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TABLE | T
SHOWS THE DIFFERENT CONDUCTION SEQUENCES FOR ATHREE —
PHASE BRIDGE RECTIFIER iL +
195 Snu
T
Con D 1 (o) D E S v Ve
el
seq. D1 D2 D3 D4 D5 D6 -
——e
1 ON ON OFF OFF OFF OFF y +
ic2
2 ON ON ON OFF OFF OFF © Vo
3 OFF | ON ON OFF | OFF | OFF ce :l:
4 OFF | ON ON ON OFF | OFF e
5 OFF OFF ON ON OFF OFF Fig. 10. Effective circuit for conduction sequences 1, 3,5, 7, 9 and 11.
6 OFF OFF ON ON ON OFF
fi- b
7 OFF OFF OFF ON ON OFF R
[}
8 OFF | OFF |oFF |oON ON ON Wl
9 OFF |OFF | OFF |OFF |ON ON ]
Ye2
o |oN |ofF |oFF |OFF |ON | ON “T
I ON OFF OFF OFF OFF ON
12 ON ON OFF OFF OFF ON
Fig. 11. Effective circuit for conduction sequence 2.
13 OFF OFF OFF OFF OFF OFF
in Fig. 10, where diode®1 and D2, D2 and D3, D3 and D4,
TABLE I D4 and D5, D5 and D6, or D6 and D1 are in conduction.

DESCRIBES THECONDITIONS TO DETERMINE DIFFERENT

The governing equations are
CONDUCTION SEQUENCES

dv L
o = =i — i (4.12)
Condition Conduction sequences ddt
Vez . .
Vap>Vep | e d; =iy — i (4.13)
di .
Vap>Vep, Vbp>Vap, lan>0, Icn<0 2 5 d_tL = —Vot — Uz — TLiL. (4.14)
Vbp>V 3 L . . L .
P The effective circuit for this conduction sequence is given in
Vbp>Vep, Vap>Vep, 1bn>0, Ien<0 4 Fig. 11, where diode®1, D2, andD3 are in conduction.
The governing equations are
Vbp>Vap S
di .
Vbp>Vap, Vcp>Vbp, Ibn>0, lan<0 6 (Lo + Ly) d(;n =%Yan = Vin — (Ta + 70 )tan (4.15)
Vep>Vap 7 T = —lan T, = 0 (4.16)
dv L
Vep>Vap, Vbp>Vap, len>0, lan<0 8 e d;l =i —ia (4.17)
Vep>Vbp 9 dvs ‘
Co =ip — d2 (4.18)
Vep>Vbp, Vap>Vep, len>0, Ibn<0 10 dt
diy, .
Vap>Vbp 11 lr, d_tr ==Vl — V2 —TL],. (4.19)
Vap>Vbp, Vbp>Vep, lan>0, [bn<0 12

In a similar manner, the equations for the other even numbered
conduction sequences can be written.

chopper off. The equations are written by using Kirchoff's
\oltage Law.

Conduction Sequences 1, 3, 5, 7, 9, and Ite effective To start the machine the capacitars andC2 shown in Fig. 7
circuit for these conduction sequences are the same and is girrst be charged. To control the charging current, the capacitors

V. RIDE-THROUGH CAPABILITY RESULTS
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Fig. 14. Line to line input voltage of bridge rectifier and inductor current.

(hy

Fig. 13. Rectifier output and dc link capacitor voltages. 50 V/div (top and
bottom), 100 ms/div. (a) Predicted, (b) actual.

.
i

are charged in two steps. Fig. 12 shows the measured results
the capacitors being charged with the current being controllec
by turning the chopper ON and OFF in two steps. This measuret
result is in agreement with the predicted results from PSPICE

shown in Fig. 6.

Using the super capacitors to supply energy to the logic cir-

20 V/div, 1 A/div, 100 ms/div. (a) Predicted, (b) actual.

B R Y B R R T £ T es

Tirse in wewnis

Fig. 15. Actual duty cycle chopper control. 1 V/div. 100 ms/div.

cuit and to the driver circuits, the ability of the motor drive
to ride through a short duration outage is now shown. A cir-
cuit breaker supplying the output to the rectifier was opened frgsults closely follow the results predicted by computer sim-

160 ms (10 cycles approximately).

ulation. Fig. 13 shows the output voltage of the bridge recti-
Figs. 13—-18 show the predicted results from computer simiier on the top trace and the dc link capacitor voltage on the
lation as well as actual experimental results. The experimeniaittom. During the interruption, the rectifier output voltage falls
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{3} pradicted current

voltage

................

Time in sernmiie

Fig. 16. Actual chopper voltage of the super capacitor 1 V/div, 100 ms/div.

iiae . ‘ !
* ;'i' ' I . 1 i |
i S e cot T
il
e
,J"E’ ; Fig. 18. Phase A current 1 A/div, 100 ms/div. (a) Predicted, (b) actual.
Trnemseronds power to the gate drive. When the power comes back on, the
firing of the phases is inhibited and the chopper turned on in
Fig. 17.  Actual gate drive for phase A 5 V/div, 100 ms/div. 2 steps as shown in Fig. 14 to charge the capacitors. During

the period of loss in power, the super capacitors also supply

to zero while the voltage of the capacitors decay toward zeff 0gic circuitry with power as shown in Fig. 16. The gate
as it supplies power to the motor. Once the power returns, tRidve Signals for phase A are shown in Fig. 17. During the faull,
output voltage of the rectifier jumps to its normal value and iHpere is a rgducuon in the driver voltage put it is still operatlng
dc link capacitors are charged assuming a zero initial voltagd©Perly with the help of the supercapacitors. There is a short
Thus the charging in the two steps can be seen in the bottgHiation when phase A is turned off to allow charging of the
trace, which is similar to that shown in Fig. 12. The capa@C link capacitors. The phase A current is shown in Fig. 18.
itor is charged to its nominal value. Because the phases ff@fing normal operation the phase A current is proportional to
off when the power comes back, no current flows through tfilge load of the motor. Dur|.ng the fauilt, the phase A current grgd—
chopper after the dc link capacitor is charged. Thus the outpﬂﬂ”}’ reducgs as the dc |If1k CapaCI_torS discharge. When firing
and input voltages of the chopper are the same. Once thebggins again after the dc link capacitors are charged up, a larger
link capacitor is fully charged, the phases are turned on, and f#rent is drawn to accelerate the motor back up to the com-
output voltage of the chopper reduces to a level selected by fR@nded speed.
control signal.

Fig. 14 shows the line to line voltage of the input diode
bridge rectifier on the top trace, and the current of the inductor
L1 on the bottom. During normal operation, the current of the In this paper, a chopper controlled SRM drive is used to
inductor is the chopper current when the chopper is on amdprove the ride-through capability during short-term outages.
the freewheeling current of the diod@5 when the chopper A ride through capability of around 30 cycles is provided to
is off. When the power goes off, the inductor current reaché®e logic circuitry using supercapacitors. Upon reapplication of
zero rapidly. When the power comes back, two peaks afee power, the logic circuitry is able to reaccelerate the motor,
shown in Fig. 14. This represents the charging current of the @ithout having to bring the drive to a standstill. The use of
link capacitors. current transducers in the dc link to control the inrush current

Fig. 15 shows the chopper control signal, where the voltage avoided by implementing a timed charging of the dc link
is proportional to the chopper on-time. Before the fault, theapacitors. The speed response of the drive will depend on
magnitude of the signal is proportional to the speed. When ttie inertia and load torque and the acceptability of the speed
interruption is detected the chopper is turned off, but the phasesponse will depend on the application. Predicted results from
are still fired as shown in Fig. 17, which shows the gate drivmputer simulations and detailed practical measurements
signal. The drop in voltage in the gate drive signal is due to tirave been presented to demonstrate the ability of the drive to
loss in mains power but with the super capacitors still supplyinige through power discontinuities.

VI. CONCLUSION
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APPENDIX A [7] Semikron Power Semiconductors Data BoBkmikron International,
FLUX-LINKAGE VS CURRENT CURVE PHASE RESISTANCE = 1992.
0.77 ohms [8] T. J. E. Miller, Brushless Permanent-Magnet and Reluctance Motor

Drives Oxford Science Publications, 1989, pp. 149-189.
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