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POWER FACTOR CORRECTICH OF A PERMANENT-HAGHET SYNCHROHOUS HACHIHE-DRIVE

USING A TRANSISTORIZED INVERTER WYTH BYPASS WAYS
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ARSTRACT

This paper describes a synchronous machine drive system in which the
advantsge of a method for power factor correction is taken and practiced.
In this method the phase currents are forced, at definite instantaneous
values, to bypass the three phases of the mschine. Also a new control
circuit for the system is theoretically clarified and then practically
performed. Here the airgap flux and the induced torque are controlled in
accordance to the speed. Thereafter the amplitude of the stator current and
its phase angle are controlled to satisfy the load torque and the
magnetizing conditions. The machine available is a small permanent-magnet
synchronous machine and therefore a constant-current small-power rectifier—
inverter set with a transistorized inverter is used to svoid the compliicity
of the firing commtating circuiks. Using such a type of inverters and
applying this method of power factor correction, ths permcnent-magnet
mechine can run with a nearly unity power factor. The cbtained resul:is of
the steady-state as well ag the transient responses are gilven.
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1. INTRODUCTION

The ability to control the power factor of the synchronous machina—drive by
gimply varying the Piring-sngls of the inverter coupled with the machine is
of very great practical importance. The importance lies in the fact that a
synchronous motor can operate at a leading power factor, when possible, and
consequently the overall power factor for the installation can be improved.

By conventional synchreonous machine—drive systems described in [1] and [2)
naturally commtated converters wers used, the wachine was overexcited and
hence the power-factor was leading but still less than unity. Using forced
comutated converters, a unity power factor can be reached. In the tuwo
systems, the field current, load current, and the turn-ofFf time of the used
thyristors were mentioned in calcwisting the inverter firing-angle
corresponding to the optimal power factor. In the system presented, the
powsr factor is always inductive.

In this paper the method of the power factor correction which was studied
for high power induction machine drive systemsz, {3]-[4), is modified to
drive a practical permanent-magnet synchroncus nmachine drive system. The
perfor- system contains a new transisterized inverter configuration.
Figure 1.a shows such a connection. Twe bypass transistors (called zero
transistors), @A and QB, are connected between the nid-point of the gtator
winding and the output leads of the coupled inverter. '

-

3
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B
4

Fla.l.a Fla.tl.b.

Fig.l. Principlas of power factor correction
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The principlc of this method 13 a3 follows:

Since in the thres-phase systems, as hers, the widths of the positive or
the negative parts of the phase current-blochs are 1209, therefore the sxis
at which the maximum values of the fundamental harmonics of the phesa
currents coincide are always st half of the current-blocks as seen in
Fig.1.b. In the method used the instantaneous values of the phase curxent-—
blocks which are negative with respect to the corresponding phase voltagde
are forced to skip thse phase winding through a responsible transistor.
Therefore the actual phase current-block is terminated before reaching tha
normal 120%9-width. Due to this change the axis of the maximum value of the
fundamental harmonics is shifted to the left at the new half of the
current-block as shown in Fig.l.e, therefore the effective phase angle
becomes smaller. Due to the sbridgment of the phase current, lts effective
value is reduced. This disadvantage ig corrected through the control system
to change the amplitude of the dc link current.

2. DESCRIPTIOH OF THE DRIVE-SYSTEH
2.1. The Power Circuit

The block-diagram of the studied system is indicated in Fig.2. Here, the
inverter consists of a three-phase transistorized bridge (Q; - Gg). Each
transistor 1is protected by an antiparallel dicde (D1 - Dg) [51,[8]. In
order to improve the power factor, more than that given due to the
calculated inverter firing angle, two sdditional bypass transistors (Qp and
Gn) protected by two dicdes (Dy and Dg) ars connected between the mid-
point of the three-phases of the machine and the output leads of tha
inverter. Other improvement is accounted if the overlap-sngles and the
transistor turn-off time are considered in caleculating the inverter Ffiring
angle of the inverter.

The power-source consists of a three-phase transformer coupled with a half-
controlled three-phesa rectifier (naturally commitated) and a dec  link
consisting a constant current source. By this type of rectifiers the power—
Factor of the overall system ig better than if a fully ceontrolled rectifisr
is used. The same principle of the power—factor corrsction used by the
inverter can be followed to optimize the power factor of the overall system
by addition of other two bypass thyristors between the mid point of the
used supply transformer and the output edges of the rectifier:
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Fig.2. The performed drive systenm
2.2. Principle of the Contreol Circuit

Figure 2 shows the performed control circuit and the vector diagrsm of ' the
machine iz shown in Fig.3. The electromagnetic torque of the machine
depends on the phase current Ig (dec link current Ig4), the magnetic
excitation : (replaced by a fictitious field current Ig), and the
displacement sangle &g between these two vectors. The relation may be
written in the form:

!
Ve

Hj = Bp.Ig.Ip.5in(8g) (1) P e

Frca which, the displacement angle 8g %5 -
(angle of field) can be calculated as

- : i 2 g -
Gs-arcsm[m] () 56/ Is

Fig.3 The Victor-diagram
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A3 shown in Fig.3 and Fig.4, the output of the speed controller H-C 1=
sssumed to be proportional to the induced torgue given by Eq.1l. Dividing
this value by the product of the measurable value of the stator current Ig
{"I4) and the glven fictitious field current Ip, then the metile value of
the displacement angle 84 can be obtained using Eq.2. A3 seen from the
vector diagram shown in Fig.2 (everlap is neglscted) the phase angle g4 for
motor operation i given by: ;

Ba=m-g=[ o +08g-0] (3)

where the angle 8 is the power angle between the excitation omf Ep and
machine voltage Y5 and can be calculated according the reletion; )

) I4.%4.5in(8g)
tan(®) = [ 5= T5.%g.cos(83) ) (4)
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Hi,2,3 : waltipliers, Dy g : Dividers, Cq : constant
Fg : aresin(84) , Fo @ arccos(dg), Fg : arctsn(®)

Fig.4 The power factor correction unit

The excitation voltage Ep of a permanent-magnet machine can be recognized
as a linear function of its anguler speed wgy defined by the relation;

Ep = Kg. Lgg.ng {5

Using Eqs. 4 and 3, the power-sngle 8 cen be calculated according to;

tan(@) = 15 5in(8y) — ]

( Kp (Lap/Llq) - I5.cos(dg (&
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The inverter firing angle ag corresponding to the excitation voltage Ep as
., shown in Fig.2 is given by;

ae=¢—e (7

In order to define the firing angle of the supply rectifisr, ths desired
value of the alr-gap field is cbtained from the sst value of the speed
through the field definer ¥-D, where its actual wvelue is calculated from
the phase-currents =snd phase-voltages. The difference gives the desired
current in the dc link through the field controller &-C. The current
controller I-C compares this desired value with ths measured actvual current
and divea an output proportional to the firing angle of the supply
converter. The performed thres controllers are of the Proportional-Integral
types to eliminate sny differences between the desired and the messured (or
calculated) values,

2.3 Calculation of the phase voltage

Estimation of the amplitude and phase of the phase voltage, which is needed
to calculak e the air-gap fiseld, can be obtained as follows:

Cnce the rotor position is known, the instantanecous values of the
excitation voltage ep and the phase voltage vg can be obtained according
to the two relatieng;

ep = 12.Ep.5in{ng.t) (8>

vg = 12.Vg.9in{ug.t = ) (9)

where the positive sign is for motor operation and the negative for
generator ocperation. Alsc the rms walue of the phase voltage Yy can be
cbtained from the vector disgram in Fig.2 by the trigonometrlc rslation;

v _ Eg
[Bin(gg) ] - [ sin(B) ] (105

or by reforming this function the amplituds of the phase voltage is;

_ r sin(8g) .

2.4. Firing Pulses for the Inverter:

The rotor position is detected using a very simple iIncremental shaft
encoder  operates by tranglating the rotation of the shaft Into
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interruptions of two 1light beams which are then output as electrical
pulses. Counting this pulses with respect to a given point (axes of phase-
8}, the shaft positlon is alwaya known. ’

Figure 5.a shows the block diagram to obtain the firing pulses. The output
pulses of the shaft encoder (position of the excitation voltaga Ep) are
manipulated together to give the dual nuuber gdiven by eight signals Fg to
P7. The firing angdle a, (analogue voltage) corresponding to the emf is also
converted into other eight dual signals and then sdded to the forgoeling
pulses in order to get the dual number corresponding to the rotating angle
of the phase-currents. These final signals are manipulated togather to get
the needed firing pulses [2].

The firing pulses of the zero transistors @y and @p in Fig.3 are found by
very simple circuit. The sguare pulses corresponding to the positive half-
waves of the phase currents (pulses of transistors T1, T3, and T5) and the
square waves corresponding to the negative phase voltages half-waves are
manipula‘ged with AND gates and then ORed with three diodes to give the
firing pulses for the transistor @4. The same way is followed to get the
firing pulses for the transistor @y using the other half-waves of the
voltages and the currents. The implemented circuit is shown in Fig.5.b.
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Fig.5 Firing Circuit for the Inverter
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3. EXPERINERTAL HESULTS
3.1. The System Parameters
The power part of the implemented system conzists of the following parts:

a. The Synchronows pachine: .
The wachine used is a small permanent-magnaet three phase tachogenerator
with the following parameters: ‘
Humber of Poles 4 Pocles  Rated Speed 1500 rpm.
Rated Power 116 VA, Rated Phase voltage 220 wolt
Rated E‘h’azse Current 0.4 amp.
b. The Current Sourcas:
Thyristora Tyvpe TO 48 Dicdes Type IN54043A
Inductor . 20 mH.
c. The Inverter:
Darlington Transistor Type GE 6252: 430V, 1D &, Bpj, = 100

The steédy-state and dynamic performances of the implemented drive system
are given in the following lines.

J3.2. Steady—state performmnces;

The fellowing curves are measured:

Fig.6 shows the per unit relation Hj = £(dg) with stator current Iy as
parameter at a speed of 1000 cpm.

Fig.7 The same curves az in Fig.6 but for & speed of 200 rpm.

Fig.8 shows the per unit relation Ig = E(85) with airgap fleld &5 as
parameter at a speed of 1000 rpm.

Fig.8 The same curves as in Fig.8 but at a speed of 200 rpm. ’

The displacement angle B85 iz defined by changing the do link current

through loading the machine. The value of the airgap field &5 is Ffixed

througty changing the smplification factor between the speed and the airdap

field o4.

The effect of the sdditional Zero Transistors is illustrated through
measuring the following two curves:

f(Ig) with speed H paramater.
f(H) with current I45 parameter.

Fig.10 shows the relation dg
Fig.l;;showa the relation gg
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3.3. Trensient performances;
The following oscillograrma are taken up:

The load (de machine) is changing suddenly and the de link current I4, the
speed N and the calculated airgap fisld @5 are recorded in the oscillegrams
of Fig.12 and Fig.13 respeotively. The change in the speed is negligible ag
seen from the under traces. The oscilleogram of Fig.ld ‘shows the changes of
the calculated machine volteges in the a-direction V,q and the de link
current I3y, at speed of 500 rpm where the machine is suddenly loaded by
full load. In the oscillogram of Fig.15 the loed is suddenly relieved.
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Fig.12 Fig.13
scale step: time : 108 m=, current: 100 mA
speed ¢ 500 rpm Flux : 0.5 pu
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Fig.14 Fig.15
scala step: tima + 100 ms; current: 400 mA
speed = 500 rpm voltege: 50
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4, CORCLUSIOH

From the sbove recorded results and the noticeable running of the system,
the following remarks were noted:

Due to the zero-transistors, the power factor is slightly improved but
atill less than unity. Also the cverlsp angle was neglected in calculating
of the phase voltsges but these voltages and the measured phase current are
practically enough to define the airgap field and the firing angle cf the
inverter. At last, it is possible to remark that the control circuit 1is
suitable for the implemented drive system and the same principle of power
factor correction c¢an be performed by systems containing high power
conventional synchronous machines using naturally commtated thyristorized
rectifier-inverter sets.
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