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Abstract — In this paper is present control-loop design
and analysis of a system consisting of a variable-speed
synchronous generator that supplies an active load
(inverter) through a three-phase diode rectifier. It’s
present dc-link control-loop design responsible for
stability and proper impedance matching between
generator and load. The first attempt in compensator
design was made, therefore, with a simple compensator
P.L. For reasons which will be discussed in the this paper,
the system’s operation with that compensator was found
to be unsatisfactory, and a more complex compensators,
consisting of three-zeros and five pole, needed to be
designed and implemented.
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1. INTRODUCTION

In [1] it has already been stated two major
advantages of the developed average
generator/rectifier model consist in savings in

transient simulation time and the possibility to
perform frequency-domain analysis. In figure 1 is
presented block diagram of the studied system in
closed loop [1].
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Figure 1. Block diagram of studied system in closed
loop

This paper contains dc-link voltage, control-loop
design procedure. It is based on the exciter’s field
voltage-to-dc-link voltage transfer functions obtained
with model developed in [2]. A design procedure for
a PI compensators is given, and transient simulation
with resistive load at the dc-link are shown. Unstable
operation of this compensator with an inverter load
due to poor impedance matching between different
parts of the system is discussed and the need for a
higher-order dynamic compensator is found to be
satisfactory. Validity of this compensator is verified

through simulation with resistive load and inverter
load at the dc-link.

In figure 2 is presented magnitude plot of control-to-
output transfer function realized in [2].
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Figure 2. The exciters field voltage-dc-link voltage
transfer function at 3340rot/min and 105kW current
source load

Block diagram of the closed loop system drawn for
small-signal analysis is shown in figure 3. In figure 3
G(s) represents the exciter’s field voltage-to-dc-link
voltage transfer function of [2], p represents the gain
of dc-link voltage sensor, H(s) stands for dynamic
compensator transfer function, M for modulator’s
gain, and V, for input voltage of the buck converter

dc-to-dc power supply use to provide the exciter’s
field voltage.
Regarding signal’s notation v, (the exciter’s field

voltage), v, (dc-link voltage), v, stands for dc-link

a

voltage sensed signal, v,, for voltage signal input to

the modulator and d for the buck converter’s duty
cycles .
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Figure 3. Small-signal block diagram of the closed-
loop system
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Stability and performance of the closed loop system
can be expressed in terms of system’s loop gain
T'(s), which as indicated in figure 3, is product of all

blocks forming the loop
T(s)=G(s)-p-H(s)-M-V,. (1)

In this paper sensor gain p, modulator gain M, and
voltage V, are constants, i.e. [1]

e p=0,005;
e M=0,56;
. Vg =48V.

With these parameters fixed, loop gain is shaped by
selecting appropriate gain, poles and zeros of the
compensator transfer functions H(s).

Stability and performance criteria, such as phase
margin and crossover frequency, can be read directly
from Bode plots of the system loop gain.

2. DESIGN P.I. COMPENSATORS

The P.I. compensator is the simplest compensator
that provides zero steady state error, due to its pole in
the origin.

The compensator’s transfer function is

1+
H(s)= K —2=

2

Standard analog realization of this transfer functions
is shown in figure 4.
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Figure 4. Analog realization of a P.I. compensator

After one component’s value, say C,, is chosen the
either components
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Zero at @, has the role of compensating for

90° phase leg introduced by the pole in the origin. It
can see in figure 1 that the zero needs to be placed

between 0,1 Hz and 1 Hz in order to have the desired
phase-boosting effect.

Gain K can be adjusted in order to have stable system
with the acceptable phase margin. With zero placed
at 1 Hz, and the compensator’s 1,5 the loop gain
shown in figure 5 is obtained. It is characterized by a
crossover frequency of approximately 2Hz and phase

margin of approximately —70°. a higher phase
margin would have been preferred, but the crossover

frequency would have become unacceptable low in
that case.
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Figure 5. Loop gain with P.I. compensator
(3340rot/min, 105kW current source load)

After several tatonation, it was found by trial-and-
error that pole frequency of 150Hz, 150Hz, 250Hz
and 500Hz, OHz and zeros at 1,5Hz, 2Hz and 10Hz,
and gain of 116,8.

In figure 6 is presented Bode plots for compensators
and in figure 7 is presented loop gain with multiple
poles and zeros (three zeros and five poles).
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Figure 6. Bode plots for compensators (three zeros
and five poles)

Using this compensator it observes in figure 7 the

crossover frequency is 110Hz. An analog five-pole
and three-zero compensator, having the transfer
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was implemented with the circuit shown in figure 8
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Gm =-12.968 dB (31 83.358 Hz), Pm = -35.126 deg (at 110 Hz)
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Figure 7. Loop gain with three-zeros and five poles
compensators for 3340rot/min, 105kW current source
load

Figure 8. Analog realization of a five-pole and three
Zeros compensators

After one component value for each stage, say

R,,and R, is chosen arbitrarily others can be

calculated from the transfer function’s parameters

follows

1
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(14)

For the expression 9 to 14 to be valid, it need to be
Cyy >> Cy; and Ry; >> Ry

3. CONCLUSIONS

In this paper is presented design control-loop and
analysis of a system consisting of a variable-speed
synchronous generator that supplies an active load
through a three-phase diode rectifier. Is design a
high-order (five poles and three-zeros) dynamic
compensator needs for stabilized the cascaded
generator-rectifier-inverter system, affected by
instability due to poor matching of output and input
impedance of different parts of the system. In such a
design, the system’s dynamic response needs to be
known, in a detailed manner, at frequencies much
fighter than the frequency corresponding to be
transfer function’s dominant pole. The developed
average generator/rectifier model represents a unique
and indispensable means to study and solve this and
similar problems.
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