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What Is An SCR?

SCR is an acronym for Silicon Con
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Schematic Diagram of an SCR SCR Voltage-Current
Relationship

Figure 1 Figure 2

An SCR in the “on” state conducts current like a diode, i.e. conventional current

flows into the anode and out of the cathode. Reverse current is blocked just like a
diode. When the SCR is in the blocking mode, current flow is blocked in both
directions. The SCR is turned on by causing a current 1o flow into the gate
connection. This is normally accomplished by applgin? a voltage between the gate
terminal (Terminal G) and true cathode (Terminal K). If the voltage Is ositive
between the anode (Terminal A) and the cathode, main current will flow. Once the

AL ; - ' if the
main curren hes the latching value, the SCR will continue to conduct, even ift
Jirent reacnes 2 ontinues until the main current is reduced to a

gate current is removed. Conduction ¢ , JuC
EW low value, below the holding current. The Voltage-Current relationship in the
main circuit of an SCR is shown in Figure 2.
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Figure 13 Figure 14

The presence of notches and spikes in the generator waveform can also play havoc
—— with other loads tied to the generator. The loads may also contain SCRs or other
e RMS types of thyristors that are susceptible to false commutation. The fast rising and
falling edges of the voltage waveform can induce high frequency currents. These
\ B~ -ﬁurrents produce EMI that can also affect sensitive loads and increase generator
— ——— B heating.

What Can Be Done To Minimize The Influences Of SCR Loads On Generator
Systems?

Fortunately, many solutions to SCR load problems exist for generator systems. These
solutions have varying degrees of effectiveness depending on the particular
problem(s) encountered. The solutions include: EMI filters, series boost pptlons;.

B ' excitation winding generators, PMG generators and AVRs designed specifically for

use with SCR loads.

—t - . . k . b EMI
To ke 'AVR from being affected by the SCR noise created by the load, an
- Ef:fsgntgg added to the il?put of the AVR's power amplifier circuit asshown in
Figure 15.
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What Can Be Done To Minimize The Influences of Avp’

The SCRs utilized in the power amol;
plifier stage of 5
ditorion on e Qoo ot otsse %21 50me AVRs can causewavefor
AUR and from th"'?e Problems will work in both directions, i.e L;s Y mt’i"nunned
_ e AVR to the load These solutions include; rom the load to the

-Filtering of the AVR input with - | |
-The use of excitation v.?indinlg giwérf::::;ur series boost options,

-The use of PMG generators.
-The use of low noise AVRs with built-in EMI filters.

$ SCRs on Generator Output?

Other Types Of Load Noise And Its Influence On Generator Systems
There are other types of generator s
loads can influence generator s
of loads include: acdrives, swi

ystem loads that create electrical noise. Th

. Dac . These
ystems in a similar manner as SCR loads. These types
tching power supplies and communication sites.

Many new ac drives utilize power switchin

These drives use switching transistors in a

edges. These edges create EMI that can affect various systems within th
system. The selective addition of EM| filters on the systgrn can minimizeﬁﬁsnermm
influences of the acdrive.

Switching power supplies operate by rectifying the Incoming ac line then chopping it

with $witchin%transistors. This type of circuit creates EMI in a similar manner to the
|

acdrive described earlier.

Communication sites radiate EMI by design. In some situations, this EMI can cause
problems with generator systems connected directly to the transmitters or located in
close proximity. These transmitters generate a ﬁoweﬁm enough signal to create
misoperation of electronic controls utilized with generator systems. The selective
filtering of power and control lines along with shielding of electronics can help
reduce or eliminate problems.

Conclusion

If generator systems are expected to supply SCR loads, many problems can occur.

There are various solutions to these problems:

-Add EMI filters to the input of the AVR.

~Utilize a series boost option with the AVR.
-Specify an excitation winding generator.
Specify a PMG generator.

~Utilize an AVR designed specifically for SCR loads.




DIGITAL EXCITATION TECHNOLOGY

In today;_:s gower '
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Digital Excitation System Block Diagram

A/D Converter
and
Scaling Circultry

Figure 1. Digital Excitation System Block Diagram

As the block diagram shows, the digital excitation system is a closed loop feedback
system. It consists of an embedded controller, an Analog to Digital converter, and a
Digital to Analog converter. The plant being controlled is a generator. Both round-
rotor as well as salient pole machines are being controlled with digital technology.
The reference input isincorporated into the embedded controller through the use of
a human interface. This interface can range from a sophisticated personal computer
keyboard input to an elementary pushbutton or toggle switch input. The output of
the controller must first go through a D/A converter and then through a power stage
before generating the output control signal, i.e. the exciter or main field voltage.
The field voltage is then applied to the generator as an input. The input of dc Tield
voltage causes a proportional output voltage from the generator through t_hEh
magnetic dynamics of the system. The generator output, terminal voltage, is then
fed back into the A/D converter closing the loop on the digital excitation system.
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Figure 3. Unipolar AD Converter Block Diagram

S\ The A/D converter, shown in Figure 3, is confi ured as : : '
riEW . 1 y ’ a unipolar

Wl connected to 5 Vdcand -VREF connected to d?gital return, t?:z gegi?::ﬁi-ii\::!]; o

convert positive analog signals. A/D converters can also be configured as bipolar

devices. To configure it as a bipolar, VREF is connected to the positive voltage rail

TT | | ~ 3 and -VREF is connected to the negative voltage rail. In this confi uration, the A/D’s

S W} output will be a binary representation of the signal scaled from the negative rail
through zero, to the positive rail. Asthe figure shows, a unipolar AD givesa

hexadecimal output ranging from 00 to FF.

The resolution of an A/D converter can be calculated by knowing what the maximum
input signal is and also by knowing the maximum range of its binary output. The
A/D converter, in Figure 3, has a maximum range of eight bits and a maximum input
signal of 5 Vdc. Using the formula shown in Figure 3, the resolution for the eight bit
A/D s 19.53mV/bit. This means that as the input changes by 19.53mv, the output of
the A/D will change by one bit. So if the input changed from 4.981 Volts to 5.000
Volts, the output would change from FE to FF hexadecimal. In digital control
systems, this topic of A/D resolution becomes quite important. In simple terms, the
output of the digital controller can only be as accurate asitsinputsignals. Thusa
system with a higher resolution A/D converter will generate a more accurate and

e ahtout field stable output.
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most digital excitation systems, the signals to be measured range from 50 Hertz up
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Figure 5. Digital Voltage Regulation System Power Stage

The waveforms, in Figurg 5, represent both a high and a low level

from the voltage regulation power sta of output voltage
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Analog Versus Digital Excitation Control Systems

In any discussion on excitation systems, a comparison between an Analog system and
a Digital system must be reviewed. Tradeoffs have to be made in the selection of the
controllers for the excitation system. Analog controllers provide continuous
Processing of the feedback signal and can be used for very high bandwidth systems.
They also give almost infinite resolution of the signal they are measuring, thus
providing precise control. Analog controllers have been around foralong time;
Ef!iﬁ'ij’-f‘l;iﬁhavior'is well understood, and this makes them easy to design. They can be

implemented with relatively inexpensive components and therefore are sometimes
less expensive for a minimum feature/function system.
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On the negative side, analog controllers suffer from component aging and
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