
Software News
ON-GOING DEVELOPMENT

Jean Mahseredjian, École Polytechnique

After releasing version 2.0.2 we have been engaged in many
developments for the upcoming versions 2.1 and 2.2. The target
date for 2.1 is the month of September 2006. Here are the currently
undertaken developments for versions 2.1 and 2.2 in 2006:

1 – Improvements to MPLOT. We have been adding many new options to MPLOT for
performing parametric studies. These allow to automate plot visualization tasks through
a task control data file, including: automatic single-click plotting of selected waveforms,
automatic startup of MPLOT after the completion of the simulation and automatic summary
on data for finding minima and maxima in a given interval. MPLOT has been also
augmented to become a fully object-oriented device in EMTPWorks. Which means that
users can develop scripts using MPLOT methods for various waveform visualization
tasks. A new right-click reload option allows showing waveforms from various simulations
on the same plot.

2 – New parametric study options. These are mainly new script options for
restarting the applications and performing various data change tasks while saving
results for visualization.

3 – New options for the visualization of the Load-Flow solution.
• Automatic updating of Load-Flow solution visualization after each simulation.
• New attributes for the visualization of Load-Flow solution line-flows. 

4 – Various improvements to the Load-Flow solution including automatic
computation of ASM machine slip.

5 – New DLL interface for adding user-defined code. This interface will allow
users to write their own code and link it automatically with the EMTP-RV
computational engine. Elaborate options will allow intimate communications through
a specific protocol.

6 – New control devices. Random number generator, table-based source function,
machine control devices.

7 – New arc-furnace model. 3-phase ac arc-furnace model with flicker meter.

8 – Improvements to the Line-Data and Cable-Data modules in EMTPWorks.
This is mainly the development of more visual data forms and simplification of data
input for a large number of conductors.

9 – Various enhancements for subnetwork masking options. A new option will
allow to easily target and open the data forms of one or more named devices through
the mask of the subnetwork.

_ Newsletter

INSIDE

SOFTWARE NEWS

ON-GOING DEVELOPMENT 1

TECHNICAL CORNER

SIMPLIFIED TOOL FOR THE
EVALUATING CAPACITOR
SWITCHING TRANSIENTS
AND SOLUTIONS 2

EMTP-RV EVALUATION
OF NON-CHARACTERISTIC
LOW-ORDER HARMONICS
GENERATED BY
ALUMINIUM SMELTERS 14

EMTP-RV PARAMETRIC
STUDIES AT EDF 18

SUPPORT

EMTP-RV USER GROUP SESSION 24

SEMINAR ON EMTP-RV 24

TransÉnergie Technologies • 740 Notre-Dame Street West, Suite 800 • Montreal, Quebec, Canada • H3C 3X6
Tel.: 514 282-8401, ext. 206 • Fax: 514 282-8402 • E-mail: info@emtp.com • www.emtp.com

VOLUME 1, NO. 2 APRIL 2006 EDITION

A WORD 
FROM THE EDITOR

Thank you for your
overwhelming
response to our
first newsletter.
The April issue
features articles by

Électricité de France (EDF), EPRI
Solutions and Hydro-Québec
TransÉnergie that show how
EMTP-RV user friendly approach
has made it much easier to
conduct studies and evaluations.
Please feel free to send your
contributions and comments to
chartrand.martine.2@hydro.qc.ca

MARTINE CHARTRAND
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1 EPRI Project P1.006 – EMTP-RV Capacitor Switching Simulator User Manual, December 2005.

SIMPLIFIED TOOL FOR EVALUATING CAPACITOR 
SWITCHING TRANSIENTS AND SOLUTIONS

Harish Sharma, EPRI Solutions
Anish Gaikwad, EPRI Solutions
Mark McGranaghan, EPRI Solutions

Evaluation of capacitor switching concerns continues to be a very important issue for many utilities as they apply
large substation capacitor banks and transmission system capacitor banks for voltage support during heavy
power flow conditions. Large capacitor banks may be switched on a daily basis and the resulting transients can
be an issue for power system equipment as well as customers. EMTP-RV is the perfect tool for evaluating the full
range of transient concerns. To make these evaluations even easier, EPRI Solutions has developed a special
module for EMTP-RV that streamlines the evaluation substantially and has possible solutions for problems built in
for evaluation. The module was developed under sponsorship of the Electric Power Research Institute Power
Quality Program.1

CAPACITOR SWITCHING CONCERNS

Capacitor switching is generally considered a normal operation for a utility system. Transient overvoltages
which result are usually not of concern to the utility, since peak magnitudes are just below the level at which utility

surge protection, such as arresters, begin to operate. However, significant transient voltages can occur at lower voltage capacitor
banks or cables due to magnification of the energizing transient. Voltage magnification occurs when the
transient oscillation, initiated by the capacitor energizing, excites a series resonance formed by the low voltage system. The result
is a higher transient overvoltage at the low voltage bus. These overvoltages can result in failures or fuse blowing in the low voltage
power factor correction equipment, failures of customer equipment, or nuisance tripping of power electronic based devices, such
as adjustable-speed drives (ASDs).

Many studies of the magnification problem have been done and general guidelines for possible problems have been identified:

1) The most important condition is that the size of the switched capacitor bank must be significantly larger than the capacitance of
the low voltage capacitor bank or cable. Ratios greater than five can be a concern. Ratios of ten or more are a particular concern.

2) The highest magnified transients occur when the energizing frequency is close to the series resonant frequency formed by the
step-down transformer and the low voltage capacitance.

3) Finally, the problems are most common when there is relatively little damping (resistive) provided by the low voltage load.
This is very common for industrial facilities because much of the load is motor load that does not provide much damping for
these transients. Magnification at typical distribution system capacitors can also occur but the distributed resistive load on
the distribution system often is sufficient to prevent major problems.

Concerns for magnification can be especially important when utilities have power factor penalties that encourage customers to
install power factor correction capacitors. This can result in many more possibilities for magnification whenever distribution
substation capacitor banks or transmission capacitor banks are switched.

The problem is made more important as customers continue to apply sensitive loads, like adjustable speed drives. Even when the
transients are not severe enough to cause equipment problems, they may result in tripping of these sensitive loads, causing
expensive disruptions to industrial processes.

Transient magnification is often the most important concern associated with switching a large capacitor bank but it is not the
only concern. The possibility of a restrikes of the switching device when opening the capacitor bank should also be evaluated to
make sure that arresters can handle the associated energy duties. Other switching concerns can include high frequency transients
during back-to-back switching if there are multiple capacitor banks in the same station, outrush from the capacitor bank when
there is a nearby fault, and high frequency transients (especially phase-to-phase transients) at transformer terminations near the
switched capacitor bank.

Technical Corner
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THE EMTP-RV CAPACITOR SWITCHING MODULE

The capacitor switching module developed for use with EMTP-RV is designed to provide a framework for convenient evaluation of
most capacitor switching concerns. It can easily be modified to represent the specific conditions of virtually any capacitor bank
application using the graphical user interface of EMTP-RV. The overall model developed for evaluation is made up of a number of
individual modules that can each be modified to represent the specific conditions of the system being studied. We will describe
some of the important modules here to illustrate the concept.

The single line diagram in Figure 1 shows the initial representation of the system for capacitor switching evaluations. The various
modules that are important for capacitor switching evaluations are shown as blocks on the diagram. The library of modules
that make up this overall system representation is the main contribution of this work. The user can click on any of these modules
to change the parameters accordingly and the user can also modify the basic configuration as necessary using the standard
graphical interface of EMTP-RV.

Figure 1: Initial system configuration of the Capacitor Switching Simulator showing the individual modules that
make up the model.
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Once the single line has been modified to reflect the configuration of the system to be studied, the next step would be to adjust
the parameters for the individual components. This is done by double clicking on the individual component modules and making
any necessary adjustments to the settings. For example, double clicking on “Cap_Switching_Select” module causes a script box
to appear on to the screen (Figure 2). The user can check/adjust the parameters listed in the “Initial Values” window of the script
box. For this element, the user has control of the type of switching control that may be employed to limit capacitor energizing
transients (pre-insertion impedance, synchronous closing control, etc.). 

Figure 2: Example of a user-defined module in the capacitor switching simulator – the “Capacitor Switch Module”.
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EXAMPLE CASE STUDY

The application of capacitor switching evaluation tool is demonstrated here for investigating a problem of adjustable speed drive
nuisance tripping. The example system where the problem was being experienced is shown in Figure 3. The customer (a plastics
extruding facility) was experiencing tripping of ASDs that seemed to correlate with switching operation of large 161 kV capacitor
banks on the utility supply system. The switched capacitor banks were 84 MVAR. The customer had power factor correction
located at the primary of his supply – 1800 kvar banks at 13.2 kV. This ratio of switched capacitor bank size to lower voltage
capacitor bank size can typically result in magnification problems. 

Figure 3: Single line diagram for the example system where customer was
experiencing problems with adjustable speed drives when utility capacitor bank
was switched.
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The capacitor switching evaluation module was modified to represent this example system as shown in Figure 4. This
representation is developed by simply deleting elements that are not needed in the model and copying and pasting additional
modules that are needed (for instance, adding a second switched capacitor bank at the 161 kV bus to represent the 
back-to-back capacitor banks). 

The initial evaluation of magnification concerns is done by switching the 84 Mvar bank at the 161 kV at peak phase-to-ground.
The resulting transients at the 161 kV bus and the 13.2 kV bus are shown in Figure 5. There is considerable magnification in the
transient oscillation at the 13.2 kV bus - the transient overvoltage at the 161 kV bus is 1.68 per unit but the peak transient at the
13.2 kV bus is 1.85 per unit. 

Figure 4: Representation of the example system in the capacitor switching evaluation module.
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Figure 5: Example of transient voltages at the 161 kV bus (blue) and the magnified transient at the 
13.2 kV bus (red) for capacitor energizing.
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The most important consideration for this evaluation is the transient voltage at the adjustable speed drives in the customer facility.
This is an important advantage of the capacitor switching evaluation module – it has two different customer facilities represented
that provide convenient means of evaluating concerns inside customer plants. One of the customer facilities is designed to
evaluate concerns with low voltage power factor correction (e.g. 480 volt capacitors). The customer facility used for this evaluation
has a representation for adjustable speed drive loads that allows looking at the dc bus voltage inside the drive – this is usually 
the cause of nuisance tripping during capacitor switching transients. In this case, the base model for the drive had to be adjusted
because the drives are applied at a 240 volt bus instead of the typical 480 volt bus. The dc bus voltage during this capacitor
switching transient is shown in Figure 6. A typical trip level for this voltage would be about 400 volts and this transient is well
above the level that would likely cause tripping. 

Figure 6: DC bus voltage resulting in the 240 volt adjustable speed drive during energizing 
of a capacitor bank on the 161 kV supply system.



9

SOLUTIONS TO THE VOLTAGE MAGNIFICATION PROBLEM

The capacitor switching evaluation module is designed to facilitate convenient evaluation of solution options when a capacitor
switching concern is identified. Important options for preventing problems and the associated capabilities in the capacitor
switching module include:

• Control of the capacitor energizing transient with switching control in the capacitor switch/breaker. The capacitor switch module 
permits convenient evaluation of pre-insertion reactors, preinsertion resistors, or synchronous closing control. The user can
control the preinsertion impedance and/or the tolerance for the synchronous closing to evaluate the effect on resulting transients.

• Detuning the circuit by changing capacitor bank sizes, moving banks, and/or removing banks from service. These are obvious 
changes that can be evaluated by adjusting the status or sizes of individual elements of the model.

• Switching large banks in more than one section.
• Applying surge arresters (MOVs) at the lower voltage buses where magnification is possible. The module provides arrester

models for convenient evaluation of their effectiveness and arrester energy duties. This solution can be effective for preventing 
equipment failures but is unlikely to prevent nuisance tripping of sensitive loads like adjustable speed drives.

• Converting low voltage power factor correction banks into harmonic filters. This is a very effective way to solve magnification 
problems and it can have the additional benefit of controlling harmonic distortion levels. The module allows the low voltage 
capacitors to conveniently be configured with or without reactors to make them filters.

• Using inductive chokes at the input of ASDs. This is the most common way to prevent nuisance tripping of drives.
The effectiveness of chokes of different sizes is easily evaluated with the module.

A few of these options are illustrated here using the example case described above.

SWITCHING CONTROL SOLUTIONS

Evaluation of Pre-Insertion Inductor

The use of a pre-insertion inductor (illustrated in Figure 7) generally coincides with the application of a circuit switcher for
capacitor bank switching. A pre-insertion impedance (resistor or inductor) provides a means for reducing the transient currents
and voltages associated with the energization of a shunt capacitor bank.

Figure 7: Component Configuration for Pre-Insertion Switching.
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Based on the system voltage (161 kV) and switched bank size (84 MVAr) for the test case, simulations have been performed for
the inductor size (40mH, 5.5ΩThe mitigating effect of the pre-insertion switching of the 161 kV bank on the switched bank bus
and the resultant voltage magnification at 13.2 kV bus is shown in Figure 8.

Figure 8: Mitigating Effect at the 161 kV bus (blue) and the magnified transient at the 13.2 kV bus (red) 
of Pre-insertion Inductor Switching.



11

Evaluation of Synchronous Closing Control

Synchronous closing is independent contact closing of each phase near a voltage zero .To accomplish synchronous closing at or
near a voltage zero (avoiding high prestrike voltage), it is necessary to apply a switching device that maintains a dielectric strength
sufficient to withstand system voltages until its contacts touch. Although this level of precision is difficult to achieve, closing
consistency between ±0.5mseconds is often possible. Grounded capacitor banks are controlled by closing the three phases at
three successive phase-to-ground voltage zeros (60° separation). Ungrounded banks are controlled by closing the first two
phases at a phase-to-phase voltage zero and then delaying the third phase 90 degrees (phase-to-ground voltage zero). The
mitigating effect of the synchronous switching (+1msec error) of the 161 kV bank on the switched bank bus and the resultant
voltage magnification at 13.2 kV bus is shown in Figure 9.

The impact of the two switching schemes discussed so far on the transient overvoltages is summarized in Table 1. It is evident
that both of these schemes are quite effective in mitigating the transient overvoltages to acceptable levels.

Figure 9: Mitigating Effect at the 161 kV bus (blue) and the magnified transient at the 13.2 kV bus (red)
of Synchronous Closing Control Scheme.

Table 1: Impact of Switching Controls on Transient Overvoltages.

Overvoltage (pu)

161 kV Bus 13.2 kV Bus

Normal Energization 1.68 1.85

Pre-insertion Inductor 1.13 1.26

Synchronous Closing 1.14 1.17
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END-USER OPTIONS FOR TRANSIENT MITIGATION

Using a Filter for the Low Voltage Power Factor Correction

The most effective way to control magnification that is independent of the switched capacitor bank is to detune the resonant
circuit causing the magnification. This is done by converting the low voltage capacitor bank (in this case, the 13.2 kV capacitor
bank) into a tuned filter by adding a series reactor (and possibly increasing the voltage rating of the capacitor cans, if necessary).
The filter inductance and capacitance can be calculated as follows.

(1) (2)

The capacitor bank will generally be tuned at or just below the fifth harmonic to achieve a combination of transient control and
harmonic control. For this test case, the 1800 kvar bank at the 13.8 kV bus was modified to be a 5th harmonic filter.

Using Chokes at the Adjustable Speed Drives

Adjustable speed drive tripping is the most common customer problem associated with the capacitor switching transients. This
problem can usually be prevented at the drives themselves with appropriate input chokes (inductors), as long as the magnification
is not too severe. Most drives already have chokes either at the input or built into the dc link within the drive. However, some
smaller drives may be installed without chokes and these will be the weak links in the system. Standard choke sizes of 1.5%,
3% and 5% are available for retrofitting at drive installations. Note that the larger the choke, the more voltage drop across the
choke for steady state voltage and this voltage regulation concern must be taken into account. A 3% choke is unlikely to cause
voltage regulation issues and is usually sufficient to prevent the nuisance tripping problem – this is the size evaluated for the
example case.

Where hr = resonant harmonic
frequency
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COMPARISON OF SOLUTION EFFECTIVENESS

The different solutions discussed so far are compared in Figure 10 by looking at the resulting transient voltage on the dc bus
within the adjustable speed drive. It is clear that any of these solutions would be effective for this example case. If there are
numerous customers that could be affected by the capacitor switching transient, it is often advisable to use the closing control
solution. If the problem is with a single customer, the customer side solutions will often be the more economical approach.

Figure 10: Comparison of Various Solution Options on the Resulting DC Bus Voltage Transient within
the Adjustable Speed Drive.

FUTURE WORK

The capacitor switching evaluation module is the first example of a library of modules that are being developed to help evaluate
typical power system/customer system interaction issues using EMTP-RV. The graphical user interface and the ability to easily
develop user-defined modules make the implementation of these special modules very straightforward. Future modules will
include capabilities to evaluate concerns like:

• Lightning transients and resulting low side current surges
• Motor starting voltages and methods to control motor starting
• Flicker concerns associated with variable loads like welders
• Harmonic resonance concerns and IEEE 519 compliance
• Load response to system disturbances – evaluation of load modeling issues for dynamic studies
• Impact of voltage sags on customer loads
• Fault location methods for distribution systems
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EMTP-RV EVALUATION OF NON-CHARACTERISTIC LOW-ORDER HARMONICS
GENERATED BY ALUMINIUM SMELTERS

Marc-Olivier Roux, Hydro-Québec TransÉnergie
André Coutu, Hydro-Québec TransÉnergie

Aluminium smelters consist mainly of a number of diode rectifiers operating in parallel. These rectifiers are the
main generator of characteristic harmonics which are usually eliminated by appropriate filters installed in the
feeding AC substation (Fig. 1). Low-order non-characteristic harmonics (mainly 3rd), generated by AC system
negative-sequence voltages and asymmetrical conductions of diode-pairs, must also be evaluated correctly. Ideal
current sources are often used in the industry to represent the converters in the evaluation of harmonic distortion
generated by aluminium smelters. Unlike the case of characteristic harmonics, it can be hazardous to evaluate
non-characteristic harmonics using this kind of model and a detailed representation of the aluminium smelter
using EMTP-RV was used. The aim of this paper is to report EMTP-RV modeling efforts undertaken to insure
accurate evaluations of low-order harmonics injected into the AC network by a large aluminium smelter.

Figure 1: Simplified schematic of a typical aluminium smelter study in EMTP-RV.
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AC SYSTEM MODELING

The network thevenin impedances along with power transformers, harmonic filters and substation auxiliary load were precisely
modeled by passive elements.

DC SYSTEM MODELING

• DC load: a simplified model consisting of the total resistance and inductance of the bus-bars in series with a counter
EMF representing the melting pot was used.

• Saturable inductances: in conjunction with tap changers, these inductances are used in practice to fine-tune the DC voltage. 
Although they do not directly contribute to the generation of third harmonic currents, it was shown in this study that important 
disequilibrium between them for a given control value may increase significally the 3rd harmonic generation. These inductances 
were not modeled in this study since a perfect symmetrical operation was assumed.

• Diode rectifiers: each of the four 1250 V, 105 kA rectifiers, representing a 12 pulse diode bridge, are simulated as shown
in figure 2-a. The 48 pulse operation was obtained by the use of ideal phase-shifting transformers introducing phase-shifts
of -11.25, -3.75, +3.75 and +11.25 degrees between the 4 rectifiers. A simple script was written to calculate automatically
the parameters of this ideal phase-shifting transformer for a given angle.

Figure 2: EMTP-RV modeling of a 12 pulse diode rectifier.



16

VALIDATION AGAINST FIELD MEASUREMENTS

In order to validate the EMTP-RV model of the whole smelter, simulation runs were compared with selected field measurement
cases. Since the aluminium smelter seems to be characterized by important disequilibrium, only measurements in which the
voltage regulator inductances were saturated were used to minimize the disequilibrium. This validation has shown good agreement
between the two sets of results considering that measurements also include the disturbances coming from the network and
unbalanced operation of the aluminium smelter not represented in this model. For example, this model gave an approximation of
the 3rd harmonic generated by the smelter on the network for a particular configuration with an “error” of less than 10% for which
the ideal model used by the client overestimated the measurements by a margin of almost 50%.

COMPARISON WITH THE IDEAL MODEL 

The study of the evaluations (3rd harmonic) given by the ideal model and the EMTP-RV representation of the aluminium smelter has
shown good agreement for some configurations and important divergences for others. The ideal model overestimates this
disturbance (up as 450%) when an important parallel resonance exist between the network and the installation of the client. Using
the EMTP-RV model, it was shown that the converters do not act like constant current sources since the third harmonic current
measured in simulation varies with the configuration of the installation and the equivalent impedance of the network. To simplify
the phenomenon, it could be said that the converters are damping the parallel resonance between the network and the AC side
of the installation.

DEVELOPMENT OF A SIMPLIFIED MODEL

The complete EMTP-RV representation of the aluminium smelter is practical to evaluate non-characteristic harmonics for a
particular configuration of the installation and the network, but it can be laborious to determine the worst case using this type
of model since, for example, the tolerance of the passive elements is not automatically taken into account. By creating a simplified
model that takes into account the damping effect of the converters which is based on the ideal model normally used in the
industry, it is possible to evaluate easily the worst case of third harmonic amplification using the same procedure as normally
used. This simplified model consists of adding an equivalent input impedance of the converters at the 3rd harmonic frequency in
parallel with the current source. Using EMTP-RV, we were able to determine the values needed in this model and the results were
similar (table 1) to those obtained by the complete representation of the converters. It was also observed that this model could
be used to evaluate 2nd and 4th harmonics for the purpose of this study.

Table 1: Comparison between the 3 models for the third harmonic generation.

Configuration Ideal model (A) Complete model (A) Simplified model (A)

1 – parallel resonance 98.1 22.1 22.5

2 – high amplification 34.4 23.3 23.0

3 – moderate amplification 16.5 17.2 17.5

4 – low amplification 13.4 14.0 14.5
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ALTERNATIVE MODEL OF 3RD HARMONIC GENERATION

In another case of power quality study involving an important metal refinery plant, field measurements showed that the 3rd harmonic
distortion produced by the plant was underestimated. The harmonic model of converters included a parallel impedance representing
the converter load which was set unrealistically low. In addition, the 3rd harmonic current source magnitude used in this study was
estimated on the base of on site measurements instead of rigorous calculations taking into account worst case conditions. 

An alternative model of the 3rd harmonic generation was proposed to simplify the harmonic analysis by the customer. With the help
of a detailed representation of the converters on EMTP-RV, it was shown that the converters behave as a 3rd harmonic voltage
source equal to the negative sequence voltage of the network with an internal impedance proportional to the load, this impedance
being minimal at full load. The minimal impedance value was derived from EMTP-RV simulations and provided to the customer
with the aim of assessing realistic levels of 3rd harmonic distortion. The simulation results agreed well with the field measurements. 

CONCLUSION

EMTP-RV is a powerful tool for the evaluation of non-characteristic low-order harmonics generated by converter loads for which
the ideal model cannot be applied when important parallel resonance exists in the AC system.
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EMTP-RV PARAMETRIC STUDIES AT EDF
Sébastien Dennetière, EDF
Xavier Legrand, EDF

The R&D division of EDF performs regularly parametric studies with EMTP-RV in studies related to:

• Changing circuit parameters in a specified range of values in order to find the min/max value of a signal;
• Changing the topology of a design in order to find the most constraining cases;
• Control system parameters optimization based on some pre-defined criteria.

The parametric module is based on the scripting methods available in EMTP-RV version 2.0.2. The scripting
language is JavaScript with overlaid methods specific to EMTP-RV.

EXAMPLE #1: CHANGING FAULT RESISTANCE VALUES

In this case the sensitivity of overvoltages at the terminal of an open-ended overhead line is studied versus the value of the fault
resistance. The circuit is created in EMTPWorks with a script that changes automatically the value of the fault resistance between
0Ω and 25Ω. The script language, shown in Fig. 1, is easily understandable. In this particular case, the script changes the value
of the fault resistance, starts the EMTP-RV simulations and plots the values of overvoltages versus fault resistance values (Fig. 2).

Figure 1: Script language corresponding to the case of changing fault resistance values.
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Figure 2: GUI of a parametric study: network, script and control console in EMTPWorks.
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EXAMPLE #2: MULTIPLE FAULT LOCATIONS

EMTP-RV parametric module uses the available ‘connection by name’ feature to let the user change the circuit topology.
By merging two signals into one, a script method named connectByName is used to run multiple fault location studies. The fault
device in this case is modelled as a switch in series with a resistance. Figure 3 shows the fault device and various fault positions
in the design.

Figure 3: Scripting multiple fault locations in EMTPWorks.
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EXAMPLE #3: PARAMETERS OPTIMIZATION

We have chosen the case of a DC motor fed by a 6 pulse rectifier (Fig. 4). A PID controller is used to regulate the speed of the
machine by acting on the ignition angles of the thyristors. The aim of the optimization process here is to find adequate values for
the controller parameters (Kc, Kp and Kd) in order to achieve the following criteria during the start-up of the motor:

• A rise time of less than 1.5s;
• An over-shoot of less than 5%;
• An absolute speed error of less than 0.1%.

Figure 4: DC machine and its speed PID regulator.
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The optimization algorithm used here for illustration purposes only, is composed of three parts:

• The value of Kc is first modified within a certain specified range to achieve the criteria on the rise time;
• The value of Kd is then modified in order to achieve the desired value of the overshoot;
• Finally Kp is set to value satisfying the criteria of the speed error.

The network presented in figure 4 was first simulated with Kc=10, Kd=2 and Kp=10. Figure 5 shows a corresponding rise time
of 3 s, an overshoot of 42% and a permanent speed error of 2%.

Figure 5: Motor speed corresponding to the initial values of the PID regulator parameters.
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The optimization process was then run and the following parameters were obtained: 
Kc=336, Kd=6.7 and Kp=25.3.
Finally figure 6 shows that the optimized system has a rise time of about 1 s, an over-shoot of less than 0.1% and an absolute
error below 0.004%.

Figure 6: Motor speed corresponding to the optimized values of the PID regulator parameters.
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EMTP-RV USER GROUP SESSION
The first EMTP-RV User Group session will take place during the next IEEE PES General Meeting in Montreal
(June 18-22, 2006) in collaboration with Entergy and Électricité de France. This is an unique occasion to exchange
with software developers and to attend special presentations addressing issues of interests to the users.
Date: June 20th 2006
Location: Palais des Congrès (room to be confirmed), Montréal, Canada.

Presentation Program:
1 – Latest enhancements in EMTP-RV by J. Mahseredjian (École Polytechnique);
2 – The best of both worlds: describing a user-model graphically with equations by L. Dubé (DEI technology) 
3 – Modeling arc furnaces and corresponding flicker generation in EMTP-RV by L.-D. Bellomo,

J. Mahseredjian (École Polytechnique), B. Khodabakhchian (TransÉnergie technologies), O. Saad (IREQ);
4 – Pole-mounted transformer modeling for lightning overvoltage studies by T. Noda (CRIEPI);
5 – Reduced-order network equivalent modeling for switching surge and HVDC converter performance studies 

by T. Noda (CRIEPI);
6 – Study of self-excitation of the Entergy generators under black-start conditions by S. Datta, S. Kollouri,

T. He (Entegy Services).

Discussion and idea exchange between users and developers.

EMTP-RV users who are interested to attend or contribute to the success of this important event are invited
to notify Professor Jean Mahseredjian at Jean.Mahseredjian@polymtl.ca

Support

SEMINAR ON EMTP-RV

May 15-18, 2006
Montréal, Canada

Come and see how this software can handle accurately the simulation of large
and complex power systems. Bring unsolved problems or unexplained failures
for discussion and possible simulation and observe selected demonstration
in the following areas:

• Multiphase power flow for steady-state analysis of unbalanced systems
• Lightning and line arresters
• Load modeling and machine dynamics
• SVC and STATCOM models
• Wind power and transient stability of large networks

Attendance is limited. Register at www.emtp.com.

For more information, visit our website at www.emtp.com.


