
Software News
VERSION 2.0.1 NOW AVAILABLE!
EMTP-RV Version 2.0.1 was released October 31st. We have made several changes
and enhancements to the software to further improve its performance.

1 – New Device Protection. This option, available through the Symbol Editor,
is a major change in EMTPWorks that required a very large number of code changes 
in all device maintenance options and scripting techniques. It allows encryption 
to protect device content from access and/or modification. This is a very useful option
for protecting subcircuit contents and for hiding proprietary contents from users.
Passwords can be easily entered and maintained by the original users who develop
the encrypted devices. Password protection is available at any hierarchy level.

2 – New design file format. Due to the introduction of the Device Protection option
explained above, it is no longer possible to open Version 2 files in previous versions 
of EMTP-RV. This is also true for new libraries.

3 – New drawing and editing tools. Various shapes can now be drawn and edited
directly on the drawing of the design. These tools can be used for documenting the
design and representing specific design regions. The shapes created can be modified,
colored, and layered over existing schematic symbols.

4 – New toolbar customization option.

5 – New options in “Make Unique Type” command. It is now possible to apply the
command to all subcircuit contents. This is an easy method for completely detaching 
a subcircuit and all its contents from all other subcircuits of the same type. The new
command and all its options are also available through scripts.

6 – All devices with scripted masks now programmable. The programming uses
device object data and methods. This means, for example, that the data of a built-in 
3-phase transformer can be modified from any upper-level mask.

7 – Many new script methods for services and enhanced programming techniques.

8 – New State-Space device for power systems. This device allows entering 
state-space equation matrices and solving state-space equations simultaneously 
with electrical network equations.

9 – New State-Space device for control systems.

10 – New transformer ratio control option.

11 – New load-flow or steady-state visualization option. Load-flow phasors can be
placed on the schematic (“View Steady-State” in options.clf). 
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12 – New options for the Frequency Scan feature. It is now possible to perform a frequency scan and match
source frequency.

13 – Improved error messaging and testing of user errors. A large number of changes have been made 
to enhance these functions.

14 – ’Using EMTP – Tutorials and Reference’. This document is now also available in PDF format, accessible
from the online documentation and can be printed for offline use. 

15 – Addition of several advanced models in the Examples library:
• Long air gap leader model for insulation coordination studies
• On-load tap changer model for voltage stability studies
• Secondary arc model for single-pole switching
• Multi-chamber HV circuit-breaker arc model (Cassie-Mayr-Modified)
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UNIQUE FEATURE

TWO WAYS TO INITIALIZE YOUR NETWORK WITH EMTP-RV

One of the most important feature of a transient simulation tool, is to be able to start a simulation from a known
condition. EMTP-RV can do just that.

STEADY-STATE

EMTP-RV offers a complex matrix-based steady-state formulation used primarily in the initialization of state-
variables for its time-domain solution. All devices, including the distributed parameter transmission line models
and machines with controllers, can be initialized. Automatic initialization provides a quick harmonic initialization in the
first time-domain cycle.

THREE-PHASE UNBALANCED LOAD-FLOW

For the most common three-phase network, EMTP-RV has an additional initialization method using a three-
phase unbalanced load-flow solution. For most purposes in the steady-state analysis of a power system, the system
unbalance can be ignored and the steady-state initialization is adequate for representing large transmission 
networks. Yet, in practice it is very difficult to balance the load or to achieve a perfectly balanced transmission
line as a result of untransposed high voltage lines and lines sharing the same right of way for considerable 
length. Power system unbalance can result in negative sequence currents causing machine rotor overheating,
zero sequence currents causing relay malfunction and increased losses due to parallel untransposed lines.

The modified-augmented-nodal analysis implemented in EMTP-RV makes it possible to easily incorporate a three-
phase load-flow option capable of handling unbalanced conditions without having to introduce any topological
changes on the network used in time-domain. The three-phase load-flow has a robust and stable initialization
method based on the steady-state formulation which ensures a fast convergence of the Jacobian-based 
iterative solver.

The available power constraints are:

• Single-phase load with specified constant active and reactive powers
• Three-phase slack generator specifying the magnitude and the angle of the generator
• Three-phase PV generator with specified active power and voltage magnitude
• Three-phase PQ generator with specified active and reactive powers

The result of the three-phase load-flow can be used to automatically initialize the time-domain simulation. 
It provides a starting point (voltage and angles) for the synchronous machines present in the network and it can
also calculate the initial slip of the asynchronous motors.

Since the three-phase load-flow uses the same sparse solver as the time-domain and the steady-state formulations,
there is no limitation on the number of devices and buses that can be modeled in a network. The three-phase load-
flow solution of the entire Hydro-Québec network with 10,000 buses and 120 machines and over 500 three-phase
loads was obtained in only 11 iterations and a power mismatch of 0.001 Watt.
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A MODEL FOR AIR GAP AND INSULATOR BREAKDOWN FOR FAST 
FRONT OVERVOLTAGES BASED ON LEADER PROGRESSION

Douglas Mader, Entergy Services
Omar Saad, TransÉnergie Technologies

Studies to determine the insulation coordination for lightning surges impacting a substation, coming from 
connected transmission lines, is a very important capability of EMTP-RV. These studies enable the economical
optimization of lightning surge protection to deliver an acceptable failure rate for substation equipment due 
to fast front overvoltages. The most important influence on these results is the backflash event where a steep
front transient is imposed on the transmission line phase conductor due to an insulator flashover following 
a direct stroke to the transmission line shielding. Due to the multiple traveling wave reflections from adjacent towers
and the tower footing, transmission line insulator strings at risk for backflash usually experience overvoltage
waveshapes which are far from the standard 1.2/50 µs lightning impulse. The magnitude and frequency of 
the steep front overvoltages imposed on the phase conductor due to backflash are greatly influenced by the time

to breakdown of the insulator string. Physically-based dynamic breakdown models of the insulator string/air gap therefore contribute
significantly to more precise study results.

During the development of EMTP96 (v3.0), a significant contribution was made by Electricité de France to develop and validate 
models for air gap breakdown for transmission lines. Two models were developed in TACS, one based on the well known 
Equal Area Criterion and the other based on Leader Progression Methods1. The former has already been converted to EMTP-RV 
and is supplied as a standard device.

The Leader Progression Model developed in the referenced work and implemented in TACS in EMTP96, has now been implemented
by the first author in EMTP-RV using standard control elements in a black box device with scripting. The model has been augmented
in order to allow for arbitrary polarity as well as oscillatory waveshapes. Two gap configurations are selectable within the mask
through variable “Gtype” - rod-rod, and insulator string (without arcing horns)/rod-plane. The reason for this is that these two gap
configurations represent the split leader and single leader cases respectively. Within these two gap configurations, the model
equations change only in their coefficients and constants k1, k2 , c1 , e0 which advanced users can modify to suit test data from
specific gaps configurations by editing the constants within the subcircuit. The model is valid for long air gaps of up to several
meters, typical of higher voltage transmission lines. The black box mask also permits the user to enter the gap length in meters.
The model will be made available for the general EMTP-RV user community as part of the EMTP-RV standard release.

One of the significant contributions of the original authors of this work, Shindo and Suzuki, is the inclusion of predischarge currents in
the breakdown process. The inclusion of predischarge currents is able to explain the behavior of real gaps relative to source characteristics
as opposed to simple leader progression equations.

1 Shindo, Takatoshi; Suzuki, Toshio (CRIEPI) “New Calculation Method of Breakdown Voltage-Time Characteristics of Long Air Gaps”, 
IEEE Transactions on Power Apparatus and Systems, Vol. PAS-104, No. 6, June 1985, pp. 1556-1563.

Technical Corner
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The voltage across the gap is measured as the difference between two v(t) probes and given the name “voltage”. This quantity 
is available to the general leader equations and in addition is fed to a function block f(u) which acts as a sign detector and a zero
crossing detector. These blocks feed the coefficient selector logic and the polarity reversal logic respectively.

Coefficient/constant selection is accomplished by adding the variable “Gtype” embedded in a function block argument to the value
of the sign of the voltage across the gap. This yields a number between 1 and 4 which is fed to a set of input selectors, one for each
of k1, k2 , and e0 plus a variable xmult which is set to 1 or 2 depending on whether a split or single leader is required.
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The value of the gap length in meters is embedded in an argument within a function block and is given the variable name “D” 
in the model. The portion of this gap length D that remains for each leader to bridge the remaining gap is given the variable name
“x” and is used to calculate three values used elsewhere in the model. The variable “Dminusx” is the total length of the gap which
has not yet been bridged. The variable “xdone” becomes true if “Dminusx” reaches zero. The variable “xoverD” is simply the ratio
of x/D and represents the fraction of the gap that has been crossed by one leader. It will equal 1 or 0.5 when “Dminusx” equals 0,
depending on whether a single or split leader applies.

The leader progression model assumes that the leader begins after a time Ts the streamer propagation time. The reference paper
assumes the time Ts is known from the applied peak voltage and the gap configuration, however in EMTP simulations valid for
arbitrary peak voltages this cannot be assumed. The time Ts must therefore be estimated from the instantaneous gradient and the
elapsed time according to the circuit shown above. The knowledgeable user can adjust the calculation by the weighting contained
in the f(u) block feeding input 2 of the comparator.

The pre-discharge current is calculated from the time derivative of the product of the instantaneous gap voltage V, the leader
length x, and the capacitance per unit length of the leader (5E-10 F/m). A smoothing function with time constant 2e-7 is applied 
to the product before taking the derivative in order to filter out noise caused by the discretized EMTP simulation. The pre-discharge
current is applied to the gap as a controllable admittance.
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The Sampler is used to reset the values should a zero crossing occur. The gap admittance is set to 10,000 if a flashover is indicated.

The leader velocity is calculated from the gradient across the remaining gap to be crossed by the leader, the pre-discharge currents,
the instantaneous gap voltage, and the selected gap constants. If the minimum breakdown voltage e0 is not exceeded the leader
stops and if this value is not exceeded for 50 ns, the leader is assumed to dissipate and the process starts again. The leader
velocity is assumed limited to 80% of the speed of light.

The velocity is integrated to determine the leader length. The sampler enables the leader length to be reset to 0 on a zero crossing
or if the gap voltage falls below e0 for more than 50 ns.
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MODEL VALIDATION
The validation is done by comparing the results of the model to the CIGRE volt-time curve for flashover of line insulators2.
The CIGRE curve fit the experimental data using the following equation:

The circuit used for the validation is shown below. It consists of a typical measurement setup where the insulator is connected 
to a voltage source. The internal impedance of the source is chosen in order to match closely the values with the above equation.

The voltage across the insulator is given by the normalized 1.2/50 µs wave shape is implemented using the Vsurge component 
from the Sources library. The source is given by a double exponential:

2 Darveniza (M.); Popolansky (F.); Whitehead (E.R.) “Lightning protection of UHV transmission lines”, CIGRE report 1975-41. 

V = k1 + k2

t0.75

Where k1 = 0.4 W

k2 = 0.71 W

W = Insulator length (m)

V = Voltage (MV)

t = time to breakdown (µs)

v(t) = Vc (eat - ebt)
Where a = -14659

b = -2468930

And Vc is the crest voltage.
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The breakdown time is defined between the times the surge is applied and the time that completely extinguished.

A typical leader breakdown voltage compared to the applied surge voltage is shown below.
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The following table compares the breakdown times in µs for different negative flashover voltages.

The above table shows a close agreement between the experimental and the model data, considering that the test circuit was 
not exactly the same used in this simulation.

Voltage
(MV)

Length (m)

3 4 5 6

Equation Model Equation Model Equation Model Equation Model

3 1.2516 1.69 2.568 2.9 5.4155 4.8

4 0.6944 0.95 1.2516 1.58 2.1491 2.15 3.6902 3.1

5 0.4622 0.69 0.7867 1.1 1.2516 1.3 1.9316 1.8
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MODELING ON-LOAD TAP CHANGERS IN EMTP-RV
Bahram Khodabakhchian, TransÉnergie Technologies

Using an ideal transformer with controlled ratio model added to the transformers library of Version 2.0.1, 
a realistic On-Load Tap Changer (OLTC) controller has been implemented in its Examples library. The aim of this
white paper is to describe implementation details and to analyze the results of the example given in Figure 1.

Figure 1: Example of modeling power transformers with OLTCs

The three single phases of the Y – D transformer are modified in two steps. Firstly, the single-phase equivalent circuit
is modified by adding the ideal transformer with controlled ratio on the tap changer side, in this case the Y side (see
Figure 2). Note that a 1 MV resistor to ground is added to the neutral to avoid a floating network situation. Secondly,
three such modified equivalent circuits are assembled to form the three-phase transformer with a single ratio control
signal (see Figure 3). 
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Figure 2: Controlled-ratio ideal transformer added on the high side of the three phases of the Y – D transformer

Figure 3: Construction of the three-phase Y – D transformer with a single ratio controller signal
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The OLTC controller input is the voltage measurement signal on the voltage regulator side and its output is the
voltage ratio going to the ratio controller input of the transformer (see Figure 4). The voltage regulator subcircuit
determines whether a tap changing is necessary (UP or DOWN) and sends the appropriate signal to the tap changer
controller subcircuit. The latter takes into account various time delays specified by the user to determine the tap
position and corresponding voltage ratio.

Figure 4: OLTC Controller Main Blocks

The OLTC controller is masked and the user must specify the following parameters:

V_SS_LL: Nominal LL voltage in kV on the regulated side

NOfTaps: Number of taps (-NOfTaps < Tap position < +NOfTaps)

DeltaU: Voltage step per tap in pu

InitialTap: Initial tap position; the user must manually change the initial voltage ratio in the subcircuit 
for adequate load-flow purposes

MecDelay: Tap changer mechanical delay in seconds

RegOn: 0 means the regulator is Off (keeps the initial tap) and 1 means the regulator is On

Vref_pu: Voltage regulator reference voltage in pu of V_SS_LL

DeadBand: Dead Band limit in pu (typically between 1 and 2%)

Td0: Reference fixed time delay of the regulator (typically 10 to 20 seconds for fixed characteristics 
and up to 100 s. for inverse type)

Td_select: 1 means fixed and 2 means inverse type

Td_first: Time delay after which the first change will occur

Change_dur: Minimum duration of the voltage variation before initiating a tap change
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The example shown in Figure 1 was run with a time step of 200 µs for a total simulation duration of 100 s. A 5% voltage dip is creat-
ed at 5 s and eliminated at 50 s. Figure 5 shows the results of the simulation. It should be noted that the OLTC parameters (time
delays) were adjusted to give priority to the 230-kV side for voltage correction.

Figure 5: OLTC’s operation and resulting voltages

The developed OLTC presented here may found its application in areas such as coordination of tap changing between 
transmission and sub-transmission levels as well as in the evaluation of available transmission capabilities of transmission 
systems before voltage collapse.
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Figure 6: Maximum transfer capability of a 230 kV transmission system before voltage collapse

For example Figure 6 shows a case in which ramped variable static load models and OLTCs were used to evaluate accurately 
the maximum transfer capability of a 230 kV transmission system fed by a series compensated 500 kV network.



16

NEW PROJECT: DEVELOPMENT OF AN ELECTROMAGNETIC COMPATIBILITY
TOOLBOX BASED ON EMTP-RV: CRINOLINE

Alain Xémard (Électricité de France),
Jean Mahseredjian (École Polytechnique de Montréal) and
André Coutu (Hydro-Québec TransÉnergie)

Designers of overhead lines, underground cables, HVDC systems (DC filters) and personnel involved in installation
and maintenance tasks need to analyze the electromagnetic interferences generated at fundamental and harmonic
frequencies by high-voltage lines. Electromagnetic coupling can produce interference voltages on neighbouring
metallic structures like telecommunication cables, pipelines or fences. Such voltages may become hazardous 
to humans and cause damage or disturbance (noise) to the affected systems. The physical mechanisms involved
in these interference situations are the inductive, conductive and capacitive coupling mechanisms under normal
or faulted system operation conditions.

A group of partners including CEATI, EDF, ELIA, France Telecom, GRTgaz (subsidiary of Gaz de France), Hydro-
Québec TransÉnergie, RTE and TransÉnergie Technologies have launched the development of CRINOLINE, an EMTP-RV software
toolbox using EMTP-RV to perform this type of interference calculations. 

Typical applications of CRINOLINE will be: safety studies (control of compliance with regulations, specification of solutions to mitigate
interference voltages); effect of interferences on the galvanic insulation of pipelines installed in the corridors of overhead lines; harmonic
voltages induced on nearby telecommunication cables.

The main characteristics of the software will be the following: EMTPWorks and its powerful electrical networks simulation environment
will be used to enter the geographic data (Fig. 1), CRINOLINE will be used for geometric and electric modeling of both induced and
inducing systems. The line theory will be applied to decomposing the structure geography into elementary exposure sections (Fig. 2).

CRINOLINE will calculate:

• The potential rise at towers and ground in the surrounding area,
• The electromotive forces induced in parallel structures,
• The voltages and currents induced at all points of the disturbed structures.

The development of CRINOLINE started at the beginning of 2005, performed by Hydro-Québec Research Institute IREQ with the
team that was in charge of the development of EMTP-RV. The validation of CRINOLINE is made by a separated team lead by EDF. 

The release of CRINOLNE is expected in 2008. It will be commercialized as a toolbox of EMTP-RV. 

Ü See figure 1 and 2 on the following page.
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Figure 1: Prototype of the graphical user interface of CRINOLINE (blue part of the design page). It is an EMTP-RV Toolbox 
which is an add-on software to EMTPWorks. The overhead line /underground cable input via CRINOLINE can be connected to an
EMTP-RV description.

Figure 2: Example of decomposition: induced and inducing system. For instance section [p,q] induces an electromotive force 
on the section [P,Q] of the induced system.
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EMTP-RV USER GROUP
The first EMTP-RV Users Group 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 interest to the users.

A detailed program of this one day meeting will be available on the www.emtp.com website two months 
prior to the meeting.

EMTP-RV users who are interested in attending or contributing to the success of this important event are invited
to notify Professor Jean Mahseredjian at Jean.Mahseredjian@Polymtl.ca 

SEMINAR ON EMTP-RV

December 5-8, 2005
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.

Support
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EMTP-RV TEAM 

DEVELOPMENT

Jean Mahseredjian was the technical chairman of the EMTP Restructuring project and the lead
developer of EMTP-RV. Jean also continues to improve the software and add new options 
and models based on user requests and maintenance lists. He is responsible for delivering new 
versions of the software, complete with CD and installer, to the commercializer. He is currently 
a professor at École Polytechnique de Montréal.

Chris Dewhurst has over 25 years of experience in working with electronic and electrical systems.
For the last 20 years, he has been developing software tools for electronics design. Chris is 
the creator of the EMTPWorks (graphical user interface of EMTP-RV) framework and continues
to enhance the package, and to add support for other types of designs.

Laurent Dubé worked on the programming of the control system solver in EMTP-RV. He is 
currently involved in maintaining and improving control system and user-defined modeling
aspects in EMTP-RV

Jean-Gabriel Roumy is an electrical engineer and works as a researcher at Hydro-Québec’s
Research Institute. He is involved in the continuing development of EMTP-RV toolboxes.

SUPPORT

Neil Mckenzie (first level) has over 20 years experience in developing, marketing and supporting
software tools for the electrical engineering market.

Neil’s responsibilities on the EMTP-RV project include:

1) Overseeing software registration
2) Assisting customers with software installation
3) Coordinating responses to support issues
4) Developing and managing the EMTP-RV technical support web site (www.emtpsupport.com).

Bahram Khodabakhchian (second level) has more than 20 years of experience in EMTP 
system studies both at Hydro-Quebec and abroad.

Bahram is in contact daily with EMTP-RV users and is in charge of second-level technical support
and the organization of seminars on EMTP-RV. He contributes to the creation of practical cases
in the <Examples> library of EMTP-RV.

Omar Saad (second level) has over 10 years of experience as a system engineer in power 
system and telecommunication fields. 

Omar’s responsibilities on the EMTP-RV project include:

1) Participating in the development of EMTP-RV
2) Managing version control and testing
3) Providing technical support to customers
4) Participating in marketing activities such as trade shows
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SUPPORT (CONT’D)

Jean Mahseredjian (third level) is responsible for support issues related to EMTP-RV code. 
This activity is related to specific changes in the code and resolving problems by looking back
into theoretical details and implementation issues. 

MARKETING AND SALES

Alain Vallée has over 25 years of experience in hydroelectric power system simulation. 
He was first involved as a mathematician and researcher in developing system simulation and
optimization software. He subsequently headed the Power System Algorithms and Software
department, then the Power System Laboratory at Hydro-Québec. Mr. Vallée continued 
his career at TEQSIM International (subsidiary of Hydro-Québec selling simulators), first as Vice-
President – Operations and then as Vice-President – Sales. He is now Vice-President Sales 
and Marketing TransÉnergie Technologies.

Josée Duplessis has been working in sales and marketing for more than 15 years. She is
responsible for information requests, demo attributions, requests for quotations and sales support.

Martine Chartrand has been involved in marketing activities for 18 years. She handles 
all activities related to advertising, trade shows and publications. 
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