






8 Component Reference

Thermal Capacitor

Purpose Ideal thermal capacitor.

Library Thermal

Description This component provides an ideal thermal capacitance between its two ther-
mal ports or between the thermal port and the thermal reference. See sec-
tion “Configuring PLECS” (on page 51) for information on how to change the
graphical representation of thermal capacitors.

Parameters Capacitance
The value of the capacitor, in J/K. All finite positive and negative values
are accepted, including 0. The default is 1.

Initial temperature
The initial temperature difference between the thermal ports or between
the thermal port and thermal reference at simulation start, in kelvins (K).
The default is 0.

Probe Signals Temperature
The temperature difference measured across the capacitance. A positive
value is measured when the temperature at the terminal marked with “+”
is greater than the temperature at the unmarked terminal.
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Thermal Chain

Thermal Chain

Purpose Implements an ideal thermal RC chain.

Library Thermal

Description This component implements a thermal RC chain of variable length. Using the
elements of the vectors provided in the component parameters Thermal re-
sistances and Thermal capacitances a subsystem is built as shown below.
The thermal capacitor C1 is connected to the terminal marked with a dot.

R1

C1 Cn

RnR2

C2
...

Parameters Thermal resistances
A vector containing the values of the thermal resistors R1 . . . Rn, in K/W.

Thermal capacitances
A vector containing the values of the thermal capacitors C1 . . . Cn, in J/K.

Initial temperature
A scalar value specifying the initial temperature of all thermal capacitors
at simulation start, in kelvins (K). The default is 0.
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8 Component Reference

Thermal Ground

Purpose Provide a connection to the thermal reference.

Library Thermal

Description The Thermal Ground implements a connection to the thermal reference.
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Thermal Port

Thermal Port

Purpose Provide a thermal port for a subsystem.

Library Thermal

Description Thermal ports are used to establish thermal connections between a PLECS
circuit and a subsystem (see page 293). If you copy a Thermal Port block into
the schematic of a subsystem a terminal will be created on the subsystem
block. The name of the port block will appear as the terminal label. If you
choose to hide the block name by unselecting the show button in the dialog
box the terminal label will also disappear.

Terminals can be moved around the edges of the subsystem by holding down
the Shift key or by using the middle mouse button.

Note Thermal Port blocks cannot be placed in top-level circuits nor may they
be used in schematics that contain Ambient Temperature blocks (see page 146).
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Thermal Resistor

Purpose Ideal thermal resistor.

Library Thermal

Description This component provides an ideal one-dimensional thermal resistor between
its two thermal ports. See section “Configuring PLECS” (on page 51) for in-
formation on how to change the graphical representation of thermal resistors.

Parameter Thermal resistance
The resistance in K/W. All positive and negative values are accepted, in-
cluding 0 and inf (∞). The default is 1.

314



Thermometer

Thermometer

Purpose Output the measured temperature.

Library Thermal

Description

K K

The Thermometer measures the temperature difference between its two ther-
mal ports or between the thermal port and thermal reference and provides it
as a signal at the output of the component. The output signal can be made
accessible in Simulink with a Output block (see page 286) or by dragging the
component into the dialog box of a Probe block.

Probe Signals Measured temperature
The measured temperature in kelvin (K).
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Thyristor

Purpose Ideal thyristor (SCR) with or without forward voltage and on-resistance.

Library Electrical / Power Semiconductors

Description The Thyristor can conduct current only in one direction—like the diode. In ad-
dition to the diode it can be controlled by an external gate signal. The thyris-
tor is modeled by an ideal switch that closes if the voltage between anode and
cathode is positive and a non-zero gate signal is applied. The switch remains
closed until the current passes through zero. A thyristor cannot be switched
off via the gate.

Parameters The following parameters may either be scalars or vectors corresponding to
the implicit width of the component:

Forward voltage
Additional dc voltage Vf in volts (V) between anode and cathode when the
thyristor is conducting. The default is 0.

On-resistance
The resistance Ron of the conducting device, in ohms (Ω). The default is 0.

Initial conductivity
Initial conduction state of the thyristor. The thyristor is initially blocking
if the parameter evaluates to zero, otherwise it is conducting.

Thermal description
Switching losses, conduction losses and thermal equivalent circuit of the
component. For more information see chapter “Thermal Modeling” (on
page 87). If no thermal description is given the losses are calculated based
on the voltage drop von = Vf +Ron · i.

Initial temperature
Temperature of all thermal capacitors in the equivalent Cauer network at
simulation start.

Probe Signals Thyristor voltage
The voltage measured between anode and cathode.

Thyristor current
The current through the thyristor flowing from anode to cathode.

Thyristor conductivity
Conduction state of the internal switch. The signal outputs 0 when the
thyristor is blocking, and 1 when it is conducting.
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Thyristor

Thyristor junction temperature
Temperature of the first thermal capacitor in the equivalent Cauer net-
work.

Thyristor conduction loss
Continuous thermal conduction losses in watt (W). Only defined if the com-
ponent is placed on a heat sink.

Thyristor switching loss
Instantaneous thermal switching losses in joule (J). Only defined if the
component is placed on a heat sink.
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8 Component Reference

Thyristor Rectifier/Inverter

Purpose Three-phase thyristor rectifier/inverter.

Library Electrical / Converters

Description Implements a three-phase rectifier or inverter based on the Thyristor model
(see page 316). The gate input is a vector of six signals ordered according to
the natural sequence of commutation. This sequence corresponds to the num-
bering of the thyristors in the electrical circuits below. The rectifier is shown
on the left side, the inverter on the right:

Thy2

a

b

c

Thy1

Thy4 Thy6

Thy3 Thy5 Thy6Thy4

Thy1

a

b

c

Thy2

Thy5Thy3

Parameters For a description of the parameters see the documentation of the Thyristor (on
page 316).

Probe Signals The thyristor converters provide six probe signals, each a vector containing
the appropriate quantities of the six individual thyristors: voltage, current,
conduction loss and switching loss. The vector elements are ordered according
to the natural sequence of commutation.
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Thyristor with Reverse Recovery

Thyristor with Reverse Recovery

Purpose Behavioral model of a thyristor (SCR) with reverse recovery.

Library Electrical / Power Semiconductors

Description This component is a behavioral model of a thyristor which reproduces the ef-
fect of reverse recovery. The effect can be observed when a forward biased
thyristor is rapidly turned off. It takes some time until the excess charge
stored in the thyristor during conduction is removed. During this time the
thyristor represents a short circuit instead of an open circuit, and a negative
current can flow through the thyristor. The thyristor finally turns off when the
charge is swept out by the reverse current and lost by internal recombination.
The same effect is modeled in the Diode with Reverse Recovery (see page 180)
and described there in detail.

Parameters Forward voltage
Additional dc voltage Vf in volts (V) between anode and cathode when the
thyristor is conducting. The default is 0.

On-resistance
The resistance Ron of the conducting device, in ohms (Ω). The default is 0.

Off-resistance
The resistance Roff of the blocking device, in ohms (Ω). The default is
inf. If thyristors are connected in series (e.g. in a rectifier leg), the off-
resistance must have a large finite value.

Continuous forward current
The continuous forward current If0 under test conditions.

Current slope at turn-off
The turn-off current slope dIr/dt under test conditions.

Reverse recovery time
The turn-off time trr under test conditions.

Peak recovery current
The absolute peak value of the reverse current Irrm under test conditions.

Reverse recovery charge
The reverse recovery charge Qrr under test conditions. If both trr and Irrm
are specified, this parameter is ignored.

Lrr
This inductance acts as a probe measuring the di/dt. It should be set to a
very small value. The default is 10e-10.
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8 Component Reference

Probe Signals Thyristor voltage
The voltage measured between anode and cathode.

Thyristor current
The current through the thyristor flowing from anode to cathode.

Thyristor conductivity
Conduction state of the internal switch. The signal outputs 0 when the
thyristor is blocking, and 1 when it is conducting.

References
A. Courtay, "MAST power diode and thyristor models including automatic

parameter extraction", SABER User Group Meeting Brighton, UK, Sept.
1995.
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Transfer Function

Transfer Function

Purpose Model a linear time-invariant system.

Library Control / Linear

Description The Transfer Function models a linear time-invariant system that is ex-
pressed in the Laplace domain in terms of the argument s:

Y (s)
U(s)

=
nns

n + · · ·+ n1s+ n0

dnsn + · · ·+ d1s+ d0

Parameters Numerator coefficients
A vector of the s term coefficients [nn . . . n1, n0] for the numerator, written
in descending order of powers of s. For example, the numerator s3 + 2s
would be entered as [1,0,2,0].
The output of the Transfer Function is vectorizable by entering a matrix
for the numerator.

Denominator coefficients
A vector of the s term coefficients [dn . . . d1, d0] for the denominator, written
in descending order of powers of s.

Note The order of the denominator (highest power of s) must be greater than
or equal to the order of the numerator.

Initial condition
The initial condition vector of the internal states of the Transfer Function
in the form [xn . . . x1, x0]. The initial conditions must be specified for the
controller normal form, depicted below for the the transfer function

Y (s)
U(s)

=
n2s

2 + n1s+ n0

d2s2 + d1s+ d0
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8 Component Reference

a1

a0

a2

b0

b1

b21/s

++

++1/s+−

++

x1 x0 Y(s)U(s)

where

bi = di
dn

for i < n

bn = 1
dn

ai = ni − nndi
dn

for i < n

an = nn

For the normalized transfer function (with nn = 0 and dn = 1) this simpli-
fies to bi = di and ai = ni.

Probe Signals Input
The input signal.

Output
The output signal.
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Transformation 3ph->RRF

Transformation 3ph->RRF

Purpose Transform a three-phase signal into a rotating reference frame.

Library Control / Transformations

Description This block transforms a three-phase signal [xa xb xc] into a two-dimensional
vector [yd yq] in a rotating reference frame. The first input is the three-phase
signal. The second input is the rotation angle ϕ of the rotating reference
frame. ϕ is given in radians.

 yd

yq

 =
2
3


cosϕ − sinϕ

cos (ϕ− 120◦) − sin (ϕ− 120◦)

cos (ϕ+ 120◦) − sin (ϕ+ 120◦)


T

·


xa

xb

xc


Any zero-sequence component in the three-phase signals is discarded.
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Transformation 3ph->SRF

Purpose Transform a three-phase signal into the stationary reference frame.

Library Control / Transformations

Description This block transforms a three-phase signal [xa xb xc] into a two-dimensional
vector [yα yβ ] in the stationary reference frame:

 yα
yβ

 =


2
3
−1

3
−1

3

0
1√
3
− 1√

3

 ·

xa

xb

xc


Any zero-sequence component in the three-phase signals is discarded.
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Transformation RRF->3ph

Transformation RRF->3ph

Purpose Transform a vector in a rotating reference frame into a three-phase signal.

Library Control / Transformations

Description This block transforms a two-dimensional vector [xd xq] in a rotating reference
frame into a three-phase signal [ya yb yc]. The first input of the block is the
vector [xd xq]. The second input is the rotation angle ϕ of the rotating refer-
ence frame. ϕ is given in radians.


ya

yb

yc

 =


cosϕ − sinϕ

cos (ϕ− 120◦) − sin (ϕ− 120◦)

cos (ϕ+ 120◦) − sin (ϕ+ 120◦)

 ·
xd

xq



The resulting three-phase signal does not have any zero-sequence component.
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Transformation RRF->SRF

Purpose Transform a vector from a rotating to the stationary reference frame.

Library Control / Transformations

Description This block transforms a two-dimensional vector [xd xq] from a rotating refer-
ence frame into a vector [yα yβ ] in the stationary reference frame. The first in-
put of the block is the vector [xd xq]. The second input is the angle ϕ between
the rotating and the stationary frame. ϕ is given in radians.

 yα
yβ

 =

 cosω1t − sinω1t

sinω1t cosω1t

 ·
xd

xq


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Transformation SRF->3ph

Transformation SRF->3ph

Purpose Transform a vector into a three-phase signal.

Library Control / Transformations

Description This block transforms a two-dimensional vector [xα xβ ] in the stationary refer-
ence frame into a three-phase signal [ya yb yc].


ya

yb

yc

 =



1 0

−1
2

√
3

2

−1
2
−
√

3
2


·

xα
xβ



The resulting three-phase signal does not have any zero-sequence component.
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Transformation SRF->RRF

Purpose Transform a vector from the stationary to a rotating reference frame.

Library Control / Transformations

Description This block transforms a two-dimensional vector [xα xβ ] in the stationary refer-
ence frame into a vector [yd yq] in a rotating reference frame. The first input
is the vector [xα xβ ]. The second input is the angle ϕ between the rotating and
the stationary frame. ϕ is given in radians.

 yd

yq

 =

 cosω1t sinω1t

− sinω1t cosω1t

 ·
xα
xβ


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Transformers (3ph, 2 Windings)

Transformers (3ph, 2 Windings)

Purpose Three-phase transformers in Yy, Yd, Yz, Dy, Dd and Dz connection.

Library Electrical / Transformers

Description This group of components implements two-winding, three-phase transformers
with a three-leg or five-leg core. The transformer core is assumed symmetri-
cal, i.e. all phases have the same parameters. Depending on the chosen com-
ponent , the windings are wired in star (Y) or delta (D) connection on the pri-
mary side. On the secondary side, the windings are either in star (y), delta (d)
or zig-zag (z) connection. Star and zig-zag windings have an accessible neutral
point.

The phase angle difference between the primary and the secondary side can
be chosen. For Yy and Dd connections, the phase lag must be an integer mul-
tiple of 60 ◦. For Yd and Dy connections the phase lag must be an odd integer
multiple of 30 ◦. The phase lag of zig-zag windings can be chosen arbitrarily.
The windings of the secondary side are allocated to the transformer legs ac-
cording to the phase lag. Please note that the phase-to-phase voltage of delta
windings is by a factor of 1/

√
3 lower than the voltage of star or delta wind-

ings if the number of turns are equal.

 L
m,0

1
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m

Ψ
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The core saturation characteristic of the transformer legs is piece-wise linear
and is modeled using the Saturable Inductor (see page 275). The magnetiz-
ing current im and flux Ψm value pairs are referred to the primary side. To
model a transformer without saturation enter 1 as the magnetizing current
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8 Component Reference

values and the desired magnetizing inductance Lm as the flux values. A stiff
Simulink solver is recommended if the iron losses are not negligible, i.e. Rfe is
not infinite.

Parameters Leakage inductance
A two-element vector containing the leakage inductance of the primary
side L1 and the secondary side L2. The inductivity is given in henries (H).

Winding resistance
A two-element vector containing the resistance of the primary winding R1

and the secondary winding R2, in ohms (Ω).

No. of turns
A two-element vector containing the number of turns of the primary wind-
ing n1 and the secondary winding n2.

Magnetizing current values
A vector of positive current values in amperes (A) defining the piece-wise
linear saturation characteristic of the transformer legs. The current values
must be positive and strictly monotonic increasing. At least one value is
required.

Magnetizing flux values
A vector of positive flux values in Vs defining the piece-wise linear satura-
tion characteristic. The flux values must be positive and strictly monotonic
increasing. The number of flux values must match the number of current
values.

Core loss resistance
An equivalent resistance Rfe representing the iron losses in the trans-
former core. The value in ohms (Ω) is referred to the primary side.

No. of core legs
The number of legs of the transformer core. This value may either be 3 or
5.

Phase lag of secondary side
The phase angle between the primary side and the secondary side, in de-
grees. Unless the secondary side is in zig-zag connection, the angle can
only be varied in steps of 60 ◦.

Initial currents wdg. 1
A vector containing the initial currents on the primary side i1,a, i1,b and,
if the winding has a neutral point, i1,c. The currents are given in amperes
(A) and considered positive if flowing into the transformer. The default is
[0 0 0].
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Transformers (3ph, 2 Windings)

Initial currents wdg. 2
A vector containing the initial currents on the secondary side i2,a, i2,b and,
if the winding has a neutral point, i2,c. The currents are given in amperes
(A) and considered positive if flowing into the transformer. The default is
[0 0 0].
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Transformers (3ph, 3 Windings)

Purpose Three-phase transformers in Ydy and Ydz connection.

Library Electrical / Transformers

Description This group of components implements three-winding, three-phase transform-
ers with a three-leg or five-leg core. The transformer core is assumed symmet-
rical, i.e. all phases have the same parameters. The primary winding is in star
connection with an accessible neutral point and the secondary winding is in
delta connection. Depending on the chosen component, the tertiary winding is
wired either in star (y) or zig-zag (z) connection.

The phase angle difference between the primary and the secondary side must
be an odd integer multiple of 30 ◦. If the tertiary winding is in star connection
the phase lag against the primary side must be an integer multiple of 60 ◦. If
it is in zig-zag connection, the phase lag can be chosen arbitrarily. The wind-
ings of the secondary and tertiary side are allocated to the transformer legs
according to the phase lags. Please note that the phase-to-phase voltage of
delta windings is by a factor of 1/

√
3 lower than the voltage of star or delta

windings if the number of turns are equal.
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The core saturation characteristic of the transformer legs is piece-wise linear
and is modeled using the Saturable Inductor (see page 275). The magnetiz-
ing current im and flux Ψm value pairs are referred to the primary side. To
model a transformer without saturation enter 1 as the magnetizing current
values and the desired magnetizing inductance Lm as the flux values. A stiff
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Transformers (3ph, 3 Windings)

Simulink solver is recommended if the iron losses are not negligible, i.e. Rfe is
not infinite.

Parameters Leakage inductance
A three-element vector containing the leakage inductance of the primary
side L1, the secondary side L2 and the tertiary side L3. The inductivity is
given in henries (H).

Winding resistance
A three-element vector containing the resistance of the primary winding
R1, the secondary winding R2 and the tertiary winding R3, in ohms (Ω).

No. of turns
A three-element vector containing the number of turns of the primary
winding n1, the secondary winding n2 and the tertiary winding n3.

Magnetizing current values
A vector of positive current values in amperes (A) defining the piece-wise
linear saturation characteristic of the transformer legs. The current values
must be positive and strictly monotonic increasing. At least one value is
required.

Magnetizing flux values
A vector of positive flux values in Vs defining the piece-wise linear satura-
tion characteristic. The flux values must be positive and strictly monotonic
increasing. The number of flux values must match the number of current
values.

Core loss resistance
An equivalent resistance Rfe representing the iron losses in the trans-
former core. The value in ohms (Ω) is referred to the primary side.

No. of core legs
The number of legs of the transformer core. This value may either be 3 or
5.

Phase lag of secondary side
The phase angle between the primary side and the secondary side, in de-
grees. Unless the secondary side is in zig-zag connection, the angle can
only be varied in steps of 60 ◦.

Initial currents wdg. 1
A vector containing the initial currents on the primary side i1,a, i1,b and
i1,c. The currents are given in amperes (A) and considered positive if flow-
ing into the transformer. The default is [0 0 0].
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8 Component Reference

Initial currents wdg. 2
A vector containing the initial currents on the secondary side i2,a and i2,b.
The currents are given in amperes (A) and considered positive if flowing
into the transformer. The default is [0 0 0].

Initial currents wdg. 3
A vector containing the initial currents on the tertiary side i3,a, i3,b and
i3,c. The currents are given in amperes (A) and considered positive if flow-
ing into the transformer. The default is [0 0 0].
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TRIAC

TRIAC

Purpose Ideal TRIAC with or without forward voltage and on-resistance.

Library Electrical / Power Semiconductors

Description The TRIAC can conduct current in both directions. It is built using two anti-
parallel thyristors (see page 316) and controlled by an external gate signal.
The TRIAC is modeled by two ideal switches that close if the voltage is pos-
itive and a non-zero gate signal is applied. The conducting switch remains
closed until the current passes through zero. A TRIAC cannot be switched off
via the gate.

Parameters The following parameters may either be scalars or vectors corresponding to
the implicit width of the component:

Forward voltage
Additional dc voltage Vf in volts (V) when one of the thyristors is conduct-
ing. The default is 0.

On-resistance
The resistance Ron of the conducting device, in ohms (Ω). The default is 0.

Initial conductivity
Initial conduction state of the TRIAC. The TRIAC is initially blocking if
the parameter evaluates to zero, otherwise it is conducting.

Thermal description
Switching losses, conduction losses and thermal equivalent circuit of the
component. For more information see chapter “Thermal Modeling” (on
page 87). If no thermal description is given the losses are calculated based
on the voltage drop von = Vf +Ron · i.

Initial temperature
Temperature of all thermal capacitors in the equivalent Cauer network at
simulation start.

Probe Signals TRIAC voltage
The voltage measured between the terminals.

TRIAC current
The current flowing through the device to the terminal with the gate.

TRIAC conductivity
Conduction state of the internal switch. The signal outputs 0 when the
TRIAC is blocking, and 1 when it is conducting.
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TRIAC junction temperature
Temperature of the first thermal capacitor in the equivalent Cauer net-
work.

TRIAC conduction loss
Continuous thermal conduction losses in watt (W). Only defined if the com-
ponent is placed on a heat sink.

TRIAC switching loss
Instantaneous thermal switching losses in joule (J). Only defined if the
component is placed on a heat sink.
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Triangular Wave Generator

Triangular Wave Generator

Purpose Output a triangular or sawtooth waveform.

Library Control / Sources

Description The Triangular Wave Generator produces a signal that periodically changes
between a minimum and a maximum value and vice versa in a linear way.

Parameters Minimum signal value
The minimum value of the signal.

Maximum signal value
The maximum value of the signal.

Frequency
The frequency of the signal in Hertz.

Duty cycle
The ratio of the rising edge to the period length. The value must be in the
range [0 1]. A value of 1 produces a sawtooth waveform with a perpen-
dicular falling edge. A value of 0 produces a reverse sawtooth waveform
with a perpendicular rising edge. A value of 0.5 produces a symmetrical
triangular wave.

Phase delay
The phase delay of the triangular wave in seconds. If the phase is set to 0,
the waveform begins at the rising edge.

Probe Signals Output
The block output signal.
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Trigonometric Function

Purpose Compute a trigonometric function.

Library Control / Math

Description The Trigonometric Function calculates the specified function using the input
signal as argument.

Parameters Function
Chooses which trigonometric function is calculated. Available functions are
sin, cos, tan, asin, acos and atan.

Unit
Specifies the unit of the input signal (for sin, cos and tan) or output sig-
nal (for asin, acos and atan). The unit can be radians [0 . . . 2π] or degress
[0 . . . 360].

Probe Signals Input
The block input signal.

Output
The block output signal.
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Triple Switch

Triple Switch

Purpose Ideal changeover switch.

Library Electrical / Switches

Description This changeover switch provides an ideal short or open circuit. The switch po-
sition drawn in the icon applies if the input signal is zero. For values greater
than zero the switch is the lower position. For values less than zero it is in
the upper position.

Parameter Initial position
Initial position of the switch. The switch is initially in the middle position
if the parameter evaluates to zero. For values greater than zero it is in the
lower position, for values less than zero it is in the upper position. This
parameter may either be a scalar or a vector corresponding to the implicit
width of the component. The default value is 0.

Probe Signals Switch position
State of the internal switches. The signal outputs 0 if the switch is in the
middle position, 1 if it is in the lower position and -1 if it is in the upper
position.
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Variable Capacitor

Purpose Variable capacitor.

Library Electrical / Passive Components

Description This component models a variable capacitor. The capacitance is determined by
the signal fed into the input of the component. The current through a variable
capacitance is determined by the equation

i =
d

dt
(C · v) =

d

dt
C · v + C · d

dt
v

Therefore, the control signal must provide the values of both C and d
dtC in the

following form:
[
C1 C2 . . . Cn

d
dtC1

d
dtC2 . . .

d
dtCn

]
. It is the responsibility of the

user to provide the correct derivatives.

If the component has multiple phases you can choose to include the capacitive
coupling of the phases. In this case the control signal vector must contain the
elements of the capacitance matrix (row by row) and their derivatives with re-
spect to time. The control signal thus has a width of 2 · n2, n being the number
of phases.

Note

• The momentary capacitance may not be set to zero. In case of coupled capaci-
tors, the capacitance matrix may not be singular.

• The control signal for the momentary capacitance values must be continuous.
Discontinuous changes will produce non-physical results.

Parameters Capacitive coupling
Specifies whether the phases should be coupled capacitively. This parame-
ter determines how the elements of the control signal are interpreted. The
default is off.

Initial voltage
The initial voltage of the capacitor at simulation start, in volts (V). This
parameter may either be a scalar or a vector corresponding to the implicit
width of the component. The positive pole is marked with a “+”. The initial
voltage default is 0.
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Variable Capacitor

Probe Signals Capacitor voltage
The voltage measured across the capacitor, in volts (V). A positive voltage
is measured when the potential at the terminal marked with “+” is greater
than the potential at the unmarked terminal.

Capacitor current
The current flowing through the capacitor, in amperes (A).
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8 Component Reference

Variable Inductor

Purpose Variable inductor.

Library Electrical / Passive Components

Description This component models a variable inductor. The inductance is determined by
the signal fed into the input of the component. The voltage across a variable
inductance is determined by the equation

v =
d

dt
(L · i) =

d

dt
L · i+ L · d

dt
i

Therefore, the control signal must provide the values of both L and d
dtL in the

following form:
[
L1 L2 . . . Ln

d
dtL1

d
dtL2 . . .

d
dtLn

]
. It is the responsibility of the

user to provide the correct derivatives.

If the component has multiple phases you can choose to include the inductive
coupling of the phases. In this case the control signal vector must contain the
elements of the inductivity matrix (row by row) and their derivatives with re-
spect to time. The control signal thus has a width of 2 · n2, n being the number
of phases.

Note

• The momentary inductance may not be set to zero. In case of coupled induc-
tors, the inductivity matrix may not be singular.

• The control signal for the momentary inductance values must be continuous.
Discontinuous changes will produce non-physical results.

Parameters Inductive coupling
Specifies whether the phases should be coupled inductively. This parame-
ter determines how the elements of the control signal are interpreted. The
default is off.

Initial current
The initial current through the inductor at simulation start, in amperes
(A). This parameter may either be a scalar or a vector corresponding to the
implicit width of the component. The direction of a positive initial current
is indicated by a small arrow in the component symbol. The default of the
initial current is 0.
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Variable Inductor

Probe Signals Inductor current
The current flowing through the inductor, in amperes (A). The direction of
a positive current is indicated with a small arrow in the component sym-
bol.

Inductor voltage
The voltage measured across the inductor, in volts (V).
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8 Component Reference

Variable Resistor with Constant Capacitor

Purpose Variable resistor with constant parallel capacitor.

Library Electrical / Passive Components

Description This component models a variable resistor with a constant capacitor connected
in parallel. The resistance is determined by the signal fed into the input of
the component. It may not be set to zero.

Parameters Capacitance
The value of the capacitor, in farads (F). All finite positive and negative
values are accepted, excluding 0. The default is 100e-6.

In a vectorized component, all internal capacitors have the same value if
the parameter is a scalar. To specify the capacitances individually use a
vector [C1 C2 . . . Cn] . The length n of the vector determines the width of
the component.

Initial voltage
The initial voltage of the capacitor at simulation start, in volts (V). This
parameter may either be a scalar or a vector corresponding to the width of
the component. The positive pole is marked with a “+”. The initial voltage
default is 0.

Probe Signals Capacitor voltage
The voltage measured across the capacitor, in volts (V). A positive voltage
is measured when the potential at the terminal marked with “+” is greater
than the potential at the unmarked terminal.
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Variable Resistor with Constant Inductor

Variable Resistor with Constant Inductor

Purpose Variable resistor with constant series inductor.

Library Electrical / Passive Components

Description This component models a variable resistor with a constant inductor connected
in series. The resistance is determined by the signal fed into the input of the
component.

Parameters Inductance
The inductance in henries (H). All finite positive and negative values are
accepted, excluding 0. The default is 1e-3.

In a vectorized component, all internal inductors have the same induc-
tance if the parameter is a scalar. To specify the inductances individually
use a vector [L1 L2 . . . Ln]. The length n of the vector determines the width
of the component.

Initial current
The initial current through the component at simulation start, in amperes
(A). This parameter may either be a scalar or a vector corresponding to
the width of the component. The direction of a positive initial current is
indicated by a small arrow in the component symbol. The default of the
initial current is 0.

Probe Signals Inductor current
The current flowing through the inductor, in amperes (A). The direction of
a positive current is indicated with a small arrow in the component sym-
bol.
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8 Component Reference

Variable Resistor with Variable Capacitor

Purpose Variable resistor with variable parallel capacitor.

Library Electrical / Passive Components

Description This component models a variable resistor with a variable capacitor connected
in parallel. The resistance and capacitance are determined by the signals fed
into the inputs of the component. The current through this component is de-
termined by the equation

i =
v

R
+
d

dt
(C · v) =

(
1
R

+
d

dt
C

)
· v + C · d

dt
v

Therefore, the control signal for the capacitor must provide the values of both
C and d

dtC in the following form:
[
C1 C2 . . . Cn

d
dtC1

d
dtC2 . . .

d
dtCn

]
. It is the

responsibility of the user to provide the correct derivatives.

If the component has multiple phases you can choose to include the capacitive
coupling of the phases. In this case the control signal vector must contain the
elements of the capacitance matrix (row by row) and their derivatives with re-
spect to time. The control signal thus has a width of 2 · n2, n being the number
of phases.

Note

• The momentary capacitance and the resistance may not be set to zero. In
case of coupled capacitors, the capacitance matrix may not be singular.

• The control signal for the momentary capacitance values must be continuous.
Discontinuous changes will produce non-physical results.

Parameters Capacitive coupling
Specifies whether the phases should be coupled capacitively. This parame-
ter determines how the elements of the control signal are interpreted. The
default is off.

Initial voltage
The initial voltage of the capacitor at simulation start, in volts (V). This
parameter may either be a scalar or a vector corresponding to the implicit
width of the component. The positive pole is marked with a “+”. The initial
voltage default is 0.
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Variable Resistor with Variable Capacitor

Probe Signals Capacitor voltage
The voltage measured across the capacitor, in volts (V). A positive voltage
is measured when the potential at the terminal marked with “+” is greater
than the potential at the unmarked terminal.
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8 Component Reference

Variable Resistor with Variable Inductor

Purpose Variable resistor with variable series inductor.

Library Electrical / Passive Components

Description This component models a variable resistor with a variable inductor connected
in series. The resistance and inductance are determined by the signals fed
into the inputs of the component. The voltage across this component is deter-
mined by the equation

v = R · i+
d

dt
(L · i) =

(
R+

d

dt
L

)
· i+ L · d

dt
i

Therefore, the control signal for the inductor must provide the values of both
L and d

dtL in the following form:
[
L1 L2 . . . Ln

d
dtL1

d
dtL2 . . .

d
dtLn

]
. It is the re-

sponsibility of the user to provide the correct derivatives.
If the component has multiple phases you can choose to include the inductive
coupling of the phases. In this case the control signal vector must contain the
elements of the inductivity matrix (row by row) and their derivatives with re-
spect to time. The control signal thus has a width of 2 · n2, n being the number
of phases.

Note

• The momentary inductance may not be set to zero. In case of coupled induc-
tors, the inductivity matrix may not be singular.

• The control signal for the momentary inductance values must be continuous.
Discontinuous changes will produce non-physical results.

Parameters Inductive coupling
Specifies whether the phases should be coupled inductively. This parame-
ter determines how the elements of the control signal are interpreted. The
default is off.

Initial current
The initial current through the component at simulation start, in amperes
(A). This parameter may either be a scalar or a vector corresponding to the
implicit width of the component. The direction of a positive initial current
is indicated by a small arrow in the component symbol. The default of the
initial current is 0.
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Variable Resistor with Variable Inductor

Probe Signals Inductor current
The current flowing through the inductor, in amperes (A). The direction of
a positive current is indicated with a small arrow in the component sym-
bol.
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8 Component Reference

Voltage Source (Controlled)

Purpose Generate a variable voltage.

Library Electrical / Sources

Description The Controlled Voltage Source generates a variable voltage between its two
electrical terminals. The voltage is considered positive at the terminal marked
with a “+”. The momentary voltage is determined by the signal fed into the
input of the component.

Note A voltage source must not be short-circuited or connected in parallel to
a capacitor or any other voltage source.

Probe Signals Source voltage
The source voltage in volts (V).
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Voltage Source AC

Voltage Source AC

Purpose Generate a sinusoidal voltage.

Library Electrical / Sources

Description The AC Voltage Source generates a sinusoidal voltage between its two electri-
cal terminals. The voltage is considered positive at the terminal marked with
a “+”. The momentary voltage v is determined by the equation

v = A · sin(ω · t+ ϕ)

where t is the simulation time.

Note A voltage source must not be short-circuited or connected in parallel to
a capacitor or any other voltage source.

Parameters Each of the following parameters may either be a scalar or a vector corre-
sponding to the implicit width of the component:

Amplitude
The amplitude A of the voltage, in volts (V). The default is 1.

Frequency
The angular frequency ω, in s−1. The default is 2*pi*50 which corre-
sponds to 50 Hz.

Phase
The phase shift ϕ, in radians. The default is 0.

Probe Signals Source voltage
The source voltage in volts (V).
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8 Component Reference

Voltage Source DC

Purpose Generate a constant voltage.

Library Electrical / Sources

Description The DC Voltage Source generates a constant voltage between its two electrical
terminals. The voltage is considered positive at the terminal marked with a
“+”.

Note A voltage source must not be short-circuited or connected in parallel to
a capacitor or any other voltage source.

Parameter Voltage
The magnitude of the constant voltage, in volts (V). This parameter may
either be a scalar or a vector defining the width of the component. The de-
fault value is 1.

Probe Signals Source voltage
The source voltage in volts (V).
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Voltmeter

Voltmeter

Purpose Output the measured voltage.

Library Electrical / Meters

Description

V

The Voltmeter measures the voltage between its two electrical terminals
and provides it as a signal at the output of the component. A positive volt-
age is measured when the potential at the terminal marked with a “+” is
greater than at the unmarked one. The output signal can be made accessible
in Simulink with an Output block (see page 286) or by dragging the compo-
nent into the dialog box of a Probe block.

Note The Voltmeter is ideal, i.e. it has an infinite internal resistance. Hence,
if multiple voltmeters are connected in series the voltage across an individual
voltmeter is undefined. This produces a run-time error.

Likewise, if switches connected in series are all in open position the voltages
across the individual switches are not properly defined. Although this does not
produce a run-time error it may lead to unexpected simulation results.

Probe Signals Measured voltage
The measured voltage in volts (V).
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8 Component Reference

Wire Multiplexer

Purpose Combine several wires into a bus or vice versa.

Library System

Description This multiplexer combines several individual wires into a wire bus. The indi-
vidual wires may themselves be buses. In the block icon, the first individual
wire is marked with a dot.

Parameter Width
This parameter allows you to specify the number and/or width of the indi-
vidual wires. You can choose between the following formats for this param-
eter:

Scalar: A scalar specifies the number of individual wires each having a
width of 1.

Vector: The length of the vector determines the number of individual
wires. Each element specifies the width of the corresponding individual
wire.
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Wire Selector

Wire Selector

Purpose Select or reorder elements from a wire bus.

Library System

Description The Wire Selector block connects the individual elements of the output bus to
the specified elements of the input bus. The input bus is marked with a dot.

Parameters Input width
The width of the input bus.

Output indices
A vector with the indices of the input elements that the output bus should
contain.
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8 Component Reference

Zener Diode

Purpose Zener diode with controlled reverse breakdown voltage.

Library Electrical / Power Semiconductors

Description The Zener diode is a type of diode that permits current to flow in forward di-
rection like a normal diode (see page 178), but also in reverse direction if the
voltage is larger than the rated breakdown or Zener voltage. Zener diodes are
widely used to regulate the voltage across a circuit.

Parameters Zener voltage
Breakdown voltage Vz in reverse direction, in volts (V). If the diode is re-
verse conducting the voltage drop across the diode is determined by this
Zener voltage plus the voltage across the Zener resistance.

Zener resistance
The resistance Rz, in ohms (Ω), if the diode is reverse conducting.

Forward voltage
Additional dc voltage Vf in volts (V) between anode and cathode when the
diode is forward conducting. The default is 0.

On-resistance
The resistance Rf of the forward conducting device, in ohms (Ω). The de-
fault is 0.

Probe Signals Diode voltage
The voltage measured between anode and cathode.

Diode current
The current through the diode flowing from anode to cathode.

Forward conductivity
Conduction state of the positive internal switch. The signal outputs 1
when the diode is conducting in forward direction, and 0 otherwise.

Reverse conductivity
Conduction state of the negative internal switch. The signal outputs 1
when the diode is conducting in reverse direction, and 0 otherwise.
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Zero Order Hold

Zero Order Hold

Purpose Sample and hold the input signal for a fixed sample time.

Library Control / Linear

Description The Zero Order Hold samples the input signal and holds this value at its out-
put for a specified sample time.

Parameter Sample time
The length of the hold time in seconds.

Note With a fixed step solver setting, the sample time must be a multiple of
the fixed step size.

Probe Signals Input
The input signal.

Output
The output signal.
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9

Additional Simulink Blocks

This chapter lists the contents of the PLECS Extras library in alphabetical
order.



9 Additional Simulink Blocks

2-Pulse Generator

Purpose Generate firing pulses for an H-bridge thyristor converter.

Library PLECS Extras / Modulators

Description This block generates the pulses used to fire the thyristors of an H-bridge rec-
tifier. The inputs of the block are a logical enable signal, a ramp signal ϕ (pro-
duced e.g. by a PLL), and the firing angle alpha.
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3-Phase Overmodulation

3-Phase Overmodulation

Purpose Extend the linear range of the modulation index for three-phase converters.

Library PLECS Extras / Modulators

Description For three-phase signals, this block extends the linear range of the modulation
index from [-1 1] to [-1.154 1.154] by adding a zero-sequence offset. This block
may be used for the control of three-phase converters without neutral point
connection such as the 2-Level IGBT Converter (see page 204).
The figures below illustrates the working principle of the 3-Phase Overmodu-
lation block in conjunction with the Symmetrical PWM (see page 382).
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9 Additional Simulink Blocks

6-Pulse Generator

Purpose Generate firing pulses for a three-phase thyristor converter.

Library PLECS Extras / Modulators

Description This block generates the pulses used to fire the thyristors of a 6-pulse rectifier
or inverter. The inputs of the block are a logical enable signal, a ramp signal
ϕ (produced e.g. by a PLL), and the firing angle alpha.

If the “Double pulses” option is checked, each thyristor receives two pulses:
one when the firing angle is reached, and a second, when the next thyristor is
fired.

Parameters Pulse width
The width of the firing pulses in radians with respect to one period of fun-
damental frequency.

Double pulses
Enables a second firing pulse for each thyristor.
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AC Sweep

AC Sweep

Purpose Perform an ac sweep.

Library PLECS Extras / Analysis Tools

Description The AC Sweep block enables you to determine the transfer function of a
generic system from a single input to one or more outputs. The analysis is
performed by injecting a small sinusoidal signal at different frequencies into
the system and extracting the same frequencies from the system output(s) by
Fourier analysis. The perturbation signal is available at the block output. The
system outputs to be analyzed must be fed into the block’s input port.

An ac sweep can be started either by clicking the button Start analysis or
with the MATLAB command

placsweep(block);

where block is the Simulink handle or the full block path of the AC Sweep
block. The block handle or path can be followed by parameter/value pairs that
override the settings in the dialog box.

For additional information see section “AC Analysis” (on page 110).

Parameters System period length
The period length of the unperturbed system.

Simulation start time
The simulation start time for the ac sweep.

Frequency sweep range
A vector containing the lowest and highest perturbation frequency.

Frequency sweep scale
Specifies whether the sweep frequencies should be distributed on a linear
or logarithmic scale.

Number of points
The number of data points generated.

Amplitude at first freq
The amplitude of the perturbation signal at the lowest frequency. The am-
plitudes at the other frequencies are calculated as

Ai = A1 ·
√
fi/f1
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9 Additional Simulink Blocks

Method
Specifies the method to use for obtaining the steady-state operating point
of the system for each perturbation frequency.

Brute force simulation simply simulates the system on a cycle-by-cycle
basis until the difference between the state variables at the beginning and
end of a cycle become sufficiently small. With this setting the parameter
Max number of iterations actually limits the number of cycles until a
steady state is reached.

Steady-state analysis performs a steady-state analysis for each pertur-
bation frequency.

Start from model initial state uses the initial state values specified
in the model – either in the individual blocks or in the simulation parame-
ters.

Start from unperturbed steady state performs a steady-state analysis
of the unperturbed system to determine the initial state vector for the ac
sweep.

Termination tolerance
The relative error bound for all state variables. The analysis continues un-
til

|x(t0)− x(t0 + T )|
max |x|

≤ rtol

for each state variable.

Max number of iterations
The maximum number of iterations allowed.

Output variable
The name of a MATLAB variable used to store the transfer function at the
end of an analysis. If the analysis was run interactively from the GUI, the
variable is assigned in the MATLAB base workspace. If the analysis was
run with the placsweep command, the variable is assigned in the caller’s
workspace.

Plot bode diagram
Specifies whether to plot the transfer function in a bode diagram.

Display level
Specifies the level of detail of the diagnostic messages displayed in the
command window (iteration, final, off).
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AC Sweep

Hidden model states
Specifies how to handle Simulink blocks with ’hidden’ states, i.e. states
that are not stored in the state vector (error, warning, none).
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9 Additional Simulink Blocks

Blanking Time

Purpose Generate a commutation delay for 2-level inverter bridges.

Library PLECS Extras / Modulators

Description This block generates a blanking time for 2-level inverter bridges so that
the turn-on of one switch is delayed with respect to the turn-off of the other
switch in the same inverter leg.

The input s is a switching function generated by a 2-level modulator such as
the Symmetrical PWM generator (see page 382). The values of the output s’
are either 1 (upper switch turned on), 0 (both switches off) or -1 (lower switch
on). If the input is a vector, the output is also a vector of the same width.

Parameter Delay time
The delay in seconds (s) between the turn-off of one switch and the turn-on
of the other switch in an inverter leg.
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Blanking Time (3-Level)

Blanking Time (3-Level)

Purpose Generate a commutation delay for 3-level inverter bridges.

Library PLECS Extras / Modulators

Description This block generates a blanking time for 3-level inverter bridges so that
the turn-on of one switch is delayed with respect to the turn-off of the other
switch in the same inverter leg.

The input s is a switching function generated by a 3-level modulator such as
the Symmetrical PWM (3-Level) generator (see page 384). The values of the
output s’ are either 1, 0.5, 0, -0.5 or -1. If the input is a vector, the output is
also a vector of the same width.

Parameter Delay time
The delay in seconds (s) between the turn-off of one switch and the turn-on
of another switch in an inverter leg.
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9 Additional Simulink Blocks

Discrete Fourier Transform

Purpose Perform a discrete Fourier transform of the input signal.

Library PLECS Extras / Discrete Analysis

Description This block calculates the discrete Fourier transform of a periodic input signal
based on discrete samples. The sample time, the number of samples and the
harmonic order(s) can be specified. The fundamental frequency f1 of the run-
ning window is

f1 =
1

sample time× number of samples
.

The outputs of the block are the magnitude and phase angle of the specified
harmonics.

If you specify more than one harmonic, the outputs will be vectors with the
corresponding width. Alternatively you can specify a single harmonic and feed
a vector signal into the block.

Note This block is only available for Matlab 7.0 or newer.

Parameters Sample time
The time interval between samples.

Number of samples
The number of samples used to calculate the Fourier transform.

Harmonic orders n
A scalar or vector specifying the harmonic component(s) you are interested
in. Enter 0 for the dc component, 1 for the fundamental component, etc.
This parameter should be scalar if the input signal is a vector.
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Discrete Mean Value

Discrete Mean Value

Purpose Calculate the running mean value of the input signal.

Library PLECS Extras / Discrete Analysis

Description This block calculates the running mean of the input signal based on discrete
samples. The sample time and the number of samples can be specified. The
block is implemented with a shift register and an accumulator. The sample
entering the shift register is added to the accumulator, the sample exiting the
shift register is subtracted from the accumulator. The output of the block is
the current accumulator value divided by the number of samples.

Note This block is only available for Matlab 7.0 or newer.

Parameters Initial condition
The initial condition describes the input signal before simulation start.
This parameter may either be a scalar or a vector matching the number
of samples. The default is 0.

Sample time
The time interval between samples.

Number of samples
The number of samples used to calculate the mean value.
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9 Additional Simulink Blocks

Discrete RMS Value

Purpose Calculate the root mean square (RMS) value of the input signal.

Library PLECS Extras / Discrete Analysis

Description This block calculates the RMS value of a periodic input signal based on dis-
crete samples. The sample time and the number of samples can be specified.
The fundamental frequency f of the running window is

f =
1

sample time× number of samples
.

The Discrete RMS Value block is implemented with the Discrete Mean Value
block (see page 369).

Note This block is only available for Matlab 7.0 or newer.

Parameters Initial condition
The initial condition describes the input signal before simulation start.
This parameter may either be a scalar or a vector matching the number
of samples. The default is 0.

Sample time
The time interval between samples.

Number of samples
The number of samples used to calculate the RMS value.
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Discrete Total Harmonic Distortion

Discrete Total Harmonic Distortion

Purpose Calculate the total harmonic distortion (THD) of the input signal.

Library PLECS Extras / Discrete Analysis

Description This block calculates the total harmonic distortion of a periodic input signal
based on discrete samples. The sample time and the number of samples can
be specified. The THD is defined as

THD =

√√√√ ∑
ν≥2

U2
ν

U2
1

=

√
U2

rms − U2
0 − U2

1

U2
1

where Uν is the RMS value of the νth harmonic of the input signal and Urms is
its overall RMS value. The fundamental frequency f1 of the running window
is

f1 =
1

sample time× number of samples
.

Note This block is only available for Matlab 7.0 or newer.

Parameters Sample time
The time interval between samples.

Number of samples
The number of samples used to calculate the THD.
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9 Additional Simulink Blocks

Impulse Response Analysis

Purpose Perform an impulse response analysis.

Library PLECS Extras / Analysis Tools

Description The Impulse Response Analysis block enables you to determine the transfer
function of a generic system from a single input to one or more outputs. The
analysis is performed by injecting a small rectangular pulse into the system
and computing the inverse Laplace tranform of the system response(s). The
perturbation signal is available at the block output. The system outputs to be
analyzed must be fed into the block’s input port.

An analysis can be started either by clicking the button Start analysis or
with the MATLAB command

plimpulseresponse(block);

where block is the Simulink handle or the full block path of the Impulse Re-
sponse Analysis block. The block handle or path can be followed by parame-
ter/value pairs that override the settings in the dialog box.

For additional information see section “Impulse Response Analysis” (on page
114).

Parameters System period length
The period length of the unperturbed system.

Simulation start time
The simulation start time for the impulse response analysis.

Frequency sweep range
A vector containing the lowest and highest perturbation frequency.

Frequency sweep scale
Specifies whether the sweep frequencies should be distributed on a linear
or logarithmic scale.

Number of points
The number of data points generated.

Perturbation
The amplitude of the perturbation signal.
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Impulse Response Analysis

Compensation for discrete pulse
Specifies whether and how the effect of the sampling should be compen-
sated. See section “Compensation for Discrete Pulse” (on page 114) for an
explanation of the parameter values.

Termination tolerance
The relative error bound used in the initial steady-state analysis.

Max number of iterations
The maximum number of iterations allowed during the initial steady-state
analysis.

Output variable
The name of a MATLAB variable used to store the transfer function at the
end of an analysis. If the analysis was run interactively from the GUI, the
variable is assigned in the MATLAB base workspace. If the analysis was
run with the placsweep command, the variable is assigned in the caller’s
workspace.

Plot bode diagram
Specifies whether to plot the transfer function in a bode diagram.

Display level
Specifies the level of detail of the diagnostic messages displayed in the
command window (iteration, final, off).

Hidden model states
Specifies how to handle Simulink blocks with ’hidden’ states, i.e. states
that are not stored in the state vector (error, warning, none).
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9 Additional Simulink Blocks

Loop Gain Analysis

Purpose Determine the closed-loop gain of a control loop.

Library PLECS Extras / Analysis Tools

Description The Loop Gain Analysis block enables you to determine the gain of a closed
control loop. To measure the loop gain, insert the block anywhere in the con-
trol loop. The loop gain is determined by adding a small sinusoidal signal at
various frequencies and extracting the same frequencies from the system be-
fore and after the summation point by Fourier analysis.

An analysis can be started either by clicking the button Start analysis or
with the MATLAB command

placsweep(block);

where block is the Simulink handle or the full block path of the Loop Gain
Analysis block. Otherwise, the block remains inactive and does not influence
the control loop.

For additional information see section “AC Analysis” (on page 110).

Note The Loop Gain Analysis block works only on scalar signals. In order to
analyze the gain of a vectorized control loop you need to demultiplex the vector
signal into individual scalar signals before inserting the Loop Gain Analysis
block.

Parameters The parameters are identical to those of the AC Sweep block (see page 363).
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Peak Current Controller

Peak Current Controller

Purpose Implement peak current mode control.

Library PLECS Extras / Modulators

Description This block implements current mode control in a switching converter. At the
beginning of each switching cycle, the output is set. When the Isense input ex-
ceeds the Iref input, the output is reset.

Parameters Switching frequency
The switching frequency of the output signal.

Minimum duty cycle
This sets the minimum time the output remains on for at the beginning of
each switching period. This value must be greater than zero and less than
the maximum duty cycle.

Maximum duty cycle
This defines the maximum permissible duty cycle of the switch output. If
Isense < Iref , the output will turn off if the duty cycle exceeds this maxi-
mum value. The maximum duty cycle must be less than 100 %.

Slope compensation
Slope compensation can be applied to ensure stability when the output
duty cycle exceeds 50 %. Entering a parameter, Islope, reduces Iref during
each switching cycle as follows: I ′ref = Iref − Islope · t/Ts, where t is the
time elapsed from the start of the switching cycle and Ts is the switching
period. Slope compensation can be omitted by setting Islope to 0.
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9 Additional Simulink Blocks

Sawtooth PWM

Purpose PWM generator with sawtooth carrier.

Library PLECS Extras / Modulators

Description 2-level PWM generator with a sawtooth carrier. The input m is the modula-
tion index with a linear range of [-1 1]. The switching function s outputs ei-
ther 1 or -1. If the modulation index is a vector, the switching function is also
a vector of the same width.

The block can be used to control the 2-Level IGBT Converter (see page 204)
or the ideal 2-Level Converter (see page 198). In these cases the modulation
index must have a width of 3 to match the number of inverter legs.

The following figures illustrate different sampling methods offered by the
modulator block. In the figure on the left, Natural Sampling is used. The right
figure shows Regular Sampling, i.e. the modulation index is updated at the
vertical flanks of the carrier. In both figures carrier signals with falling ramps
are employed.
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Sawtooth PWM

Parameters Sampling
Choose between Natural and Regular Sampling.

Ramp
Choose between rising and falling ramps in the carrier signal.

Carrier frequency
The frequency f of the carrier signal, in Hz.

Carrier offset
The time offset of the carrier signal, in p.u. of the carrier period.
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9 Additional Simulink Blocks

Sawtooth PWM (3-Level)

Purpose 3-level PWM generator with sawtooth carrier.

Library PLECS Extras / Modulators

Description 3-level PWM generator with a sawtooth carrier. The input m is the modula-
tion index with a linear range of [-1 1]. The switching function s outputs ei-
ther 1, 0 or -1. If the modulation index is a vector, the switching function is
also a vector of the same width.

The block can be used to control the 3-Level IGBT Converter (see page 202)
or the ideal 3-Level Converter (see page 197). In these cases the modulation
index must have a width of 3 to match the number of inverter legs.

The figures below illustrate different sampling methods offered by the modula-
tor block. In the left figure, Natural Sampling is used. The right figure shows
Regular Sampling, i.e. the modulation index is updated at the vertical flanks
of the carrier. In both figures carrier signals with rising ramps are employed.
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Sawtooth PWM (3-Level)

Parameters Sampling
Choose between Natural and Regular Sampling.

Ramp
Choose between rising and falling ramps in the carrier signal.

Carrier frequency
The frequency f of the carrier signal, in Hz.

Carrier offset
The time offset of the carrier signal, in p.u. of the carrier period.
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9 Additional Simulink Blocks

Steady-State Analysis

Purpose Determine the periodic steady-state operating point of a model.

Library PLECS Extras / Analysis Tools

Description The Steady-State Analysis block enables you to determine the steady-state
operating point of a generic periodic system. Copy this block anywhere into
the model that you want to analyze.

A steady-state analysis can be started either by clicking the button Start
analysis or with the MATLAB command

plsteadystate(block);

where block is the Simulink handle or the full block path of the Steady-State
Analysis block. The block handle or path can be followed by parameter/value
pairs that override the settings in the dialog box.

For additional information see section “Steady-State Analysis” (on page 105).

Parameters System period
Specifies whether the system period is fixed, i.e. predetermined and con-
stant, or variable (e.g. in case of a hysteresis type controller). If variable
is selected, a trigger input will be drawn which is used to determine the
end of a period.

Trigger type
Specifies which trigger event on the input signal (rising, falling) marks
the end of a variable system period.

System period length/Max simulation time span
For a fixed system period, the period length; for a variable system period,
the maximum time span during which to look for a trigger event marking
the end of a period.

Simulation start time
The simulation start time for the steady-state analysis.

Termination tolerance
The relative error bound for all state variables. The analysis continues un-
til
|x(t0)− x(t0 + T )|

max |x|
≤ rtol
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Steady-State Analysis

for each state variable.

Max number of iterations
The maximum number of iterations allowed.

Steady-state variable
The name of a MATLAB variable used to store the periodic steady-state
vector at the end of an analysis. If the analysis was run interactively from
the GUI, the variable is assigned in the MATLAB base workspace. If the
analysis was run with the plsteadystate command, the variable is as-
signed in the caller’s workspace.

Show steady-state cycles
The number of cycles shown in the Simulink scopes at the end of an analy-
sis.

Display level
Specifies the level of detail (iteration, final, off) of the diagnostic mes-
sages displayed in the command window.

Hidden model states
Specifies how to handle Simulink blocks with ’hidden’ states, i.e. states
that are not stored in the state vector (error, warning, none).
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9 Additional Simulink Blocks

Symmetrical PWM

Purpose PWM generator with symmetrical triangular carrier.

Library PLECS Extras / Modulators

Description 2-level PWM generator with a symmetrical triangular carrier. The input m is
the modulation index with a linear range of [-1 1]. The switching function s
outputs either 1 or -1. If the modulation index is a vector, the switching func-
tion is also a vector of the same width.

The block can be used to control the 2-Level IGBT Converter (see page 204)
or the ideal 2-Level Converter (see page 198). In these cases the modulation
index must have a width of 3 according to the number of inverter legs.

The block offers different sampling methods for the modulation index. The fig-
ure below illustrates Natural Sampling.
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The following figures illustrate the different Regular Sampling methods. In
the figure on the left, double edge sampling is used, i.e. the modulation in-
dex is updated at both tips of the triangular carrier. In the right figure, single
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Symmetrical PWM

edge sampling is employed. Here, the modulation index is updated only at the
upper tips of the carrier.
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Parameters Sampling
Select a sampling method. If you select Natural Sampling the carrier
signal may begin with 0 or 1 at simulation start. The Regular Sampling
method lets you choose between double edge or single edge sampling.

Carrier frequency
The frequency f of the triangular carrier signal, in Hz.

Carrier offset
The time offset of the carrier signal, in p.u. of the carrier period.
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9 Additional Simulink Blocks

Symmetrical PWM (3-Level)

Purpose 3-level PWM generator with symmetrical triangular carrier.

Library PLECS Extras / Modulators

Description 3-level PWM generator with two symmetrical triangular carriers. The input m
is the modulation index with a linear range of [-1 1]. The switching function
s outputs either 1, 0 or -1. If the modulation index is a vector, the switching
function is also a vector of the same width.

The block can be used to control the 3-Level IGBT Converter (see page 202)
or the ideal 3-Level Converter (see page 197). In these cases the modulation
index must have a width of 3 according to the number of inverter legs.

The figures below illustrate the Natural Sampling method. In the left figure,
the negative carrier signal is obtained by flipping the positive carrier verti-
cally around the time axis. In the right figure, the positive carrier is verti-
cally shifted to construct the negative carrier. The latter technique reduces
the switching frequency and hence the semiconductor stress in three-phase
converters.
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Symmetrical PWM (3-Level)

The figures below illustrate the different Regular Sampling methods offered
by this block. With double edge sampling (left figure) the modulation index
is updated at the carrier tips and zero-crossings. With single edge sampling
(right figure) the modulation index is updated only at the outer tips.
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Parameters Sampling
Select a sampling method. If you select Natural Sampling the carrier
signal may begin with 0 or 1 at simulation start. The Regular Sampling
method lets you choose between double edge and single edge sampling.

Carrier frequency
The frequency f of the triangular carrier signals, in Hz.

Carrier offset
The time offset of the carrier signal, in p.u. of the carrier period.

Negative carrier
Select the phase shift between the negative and positive carrier signals.
The negative carrier may be constructed from the positive carrier either by
flipping or shifting.
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9 Additional Simulink Blocks

Timer

Purpose Generate a piece-wise constant signal.

Library PLECS Extras / Control Blocks

Description The Timer block generates a signal that changes at discrete instants and
is otherwise constant. You can use the Timer block e.g. in order to control
switches such as circuit breakers.

Note This block is only available for Matlab 7.0 or newer.

Parameters Time values
A vector containing the transition times. This vector must have the same
length as the vector of output values. Before the first transition time the
output is zero.

Output values
A vector containing the output values corresponding to the transition
times. This vector must have the same length as the vector of time values.
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Transformations

Transformations

Please refer to the documentation on the following components:

• Transformation 3ph->RRF (see page 323)
• Transformation 3ph->SRF (see page 324)
• Transformation RRF->3ph (see page 325)
• Transformation RRF->SRF (see page 326)
• Transformation SRF->3ph (see page 327)
• Transformation SRF->RRF (see page 328)
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