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1. Simulate Swing Equation in Simulink (MATLAB)

2. Modeling of Synchronous Machine.

3. Modeling of Induction Machine.

4. Modeling of DC Machine.

5. Simulate simple circuits.

6. (@) Modeling of Synchronous Machine with PSS (b) Simulation of Synchronous Machine
with FACTS device.

7. (a) Modeling of Synchronous Machine with FACTS device (b) Simulation of

Synchronous Machine with FACTS devices.

8. FACTS Controller designs with FACT devices for SMIB system.

EXPERIMENT: 1

Object: Simulate Swing Equation in Simulink (MATLAB)

The equation governing rotor motion of a synchronous machine is based on the elementary
principle in dynamics which states that accelerating torque is the product of the moment of inertia
of the rotor times its angular acceleration. In the MKS (meter-kilogram-second) system of units this

equation can be written for the synchronous gene rotor in the form

d29’li
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Where the symbols have the following meanings:
J  the total moment of inertia of the rotor m asses, in kg-m2 6n the angular displacement of the

rotor with respect to a stationary axis, in mechanical radians



(rad)t  time, in
seconds (s)
Tm the mechanical or shaft torque supplied by the prime mover less retarding torque due to
rotational losses, i n N-m Te the net electrical or electromagnetic torque, in N-m Ta  the net

accelerating torque, in N-m

NUMERICAL SOLUTION OF THE SWING EQUATION (ONE MACHINE SYSTEM)
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To change the clearing time of fault open the switch
dialog box and change the Threshold setting.




(a) (b)
(a) Swing curve for machine if fault cleared in 0.3 sec. (b)

Swing curve for machine if fault cleared in 0.5 sec.

EXPERIMENT: 2

Object: Modeling of Synchronous Machine

Description

The Synchronous Machine block operates in generator or motor modes. The operating mode is
dictated by the sign of the mechanical power (positive for generator mode, negative for motor mode).
The electrical part of the machine is represented by a sixth-order state-space model and the

mechanical part is the same as in the Simplified Synchronous Machine block.

The model takes into account the dynamics of the stator, field, and damper windings. The equivalent
circuit of the model is represented in the rotor reference frame (qd frame). All rotor parameters and
electrical quantities are viewed from the stator. They are identified by primed variables. The

subscripts used are defined as follows:

« d,g: d and g axis quantity
R,s: Rotor and stator quantity
I,m: Leakage and magnetizing inductance

fk: Field and damper winding quantity

The electrical model of the machine is



with the following equations.
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Note that this model assumes currents flowing into the stator windings. The measured stator currents
returned by the Synchronous Machine block (la, 1b, Ic, 1d, 1g) are the currents flowing out of the

machine.
Dialog Box and Parameters

In the powerlib library you can choose between three Synchronous Machine blocks to
specify the parameters of the model. They simulate exactly the same synchronous machine model;
the only difference is the way of entering the parameter units in the Parameters tab. Configuration

Tab



E} Block Parameters: Synchronous Machine pu Fundamental @

Synchronous Machine [mask)

Implements a 3-phase synchronous machine modelled in the dqg rotor reference frame.
Stator windings are connected in wye to an internal neutral point.

Configuration | Parameters 1 Advanced |
Preset model: [MNo ~
techanical input: | Mechanical power Pm ~
Rotor type: Vérarlirenrl-poie ~

Mask units: per unit fundamental parameters

[ OK J [ Cancel ] [ Help ] Apply

Preset model

Provides a set of predetermined electrical and mechanical parameters for various
synchronous machine ratings of power (kVA), phase-to-phase voltage (V), frequency (Hz), and rated

speed (rpm).

Select one of the preset models to load the corresponding electrical and mechanical
parameters in the entries of the dialog box. Select No if you do not want to use a preset model, or if

you want to modify some of the parameters of a preset model, as described below.

When you select a preset model, the electrical and mechanical parameters in the Parameters
tab of the dialog box become unmodifiable (grayed out). To start from a given preset model and then

modify machine parameters, you have to do the following:

1. Select the desired preset model to initialize the parameters.

2. Change the Preset model parameter value to No. This will not change the
machine parameters. By doing so, you just break the connection with the particular preset
model.

3. Modify the machine parameters as you wish, then click Apply.

Mechanical input

Allows you to select either the torque applied to the shaft or the rotor speed as the Simulink

signal applied to the block's input.



Select Mechanical power Pm to specify a mechanical power input, in W or in pu, and
change labeling of the block's input to Pm. The machine speed is determined by the machine Inertia
J (or inertia constant H for the pu machine) and by the difference between the mechanical torque
Tm, resulting from the the applied mechanical power Pm, and the internal electromagnetic torque
Te. The sign convention for the mechanical power is the following: when the speed is positive, a
positive mechanical power signal indicates generator mode and a negative signal indicates motor
mode.

Select Speed w to specify a speed input, in rad/s or in pu, and change labeling of the block's input
to w. The machine speed is imposed and the mechanical part of the model (inertia constant H) is
ignored. Using the speed as the mechanical input allows modeling a mechanical coupling between

two machines and interfacing with SimMechanics and SimDriveline models.

The next figure indicates how to model a stiff shaft interconnection in a motor-generator set, where

both machines are synchronous machines.

The speed output of machine 1 (motor) is connected to the speed input of machine 2 (generator). In
this figure friction torque is ignored in machine 2. Therefore, its electromagnetic torque output Te
corresponds to the mechanical torque Tm applied to the shaft of machine 1. The corresponding
mechanical input power of machine 1 is computed as Pm = Tm*w.The Kw factor takes into account
speed units of both machines (pu or rad/s) and gear box ratio w2/wl. The KT factor takes into
account torque units of both machines (pu or N.m) and machine ratings. Also, as the inertia J2 is

ignored in machine 2, J2 referred to machine 1 speed must be added to machine 1 inertia J1.

—» Tm W W Te

Machine 1

) - : - Machine 2
(specify J=I+I* (wo/wy)?)

(Jo 15 1gnored)

e

q




Rotor type

Specify rotor type: Salient-pole or Round (cylindrical). This choice affects the number of
rotor circuits in the g-axis (damper windings).

Mask units

Specifies the units of the electrical and mechanical parameters of the model. This parameter
is not modifiable; it is provided for information purposes only.

Parameters Tab for Synchronous Machine SI Fundamental

=1 Block Parameters: Synchronous Machine S| Fundamental @

Synchronous Machine [mask)

Implements a 3-phase synchronous machine modelled in the dq rotor reference frame.
Stator windings are connected in wye to an internal neutral point.

[ Configuration ‘ Parameters ‘ Advanced |

Nominal power, voltage, frequency, field current [ Pnva) VnlVims) fn[Hz) ifn[4) ]:
([1.02e+004 460 60] |
Stator [ Rs(ohm) LILLmd,Lmg(H] ]:

'[1 .62 0.004567 0.1086 0.05167) '
Field [ Rf{ohm) LIfd(H) J:

[1.163 0.01143] |
Dampers [Rkd'Llkd' Rkgl'Llkgl' ](R=chm,L=H]:

‘[3.88 0.009167 4.752 0.01006) }
Inertia, friction factor, pole pairs [ J(ka.m™2) F(N.m.s] p ]

’[0.0923 0.01252 }
Initial conditions [ dw(%) th(deg] ia.ib,ic(8) pha,phb.phc(deg) VY] ]:
(00000000 70.3192] I
Simulate saturation

Saturation parameters [ ifd1,ifd2,... (&) ; w1 vt2,... WLL rms) ]:
’ [695.64,774.7,917.5,1001.6,1082.2,1175.9,1293.6,1430.2,1583.7,9660,106231 22431‘*

[ 0K ][ Cancel ][ Help ][ Apply ]




Nominal power, voltage, frequency, field current

The total three-phase apparent power Pn (VA), RMS line-to-line voltage Vn (V), frequency
fn (Hz), and field current in (A).

The nominal field current is the current that produces nominal terminal voltage under noload
conditions. This model was developed with all quantities viewed from the stator. The nominal field
current makes it possible to compute the transformation ratio of the machine, which allows you to
apply the field voltage viewed from the rotor, as in real life. This also allows the field current, which
Is a variable in the output vector of the model, to be viewed from the rotor. If the value of the nominal
field current is not known, you must enter O or leave it blank. Since the transformation ratio cannot
be determined in this case, you have to apply the field voltage as viewed from the stator and the field

current in the output vector is also viewed from the stator.

Stator

The resistance Rs (Q), leakage inductance Lls (H), and d-axis and g-axis magnetizing
inductances Lmd (H) and Lmq (H).

Field

The field resistance Rf' (€2) and leakage inductance LIfd' (H), both referred to the stator.

Dampers

The d-axis resistance Rkd' (Q2) and leakage inductance Llkd' (H), the g-axis resistance Rkql'

(Q2) and leakage inductance Llkql' (H), and (only if round rotor) the q-axis resistance Rkq2' (2) and
leakage inductance Llkg2' (H). All these values are referred to the stator.

Inertia, friction factor, pole pairs

The inertia coefficient J (kg.m?), friction factor F (N.m.s), and number of pole pairs p. The
friction torque Tf is proportional to the rotor speed o (Tf = F.w, where Tf is expressed in N.m, F in

N.m.s, and ® in rad/s).



Initial conditions

The initial speed deviation A® (% of nominal speed), electrical angle of the rotor ®e
(degrees), line current magnitudes ia, ib, ic (A) and phase angles pha, phb, phc (degrees), and the
initial field voltage VT (V).

You can specify the initial field voltage in one of two ways. If you know the nominal field
current (first line, last parameter), enter in the dialog box the initial field voltage in volts DC referred
to the rotor. Otherwise, enter a zero as nominal field current, as explained earlier, and specify the
initial field voltage in volts DC referred to the stator. You can determine the nominal field voltage
viewed from the stator by selecting the Display Vfd which produces a nominal Vt check box at
the bottom of the dialog box.

Simulate saturation

Specifies whether magnetic saturation of rotor and stator iron is to be simulated or not.

Saturation parameters

The no-load saturation curve parameters. Magnetic saturation of stator and rotor iron is
modeled by a nonlinear function (in this case a polynomial) using points on the no-load saturation
curve. You must enter a 2-by-n matrix, where n is the number of points taken from the saturation
curve. The first row of this matrix contains the values of field currents, while the second row contains
values of corresponding terminal voltages. The first point (first column of the matrix) must

correspond to the point where the effect of saturation begins.

You must select the Simulate saturation check box to simulate saturation. This check box allows
you to enter the matrix of parameters for simulating the saturation. If you do not want to model
saturation in your simulation, do not select the Simulate saturation check box. In this case the
relationship between ifd and Vt obtained is linear (no saturation). Parameters Tab for

Synchronous Machine pu Fundamental



=1 Block Parameters: Synchronous Machine pu Fundamental @

Synchronous Machine [mask)

Implements a 3-phase synchronous machine modelled in the dq rotor reference frame.
Stator windings are connected in wye to an internal neutral point.

Configuration | Parameters | Advanced
‘Nominal power, line-to-line voltage and frequency [ PnVa) Vnvms) [Hz) I
[1.02e+004 460 60] [
Stalov [Rs LI Lmd Lmqur[pu]:
[0.07809 0.083 1.974 0.939]
Field [Rf Lifd ] (pu)
[0.05604 0.2078]
Dampers [ Rkd Likd Rkgl Llkgl ] (pu):
[,0‘1 764 0.1666 0.229 0.1828]
Inertia coeficient, friction factor, pole pairs [H(s) Flpu) p I
7[0.1 608 0.04354 2]
Inililial conditionsr[ dw[ZJ th[d,e,g,], ia.ibic(pu) Vpha,phb,rphc[drergrlr Vf[pu]r]:
[f[oooooooo1]
Simulate saturation
Satyrarﬁonrparramelrevs [ifd1 ,ifd2,,.. [py] % \(ﬂ ‘,\'!2'}'5 [pu) I ) - -
7[0.8404,70. 71 2?,0.8441 ,1;|.921 4,0.9955{1 .0821.19.1.31 Sﬁ 4570, ?,0.7598,9.8872,0.94

[ oK ] [ Cancel ] [ Help ] [ Apply ]

Nominal power, line-to-line voltage, and frequency

Total three-phase apparent power (VA), RMS line-to-line voltage (V), frequency (Hz), and
field current (A).

This line is identical to the first line of the fundamental parameters in Sl dialog box, except that you
do not specify a nominal field current. This value is not required here because we do not need the
transformation ratio. Since rotor quantities are viewed from the stator, they are converted to pu using

the stator base quantities derived from the preceding three nominal parameters.

Stator; Field; Dampers

Contain exactly the same parameters as in the previous dialog box, but they are expressed

here in pu instead of SI units.
Inertia coefficient, friction factor, pole pairs

The inertia constant H (s), where H is the ratio of energy stored in the rotor at nominal speed
over the nominal power of the machine, the friction factor F (pu torque/pu speed), and the number
of pole pairs p. The friction torque Tf is proportional to the rotor speed o (Tf=F.®, where all

quantities are expressed in pu).



Initial conditions; Simulate saturation; Saturation parameters

The same initial conditions and saturation parameters as in the Sl units dialog box, but all
values are expressed in pu instead of SI units. For saturation, the nominal field current multiplied by
the d-axis magnetizing inductance and nominal RMS line-to-line voltage are the base values for the

field current and terminal voltage, respectively.

Parameters Tab for Synchronous Machine pu Standard

=1 Block Parameters: Synchronous Machine pu Standard @

Synchronous Machine [mask)

Implements a 3-phase synchronous machine modelled in the dq rator reference frame.

Stator windings are connected in wye to an internal neutral point.

Nominal power, lineto-line voltage, freqtﬂg[ﬂwﬁl Yn[Wms) fn(Hz) ]
([1.02+004 460 £0) \

fieaclances [diad A v X 2] bl
[2.057 0.21 0.1321.022 0.236 0.083]

d avis time constants: | Short-circuit ]
q axis time constants: | Short-circuit v
Time constants [ Td' Td" Tq"][s):

|[0.012 0.003 0.003] \
Stator resistance Rs [pu):

ooz ]
]D_g_r_l_i? coeficient, friction factor, pole pairs [ H(s) Flpu) p]: i ‘
|[0.1608 0.04354 2] ‘

Initial conditions [ dw(%) th{deg) ia.ib.ic(pu) pha,phb,phc(deg) Vi(pu) I -
[(000000001] 1

\
B m A A TS eI AT O AT
Simulate saturation

Saturation parameters [ ifd1,ifd2.... [pu] ; vt1 vt2.... [pu] |

A S, e o ST D T S BT LT S

|[0.6404,0.7127,0.8441,0.9214,0.9356,1.082,1.19,1.316,1.457.0.7.0. ?BSSE]TSS?ZU.S%‘

[ 0K ][ Cancel ][ Help ][ Apply ]




Nominal power, line-to-line voltage, and frequency
The same parameters as in the pu Fundamental dialog box.
Reactances

The d-axis synchronous reactance Xd, transient reactance Xd', and subtransient reactance
Xd", the g-axis synchronous reactance X, transient reactance Xq' (only if round rotor), and

subtransient reactance Xq", and finally the leakage reactance XI (all in pu).
d-axis time constants; g-axis time constant(s)

Specify the time constants you supply for each axis: either open-circuit or short-circuit.
Time constants

The d-axis and g-axis time constants (all in s). These values must be consistent with choices
made on the two previous lines: d-axis transient open-circuit (Tdo') or short-circuit (Td') time
constant, d-axis subtransient open-circuit (Tdo") or short-circuit (Td") time constant, g-axis transient
open-circuit (Tqo") or short-circuit (Tqg') time constant (only if round rotor), g-axis subtransient

opencircuit (Tqo") or short-circuit (Tg") time constant.
Stator resistance
The stator resistance Rs (pu).

Inertia coefficient, friction factor, pole pairs; Initial conditions; Simulate saturation; Saturation

parameters
The same parameters as in the pu Fundamental dialog box. Advanced

Tab



=1 Block Parameters: Synchronous Machine S| Fundamental @

Synchronous Machine [mask)

Implements a 3-phase synchronous machine modelled in the dq rotor reference frame.

Stator windings are connected in wye to an internal neutral point.

| Confiéuration Parameters \ Advanced

[] Display ¥fd which produces nominal ¥/t
Sample time [-1 for inherited)

[ T
L

[ OK ] [ Cancel J [ Help ] [ Apply ]

Display Vfd which produces a nominal Vt

Select to determine the nominal field voltage viewed from the stator. This parameter is visible

only for the Synchronous Machine SI Fundamental block.

As an example, without saturation, a typical curve might be as shown below. Here ifn is 1087 A and
Vn is 13800 V RMS line-to-line, which is also 11268 V peak line-to-neutral.
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Saturation is modeled by fitting a polynomial to the curve corresponding to the matrix of

points you enter. The more points you enter, the better the fit to the original curve.

The next figure illustrates the good fit graphically (the diamonds are the actual points entered in the

dialog box).

In this particular case, the following values were used:
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V1t [9660, 10623, 12243, 13063, 13757, 14437, 15180, 15890, 16567] V

Sample time (-1 for inherited)

Specifies the sample time used by the block. To inherit the sample time specified in the

Powergui block, set this parameter to -1.

Inputs and Outputs

The units of inputs and outputs vary according to which dialog box was used to enter the
block parameters. If the fundamental parameters in SI units is used, the inputs and outputs are in SI
units (except for dw in the vector of internal variables, which is always in pu, and angle ®, which is

always in rad). Otherwise, the inputs and outputs are in pu.



Pm

The first Simulink input is the mechanical power at the machine's shaft. In generating mode,
this input can be a positive constant or function or the output of a prime mover block (see the
Hydraulic Turbine and Governor or Steam Turbine and Governor blocks). In motoring mode, this

input is usually a negative constant or function.

The alternative block input instead of Pm (depending on the value of the Mechanical input

parameter) is the machine speed, in rad/s.

\4i

The second Simulink input of the block is the field voltage. This voltage can be supplied by a voltage

regulator in generator mode (see the Excitation System block). It is usually a constant in motor mode.

If you use the model in SI fundamental units, the field voltage Vf should be entered in volts DC if
nominal field current Ifn is specified or in volts referred to stator if Ifn is not specified. To obtain the
Vfd producing nominal voltage, select the last check box of the dialog box. If you use the model in
pu Standard or in pu Fundamental units, Vf should be entered in pu (1 pu of field voltage producing

1 pu of terminal voltage at no load).

m

The Simulink output of the block is a vector containing 22 signals. You can demultiplex these signals

by using the Bus Selector block provided in the Simulink library.

Signal Definition Units

1 Stator current is_a Aorpu

2 Stator current is_b Aorpu



Signal

10

11

12

13

14

15

16

17

18

Definition

Stator current is_c

Stator current is_g

Stator current is_d

Field current ifd

Damper winding current ikql

Damper winding current ikqg2

Damper winding current ikd

Mutual flux phimq

Mutual flux phimd

Stator voltage vq

Stator voltage vd

Rotor angle deviation d_theta

Rotor speed wm

Electrical power Pe

Rotor speed deviation dw

Rotor mechanical angle theta

Units

Aorpu

Aorpu

A or pu

Aorpu

Aorpu

Aorpu

A or pu

V.sorpu

V.sorpu

V or pu

V or pu

rad

rad/s.

VA or pu

rad/s

rad



19 Electromagnetic torque Te N.m or pu

20 Load angle delta N.m or pu
21 Output active power Peo rad
22 Output reactive power Qeo rad

Limitations

When you use Synchronous Machine blocks in discrete systems, you might have to use a small
parasitic resistive load, connected at the machine terminals, in order to avoid numerical oscillations.
Large sample times require larger loads. The minimum resistive load is proportional to the sample
time. As a rule of thumb, remember that with a 25 ps time step on a 60 Hz system, the minimum
load is approximately 2.5% of the machine nominal power. For example, a 200 MVA synchronous
machine in a power system discretized with a 50 ps sample time requires approximately 5% of
resistive load or 10 MW. If the sample time is reduced to 20 ps, a resistive load of 4 MW should be

sufficient.



EXPERIMENT: 3

Object: Modeling of Induction Machine

Description

The Asynchronous Machine block operates in either generator or motor mode. The mode of
operation is dictated by the sign of the mechanical torque:

If Tm is positive, the machine acts as a motor.

- If Tm is negative, the machine acts as a generator.

The electrical part of the machine is represented by a fourth-order state-space model and the
mechanical part by a second-order system. All electrical variables and parameters are referred to the
stator. This is indicated by the prime signs in the machine equations given below. All stator and rotor
quantities are in the arbitrary two-axis reference frame (dq frame). The subscripts used are defined
as follows:

Subscript  Definition

d d axis quantity
q g axis quantity

r Rotor quantity



S Stator quantity

| Leakage inductance

m Magnetizing inductance

Electrical System

R, :\)(Pd_. L, L, (‘2"":)%:

-—
Vq‘ e VQ’
quxls d axis
V., = Ryig,+ Lo+ 0o ; %
gz s'qs T J3'as ds Pgs = leqa+Lm" ar
Vds = Rsids"";ittpds_mq’qs lpds = L3id3+Lmi’d’.
> i B  where o = Eiort Ly,
VQr = er qr+§q’ 9"+(m_m")q’ dr ®ar =L'3 ', +L,is,
d YY) d ’ ’ L = L +L
Var =erd,.+d_t‘Pd,.—(w—(D,-)‘qu % fa =

L’r = L'lr"' Lm

~
[

e l'sp((pdsiqs _‘quids)

Mechanical System

d 1

E(Dm = m’(Te-anl_Tm)
d

arm = O

The Asynchronous Machine block parameters are defined as follows (all quantities are
referred to the stator):

Stator resistance and leakage inductance

Rs, Lis

R'r, L'y Rotor resistance and leakage inductance




Magnetizing inductance

Lm
Ls, L' Total stator and rotor inductances
Ves. i q axis stator voltage and current
as, Igs
Vi it g axis rotor voltage and current
qr, 1qr
Ve i d axis stator voltage and current
s, lds
Vi it d axis rotor voltage and current
r, I'dr
Stator g and d axis fluxes
(I)qs, (I)ds
Rotor g and d axis fluxes
d'ar, ¢lar
© Angular velocity of the rotor
m
0 Rotor angular position
m

Parameter Definition

p Number of pole pairs
Or Electrical angular velocity (om X p)
O Electrical rotor angular position (@m X p)
T Electromagnetic torque
e

Shaft mechanical torque
Tm

J Combined rotor and load inertia coefficient. Set to infinite to simulate locked rotor.



H Combined rotor and load inertia constant. Set to infinite to simulate locked rotor.

F Combined rotor and load viscous friction coefficient

Dialog Box and Parameters

You can choose between two Asynchronous Machine blocks to specify the electrical and mechanical
parameters of the model, by using the pu Units dialog box or the Sl dialog box. Both blocks are
modeling the same asynchronous machine model. Depending on the dialog box you choose to use,

SimPowerSystems™ software automatically converts the parameters you enter into per unit
parameters. The Simulink® model of the Asynchronous Machine block uses pu parameters.

Configuration Tab

B Block Parameters: Asynchronous Machine pu Units @

Asynchronous Machine [mask])

Implements a three-phase asynchronous machine [wound rotor or squirrel cage]
modeled in a selectable dq reference frame [rotor, stator, or synchronous). Stator and
rotor windings are connected in wye to an internal neutral point.

Configuration Parameters Advanced
Preset model: |MNo
Mechanical input: | Torque Tm

Rotor type: Wound

£l 18 %] S

Reference frame: |Rotor

FMask units: pu

[ oK ] [ Cancel ] [ Help ] Lpply

Preset model

Provides a set of predetermined electrical and mechanical parameters for various asynchronous machine
ratings of power (HP), phase-to-phase voltage (V), frequency (Hz), and rated speed (rpm).

Select one of the preset models to load the corresponding electrical and mechanical parameters in
the entries of the dialog box. Note that the preset models do not include predetermined saturation
parameters. Select No if you do not want to use a preset model, or if you want to modify some of

the parameters of a preset model, as described below.



When you select a preset model, the electrical and mechanical parameters in the Parameters tab
of the dialog box become unmodifiable (grayed out). To start from a given preset model and then

modify machine parameters, you have to do the following:

1. Select the desired preset model to initialize the parameters.

2. Change the Preset model parameter value to No. This will not change the machine
parameters.

By doing so, you just break the connection with the particular preset model.
3. Modify the machine parameters as you wish, then click Apply.

Mechanical input

Allows you to select either the torque applied to the shaft or the rotor speed as the Simulink signal
applied to the block's input.

Select Torque Tm to specify a torque input, in N.m or in pu, and change labeling of the block's
input to Tm. The machine speed is determined by the machine Inertia J (or inertia constant H for
the pu machine) and by the difference between the applied mechanical torque Tm and the internal
electromagnetic torque Te. The sign convention for the mechanical torque is the following: when
the speed is positive, a positive torque signal indicates motor mode and a negative signal indicates

generator mode.

Select Speed w to specify a speed input, in rad/s or in pu, and change labeling of the block'’s input to

w. The machine speed is imposed and the mechanical part of the model (Inertia J) is ignored.

Using the speed as the mechanical input allows modeling a mechanical coupling between two machines

and interfacing with SimMechanics™ and SimDriveline™ models.

The next figure indicates how to model a stiff shaft interconnection in a motor-generator set when
friction torque is ignored in machine 2. The speed output of machine 1 (motor) is connected to the
speed input of machine 2 (generator), while machine 2 electromagnetic torque output Te is applied
to the mechanical torque input Tm of machine 1. The Kw factor takes into account speed units of

both machines (pu or rad/s) and gear box ratio w2/w1l. The KT factor takes into account torque units



of both machines (pu or N.m) and machine ratings. Also, as the inertia J2 is ignored in machine 2,
J2 referred to machine 1 speed must be added to machine 1 inertia J1.

—» Tm W W Te

Machie 1

,, . s Machine 2
(specity J=Ti+I*(wo/w)2)

(J2 18 1gnored)

A

Rotor type
Specifies the branching for the rotor windings.
Reference frame

Specifies the reference frame that is used to convert input voltages (abc reference frame) to the dq
reference frame, and output currents (dg reference frame) to the abc reference frame. You can choose

among the following reference frame transformations:

- Rotor (Park transformation)
Stationary (Clarke or af transformation)

Synchronous

The following relationships describe the abc-to-dq reference frame transformations applied to the
Asynchronous Machine phase-to-phase voltages.

-
=
W =

d‘i _ZSiDe sine-— 3C036_ ‘?bcs

I:Vqs _ 1| 2cos8 cos8+43sind Vabsjl

O
~
—

[" : = 1] 2c0sp cospraf3sing | _V’abr:l

Y 3_25inB sinB-4/3 cosp | _V'bcr



In the preceding equations, ® is the angular position of the reference frame, while P=8-8isthe
difference between the position of the reference frame and the position (electrical) of the rotor.
Because the machine windings are connected in a three-wire Y configuration, there is no
homopolar (0) component. This also justifies the fact that two line-to-line input voltages are used
inside the model instead of three line-to-neutral voltages. The following relationships describe the

dg-to-abc reference frame transformations applied to the Asynchronous Machine phase currents.

5] cos® sin® i
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i’ = | - cospP +.f3sinp - .f3cosp - sinp i,q
) dr
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The following table shows the values taken by ® and 3 in each reference frame (®e is the position of
the synchronously rotating reference frame).

Reference Frame 0 B

Rotor ey 0
Stationary 0 | o
Synchronous

Be | Oe-



Parameters Tab

L1 Block Parameters: Asynchronous Machine pu Units m

Asynchronous Machine [mask)

Implements a three-phase asyhchronous machine [wound rotor or squirrel cage)
modeled in a selectable dq reference frame [rotor, stator, or synchronous). Stator and
rotor windings are connected in wye to an internal neutral point.

Configuration | Parameters I_A&_vancecr |
Nominal power, voltage (line-line), and frequency [ Pn[va) Mn[Wims) inHz) ]:
(13730 460 60] |

Stator resistance and inductance [ Rs.Lls ] (pu):
|[0.01965 0.0397] |

Rotor resistance and inductance [ Rr',LIr' ] (pu):
[0.01309 0.0397] |

Mutual inductance Lm (pu):
11.354 |

Inertia constant, friction factor and pole pairs [ H(s) F(pu) p() I
|[0.09526 0.05479 2] |

Initial conditions
(1.0 000 0.00] \

Simulate saturation

Saturation Parameters [i1,i2.... [pu) ; v1.v2....[pu]]
| [0.212,0.4201,0.8125,1.0979,1.4799,2.2457,3.25086,4.5763,6.4763 ; 05070911 I

[ oK J[ Cancel ][ Help ][ Apply ]

Inputs and Outputs



Tm

The Simulink input of the block is the mechanical torque at the machine's shaft. When the input is
a positive Simulink signal, the asynchronous machine behaves as a motor. When the input is a

negative signal, the asynchronous machine behaves as a generator.

When you use the SI parameters mask, the input is a signal in N.m, otherwise it is in pu.

The alternative block input (depending on the value of the Mechanical input parameter) is the machine

speed, in rad/s.

m

The Simulink output of the block is a vector containing 21 signals. You can demultiplex these
signals by using the Bus Selector block provided in the Simulink library. Depending on the type
of mask you use, the units are in Sl, or in pu.

Signal Definition Units Symbol
1 Rotor current ir_a Aorpu i

2 Rotor current ir_b A orpu i

3 Rotor current ir_c Aorpu i

4 Rotor current iq A or pu i

5 Rotor current id A orpu i

6 Rotor flux phir_g V.sorpu Plar

7 Rotor flux phir_d V.sor pu dar

8 Rotor voltage Vr_q V orpu



10

11

12

Signal

13

14

15

16

17

18

19

20

21

Rotor voltage Vr_d

Stator current is_a

Stator current is_b

Stator current is_c

Definition

Stator currentis_q

Stator current is_d

Stator flux phis_q

Stator flux phis_d

Stator voltage vs_q

Stator voltage vs_d

Rotor speed

Electromagnetic torque Te

Rotor angle thetam

Vorpu

Aorpu

Aorpu

A or pu

Units

A or pu

Aorpu

V.sorpu

V.sorpu

V orpu

V or pu

rad/s

N.m or pu

rad

Vi

Isa

isb

Isc

Symbol

igs

ids

das

(I)ds

Vds

Te

Om

The stator terminals of the Asynchronous Machine block are identified by the A, B, and C letters.

The rotor terminals are identified by the a, b, and c letters. Note that the neutral connections of the

stator and rotor windings are not available; three-wire Y connections are assumed.

Limitations

1. The Asynchronous Machine block does not include a representation of the saturation of

leakage fluxes. You must be careful when you connect ideal sources to the machine's stator.



If you choose to supply the stator via a three-phase Y-connected infinite voltage source,
you must use three sources connected in Y. However, if you choose to simulate a delta

source connection, you must use only two sources connected in series.

When you use Asynchronous Machine blocks in discrete systems, you might have to use a
small parasitic resistive load, connected at the machine terminals, in order to avoid
numerical oscillations. Large sample times require larger loads. The minimum resistive
load is proportional to the sample time. As a rule of thumb, remember that with a 25 pus
time step on a 60 Hz system, the minimum load is approximately 2.5% of the machine
nominal power. For example, a 200 MVA asynchronous machine in a power system
discretized with a 50 ps sample time requires approximately 5% of resistive load or 10

MW. If the sample time is reduced to 20 ps, a resistive load of 4 MW should be sufficient.



Experiment No. 4

AIM:- Modeling of DC Machine.
Description:-

The seven DC drive models of the library, designated DC1 to DC7, are based on the DC brush motor
in the Electric Drives library. As in any electric motor, the DC brush motor consists of the stator
(fixed) part and the rotor (movable) part. The DC brush motor also has two types of windings — the
excitation or field winding and the armature winding. As the name implies, the field winding is used
to produce a magnetic excitation field in the motor, whereas the armature coils carry the induced
motor current. Since the time constant (L/R) of the armature circuit is much smaller than that of the
field winding, controlling speed by changing armature voltage is quicker than changing the field
voltage. Therefore the excitation field is fed from a constant DC voltage source, while the armature
windings are fed by a variable DC source. The latter source is produced by a phase-controlled
thyristor converter for the DC1 to DC4 models and by a transistor chopper for the DC5, DC6, and
DC7 models. The thyristor converter is fed by a single-phase AC source for DC1 and DC2 and by a
three-phase AC source for DC3 and DC4. Finally, the DC models can work in sets of quadrants.

Model Type of Con ‘erter Operation Quadrants

DC1 Single-phase thyrist or converter I-11

DC2 Single-phase thyrist or converter I-1-111-1V

DC3 Three-phase thyrist )r converter I-11

DC4 Three-phase thyrist )r converter I-1-111-1V

DC5 Chopper I

DC6 Chopper I-11

DC7 Chopper I-1-11-1v

Regenerative Braking

Operation in quadrants Il and IV corresponds to forward and reverse braking, respectively. For the
DC models of the Electric Drives library, this braking is regenerative, meaning that the kinetic
energy of the motor-load system is converted to electric energy and returned to the power source.
This bidirectional power flow is obtained by inverting the motor's connections when the current
becomes null (DC1 and DC3) or by the use of a second converter (DC2 and DC4). Both methods
allow inverting the motor current in order to create an electric torque opposite to the direction of



motion. The chopper-fed DC drive models (DC5, DC6, DC7) produce regenerative braking in
similar fashions.

Example: Thyristor Converter-Based DC Motor Drive

In this example, you build and simulate this simple thyristor converter-based DC motor drive:

Alpha P
1750 |——mSP Motor %’ Motor .

Vap——
—{Tm
Speed reference o e
Alp——1—s|A la f———
Cirl =—==omCHrl.
'”-@'W(JIMLB s—«——=(B DC3 N f————
c | .lc Wm Signal Selector Scope
460 V 60 Hz Two-Quadrant Three-Phase
Rectifier DC Drive

Ts = 5e-006 s.

Discrete, Tm Wm o[ 1 > l

Multimeter

powergui Linear load torque Scope1

The example uses the DC3 model with a 200 hp DC motor parameter set during speed regulation.
The DC3 block models a two-quadrant three-phase thyristor converter drive. The motor connects to
a load and is driven to its 1750 rpm nominal speed.

Get the DC3 Model from the Electric Drives Library

1.
2.

Open a new window and save it as DC_example.

Add the Two-Quadrant  Three-Phase Rectifier DC  Drive block from the
Simscape > Electrical > Specialized Power Systems > Electric  Drives > DC Drives
library in the DC_example window.

Connect the DC3 Model to a Voltage Source

All models of the library have three types of inputs: the electrical power inputs, the speed or torque
set point input (SP), and the mechanical torque input (Tm). Because the DC3 model is a three-phase
drive, it presents three electrical inputs: A, B, and C. In order for the DC3 model to work, you must
now connect those inputs to a proper voltage source:

1.

Add a Three-Phase Source block from the Simscape > Electrical > Specialized Power
Systems > Fundamental Blocks > Electrical Sources library into your circuit. Connect the
voltage source outputs A, B, and C to the DC3 A, B, and C inputs, respectively.

In this example, you are driving a 200 hp DC motor of 500 VV nominal armature voltage. The
mean output voltage “Vout of a three-phase thyristor rectifier bridge is given by

"Vout= G2l,rms .cosa
3V T
where VI,rms is the phase-to-phase rms voltage value of the three-phase voltage source and «
is the firing angle value of the thyristors. For better voltage control, a lower firing angle limit



is usually imposed, and the maximum mean output voltage available from the rectifier bridge
is thus given by

R G .
Vout,max= ~2l,rms .cosamin

3 Vv T
where amin is the lower firing angle limit. In our case, the lower firing angle limit used in the
DC3 model is 20 degrees. With such an angle value and in order to have a maximum mean
output voltage value of 500 V to drive the 200 hp motor to its nominal speed, the needed
phaseto-phase rms voltage value given by the preceding equation is 370 V. Assuming the drive
is connected to an American electrical network, the closest standard voltage value is 460 V.

. Setthe AC source phase-to-phase rms voltage value to 460 V and the frequency to 60 Hz. Name
the AC source 460 V 60 Hz.

Note that the voltage source amplitude and frequency values needed for each drive model of

the Electric Drives library can be found in the reference notes. The nominal values of the
corresponding motors are also included. The table contains the values corresponding to the
DC3 200 hp model.

Drive Input Voltage

Motor Nominal VValues

In order to represent a real-life three-phase source, you must specify correct source resistance
R and inductance L values. To determine these, one usually uses the short-circuit power value
Psc and a given X /R ratio, where X=L.w, @ being the angular frequency of the voltage source.
As a rule of thumb, the short-circuit power absorbed by the source impedance is supposed to
be at least 20 times bigger than the nominal power of the drive, and the X/R ratio is usually
close to 10 for industrial plants.

The value of the source impedance Z is obtained by

where V is the phase-to-phase rms voltage value of the voltage source. For a high X /R ratio r,
the source resistance R is approximately equal to



R:Zr 1)

and the source inductance L to

L= (2)
Zw

In this example, the phase-to-phase rms voltage is worth 460 V and the source frequency is 60
Hz. If we assume a short-circuit power of 25 times the nominal drive power, we find a source
impedance of 0.056 Q. For an X /R ratio of 10, using Equation 1 and Equation 2, we find a
resistance value of 0.0056 Q and an inductance value of 0.15 mH.

3. Clear the Specify impedance using short-circuit level check box, and set the AC source
resistance value to 0.0056 Q and the inductance to 0.15 mH.

Connect the DC3 Model to a Mechanical Load

The Tm input represents the load torque applied to the shaft of the DC motor. If the values of the
load torque and the speed have opposite signs, the acceleration torque will be the sum of the
electromagnetic and load torques. Many load torques are proportional to the speed of the driven load
such as represented by the equation

Tmec=K-om=K"-Nm (3)

where wm is the speed in rad/s and N the speed in rpm. You will now build such a load.

To compute this type of mechanical load torque, the speed of the DC motor is needed. This one can
be obtained by using the outputs of the DC3 model. All drive models of the Electric Drives library
have four output vectors: Motor, Conv., Ctrl, and Wm. The Motor vector contains all motor-related
variables, the Conv. vector contains all converter voltage and current values, the Ctrl vector contains
all the regulation important values, such as the speed or torque reference signals, the speed or torque
regulation error, the firing angle value, and so on, and Wm is the motor speed in rad/s. All
inputoutput descriptions are available on the reference page of every model.

The motor speed (Wm) can be multiplied by the constant K of Equation 3 to obtain the load torque
signal to be connected to the Tm input of the DC3 model:

1. Build the subsystem following and name it Linear load torque.

Tm Wm

The constant K can be computed knowing that at nominal speed, the motor should develop
nominal torque. As shown in the table that contains the values corresponding to the DC3 200
hp model, the DC motor used in this simulation has a nominal speed Nmn of 1750 rpm. Since
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the nominal mechanical output power P of the motor is 200 hp, the nominal mechanical load
torque Tmec,n Can be computed following Equation 4 (where viscous friction is neglected)

P =T womn=Tn: ()
m,n= 'mec,n‘wm,n nﬁ.Nm,n30

where wmn is the nominal speed in rad/s. Using this equation, we find a nominal mechanical
torque of 814 N.m. Finally Equation 3 gives us a K value of 4.44,

Set the constant value of the Linear load torque block to 4.44.

Connect the input and output of the Linear load torque block to Wm and Tm input of the DC3
block, respectively. Your model should now look like the following.
SP

Motor p

— Tm
Conv. p
R A -
Ctrlp
"F@}\N\(Jwﬁ - {8  DC3

Cle L_a|C Wm

460 V 60 Hz Two-Quadrant Three-Phase
Rectifier DC Drive

Tm Wm e——

Linear load torque

Define the Set Point

The set point input of the DC3 model can either be a speed value (in rpm) or a torque value (in N.m)
depending on the regulation mode (speed or torque regulation). In this example, we will set the DC3
block in speed regulation mode and drive the 200 hp DC motor to its nominal speed of 1750 rpm.

1.
2.

3.

Add a Constant block into DC_example.

Connect the Constant block to the set point input of the DC3 model and name it Speed
reference.

Set the set point to 1750 rpm.

Visualize Internal Signals

You must now use the DC3 model outputs to visualize interesting signals with a scope. Suppose you
need to visualize the following signals:

The thyristor bridge firing angle

The motor armature voltage

The motor armature current and reference

The speed reference and the motor speed
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Note that all model input-output descriptions can be found in the corresponding reference notes.
Look under the mask of the DC3 block to see what signals are connected to the DC3 outputs. In the
Block tab, click Look Under Mask.

As you can see below, the firing angle is contained inside the Ctrl output vector. The firing angle
Alpha (see the DC3 block reference notes) is the second element of this vector.
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The Motor vector (shown in the next figure) contains three of the needed signals. The armature
voltage and current signals are the first and third elements, respectively. The speed is the second
element of the Motor vector.
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Finally, the current and speed reference signals are the first and fourth elements of the Ctrl vector,
respectively (see the following figure). Note that the Ref. signal in the Regulation switch block
would be a torque reference in torque regulation mode.
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Internal bridge current and voltage signals can be extracted via the Conv. output, which is connected
to a multimeter output. To view these signals, add a Multimeter block from the Simscape >
Electrical > Specialized Power Systems > Fundamental

Blocks > Measurements library into your circuit. By clicking the Multimeter block, you can select
the converter signals you want to output. Refer to the Multimeter block reference page for more
information on how to use the Multimeter block.

By using a Selector block, you can now extract the needed signals from the three output vectors in
order to visualize them:

1. Build the following subsystem in order to extract all the needed visualization signals. Name it
Signal Selector.

l <Armaturz Voltage (V)> "
\Ja
Motor I - i T Ia
<Speed (rpm)>
Bus
Selector
LA
& T g
Sl l <Alphz {d=g)> ]
| - Alpha
Selector1
—F]
Conv.

2. Connect the Motor, Conv., and Ctrl outputs of the DC3 block to the Motor, Conv., and Citrl
inputs of your Signal Selector block.

3. Copy two Scope blocks to your model. They will be used to display the output signals of the
Signal Selector block and the Multimeter block. For the first scope, open the Scope Parameters
dialog box. On the General tab, set the number of axes to 4, the simulation time range to auto,
and use a decimation of 20. Clear the Limit Data Points to last check box on the Data history
tab. Connect the four outputs of the Signal Selector block to the inputs of the scope. Connect
the output of the Multimeter block to the input of the second scope.

Set the Fixed-Step Simulation Environment

All drive models of the library are discrete models. In order to simulate your system, you must now

specify the correct simulation time step and set the fixed-step solver option. Recommended sample

time values for DC drives, AC drives, and mechanical models can be found in the Remarks sections

of the corresponding block reference pages. The recommended sample time for the DC3 model is 5

ps. Follow these steps:

1. Add a Powergui block from the Simscape > Electrical > Specialized Power Systems >
Fundamental Blocks library into DC _example. Open the Powergui, click Configure
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Parameters, and in the Powergui block parameters dialog box set Simulation type to Discrete.
Set the sample time to 5 ps.

2. Inthe Simulation tab, click Model Settings. Select Solver. Under Solver selection select fixed-
step and discrete (no continuous states). Set the stop time to 12 seconds. Before simulating your
circuit, you must first set the correct DC3 internal parameters.

Set the High Power Drive Parameter Set

Many models of the Electric Drives library have two sets of parameters: a low-power set and a
highpower set. By default, all models are initially loaded with the low-power set. The DC3 model
parameters currently loaded in DC_example are those of a 5 hp drive.

You will now set the high-power drive parameters, which are those of a 200 hp drive. To do this,
you will use the graphical user interface:

1. Open the user interface by double-clicking the DC3 block.

The interface is divided following the three main parts of a drive system: the motor parameters
(DC Machine tab), the converter parameters (Converter tab), and the regulation parameters
of the drive controller (Controller tab).

2. To load the 200 hp parameters, click the Load button.

When you click the Load button, a window containing the low-power and high-power
parameter files of every AC and DC model appears. These files contain all the parameters used
by the graphical user interface. The name of each file begins with the model name followed by
the power value. The 200 hp version of DC3 is thus named dc3_200hp_params.

3. Select the dc3_200hp_params.mat file and click Load.

The 200 hp parameters are now loaded. Note that you can also save custom drive parameters by
using the Save button. When you do so, your custom parameters are saved in a MAT-file format and
can be reloaded at any time.

Set the Motor Inertia Value All default inertias of the electric drives are “no-load” inertias that
only represent rotor inertias. When the motor is coupled to a load, the inertia parameter of the DC
Machine tab represents the combined inertias of the rotor and of the driven load. In this example,
the no-load inertia of the DC3 200 hp motor is 2.5 kg*m”2. Since the drive is directly coupled to a
load, you must increase this value by the inertia of the load. Suppose that the new combined inertia
amounts to 15 kg*m”2.

1. In the DC Machine section of the dialog box, change the inertia value to 15 kg*m~”2.

2. Click OK to apply the changes and close the dialog box.

Set the DC3 Controller Parameters and Simulation Results
The speed and current controllers of the DC3 block are both composed of a proportional-integral
regulator. You can find details on the regulators of each drive model on the corresponding block

reference pages. The user interface of each model contains a schematic of the drive controller internal
structure.

1. Open the user interface. Click the Controller tab and then the Schematic button.
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All default regulation parameters (speed and current controller parameters) have been trimmed
for “no-load” inertias. Because the inertia has been modified, some changes need to be made

in the speed controller. The current controller should not be modified, the change of inertia
having little influence on the current control.

In order to visualize the changes that need to be made, run a simulation of the present circuit.
2. Start the simulation. The simulation results visualized on the scope are shown below.
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The armature current follows its reference but saturates at 450 A during the acceleration phase.
This saturation is a result of the current controller reference limit of 1.5 pu, which in turn causes
insufficient acceleration torque. The motor is unable to follow the 650 rpm/s default speed
ramp. Because the acceleration torque cannot be increased, to avoid a burnout of the armature
circuit, the speed ramp must be lowered by the same amount that the inertia was increased. If
you reduce the speed ramp ‘@ by an amount equal to the inertia increase, you can obtain the
same torque vs. speed curve (or current vs. speed) as the default value obtained with a 2.5
kg*m”2 inertia using the new inertia I.

Tem(w)=I.'w+Tmec+B.w=I. w+K'w+Bw

The B.w term represents the viscous friction in the drive where B is the viscous friction
coefficient.

In this case, we decrease the speed ramp slightly less than the inertia increase in order to have
a high enough acceleration, and set it to 200 rpm/s.



3. Open the user interface. In the Controller section, set the acceleration speed ramp parameter
of the speed controller menu to 200 rpm/s.

4. Start the simulation and observe the new results on the scope.

Alpha (deg)

Va (V)

The current regulation is very good, and no current regulator changes will be undertaken. The
speed regulation is satisfactory, but some improvements can be made: the initial tracking of the
speed reference can be faster, and the speed overshoot and the small speed ramping error
encountered during the accelerating phase can be reduced. A modification of the proportional and
integral gains of the PI speed regulator allows you to achieve these goals: o By increasing the
proportional gain of the speed controller, you increase the controller's sensitivity because it reacts
much faster to small speed regulation errors. As a result, initial tracking of the speed reference is
improved because the current reference issued by the speed controller reacts faster. o An increase
of the integral gain allows the motor speed to catch up with the speed reference ramp a lot faster
during ramping periods, leading to a faster reaction to small speed error integral terms that occur
when a signal is regulated following a ramp. The controller will react in order to diminish the speed



error integral a lot faster by producing a slightly higher acceleration torque when following an
acceleration ramp.

Too high an increase of the proportional and integral gains can cause instability, the controller
becoming oversensitive. Too high gains can also cause current saturation. An easy way to
adjust the speed controller gains is to increase them step by step and to simulate the new
configuration after each change until the desired system performances are obtained (trial/error
method).

When the current controller has to be trimmed, a good way to achieve this is to keep the rotor
still by setting a very high combined inertia value. This allows a decoupling of the electrical
and mechanical parameters. You then adjust the current controller parameters until the current
follows given current references perfectly. The same process applies to the current regulator as
those made above for speed regulation. Once the current regulator is trimmed, you can then
trim the speed regulator by resetting the combined inertia to its initial value.

5. Try different speed regulator values and observe the resulting changes in the system dynamics.
A proportional gain of 80 and an integral gain of 200 give very good results, as shown.
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The firing angle value lowers with the speed increase in order to generate a growing converter output
voltage. The converter is here working in rectifier mode, the power transiting from the AC source to
the DC motor. The voltage increase allows the converter to keep feeding current to the DC motor
during the acceleration phase, the armature voltage increasing proportionally with the speed. The
current increase observed during this phase is due to the increasing torque opposed by the load.
Around t = 8.5 s, the speed reaches its set point, and the armature current lowers to about 335 A
since no more acceleration torque is needed.

Before concluding this example, notice the two first-order filters used in the speed and current
controller diagrams in the controller schematic figure. These filters remove unwanted current and
speed harmonics in the current and speed measurement signals. These harmonics are caused by the
rectified output voltages of the three-phase full converters. The main ripple frequency introduced by
a three-phase full converter is equal to six times the voltage source frequency (6th harmonic). In the
case of this example, the first harmonic frequency is thus equal to 360 Hz. The cutoff frequency of
the first-order filters must at least be lower than 360 Hz. Since the filters are first-order filters, the
cutoff frequency must be a lot lower to have a reasonably good harmonic rejection. Keep in mind
that too low a cutoff frequency can cause system instability. In the case of chopper drives like DC5,
DC6, and DC7, the fundamental frequency is equal to the PWM frequency.

Simulate in Average-Value Mode

Most drive models can be simulated in average-value mode. In such mode, the Universal Bridge
blocks used to simulate the power converters driving the motors are replaced by average-value
converters. The average-value converter models used are described in the reference pages of each
drive model. This lets you increase the simulation time step and thus increase simulation speed.

Use the following procedure to simulate a model in average-value mode.

1. Open the user interface. Select the Average option in the Model detail level drop-down list.
2. Select the Converter section.

Notice that it contains some extra parameters specific to average-value mode. These parameters
affect the external voltage source and are used by the average-value rectifier.

When simulating in average-value mode, the time step can be increased in order to run faster
simulations. A guideline is to increase the time step up to the smallest controller sampling time
used in the model. In this case the sampling time is the same for the speed and current
controllers and is equal to 100 ps.

3. Close the user interface and open the powergui block. Set Simulation type to Discrete. Set the
sample time to 100 ps. Run the simulation.

Notice that the simulation time is reduced. Observe the simulation results: the rectifier output
voltage and current ripples are not represented, you can see only the average value of these
signals. If you later try to visualize the input current, you will only see the 60 Hz fundamental
component of the detailed current.
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EXPERIMENT: 5

Object: Simulate simple circuits.

Creating a Simple Model

Before you can begin building your model, you must start Simulink and create an empty model.

To create a new model:

1. If Simulink is not running, enter simulink in the MATLAB Command Window to open the
Simulink Library Browser.
2. Select File > New > Model in the Simulink Library Browser to create a new model. The

software opens an empty model window.
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Adding Blocks to Your Model

To construct a model, you first copy blocks from the Simulink Library Browser to the model
window. To create the simple model in this chapter, you need four blocks:

« Sine Wave — To generate an input signal for the model
Integrator — To process the input signal
Scope — To visualize the signals in the model
«  Mux — To multiplex the input signal and processed signal into a single scope

To add blocks to your model:

1. Select the Sources library in the Simulink Library Browser.

The Simulink Library Browser displays the Sources library.
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Block Description X
Sine Wave: Output a sine wave: A

0[t) = Amp*Sin(Freq*t+Phase] + Bias

Sine type determines the computational technique used. The parameters in the two types are
related through:

Samples per period = 2*pi / [Frequency * Sample time) Ll
7

2. Select the Sine Wave block in the Simulink Library Browser, then drag it to the model
window. A copy of the Sine Wave block appears in the model window.
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3. Select the Sinks library in the Simulink Library Browser.
4. Select the Scope block from the Sinks library, then drag it to the model window.

A Scope block appears in the model window.

5. Select the Continuous library in the Simulink Library Browser.
6. Select the Integrator block from the Continuous library, then drag it to the model window.

An Integrator block appears in the model window.

7. Select the Signal Routing library in the Simulink Library Browser.
8. Select the Mux block from the Sinks library, then drag it to the model window.

A Mux block appears in the model window.

Moving Blocks in the Model Window

Before you connect the blocks in your model, you should arrange them logically to make the signal
connections as straightforward as possible.

To move a block in the model window, you can either:

Drag the block.
- Select the block, then press the arrow keys on the keyboard.

Arrange the blocks in the model to look like the following figure.
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Connecting Blocks in the Model Window

After you add blocks to the model window, you must connect them to represent the signal
connections within the model.

Notice that each block has angle brackets on one or both sides. These angle brackets represent input
and output ports:

The > symbol pointing into a block is an input port.
- The > symbol pointing out of a block is an output port.

Input port ————» 1; ~——— Qutput port

Integrator

The following sections describe how to connect blocks by drawing lines from output ports to input
ports:

Drawing Lines Between Blocks « Drawing a Branch Line

Drawing Lines Between Blocks
You connect the blocks in your model by drawing lines between output ports and input ports.
To draw a line between two blocks:

1. Position the mouse pointer over the output port on the right side of the Sine Wave block.

Note that the pointer changes to a crosshairs (+) shape while over the port.
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2. Drag a line from the output port to the top input port of the Mux block.

Note that the line is dashed while you hold the mouse button down, and that the pointer
changes to a double-lined crosshairs as it approaches the input port of the Mux block.
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3. Release the mouse button over the output port.

The software connects the blocks with an arrow that indicates the direction of signal flow.
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4. Drag a line from the output port of the Integrator block to the bottom input port on the Mux
block.

The software connects the blocks.
5. Select the Mux block, then Ctrl+click the Scope block.

The software automatically draws the connection line between the blocks.

The model should now look similar to the following figure.
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Drawing a Branch Line

The model is almost complete, but one connection is missing. To finish the model, you must connect
the Sine Wave block to the Integrator block.

This final connection is somewhat different from the other three, which all connect output ports to
input ports. Because the output port of the Sine Wave block already has a connection, you must
connect this existing line to the input port of the Integrator block. The new line, called a branch line,
carries the same signal that passes from the Sine Wave block to the Mux block.

To weld a connection to an existing line:

1. Position the mouse pointer on the line between the Sine Wave and the Mux block.
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2. Press and hold the Ctrl key, then drag a line to the Integrator block'’s input port.

[
| (.
Sine Wave
|_]L Scope
= 1
=i ¥
Integrator

The software draws a line between the starting point and the input port of the Integrator
block.

The model is now complete. It should look similar to the following figure.
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Saving the Model

After you complete the model, you should save it for future use.
To save the model:

Select File > Save in the model window.

Specify the location in which you want to save the model.
Enter simple_model in the File name field.

Click Save.

Moo e

The software saves the model with the file name simple_model.mdl.



EXPERIMENT: 6

Object: (a) Modelling of Synchronous Machine with PSS (b) Simulation of Synchronous Machine
with FACTS device

UPFC (Detailed Model)

Detailed Model of a 48-Pulse, GTO-Based Unified Power Flow Controller (500 kV, 100 MVA)
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UPFC (Detalled Model)
48-Pulse, GTO-Based Unitied Power Flow Controller (S00kV, 100 MVA)

Model Description

A Unified Power Flow Controller (UPFC) is used to control the power flow in a 500 kV transmission
system. The UPFC located at the left end of the 75-km line L2, between the 500 kV buses B1 and
B2, is used to control the active and reactive powers flowing through bus B2 while controlling
voltage at bus B1. It consists of two 100-MVA, three-level, 48-pulse GTO-based converters, one
connected in shunt at bus B1 and one connected in series between buses B1 and B2. The shunt and
series converters can exchange power through a DC bus. The series converter can inject a maximum
of 10% of nominal line-to-ground voltage (28.87 kV) in series with line L2.

This pair of converters can be operated in three modes:



« Unified Power Flow Controller (UPFC) mode, when the shunt and series converters are
interconnected through the DC bus. When the disconnect switches between the DC buses of
the shunt and series converter are opened, two additional modes are available:

Shunt converter operating as a Static Synchronous Compensator (STATCOM) controlling
voltage at bus B1

- Series converter operating as a Static Synchronous Series Capacitor (SSSC) controlling

injected voltage, while keeping injected voltage in quadrature with current.

The mode of operation as well as the reference voltage and reference power values can be changed

by means of the “UPFC GUI” block.

The principle of operation of the harmonic neutralized converters is explained in another demo
entitled “Three-phase 48-pulse GTO converter”. This demo (power_48pulsegtoconverter.mdl) is
accessible in the Power Electronics Models library of demos. When the two converters are operated
in UPFC mode, the shunt converter operates as a STATCOM. It controls the bus B1 voltage by
controlling the absorbed or generated reactive power while also allowing active power transfer to
the series converter through the DC bus. The reactive power variation is obtained by varying the DC
bus voltage. The four three-level shunt converters operate at a constant conduction angle (Sigma=
180-7.5 = 172.5 degrees), thus generating a quasi-sinusoidal 48-step voltage waveform. The first

significant harmonics are the 47th and the 49th.

When operating in UPFC mode, the magnitude of the series injected voltage is varied by varying the
Sigma conduction angle, therefore generating higher harmonic contents than the shunt converter. As
illustrated in this demo, when the series converter operates in SSSC mode it generates a “true”

48pulse waveform.

The natural power flow through bus B2 when zero voltage is generated by the series converter (zero
voltage on converter side of the four converter transformers) is P=+870 MW and Q=-70 Mvar. In
UPFC mode, both the magnitude and phase angle and the series injected voltage can be varied, thus
allowing control of P and Q. The UPFC controllable region is obtained by keeping the injected
voltage to its maximum value (0.1 pu) and varying its phase angle from zero to 360 degrees. To see
the resulting P-Q trajectory, double click the “Show UPFC Controllable Region”. Any point located
inside the PQ elliptic region can be obtained in UPFC mode.



Demonstration
1. Power control in UPFC mode

Open the UPFC GUI block menu. The GUI allows you to choose the operation mode (UPFC,
STATCOM or SSSC) as well as the Pref/Qref reference powers and/or Vref reference voltage
settings . Also, in order to observe the dynamic response of the control system, the GUI allows you

to specify a step change of any reference value at a specific time.

Make sure that the operation mode is set to “UPFC (Power Flow Control)”. The reference active and
reactive powers are specified in the last two lines of the GUI menu. Initially, Pref=+8.7 pu/100MVA
(+870 MW) and Qref=-0.6 pu/I00MVA (-60 Mvar). At t=0.25 sec Pref is changed to +10 pu
(+1000MW). Then, at t=0.5 sec, Qref is changed to +0.7 pu (+70 Mvar). The reference voltage of
the shunt converter (specified in the 2nd line of the GUI) will be kept constant at VVref=1 pu during
the whole simulation (Step Time=0.3*100> Simulation stop time (0.8 sec). When the UPFC is in
power control mode, the changes in STATCOM reference reactive power and in SSSC injected

voltage (specified respectively in 1st and 3rd line of the GUI) as are not used.

Run the simulation for 0.8 sec. Open the “Show Scopes” subsystem. Observe on traces 1 and 2 of
the UPFC scope the variations of P and Q. After a transient period lasting approximately 0.15 sec,
the steady state is reached (P=+8.7 pu; Q=-0.6 pu). Then P and Q are ramped to the new settings
(P=+10 pu Q=+0.7 pu). Observe on traces 3 and 4 the resulting changes in P Q on the three
transmission lines. The performance of the shunt and series converters can be observed respectively
on the STATCOM and SSSC scopes. If you zoom on the first trace of the STATCOM scope, you
can observe the 48-step voltage waveform Vs generated on the secondary side of the shunt converter
transformers (yellow trace) superimposed with the primary voltage Vp (magenta) and the primary
current Ip (cyan). The dc bus voltage (trace 2) varies in the 19kV-21kV range. If you zoom on the
first trace of the SSSC scope, you can observe the injected voltage waveforms Vinj measured
between buses B1 and B2.



2. Var control in STATCOM mode

In the GUI block menu, change the operation mode to “STATCOM (Var Control)”. Make sure that
the STATCOM references values (1st line of parameters, [T1 T2 Q1 Q2]) are set to [0.3 0.5 +0.8
0.8 ]. In this mode, the STATCOM is operated as a variable source of reactive power. Initially, Q is
set to zero, then at T1=0.3 sec Q is increased to +0.8 pu (STATCOM absorbing reactive power) and
at T2=0.5 sec, Q is reversed to -0.8 pu (STATCOM generating reactive power).

Run the simulation and observe on the STATCOM scope the dynamic response of the STATCOM.
Zoom on the first trace around t=0.5 sec when Q is changed from +0.8 pu to -0.8 pu. When Q=+0.8
pu, the current flowing into the STATCOM (cyan trace) is lagging voltage (magenta trace),
indicating that STATCOM s absorbing reactive power. When Qref is changed from +0.8 to -0.8,
the current phase shift with respect to voltage changes from 90 degrees lagging to 90 degrees leading
within one cycle. This control of reactive power is obtained by varying the magnitude of the
secondary voltage Vs generated by the shunt converter while keeping it in phase with the bus B1
voltage Vp. This change of Vs magnitude is performed by controlling the dc bus voltage. When Q
is changing from +0.8 pu to -0.8 pu, Vdc (trace 3) increases from 17.5 kV to 21 kV.

3. Series voltage injection in SSSC mode

In the GUI block menu change the operation mode to “SSSC (Voltage injection)”. Make sure that
the SSSC references values (3rd line of parameters) [Vinj_Initial Vinj_Final StepTime] ) are set to
[0.0 0.08 0.3 ]. The initial voltage is set to 0 pu, then at t=0.3 sec it will be ramped to 0.8 pu.

Run the simulation and observe on the SSSC scope the impact of injected voltage on P and Q flowing
in the 3 transmission lines. Contrary to the UPFC mode, in SSCC mode the series inverter operates
with a constant conduction angle (Sigma= 172.5 degrees). The magnitude of the injected voltage is
controlled by varying the dc voltage which is proportional to Vinj (3rd trace). Also, observe the
waveforms of injected voltages (1st trace) and currents flowing through the SSSC (2nd trace).
Voltages and currents stay in quadrature so that the SSSC operates as a variable inductance or

capacitance.
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EXPERIMENT: 7

Object:- (a) Modelling of Synchronous Machine with FACTS device (b) Simulation of Synchronous
Machine with FACTS devices.

UPFC (Detailed Model)

Detailed Model of a 48-Pulse, GTO-Based Unified Power Flow Controller (500 kV, 100 MVA)
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UPFC (Detalled Model)
48-Pulse, GTO-Based Unitied Power Flow Controller (500kV, 100 MVA)

Model Description

A Unified Power Flow Controller (UPFC) is used to control the power flow in a 500 kV transmission
system. The UPFC located at the left end of the 75-km line L2, between the 500 kV buses B1 and
B2, is used to control the active and reactive powers flowing through bus B2 while controlling
voltage at bus B1. It consists of two 100-MVA, three-level, 48-pulse GTO-based converters, one
connected in shunt at bus B1 and one connected in series between buses B1 and B2. The shunt and
series converters can exchange power through a DC bus. The series converter can inject a maximum
of 10% of nominal line-to-ground voltage (28.87 kV) in series with line L2.

This pair of converters can be operated in three modes:



« Unified Power Flow Controller (UPFC) mode, when the shunt and series converters are
interconnected through the DC bus. When the disconnect switches between the DC buses of
the shunt and series converter are opened, two additional modes are available:

Shunt converter operating as a Static Synchronous Compensator (STATCOM) controlling
voltage at bus B1
Series converter operating as a Static Synchronous Series Capacitor (SSSC) controlling

injected voltage, while keeping injected voltage in quadrature with current.

The mode of operation as well as the reference voltage and reference power values can be changed

by means of the “UPFC GUI” block.

The principle of operation of the harmonic neutralized converters is explained in another demo
entitled “Three-phase 48-pulse GTO converter”. This demo (power_ 48pulsegtoconverter.mdl) is
accessible in the Power Electronics Models library of demos. When the two converters are operated
in UPFC mode, the shunt converter operates as a STATCOM. It controls the bus B1 voltage by
controlling the absorbed or generated reactive power while also allowing active power transfer to
the series converter through the DC bus. The reactive power variation is obtained by varying the DC
bus voltage. The four three-level shunt converters operate at a constant conduction angle (Sigma=
180-7.5 = 172.5 degrees), thus generating a quasi-sinusoidal 48-step voltage waveform. The first

significant harmonics are the 47th and the 49th.

When operating in UPFC mode, the magnitude of the series injected voltage is varied by varying the
Sigma conduction angle, therefore generating higher harmonic contents than the shunt converter. As
illustrated in this demo, when the series converter operates in SSSC mode it generates a “true”

48pulse waveform.

The natural power flow through bus B2 when zero voltage is generated by the series converter (zero
voltage on converter side of the four converter transformers) is P=+870 MW and Q=-70 Mvar. In
UPFC mode, both the magnitude and phase angle and the series injected voltage can be varied, thus
allowing control of P and Q. The UPFC controllable region is obtained by keeping the injected
voltage to its maximum value (0.1 pu) and varying its phase angle from zero to 360 degrees. To see
the resulting P-Q trajectory, double click the “Show UPFC Controllable Region”. Any point located
inside the PQ elliptic region can be obtained in UPFC mode.



Demonstration
1. Power control in UPFC mode

Open the UPFC GUI block menu. The GUI allows you to choose the operation mode (UPFC,
STATCOM or SSSC) as well as the Pref/Qref reference powers and/or Vref reference voltage
settings . Also, in order to observe the dynamic response of the control system, the GUI allows you

to specify a step change of any reference value at a specific time.

Make sure that the operation mode is set to “UPFC (Power Flow Control)”. The reference active and
reactive powers are specified in the last two lines of the GUI menu. Initially, Pref= +8.7 pu/100MVA
(+870 MW) and Qref=-0.6 pu/I00MVA (-60 Mvar). At t=0.25 sec Pref is changed to +10 pu
(+1000MW). Then, at t=0.5 sec, Qref is changed to +0.7 pu (+70 Mvar). The reference voltage of
the shunt converter (specified in the 2nd line of the GUI) will be kept constant at Vref=1 pu during
the whole simulation (Step Time=0.3*100> Simulation stop time (0.8 sec). When the UPFC is in
power control mode, the changes in STATCOM reference reactive power and in SSSC injected

voltage (specified respectively in 1st and 3rd line of the GUI) as are not used.

Run the simulation for 0.8 sec. Open the “Show Scopes” subsystem. Observe on traces 1 and 2 of
the UPFC scope the variations of P and Q. After a transient period lasting approximately 0.15 sec,
the steady state is reached (P=+8.7 pu; Q=-0.6 pu). Then P and Q are ramped to the new settings
(P=+10 pu Q=+0.7 pu). Observe on traces 3 and 4 the resulting changes in P Q on the three
transmission lines. The performance of the shunt and series converters can be observed respectively
on the STATCOM and SSSC scopes. If you zoom on the first trace of the STATCOM scope, you
can observe the 48-step voltage waveform Vs generated on the secondary side of the shunt converter
transformers (yellow trace) superimposed with the primary voltage Vp (magenta) and the primary
current Ip (cyan). The dc bus voltage (trace 2) varies in the 19kV-21kV range. If you zoom on the
first trace of the SSSC scope, you can observe the injected voltage waveforms Vinj measured
between buses B1 and B2.



2. Var control in STATCOM mode

In the GUI block menu, change the operation mode to “STATCOM (Var Control)”. Make sure that
the STATCOM references values (1st line of parameters, [T1 T2 Q1 Q2]) are set to [0.3 0.5 +0.8
0.8 ]. In this mode, the STATCOM is operated as a variable source of reactive power. Initially, Q is
set to zero, then at T1=0.3 sec Q is increased to +0.8 pu (STATCOM absorbing reactive power) and
at T2=0.5 sec, Q is reversed to -0.8 pu (STATCOM generating reactive power).

Run the simulation and observe on the STATCOM scope the dynamic response of the STATCOM.
Zoom on the first trace around t=0.5 sec when Q is changed from +0.8 pu to -0.8 pu. When Q=+0.8
pu, the current flowing into the STATCOM (cyan trace) is lagging voltage (magenta trace),
indicating that STATCOM s absorbing reactive power. When Qref is changed from +0.8 to -0.8,
the current phase shift with respect to voltage changes from 90 degrees lagging to 90 degrees leading
within one cycle. This control of reactive power is obtained by varying the magnitude of the
secondary voltage Vs generated by the shunt converter while keeping it in phase with the bus B1
voltage Vp. This change of Vs magnitude is performed by controlling the dc bus voltage. When Q
is changing from +0.8 pu to -0.8 pu, Vdc (trace 3) increases from 17.5 kV to 21 kV.

3. Series voltage injection in SSSC mode

In the GUI block menu change the operation mode to “SSSC (Voltage injection)”. Make sure that
the SSSC references values (3rd line of parameters) [Vinj_Initial Vinj_Final StepTime] ) are set to
[0.0 0.08 0.3 ]. The initial voltage is set to 0 pu, then at t=0.3 sec it will be ramped to 0.8 pu.

Run the simulation and observe on the SSSC scope the impact of injected voltage on P and Q flowing
in the 3 transmission lines. Contrary to the UPFC mode, in SSCC mode the series inverter operates
with a constant conduction angle (Sigma= 172.5 degrees). The magnitude of the injected voltage is
controlled by varying the dc voltage which is proportional to Vinj (3rd trace). Also, observe the
waveforms of injected voltages (1st trace) and currents flowing through the SSSC (2nd trace).
Voltages and currents stay in quadrature so that the SSSC operates as a variable inductance or

capacitance.
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EXPERIMENT: 8

Object: FACTS Controller designs with FACT devices for SMIB system

This demonstration illustrates operation of a +100 Mvar/-100 Mvar 48-pulse GTO STATCOM
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Circuit Description

A 100-Mvar STATCOM regulates voltage on a three-bus 500-kV system. The 48-pulse STATCOM
uses a Voltage-Sourced Converter (VSC) built of four 12-pulse three-level GTO inverters. Look
inside the STATCOM block to see how the VSC inverter is built. The four sets of three-phase
voltages obtained at the output of the four three-level inverters are applied to the secondary windings
of four phase-shifting transformers (-15 deg., -7.5 deg., 7.5 deg., +7.5 deg. phase shifts). The
fundamental components of voltages obtained on the 500 kV side of the transformers are added in
phase by the serial connection of primary windings. Please refer to the "power_48pulsegtoconverter"
demo to get details on the operation of the VSC.

During steady-state operation the STATCOM control system keeps the fundamental component of
the VSC voltage in phase with the system voltage. If the voltage generated by the VSC is higher (or
lower) than the system voltage, the STATCOM generates (or absorbs) reactive power. The amount
of reactive power depends on the VSC voltage magnitude and on the transformer leakage reactances.
The fundamental component of VSC voltage is controlled by varying the DC bus voltage. In order

to vary the DC voltage, and therefore the reactive power, the VSC voltage angle (alpha) which is



normally kept close to zero is temporarily phase shifted. This VSC voltage lag or lead produces a

temporary flow of active power which results in an increase or decrease of capacitor voltages.

One of the three voltage sources used in the 500 kV system equivalents can be be varied in order to
observe the STATCOM dynamic response to changes in system voltage. Open the "Programmable

Voltage Source™ menu and look at the sequence of voltage steps which are programmed.
Demonstration
Dynamic response of the STATCOM

Run the simulation and observe waveforms on the STATCOM scope block. The STATCOM is in
voltage control mode and its reference voltage is set to Vref=1.0 pu. The voltage droop of the
regulator is 0.03 pu/100 VA.Therefore when the STATCOM operating point changes from fully
capacitive (+100 Mvar) to fully inductive (-100 Mvar) the STATCOM voltage varies between 1-
0.03=0.97 pu and 1+0.03=1.03 pu.

Initially the programmable voltage source is set at 1.0491 pu, resulting in a 1.0 pu voltage at SVC
terminals when the STATCOM is out of service. As the reference voltage Vref is set to 1.0 pu, the
STATCOM s initially floating (zero current). The DC voltage is 19.3 kV. At t=0.1s, voltage is
suddenly decreased by 4.5 % (0.955 pu of nominal voltage). The SVC reacts by generating reactive
power (Q=+70 Mvar) in order to keep voltage at 0.979 pu. The 95% settling time is approximately
47 ms. At this point the DC voltage has increasded to 20.4 kV. Then, at t=0.2 s the source voltage is
increased t01.045 pu of its nominal value. The SVC reacts by changing its operating point from
capacitive to inductive in order to keep voltage at 1.021 pu. At this point the STATCOM absorbs 72
Mvar and the DC voltage has been lowered to 18.2 kV. Observe on the first trace showing the

STATCOM primary voltage and current that the current is changing from capacitive to inductive in
approximately one cycle. Finally, at t=0.3 s the source voltage in set back to its nominal value and

the STATCOM operating point comes back to zero Mvar.

If you look inside the "Signals and Scopes" subsystem you will have access to other control signals.
Notice the transient changes on alpha angle when the DC voltage is increased or decreased in order
to vary reactive power. The steady state value of alpha (0.5 degrees) is the phase shift required to

maintain a small active power flow compensating transformer and converter losses.



How To Regenerate Initial Conditions

The initial states required to start this demo in steady state have been saved in the
"power_statcom_gto48p.mat™ file. When you open this demo, the InitFcn callback (in the Model
Properties/Callbacks) automatically loads into your workspace the contents of this .mat file

("xInitial" variable).

If you modify this model, or change parameter values of power components, the initial conditions
stored in the "xInitial" variable will no longer be valid and Simulink will issue an error message. To

regenerate the initial conditions for your modified model, follow the steps listed below:

1. In the Simulation/Configuration/Data Import/Export Parameters menu, uncheck the "Initial
state” parameter and check the "Final states" parameter.

2. In the Programmable Voltage Source menu, disable the source voltage steps by setting the
"Time variation of " parameter to "none".

3. Make sure that the Simulation Stop Time is 0.4 second. Note that in order to generate initial
conditions coherent with the 60 Hz voltage source phase angles, the Stop Time must an
integer number of 60 Hz cycles.

4. Start simulation. When simulation is completed, verify that steady state has been reached by
looking at waveforms displayed on the scope. The final states which have been saved in the
"xFinal" structure with time can be used as initial states for future simulations. Executing the
next two commands copies these final conditions in "xlInitial" and saves this variable in a
new file (myModel_init.mat).

5. >> xlInitial=xFinal;

6. >>save myModel_init xInitial

7. In the File/Model Properties/Callbacks/InitFcn window, change the name of the initialization
file from "power_statcom_gto48p.mat™ to "myModel_init.mat". Next time you open this
model, the variable xlInitial saved in the myModel_init.mat file will be loaded in your
workspace.

8. In the Simulation/Configuration Parameters menu, check "Initial state".

9. Start simulation and verify that your model starts in steady-state.



10. In the Programmable Voltage Source menu, set the "Time variation of" parameter back to
"Amplitude”.
11. Save your Model.

Output
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