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Introduction

11

1.2

Chapter 1: General Information

Introduction

PSIM is a simulation package specifically designed for power electronics and motor con-
trol. With fast simulation, friendly user interface and waveform processing, PSIM pro-
vides a powerful simulation environment for power converter analysis, control loop
design, and motor drive system studies.

This manual covers both PSiMand its add-on Motor Drive Module and Digital Control
Module. The Motor Drive Module has built-in machine models and mechanical load mod-
els for drive system studies. The Digital Control Module provides discrete elements such
as zero-order hold, z-domain transfer function blocks, quantization blocks, digital filters,
for digital control analysis.

The PSIM simulation package consists of three programs: circuit schematic editor SIM-

CAD", PSIM simulator, and waveform processing program SIMVIEWhe simulation
environment is illustrated as follows.

SIMCAD

Circuit Schematic Editor (input: *.sch)

PSIM Simulator (input: *.cct; output: *.txt)

SIMVIEW

Waveform Processor (input: *.txt)

Chapter 1of this manual describes the circuit structure, software/hardware requirement,
and installation procedur€hapter 2through4 describe the power and control circuit
components. The use of SIMCAD and SIMVIEW is discusse&dhapter 5and6. Error/
warning messages are listed @hapter 7 Finally, sample examples are provided in
Appendix Aand a list of the PSIM elements is giverAjopendix B

Circuit Structure

A circuit is represented in PSIM in four blocks: power circuit, control circuit, sensors, and
switch controllers. The figure below shows the relationship between these blocks.

*. PSIM, SIMCAD, and SIMVIEW are copyright by Powersim Inc., 2001
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Chapter 1: General Information

1.3

1.4

< Power Circuit )

Sensors

( Control Circuit >

The power circuit consists of switching devices, RLC branches, transformers, and coupled
inductors. The control circuit is represented in block diagram. Components in s domain
and z domain, logic components (such as logic gates and flip flops), and nonlinear compo-
nents (such as multipliers and dividers) can be used in the control circuit. Sensors measure
power circuit voltages and currents and pass the values to the control circuit. Gating sig-
nals are then generated from the control circuit and sent back to the power circuit through
switch controllers to control switches.

Software/Hardware Requirement

PSIM runs in Microsoft Windows environment (95/98/NT/2000) on PC computers. The
minimum RAM memory requirement is 32 MB.

Installing the Program

A quick installation guide is provided in the flier “PSIM - Quick Guide” and on the CD-
ROM.

Some of the files in the PSIM directory are:

Files Description
psim.dil PSIM simulator
simcad.exe Circuit schematic editor SIMCAD
simview.exe Waveform processor SIMVIEW
simcad.lib PSIM component library
*.hip Help files
*.sch Sample schematic circuit files

1-2
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Simulating a Circuit

File extensions used in PSIM are:

*.sch SIMCAD schematic file (binary)
*.cct PSIM circuit file (text)

*.xt PSIM simulation output file (text)
*.smv SIMVIEW waveform file (binary)

1.5 Simulating a Circuit

To simulate the sample one-quadrant chopper circuit “chop.sch’:
- Start SIMCAD. Choos®pen from theFile menu to load the file “chop.sch”.

- From the Simulate menu, choos&kun PSIM. PSIM simulator will read the
netlist file and start simulation. The simulation results will be saved to File
“chop.txt”. Any warning messages occurred in the simulation will be saved to
File “message.doc”.

- If the optionAuto-run SIMVIEW is not selected in th@ptions menu, from the
Simulate menu, choos®un SIMVIEW to start SIMVIEW, and select curves
for display. If the optionAuto-run SIMVIEW is selected, SIMVIEW will be
launched automatically.

1.6 Component Parameter Specification and Format

The parameter dialog window in each component in PSIM has twoRabsmetersand
Other Info, as shown below.

A

Farameters | Other InfDI Parameters  Other Info |
Reziztor Help | Reziztor Help |
Dizplay Display

R IFH— r M ame IFH—
Reziztance IEI— |- Fower Fating W r
Current Flag m b anutacturer Im
Part Mo. IW

The parameters in thRarameterstab are used to perform the simulation. The informa-
tion in theOther Info tab, on the other hand, is not used in the simulation. It is for report-
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Chapter 1: General Information

ing purposes and will appear in the parts list Miew | Element List in SIMCAD.
Information such as device rating, manufacturer, and part no. can be stored under the
Other Info tab.

The parameters under tiRarameterstab can be a numerical value, or can be a mathe-
matical expression. A resistance, for example, can be specified in any one of the following
ways:

12.5

12.5k

12.50hm
12.5kOhm
25./2.0hm

R1+R2
R1*0.5+(Mo+0.7)/l1o

where R1, R2, Vo, and lo are symbols defined either in a parameter file (see Section 4.3,
Chapter 4 of the PSIM User Manual), or in a main circuit if this resistor is in a subcircuit
(see Section 5.3.4.1, Chapter 5 of the PSIM User Manual).

The power-of-ten suffix letters are allowed in PSIM. The following suffix letters are sup-
ported:

G 10°
M 10°
kork 10
m 103
u 10
n 109
D 1012

A mathematical expression can contain brackets and is not case sensitive. The following
math functions are allowed:

+ addition
- subtraction

* multiplication

/ division

A to the power of [Example: 273 = 2*2*2]
SQRT  square-root function

SIN sine function

COS cosine function

1-4
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Component Parameter Specification and Format

TAN
ATAN

EXP
LOG
LOG10
ABS
SIGN

tangent function
inverse tangent function

exponential (base e) [Example: EXP(x)k e

logarithmic function (base e) [Example: LOG(x) = In (x)]
logarithmic function (base 10)

absolute function

sign function [Example: SIGN(1.2) = 1; SIGN(-1.2)=-1]
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Resistor-Inductor-Capacitor Branches

Chapter 2: Power Circuit Components

2.1 Resistor-Inductor-Capacitor Branches

Both individual resistor, inductor, capacitor branches and lumped RLC branches are pro-
vided in PSIM. Initial conditions of inductor currents and capacitor voltages can be
defined.

To facilitate the setup of three-phase circuits, symmetrical three-phase RLC branches,
“‘R3”, “RL3", “RC3", “RLC3", are provided. Initial inductor currents and capacitor volt-
ages of the three-phase branches are all zero.

Images:

R L C RL RC LC
Ay SN e AL e S
RLC R3 RL3 RC3 RLC3
AN AT Afbe AT
CAAT e
A e Yy g TN e AT e
AN AN | S Sy S gR 2N

For the three-phase branches, the phase with a dot is Phase A.

Attributes:
Parameters Description

Resistance Resistance, in Ohm

Inductance Inductance, in H

Capacitance Capacitance, in F

Initial Current Initial inductor current, in A

Initial Cap. Voltage Initial capacitor voltage, in V

Current Flag Flag for branch current output. If the flag is zero, there is no
current output. If the flag is 1, the current will be saved to an
output file for display in SIMVIEW. The current is positive
when it flows into the dotted terminal of the branch.

Current Flag_A,; Flags for Phase A, B, and C of the three-phase branches,

Current Flag_B; respectively.

Current Flag_C

The resistance, inductance, or capacitance of a branch can not be all zero. At least one of

PSIM User Manual 2-1



Chapter 2: Power Circuit Components

2.2

221

the parameters has to be a non-zero value.

Switches

There are two basic types of switches in PSIM. One is switchmode. It operates either in
the cut-off region (off state) or saturation region (on state). The other is linear switch. It
can operates in either cut-off, linear, or saturation region.

Switches in the switchmode include the following:

- Diode (DIODE)

- Thyristor (THY)

- Self-commutated switches, specifically:
- Gate-Turn-Off switch (GTO)
- npn bipolar junction transistor (NPN)
- pnp bipolar junction transistor (PNP)
- Insulated-Gate Bipolar transistor (IGBT)

- n-channel Metal-Oxide-Semiconductor Field-Effect Transistor
(MOSFET) and p-channel MOSFET (MOSFET_P)

- Bi-directional switch (SSWI)
The names inside the bracket are the names used in PSIM.

Switch models are ideal. That is, both turn-on and tdirtransients are eglected. A
switch has an on-resistance ofp kD and an off-resistance of XM Snubber circuits are
not required for switches.

Linear switches include the following:
- npn bipolar junction transistor (NPN_1)
- pnp bipolar junction transistor (PNP_1)

Diode and Zener Diode

The conduction of a diode is determined by the circuit operating condition. The diode is
turned on when it is positively biased, and is turned off when the current drops to zero.

Image:

DIODE

2-2

PSIM User Manual



Switches

Attributes:
Parameters Description

Diode Voltage Drop Diode conduction voltage drop, in V

Initial Position Flag for the initial diode position. If the flag is O, the diode is
open. If itis 1, the diode is closed.

Current Flag Flag for the diode current printout. If the flag is O, there is no
current output. If the flag is 1, the diode current will be
saved to the output file for display.

A zener diode is modelled by a circuit as shown below.

Image:
ZENER K
Circuit Model
K ¥4
i
VB &
A A
Attributes:
Parameters Description
Breakdown Voltage Breakdown voltayg of the zener diode, in V

Forward Voltage Drop | Voltage drop of the forward conduction (diode voltage drop
from anode to cathode)

Current Flag Flag for zener current output (from anode to cathode)

If the zener diode is positively biased, it behaviors as a regular diode. When it is reverse
biased, it will block the conduction as long as the cathode-anode vbliage less than

the breakdown voltagés. WhenVy , exceedd/g, the voltage/ya will be clamped to/g.
[Note: when the zener is clamped, since the diode is modelled with an on-resistance of 10
10uQ, the cathode-anode voltage will in fact be equaVfgs = Vg + 10uQ * Ixa. There-

fore, depending on the value gfa, Vka Will be slightly higher thanVg. If I, is very
large, Vi a can be substantially higher th¥(g].
2.2.2 _Thyristor

A thyristor is controlled at turn-on. The tuaofi-is determned by circuit conditions.

PSIM User Manual 2-3



Chapter 2: Power Circuit Components

Image:
THY
A K
Gate
Attributes:
Parameters Description

\oltage Drop
Initial Position

Current Flag

Thyristor conduction voltage drop, in V
Flag for the initial switch position

Flag for switch current output

2.2.3

There are two ways to control a thyristor. One is to use a gating block (GATING), and the
other is to use a switch controller. The gate node of a thyristor, therefore, must be con-
nected to either a gating block or a switch controller.

The following examples illustrate the control of a thyristor switch.

% R

: R Alpha Controller
T f‘*q;

Examples: Control of a Thyristor Switch

Gating Block

L
LT ! -
s %‘_}
<

=3
._®*_
¥

This circuit on the left uses a switching gating block (see Section 2.2.5). The switching
gating pattern and the frequency are pre-defined, and will remain unchanged throughout
the simulation. The circuit on the right uses an alpha controller (see Section 4.7.2). The
delay angle alpha, in deg., is specified through the dc source in the circuit.

GTO, Transistors, and Bi-Directional Switch

Self-commutated switches in the switchmode are turned on when the gating is high (a
voltage of 1V or higher is applied to the gate node) and the switch is positively biased
(collector-emitter or drain-source voltage is positive). It is turned off whenever the gating
is low or the current dropsto zero. For PNP (pnp bipolar junction transistor) and
MOSFET_P (p-channel MOSFET), switches are turned on when the gating is low and
switches are negatively biased (collector-emitter or drain-source voltage is negative).

2-4
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Switches

A GTO switch is a symmetrical device with both forward-blocking and reverse-blocking
capabilities. An IGBT or MOSFET/MOSFET _P switch consist of an active switch with an
anti-parallel diode.

A bi-directional switch (SSWI) conducts currents in both directions. It is on when the gat-
ing is high and is off when the gating is low, regardless of the voltage bias conditions.

Note that for NPN and PNP switches, contrary to the device behavior in the real life, the
model in PSIM can block reverse voltage (in this sense, it behaviors like a GTO). Also, it
is controlled by a voltage signal at the gate node, not the current.

Images:
NP MOSFET MOSFET_P  IGBT SS\M
ﬁ—w? E—ﬁ »KZ Jiizs J%E‘Z AHF L
Attributes:
Parameters Description

Initial Position

Current Flag

Initial switch position flag. For MOSFET/IGBT, this flag
for the active switch, not for the anti-parallel diode.

Switch current printout flag. For MOSFET/IGBT, the
current through the whole module (the active switch plus

the

diode) will be displayed.

A switch can be controlled by either a gating block (GATING) or a switch controller. They
must be connected to the gate (base) node of the switch. The following examples illustrate
the control of a MOSFET switch.

Examples: Control of a MOSFET Switch

¥

¢ ey T
e

} % On-off Controller

The circuit on the left uses a gating block, and the one on the right uses an on-off switch
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Chapter 2: Power Circuit Components

controller (see Section 4.7.1). The gating signal is determined by the comparator output.

Examples: Control of a NPN bipolar junction transistor

NPN

NPN L -
- . wd E
L
v R '
ﬁ:) - @
j:_ +

The circuit on the left uses a gating block, and the one on the right uses an on-off switch
controller.

The following shows another example of controlling the NPN switch. The circuit on the
left shows how a NPN switch is controlled in the real life. In this case, the gating voltage
VB is applied to the transistor base drive circuit through a transformer, and the base cur-
rent determines the conduction state of the transistor.

This circuit can be modelled and implemented in PSIM as shown on the right. A diode,
Dpe With a conduction voltage drop of 0.7V, is used to model the pn junction between the
base and the emitter. When the base current exceeds 0 (or a certain threshold value, in
which case the base current will be compared to a dc source), the comparator output will
be 1, applying the turn-on pulse to the transistor through the on-off switch controller.

NPN

2.2.4 Linear Switches

Models for npn bipolar junction transistor (NPN_1) and pnp bipolar junction transistor
(PNP_1), which can operate in either cut-off, linear, and saturation region, is provided.

Images:

2-6

PSIM User Manual
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NPN_1 PNP_1
Attributes:
Parameters Description
Current Gain beta Transistor current g@jrefined asp=I1/1y,
Bias Voltage Y Forward bias voltage between base and emitter for NPN_1,
or between emitter and base for PNP_1
Ve sat Saturation voltage between collector and emitter for NPN_1,
[or Ve safor PNP_1] | and between emitter and collector for PNP_1

The switch is controlled by the base currgptlt can operate in either one of the three

regions: cut-off (off state), linear, and saturation region (on state). The properties of these
regions for NPN_1 are:

- Cut-off region:  \e<V, I,=0; 1=0
- Linear region: W=V, lc=B0y; Vee™ Vee sat
- Saturation region: Mo =V,; o <Bp; Vee= Vee sat

where is \|cthe base-emitter voltage Ms the collector-emitter voltage, andd the col-
lector current.

Note that for NPN_1 and PNP_1, the gate node (base node) is a power node, and must be
connected to a power circuit component (such as a resistor or a source). It can not be con-
nected to a gating block or a switch controller.

WARNING: It has been found that the linear model for NPN_1 and PNP_1 works well in
simple circuits, but may not work when circuits are complex. Please use this model with
caution and user discretion is advised.

Examples below illustrate the use of the linear switch model. The circuit on the left is a
linear voltage regulator circuit, and the transistor operates in the linear mode. The circuit
on the right is a simple test circuit.

PSIM User Manual 2-7



Chapter 2: Power Circuit Components

Examples: Sample circuits using the linear switch NPN_1

NPN_1

Voo

2.2.5 Switch Gating Block

A switch gating block defines the gating pattern of a switch or a switch module. The gat-
ing pattern can be specified either through the dialog box (with the gating block GATING)
or in a text file (with the gating block GATING_1).

Note that the switch gating block can be connected to the gate node of a switch ONLY. It
can not be connected to any other elements.

Image:
GATING/GATING_1
Attributes:
Parameters Description
Frequency Operating frequency, in Hz, of the switch or switch module
connected to the gating block
No. of Points Number of switching points (for GATING only)
Switching Points Switching points, in deg. If the frequency is zero, the
switching points is in second. (for GATING only)
File for Gating Table Name of the file that stores the stores the gating table (for
GATING_1 only)

The number of switching points is defined as the total number of switching actions in one
period. Each turn-on and turn-off action is counted as one switching point. For example, if
a switch is turned on and off once in one cycle, the number of switching points will be 2.

For GATING_1, the file for the gating table must be in the same directory as the schematic
file. The gating table file has the following format:

2-8
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where G1, G2, ..., Gn are the switching points.
Example:

Assume that a switch operates at 2000 Hz and has the following gating pattern in one
period:

35 92 175 187 345 357
I I
0 180 360 (deg.)

In SIMCAD, the specifications of the gating block GATING for this switch will be:

Frequency 2000.
No. of Points 6
Switching Points 35.92. 175. 187. 345. 357.

The gating pattern has 6 switching points (3 pulses). The corresponding switching angles
are 38, 92, 179, 187, 349, and 357, respectively.

If the gating block GATING_1 is used instead, the specification will be:

Frequency 2000.
File for Gating Table test.tbl

The file “test.tbl” will contain the following:

6
35.
92.
175.
187.
345.
357.

PSIM User Manual 2-9



Chapter 2: Power Circuit Components

2.2.6 _Single-Phase Switch Modules

Built-in single-phase diode bridge module (BDIODEL) and thyristor bridge module

(BTHY1) are provided in PSIM. The images and the internal connections of the modules
are shown below.

Images:
BDIODE1 BTHY1
° A+ o
A+ + I bC+ jg Fobes
A o— —_—
A e pe. DC
Let
Attributes:
Parameters Description

Diode Voltage Dropr | Forward voltage drop of each diode or thyristor, in V
\oltage Drop

Init. Position | Initial position for Switch
Current Flagi Current flag for Switch

Node Ct at the bottom of the thyristor module is the gating control node for Switch 1. For
the thyristor module, only the gatings for Switch 1 need to be specified. The gatings for
other switches will be derived internally in the program.

Similar to the single thyristor switch, a thyristor bridge can also be controlled by either a
gating block or an alpha controller, as shown in the following examples.

Examples: Control of a Thyristor Bridge

%

The gatings for the circuit on the left are specified through a gating block, and on the right
are controlled through an alpha controller. A major advantage of the alpha controller is
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2.2.7

that the delay angle alpha of the thyristor bridge, in deg., can be directly controlled.

Three-Phase Switch Modules

The following figure shows three-phase switch modules and the internal circuit connec-
tions. The three-phase voltage source inverter moduleVSI3 consists of MOSFET-type
switches, and the module VSI3_1 consists of IGBT-type switches.

Images:
BDIODE3 DC+ BTHY3 & DC+
1 3 5
A o + [ DC+ A A o + |- pc+ 1 34 S
Be— | Ar—t
B o $ c B o jg 8 I
C ol —|aDC- 47 67 2 C o |+ DC- 41 61" 2
DC- 'L'Ct DC-
BTHY3H o QBTHY6H 1, 0
A = A o — A —2p
Beqg I3 [N B._2D,|L_.N S '—DIL:_.N
. N N ._[;,’L
¢ ¢ — ¢ o —
bt A6 o] — Oyt |
Let
VSI3/VSI3_1 vsis
_ DC+ CSI3
o 1 3 5 DC+
DC+o— m Ct.Jﬁ Jﬁ Jg} DC+ o 4 o A 1'_'_7_3'_'_7_5
VST | A
B
——cC
DC- o~ — —c 4 o 6 2 2,
= 33 D AR
DC-
Attributes:
Parameters Description
On-Resistance On resistance of the MOSFET switch during the on state, in
Ohm (for VSI3 only)
Saturation Voltage Conduction voltage drop of the IGBT switch, in V (for
VSI3_1 only)
Diode Voltage Drop Conduction voltage drop of the anti-parallel diode, in V| (for
VSI3 and VSI3_1 only)
Init. Position | Initial position for Switch
Current Flagi Current flag for Switch
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2.3

Similar to single-phase modules, only the gatings for Switch 1 need to be specified for the
three-phase modules. Gatings for other switches will be automatically derived. For the
half-wave thyristor bridge (BTHY3H), the phase shift between two consecutive switches

is 12C. For all other bridges, the phase shift i5.60

Thyristor bridges (BTHY3/BTHY3H/BTHY6H) can be controlled by an alpha controller.
Similarly, PWM voltage/current source inverters (VSI3/CSI3) can be controlled by a
PWM lookup table controller (PATTCTRL).

The following examples illustrate the control of a three-phase voltage source inverter
module.

Examples: Control of a Three-Phase VSI Module

The thyristor circuit on the left uses an alpha controller. For a three-phase circuit, the zero-
crossing of the voltagé,. corresponds to the moment when the delay angle alpha is equal

to zero. This signal is, therefore, used to provide synchronization to the controller.

The circuit on the right uses a PWM lookup table controller. The PWM patterns are stored
in a lookup table in a text file. The gating pattern is selected based on the modulation
index. Other input of the PWM lookup table controller includes the delay angle, the syn-
chronization, and the enable/disable signal. A detailed description of the PWM lookup
table controller is given in Section 4.8.3.

Coupled Inductors

Coupled inductors with two, three, and four branches are provided. The following shows
coupled inductors with two branches.

2-12
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Let L11 and L22 be the self-inductances of Branch 1 and 2, and L12 and L21 the mutual
inductances, the branch voltages and currents have the following relationship:

vi| _ [L11 L12 d]i
v, [L21L22 dtji,

The mutual inductances between two windings are assumed to be always equal, i.e.,
L12=L21.

Images:
MUT2 MUT3 MUT4
oMM, o C
o C DD_fY'Y'Y\_O
R aaas C
3 o:rY“m_o
Attributes :
Parameters Description
Lii (self) Self inductance of the inducipin H
Lij (mutual) Mutual inductance between Indudtandj, in H
ij_initial Initial current in Inductor
Iflag_i Flag for the current printout in Inductor

In the images, the circle, square, triangle, and plus refer to Inductor 1, 2, 3, and 4, respec-
tively.

Example:
Two mutually coupled inductors have the following self inductances and mutual induc-

tance: L11=1 mH, L22=1.1 mH, and L12=L21=0.9 mH. In SIMCAD, the specifications of
the element MUT2 will be:

L11 (self) l.e-3
L12 (mutual) 0.9e-3
L22 (self) 1.1e-3
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2.4 Transformers

2.4.1 _deal Transformer
An ideal transformer has no losses and no leakage flux.

Image:

TF_IDEAL TF_IDEAL_1

The winding with the larger dot is the primary and the other winding is the secondary.

Attributes:
Parameters Description
Np (primary) No. of turns of the primary winding
Ns (secondary) No. of turns of the secondary winding

Since the turns ratio is equal to the ratio of the rated voltages, the number of turns can be
replaced by the rated voltage at each side.

2.4.2 Single-Phase Transformers

The following single-phase transformer modules are provided in PSIM:

TF_1F/ Transformer with 1 primary and 1 secondary windings
TF 1F 1

TF_1F 3W Transformer with 1 primary and 2 secondary windings
TF_1F 4W Transformer with 2 primary and 2 secondary windings
TF_1F 5W/ Transformer with 1 primary and 4 secondary windings
TF_1F 5W_1

TF_1F 7W Transformer with 1 primary and 6 secondary windings
TF_1F 8W Transformer with 2 primary and 6 secondary windings

A single-phase two-winding transformer is modelled as:
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Rp Lp Rs Ls Np:N
AP A A 0.z
lg %é Secondary

Primary Lm

Ideal

where Rp and Rs are the primary/secondary winding resistances; Lp and Ls are the pri-
mary/secondary winding leakage inductances; and Lm is the magnetizing inductance. All
the values are referred to the primary side.

Images:

TF_1F TF_1F_3W TF_1F 5W  TF_1F 5w _1 TF_1F /W  TF_1F_8W
. . Es_l s gs_l ] GS_l
S TR SO Suu = SRR o
£t pE n R o[- P13
ST = e
(Tsa & 5|
TF_1F 1 TF_1F_4wW . P23
o c e
3 20
_ p_23 s 2

In the imagesp refers to primarys refers to secondary, ahdefers to tertiary.

The winding with the larger dot is the primary winding (or the first primary winding for
the 2-primary-2-secondary-winding transformer (TF_1F_4W)). For the multiple winding
transformers, the sequence of the windings is from the top to the bottom.

For the transformers with 2 or 3 windings, the attributes are as follows.

Attributes:
Parameters Description
Rp (primary); Resistance of the primary/secondary/tertiary winding, in
Rs (secondary); Ohm
Rt (tertiary)
Lp (pri. leakage); Leakage inductance of the primary/secondary/tertiary
Ls (sec. leakage); winding, in H (seen from the primary)
Lt (ter. leakage)
Lm (magnetizing) Magnetizing inductance, in H
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Np (primary); No. of turns of the primary/secondary/tertiary winding
Ns (secondary);
Nt (tertiary)

All the resistances and inductances are referred to the primary side.

For the transformers with more than 1 primary winding or more than 3 secondary wind-
ings, the attributes are as follows.

Attributes:
Parameters Description
Rp_i (primaryi); Resistance of thig, primary/secondary/tertiary winding, in
Rs_i (secondary) Ohm
Lp_i (pri.i leakage); Leakage inductance of ting primary/secondary/tertiary
Ls_i (sec. leakage) winding, in H (referred to the first primary winding)
Lm (magnetizing) Magnetizing inductance, in H (seen from the first primary
winding)
Np_i (primaryi); No. of turns of they, primary/secondary/tertiary winding
Ns_ i (secondary)

All the resistances and inductances are referred to the first primary side.
Example:

A single-phase two-winding transformer has a winding resistance of 0.002 Ohm and leak-
age inductance of 1 mH at both the primary and the secondary side (all the values are
referred to the primary). The magnetizing inductance is 100 mH, and the turns ratio is

Np:Ns=220:440. In SIMCAD, the transformer will be TF_1F with the specifications as:

Rp (primary) 2.e-3
Rs (secondary) 2.e-3
Lp (primary) l.e-3

Ls (secondary) l.e-3
Lm (magnetizing) 100.e-3
Np (primary) 220

Ns (secondary) 440
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2.4.3 Three-Phase Transformers

PSIM provides two-winding and three-winding transformer modules as shown below.
They all have 3-leg cores.

TF_3F 3-phase transformer (windings unconnected)

TF_3YY; TF_3YD 3-phase Y/Y and YA connected transformer

TF_3F_3W 3-phase 3-winding transformer (windings
unconnected)

TF_3YYD; TF_3YDD | 3-phase 3-winding Y/¥X and YAA/A connected
transformer

TF_3F_4W 3-phase 4-winding transformer (windings
unconnected)

TF_3YD TF_3DD TF_3F

w
o
w
o
W >
T
oo
+

TF_3F_3W TF_3F_4wW
P 3 a: ﬁ+ r 5 g+
A+ + )
A a B bt
B+ b+ C+ c+
B- b- c- &
C+ c+ AA+ aa+
e . e
ce+ o
aaga?mbg—ﬁcc- CC-o"p2 T Thee
Attributes:
Parameters Description
Rp (primary); Resistance of the primary/secondary/tertiary winding, in
Rs (secondary); Ohm
Rt (tertiary)
Lp (pri. leakage); Leakage inductance of the primary/secondary/tertiary
Ls (sec. leakage); winding, in H
Lt (ter. leakage)
Lm (magnetizing) Magnetizing inductance, in H (seen from the primary side)
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Np (primary); No. of turns of the primary/secondary/tertiary winding
Ns (secondary);
Nt (tertiary)

In the images, “P” refers to primary, “S” refers to secondary, and “T” refers to tertiary. All
the resistances and inductances are referred to the primary or the first primary side.

Three-phase transformers are modelled in the same way as the single-phase transformer.
All the parameters are referred to the primary side.

2.5 Motor Drive Module

The Motor Drive Module, as an add-on option to the basic PSIM program, provides
machine models and mechanical load models for motor drive studies.

2.5.1 Electric Machines

2.5.1.1 DC Machine

The image and parameters of a dc machine are as follows:

Image:
DCM
. e
Armature Shaft Nod
Winding att ode
+
Field
Winding
Attributes:
Parameters Description
R, (armature) Armature winding resistance, in Ohm
L, (armature) Armature winding inductance, in H
R (field) Field winding resistance, in Ohm
L¢ (field) Field winding inductance, in H
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Moment of Inertia Moment of inertia of the machine, in kg®m

V; (rated) Rated armature terminal voltage, in V

I, (rated) Rated armature current, in A

n (rated) Rated mechanical speed, in rpm

l; (rated) Rated field current, in A

Torque Flag Output flag for internal torquig,,

Master/Slave Flag Flag for the master/slave mode (1: master; O: slave)

When the torque flag is set to 1, the internal torque generated by the machine is saved to
the data file for display.

A machine is set to either master or slave mode. When there is only one machine in a
mechanical system, this machine must be set to the master mode. When there are two or
more machines in a system, only one must be set to master and the rest to slave. The same
applies to a mechanical-electrical interface block, as explained later.

The machine in the master mode is referred to as the master machine, and it defines the
reference direction of the mechanical system. The reference direction is defined as the
direction from the shaft node of the master machine along the shatft to the rest of the
mechanical system, as illustrated below:

Master Reference direction of the mechanical system Slave

o2 [
T T
Load1 Speed Torque Load2 Speed Torque
TLl Sensor 1 Sensor 1 T|_2 Sensor 2 Sensor 2

In this mechanical system, the machine on the left is the master and the one on the right is
the slave. The reference direction of the mechanical system is, therefore, defined from left
to the right along the mechanical shaft. Furthermore, if the reference direction enters an
element at the dotted side, it is said that this element is along the reference direction. Oth-
erwise it is opposite to the reference direction. For example, Load 1, Speed Sensor 1, and
Torque Sensor 1, are along the reference dmect@nd Load 2, Speed Sensor 2, and
Torque Sensor 2 are opposite to the reference direction.

It is further assumed the mechanical speed is positive when both the armature and the field
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currents of the master machine are positive.

Based on this notation, if the speed sensor is along the reference direction of the mechani-
cal system, a positive speed produced by the master machine will give a positive speed
sensor output. Otherwise, the speed sensor output will be negative. For example, if the
speed of the master machine in example above is positive, Speed Sensor 1 reading will be
positive, and Speed Sensor 2 reading will be negative.

The reference direction also determines how a mechanical load interacts with the machine.
In this system, there are two constant-torque mechanical loads with the amplitliges of

andT, ,, respectively. Load 1 is along the reference direction, and Load 2 is opposite to the
reference direction. Therefore, the loading torque of Load 1 to the master machipe is
whereas the loading torque of Load 2 to the master machingis -

The operation of a dc machine is described by the following equations:

. dia
Vi = Eg iR+ Laa

_ di,
Vi = i R+ Ly

E, = kp[w,,
Tem = kOpO,
dw,,

JDF = Tem—TL

wherewv,, v, i,, andi; are the armature and field winding voltage and current, respectively;
E, is the back emfc,, is the mechanical speed in rad./s&g,, is the internal developed
torque, andT, is the load torque. The back emf and the internal torque can also be
expressed as:

E, = L, Uf Loy,

a

T = I-af[if[ia

em

wherelL 4 is the mutual inductance between the armature and the field windings. It can be
calculated based on the rated operating conditions as:
L. = (Vt_ Ia ERa)
af |f [

m

Note that the dc machine model assumes magnetic linearity. Saturation is not considered.
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Example: A DC Motor with a Constant-Torque Load

The circuit below shows a shunt-excited dc motor with a constant-torqudjo&ince

the load is along the reference direction of the mechanical system, the loading torque to
the machine i9 . Also, the speed sensor is along the reference direction. It will give a
positive output for a positive speed.

The simulation waveforms of the armature current and the speed are shown on the right.

i

la
°,ﬁ’:;:\, - Speed 25000 : . .
Ry Sensor 20080 - e : ; :
15000
10000
5000

Constant- om |
Torque 00K
________ g T L L

Load ol i " Speed (i Tpim)

OBOK [ oommmoe e T R NI
Q40K Lol ............. _____________
020K | o ..
000K ; ; :

000 0z0 040 0.60 080
Time ()

Example: A DC Motor-Generator Set

The circuit below shows a dc motor-generator set. The motor on the left is set to the mas-
ter mode and the generator on the right is set to the slave mode. The simulation waveforms
of the motor armature current and the generator voltage show the start-up transient.

1a Motor Generator 5000
Ty e ° 20000 | -
g L y 150.00
= M e 100.00
- 0.0
0.0o
J_: 120000 ‘ X ;
_/'\m_| 5000 4 ____________
oo ! Generator, voltage
L | 000

0.oo 0zo 040 060 080
Time (5)

2.5.1.2 Induction Machine

PSIM provides the model for 3-phase squirrel-cage induction machines. The model comes
in two versions: one with the stator winding neutral accessible (INDM_3SN) and the other
without the neutral (INDM_3S). The images and parameters are shown as follows.

Image:
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INDM_3S INDM_3SN
a o M a o M
b b
C C
neutral
Attributes:
Parameters Description
Rs (stator) Stator winding resistance, in Ohm
L (stator) Stator winding leakage inductance, in H
R, (rotor) Rotor winding resistance, in Ohm
L, (rotor) Rotor winding leakage inductance, in H

L., (magnetizing)

R, (common mode)
L, (common mode)
C, (common mode)

No. of Poles

Moment of Inertia

Torque Flag

Master/Slave Flag

Magnetizing inductance, in H

Common mode resistance, in Ohm (for INDM_3SN on
Common mode inductance, in H (for INDM_3SN only)
Common mode capacitance, in F (for INDM_3SN only
Number of polésof the machine (an even integer)

Moment of inertial of the machine, in kg*m

Flag for internal torqu&.f,) output. When the flag is set t
1, the output of the internal torque is requested.

Flag for the master/slave mode (1: master; O: slave)

All the parameters are referred to the stator side.

y)

Again, the master/slave flag defines the mode of operation for the machine. Please refer to
Section 2.5.1.1 for detailed explanation. It is assumed the mechanical speed is positive
when the input source sequence is positive.

The model INDM_3SN is the same as INDM_3S, except that the state neutral point is
assessible. Using this model, one can calculate the neutral current when a common mode
voltage is present. In the model, the abc coordinate is transformed into the stationary dqo
coordinate. The transformations are:

o= Bt
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_ 11
Vqs EE(Vb,chs)
_ 1
Vo, s éE(Va stV st Ve s)

and

wherev, 5 v, g andy, sare the stator phase a, b, and c voltages with respect to the stator
neutral point, and, 5 iy, 5 andic sare the stator line currents. Quantitgs, vy s Vo sand
ig,s 1g,9 lo,sare the voltages and currents in the dgo coordinate.

The phase o voltagey, ; is applied across the phase o impedance of the machine, also

called the common mode impedance. The common mode impedance consists of resistance
R, inductancé , and capacitandg,, all in series. The current flowing through the com-

mon mode impedanceiigg

The operation of a 3-phase squirrel-cage induction machine is described by the following
equations:

where
Va,s la, la, r
|:Vabc,; = Vb, s ['abc,; = Ib, s ['abc,J = b, r
Ve s e, s le, r

The parameter matrices are defined as:
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R, 0 0 R 0 0
R = |0 R0 R] =[0R O
0 0R, 0 OR
| M M., | | M M., |
LrMe 50 % LMe =5
| ™ M | ™ M
[LSJ - _7sr Ls+ Mg, _7sr [Lr] B _7sr L, + Mg, _7sr
M M M M
2 T2 BtM 2 T2 btM

cosd cos% + %TE cos% - %n%
[MSJ = M, O cos% —~ %HE cosd cos% + %”E

cosga + %HE cosga - %T[E cosd

whereMy, is the mutual inductance between the stator and rotor winding$) ianithe
mechanical angle. The mutual inductance is related to the magnetizing inductance as:

3
Ly = 'éMsr

The mechanical equation is expressed as:

dw,,
o= =T

dt em_TL

where the developed torqilig,,is defined as:
- . T.d .
Tem = P Ciane 4 g [Msf Tiave |

The steady state equivalent circuit of the machine is shown below. In the Bgsirhe
slip.
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R(1-9)/s

Example: A VSI Induction Motor Drive System

The figure below shows an open-loop induction motor drive system. The motor has 6
poles and is fed by a voltage source inverter with sinusoidal PWM. The dc bus is estab-
lished via a diode bridge.

The simulation waveforms of the mechanical speed (in rpm), developed tdggLend
load torqueT|y,q, and 3-phase input currents show the start-up transient.

VSI

Diode %ﬁ}%ﬂ}%lﬁ Induction

Bridge , Motor

LT [[THe e

i SERor ek

[ﬁ [i [i oK Speed
:D SPWM oK e — e

rents

o.oo 0.0 0.z0 0.30 040
Time (=)

PSIM User Manual 2-25



Chapter 2: Power Circuit Components

2.5.1.3 Switched Reluctance Machine

PSIM provides the model for 3-phase switched reluctance machine with 6 stator teeth and
4 rotor teeth. The images and parameters are shown as follows.

Image:
SRM3
at o 4+
S Switched
Bj- o t Reluctance | _Shaft Node
c+ o + Motor (&6/4)
c- o -
A 0 S S O O A S O O A S
C1CC3C4 C1 G4 C G4 O
N~ —— =
Phase a Phase b Phase c
Attributes:
Parameters Description
Resistance Stator phase resistance R, in Ohm
Inductance. i, Minimum phase inductance, in H
Inductance. 5 Maximum phase inductance, in H
0, Duration of the interval where the inductance increases, in
deg.
Moment of Inertia Moment of inertial of the machine, in kg*m
Torque Flag Output flag for internal torquig,, When the flag is set to 1,
the output of the internal torque is requested.
Master/Slave Flag Flag for the master/slave mode (1: master; O: slave)

The master/slave flag defines the mode of operation for the machine. Please refer to Sec-
tion 2.5.1.1 for detailed explanation.

The node assignments are: Nodes a+, a-, b+, b-, and c+, c- are the stator winding terminals
for Phasea, b, andc, respectively. The shaft node is the connecting terminal for the
mechanical shaft. They are all power nodes and should be connected to the power circuit.

Node g, ¢, c3, and g are the control signals for Phasgeb, andc, respectively. The con-

trol signal value is a logic value of either 1 (high) or O (low). N@dis the mechanical
rotor angle. They are all control nodes and should be connected to the control circuit.
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The equation of the switched reluctance machine for one phase is:

vV = iER+dJ—)|C‘|tEi

wherev is the phase voltagejs the phase currerR is the phase resistance, dnds the
phase inductance. The phase inductdn¢gea function of the rotor angle, as shown in
the following figure.

L A

Rising Flat-Top Fallin  Flat-Bottom

I—min_

-

-
, e

The rotor angle is defined such that, when the stator and the rotor teeth are completely out
of alignment,® = 0. The value of the inductance can be in either rising stage, flat-top
stage, falling stage, or flat-bottom stage.

If we define the constaktas:

we can express the inductaricas a function of the rotor andgle

L=Lpin+ k6 [rising stage. Control signaj=l)

L = Lmax [flat-top stage. Control signaj<l)
L =Lpax- kOO [falling stage. Control signakel)
L =Lmin [flat-bottom stage. Control signal=l)

The selection of the operating state is done through the control sigrgl c;, and g
which are applied externally. For example, whgmdPhase is high (1), the rising stage
is selected and Phaaénductance will bet. =L, + k J8. Note that only one and at least
one control signal out of,cc,, ¢, and g in one phase must be high (1).

The developed torque of the machine per phase is:

_ 12 dL
Tem‘zumgl_e
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Based on the inductance expression, we have the developed torque in each stage as:

Tom=i2*k / 2 [rising stage]
Tem=10 [flat-top stage]
Tom=-12*k / 2 [falling stage]
Tem=10 [flat-bottom stage]

Note that saturation is not considered in this model.

2.5.1.4 Brushless DC Machine

A 3-phase brushless dc machine is a type of permanent magnet synchronous machine. It
has 3-phase windings on the stator, and permanent magnet on the rotor. The model in
PSIM is for brushless dc machines with trapezoidal waveform back emf.

The image and parameters of the 3-phase brushless dc machine are shown as follows.

Image:
BDCM3
a o EDCM
b = L o Shaft Node
¢ PP
ik
\_V_/ .
6-pulse Hall Effect Position Sensor
Attributes:
Parameters Description

R (stator resistance) Stator phase resist&hae Ohm
L (stator self ind.) Stator phase self inductalncie H
M (stator mutual ind.)  Stator mutual inductamdgein H.

The mutual inductandd is a negative value. Depending on
the winding structure, the ratio betwadrand the stator self
inductancd. is normally between -1/3 and -1/2 Nifis

unknown, a reasonable valueMfequal to-0.4*L can be used
as the default value.
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Vpk / krpm Peak line-to-line back emf constant, in V/krpm (mechanical
speed)

Vrms / krpm RMS line-to-line back emf constant, in V/krpm (mechanical
speed).

The values of Vpk/krpm and Vrms/krpm should be available
from the machine data sheet. If these values are not available,
they can be obtained through experiments by operating the
machine as a generator at 1000 rpm and measuring the peak
and rms values of the line-to-line voltage.

No. of PolesP Number of pole®

Moment of Inertia | Moment of inertial of the machine, in kg*#

Mech. Time Constant Mechanical time constgg.p,
theta_0 (deg.) Initial rotor ang®, in electrical deg.

The initial rotor angle is the rotor angle at t=0. The zero rotor
angle position is defined as the position where Phase A back
emf crosses zero (from negative to positive) under a positive
rotation speed.

theta_advance (deg. Position sensor advance 8ggle,. in electrical deg.

The advance angle is defined as the angle difference between
the turn-on angle of Phaseupper switch and 30n an 120
conduction mode. For example, if Phasis turned on at 25
the advance angle will b€ &.e. 30 - 25 = 5).

Conduction Pulse Position sensor conduction pulse width, in electrical deg.
Width

|8

Positive conduction pulse can turn on the upper switch an
negative pulse can turn on the lower switch in a full bridge
inverter. The conduction pulse width is 120 electrical deg. for

12 conduction mode.

Torque Flag Output flag for internal developed torgyg(1: output; O: no
output)
Master/Slave Flag Flag for the master/slave mode (1: master; O: slave).

The flag defines the mode of operation for the machine. Refer
to Section 2.5.1.1 for detailed explanation.

The node assignments of the image are: Nadesandc are the stator winding terminals

for PhaseA, B, andC, respectively. The stator windings are Y connected, and Nasle

the neutral point. The shaft node is the connecting terminal for the mechanical shaft. They
are all power nodes and should be connected to the power circuit.
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Node s, s, and g are the outputs of the built-in 6-pulse hall effect position sensors for

PhaseA, B, andC, respectively. The sensor output is a bipolar commutation pulse (1, O,
and -1). The sensor output nodes are all control nodes and should be connected to the con-
trol circuit.

The equations of the 3-phase brushless dc machine are:

v, = RO +(L- M)D—+E

<
o
|

= ROy, + (L - M) +Eb

<
I

RO, + (L - M)D—+E

wherev,, v, andv, are the phase voltageg, i, andi;are the phase curreng, L, andM
are the stator phase resistance, self inductance, and mutual inductari€g EnandE,
are the back emf of PhaseB, andC, respectively.

The back emf voltages are a function of the rotor mechanical spgadd the rotor elec-
trical angled,, that is:

Ea = ke_a D“om
Eb = I(e_b D“om
Ec = ke_c D“om

The coefficientsk 5, ke p, andkg ¢ are dependent on the rotor angleln this model, an

ideal trapezoidal waveform profile is assumed, as shown below for Phadso shown
is the Phasa current.

ke a A
i
i) ﬁg o
180
> §,
360
Kok
rs

where Kp is the peak trapezoidal value, in Vi/(rad./sec.), which is defined as:
Ko = Vo / krpm 1

Pk 2 100002V 60°
anglea is determined automatically in PSIM.

Given the values of Vpk/krpm and Vrms/krpm, the

The developed torque of the machine is:
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Tem = (EaDa+ Eb Db+ Ec Dc)/wm

The mechanical equations are:

5 (den
dt

= Tem= By —=Tpag

do

—r — E N

dad 2 M

whereB is a coefficient]T|y,4 IS the load torque, arfelis the no. of poles. The coefficient
B is calculated from the moment of inertlaand the mechanical time constamfe.as
below:

J

mech

B =

T

More Explanation on the Hall Effect Sensor:

A hall effect position sensor consists of a set of hall switches and a set of trigger magnets.

The hall switch is a semiconductor switch (e.g. MOSFET or BJT) that opens or closes
when the magnetic field is higher or lower than a certain threshold value. It is based on the
hall effect, which generates an emf proportional to the flux-density when the switch is car-
rying a current supplied by an external source. It is common to detect the emf using a sig-
nal conditioning circuit integrated with the hall switch or mounted very closely to it. This
provides a TTL-compatible pulse with sharp edges and high noise immunity for connec-
tion to the controller via a screened cable. For a three-phase brushless dc motor, three hall
switches are spaced 120 electrical deg. apart and are mounted on the stator frame.

The set of trigger magnets can be a separate set of magnets, or it can use the rotor magnets
of the brushless motor. If the trigger magnets are separate, they should have the matched
pole spacing (with respect to the rotor magnets), and should be mounted on the shaft in
close proximity to the hall switches. If the trigger magnets use the rotor magnets of the
machine, the hall switches must be mounted close enough to the rotor magnets, where
they can be energized by the leakage flux at the appropriate rotor positions.

Example: Start-Up of an Open-Loop Brushless DC Motor
The figure below shows an open-loop brushless dc motor drive system. The motor is fed
by a 3-phase voltage source inverter. The outputs of the motor hall effect position sensors

are used as the gatings signals for the inverter, resulting a 6-pulse operation.

The simulation waveforms show the start-up transient of the mechanical speed (in rpm),
developed torqué,,, and 3-phase input currents.
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Brushless DC Motor

VDC e
300

_____ L------------3=phase currents.. .

Example: Brushless DC Motor with Speed Feedback

The figure below shows a brushless dc motor drive system with speed feedback. The
speed control is achieved by modulating sensor commutation pulses (Vgs forARhase
this case) with another high-frequency pulses (Vgfb for PhaseThe high-frequency
pulse is generated from a dc current feedback loop.

The simulation waveforms show the reference and actual mechanical speed (in rpm),
PhaseA current, and signals Vgs and Vgfb. Note that Vgfb is divided by half for illustra-

tion purpose.

Brushless DC Motor

' G

b F & FFEX
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2.5.1.5 Permanent Magnet Synchronous Machine

A 3-phase permanent magnet synchronous machine has 3-phase windings on the stator,
and permanent magnet on the rotor. The difference between this machine and the brush-

less dc machine is that the machine back emf is sinusoidal.

The image and parameters of the machine are shown as follows.

Image:
PMSM3
a o EMGSM
b — | -~ Shaft Node
C o
)
n
Attributes:
Parameters Description

R (stator resistance)
L4 (d-axis ind.)
Lq (g-axis ind.)

Vpk / krpm

No. of PoledP
Moment of Inertia

Mech. Time Constant

Torque Flag

Stator winding resistance, in Ohm
Stator d-axis inductance, in H

Stator g-axis inductance, in H.

The d-q coordinate is defined such that the d-axis passes
through the center of the magnet, and the g-axis is in the
middle between two magnets. The g-axis is leading the d-

Peak line-to-line back emf constant, in V/krpm (mechanica

speed).

The value of Vpk/krpm should be available from the mach
data sheet. If this data is not available, it can be obtained

AXxisS.

ne

through an experiment by operating the machine as a generator

at 1000 rpm and measuring the peak line-to-line voltage.
Number of pole®

Moment of inertial of the machine, in kg*h
Mechanical time consteyg.,

Output flag for internal developed torgug(1: output; O: no
output)
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Master/Slave Flag Flag for the master/slave mode (1: master; O: slave).

The flag defines the mode of operation for the machine. Refer
to Section 2.5.1.1 for detailed explanation.

The node assignments of the image are: Nadesandc are the stator winding terminals

for Phasea, b, andc, respectively. The stator windings are Y connected, and Ndihe

neutral point. The shaft node is the connecting terminal for the mechanical shaft. They are
all power nodes and should be connected to the power circuit.

The equations of the permanent-magnet synchronous machine can be described by the fol-
lowing equations:

A R, 0 O ia g )\a
vyl = |0 Ry Of iy +d_t Ap
v/ |0 0R{ |i A,

wherev,, v, V., andi,, iy andig, andi,, Ay, A¢ are the stator phase voltages, currents, and
flux linkages, respectively, ari} is the stator phase resistance. The flux linkages are fur-
ther defined as:

cos(6,)
A Loa Lap Lad |1

a _ a .a COS% Al
Ac L Lab L I cos%r L 27

where®, is the rotor electrical angle, aig,is a coefficient which is defined as:
_ 60 [V, /krpm
"™ nCP 100003

whereP is the number of poles.

The stator self and mutual inductances are rotor position dependent, and are defined as:
Loa = Lg+ L+ L,0c0526,)

Lpp = Lgi* Lo+ L, (coS20, +

21
30
Lo = Lg+ Lo+ L, 0SS0, - ET‘D

CcC

I-ab = Lba == I-o + I-2 EbOS%Gr - ?T[E
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ac

2
Lac = Lea = —Lo+L, (05260, + ST

Lpe = Lep = =Ly + L, [05(26,)

whereLg is the stator leakage inductance. The d-axis and g-axis inductances are associ-
ated with the above inductances as follows:

3 3
Ly = La+5ko*5Le

3 3
Lq = Ls|+§L0—§L2

The developed torque can be expressed as:

sin(26,) sm%ze ?T[D smElzer + %T[E
_ﬂl]
30

QD

Tem = 5 D[ia i icj O Sln%e - Ezer

2m ¢
300
sinfe, + 2 sin(28)  sin20, -2

sin(20,) | Ui~

O

sin(®,)

o i ip i O singp, -

_T[D
34
sin%r ?T[[

NI

The mechanical equations are:

doom
JG = Tem_ B EtJL)m_TIoad

dt
a6, p

dt =2 m
whereB is a coefficient]T|,4 is the load torque, arfélis the no. of poles. The coefficient

B is calculated from the moment of inertlaand the mechanical time constamfecnas
below:
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2.5.2 Mechanical Loads

Several mechanical load models are provided in PSIM: constant-torque, constant-power,
and general-type load. Note that they are available in the Motor Drive Module.

2.5.2.1 _Constant-Torque Load

The image of a constant-torque load is:

Image:
MLOAD_T
] )
Attributes:
Parameters Description
Constant Torque Torque constdpg,,g; iN N*m
Moment of Inertia Moment of inertia of the load, in kg*m

If the reference direction of a mechanical system enters the dotted terminal, the load is
said to be along the reference direction, and the loading torque to the master machine is
Teonst Otherwise the loading torque will b&.5,; Please refer to Section 2.5.1.1 for more

detailed explanation.

A constant-torque load is expressed as:
T = Teonst

The torque does not depend on the speed direction.

2.5.2.2 Constant-Power Load

The image of a constant-power load is:

Image:

MLOAD_P
=

-
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Attributes:

Parameters Description
Maximum Torque Maximum torqug,,,, of the load, in N*m
Base Speed Base spaggsc0f the load, in rpm
Moment of Inertia Moment of inertia of the load, in kg*m

The torque-speed curve of a constant-power load can be illustrated below:

Tmax
Torque

(N*m)

Mpase Speed (rpm)

When the mechanical speed is less than the basergpggthe load torque is:
TL - Tmax

When the mechanical speed is above the base speed, the load torque is:
_ P

T ‘w

0
whereP = T, 58 Whase@Ndwy 5= 21N ,5460. The mechanical speeg, is in rad./sec.

2.5.2.3 _Constant-Speed Load

The image of a constant-torque load is:

Image:

MLOAD_WM

Lbid)

0
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Attributes:

Parameters Description

Constant Speed (rpm) Speed constant, in rpm

Moment of Inertia Moment of inertia of the load, in kg*m

A constant-speed mechanical load defines the speed of a mechanical system, and the
speed will remain constant, as defined by the speed constant.

2.5.2.4 General-Type Load

Besides constant-torque and constant-power load, a general-type load is provided in
PSIM. The image of the load is as follows:

Image:
MLOAD
Attributes:
Parameters Description
Tc Constant torque term
k; (coefficient) Coefficient for the linear term
k, (coefficient) Coefficient for the quadratic term
ks (coefficient) Coefficient for the cubic term
Moment of Inertia Moment of inertia of the load, in kg*m

A general-type load is expressed as:

: 2 3
T, = sign(w,,) OT, +ky Qo + Ky [oop, + kg Oy )
wherewy, is the mechanical speed in rad./sec.

Note that the torque of the general-type load is dependent on the speed direction.
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2.5.3 _Mechanical-Electrical Interface Block

This block allows users to access the internal equivalent circuit of the mechanical system
for a machine.

Image:
MECH_ELEC
Mechanical Side—M | E = Electrical Side
Attributes:
Parameters Description
Master/Slave Flag Flag for the master/slave mode (1: master, O: slave)

Similar to an electric machine, the mechanical-electrical interface block can be used to
define the reference direction of a mechanical system through the master/slave flag. When
the interface block is set to the master mode, the reference direction is along the mechani-
cal shaft, away from the mechanical node, and towards the rest of the mechanical ele-
ments. In a mechanical system, only one and at least one machine/interface block must be
set to the master mode. Refer to the help on the dc machine for more explanation on the
master/slave flag.

Let’s assume that a drive system consists of a motor (with a developed tofgyard a
moment of inertia 08;) and a mechanical load (with a load torqud gf4 and a moment
of inertia ofJ,). The equation that describes the mechanical system is:
dw
( + ‘JZ) D = Tem_Tload

wherewy, is the shaft mechanical speed. In PSIM, this equation is modelled by an equiva-
lent circuit as shown below.

speed node

? %1 +7 QDT

In this circuit, the two current sources have the valudggandT,y,4 and the capacitors
have the values al; andJ,. The node-to-ground voltage (speed node voltage) represents
the mechanical speea,, This is analogous t&€*dV/dt = i for a capacitor where
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C= J1+J2, V= Wy andi = Tem'TIoad-

In PSIM, the mechanical equivalent circuit for motors and mechanical loads all uses the
capacitor-based circuit model. The mechanical-electrical interface block provides the
access to the internal mechanical equivalent circuit. If the mechanical side of an interface
block (with the letters “MECH”) is connected to a mechanical shaft, the electrical side
(with the letters “ELEC”) will be the speed node of the mechanical equivalent circuit. One
can thus connect any electrical circuits to this node.

With this element, users can connect the built-in motors or mechanical loads with custom-
built load or motor models.

Example: An induction machine with a custom mechanical load model

The figure below shows an induction machine connected to a user defined mechanical
load model through the mechanical-electrical interface block. As explained, the voltage at
the electrical side represents the shaft mechanical speed. A current source flowing out of
this node represents a mechanical load, and a capacitor connected to this node represents
the load moment of inertia.

Mechanical load mode

Jload Tlaoad

Example: A custom machine model with a constant-torque mechanical load

Similarly, one can build a custom machine model and connect it to the mechanical load
available in the PSIM library. The figure belows shows such a circuit. The custom
machine model must use the capacitor analogy to model the mechanical equation. The
node representing the mechanical speed is then made available and is connected to the
electrical side of the mechanical-electrical interface block.

Custom machine model (in subcircuit form)
g1

T

Wm .

(] -
- Mechanica
speed
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3.1 Transfer Function Block

A transfer function block is expressed in polynomial form as:

B (E'+..+B, 5 +B, 5+
G(s) = k-t— i —— %
A+ AT +A B+ A

Image:
TFCTN TFCTN1
Attributes:
Parameters Description

Order n Orden of the transfer function

Gain Gaink of the transfer function

Coeff.B...B, Coefficients of the nominator (froB, to By)

Coeff. A,.. Ay Coefficients of the denominator (frofy, to A,)

InitialValues x,..X; Initial values of the state variablgsto x; (for TFCTNL1 only)

Let Y(s) = G(s)*U(s) whereY(s) is the output antl(s) is the input, we can convert the s-
domain expression into the differential equation form as follows:

x] [000..0-a/A | [x By—A, [B,/A,
e 100..0 -A/A, | |% B,—A, [B/A,
gilXs| = (01 0.0 -A/A, [Hxg +A—nD B,-A,[B/A, |

X 000 ..1-A,_/A,| |X, B,_;—A,_; [B,/A,

The output equation in the time domain can be expressed as:

Bn
y = x,+kO—= [
An
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The initial values of the state variabbesto x; can be specified at the input in the element
TFCTN1.

Example:
The following is a second-order transfer function:

3
G(9) = 1.505——208 .
s2 + 120005 + 400

In SIMCAD, the specifications are:

Order n 2
Gain 15
Coeff.B,,...B, 0. 0. 400.e3
Coeff. A,.. Aq 1. 1200. 400.e3

3.1.1 _Proportional Controller

The output of a proportional (P) controller is equal to the input multiplied by a gain.

Image:
P
— ¥ |-
Attribute:
Parameters Description
Gain Gaink of the transfer function

3.1.2 _nteqgrator

The transfer function of an integrator is:
1

G(s) = oT

There are two types of integrators. One is the regular integrator (I). The other is the reset-
table integrator (RESETI).

Images:
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I RESETI

7] [}

T

Attribute:

Parameters

Description

Time Constant

Time constahtof the integrator, in sec.

Initial Output Value

Initial value of the output

Reset Flag

Reset flag (0: edge reset; 1: level reset) (for RESETI only)

The output of the resettable integrator can be reset by an external control signal (at the bot-
tom of the block). For the edge reset (reset flag = 0), the integrator output is reset to zero at
the rising edge of the control signal. For the level reset (reset flag = 1), the integrator out-

put is reset to zero as long as the control signal is high (1).

To avoid over saturation, a limiter should be placed at the integrator output.

Example:

The following circuit illustrates the use of the resettable integrator. The input of the inte-
grator is a dc quantity. The control input of the integrator is a pulse waveform which resets
the integrator output at the end of each cycle. The reset flag is set to 0.

Vd

Vetrl

@

e

Wd Vo
15.00

1000

150

-] A A

| |
| |
| |
100 === = e m e e e e
050 N ____________ \ ___________ } ___________
0.00

000 1.00 200 300 400

Time: (ms)

3.1.3 Diffeaentiator

The transfer function of a differentiator is:

G(s) = sT

PSIM User Manual
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A differentiator is calculated as follows:

Vo(t) — TDVin(t)_X?(t_At)

whereAt is the simulation time step,(t) andv;,(t-At) are the input values at the present
and the previous time step.

Image:
DIFF
e =T |-
Attribute:
Parameters Description
Time Constant Time constantof the differentiator, in sec.

Since sudden changes of the input will generate spikes at the output, it is recommended
that a low-pass filter be placed before the differentiator.

3.1.4 Proportional-Integral Controller

The transfer function of a proportional-integral (PI) controller is defined as:

_ +sT
G(s) = leS_T

Image:
PI
o= TPT |=
Attributes:
Parameters Description
Gain Gaink of the PI controller
Time Constant Time constantof the Pl controller

To avoid over saturation, a limiter should be placed at the Pl output.
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3.1.5 Built-in Filter Blocks

Four second-order filters are provided as built-in modules in PSIM. The transfer function
of these filters are listed below.

For a second-order low-pass filter:

o
G(s) = sz >
S + 28w S+ Wy

For a second-order high-pass filter:

2
S

G(s) = ki >
S + 28w S+ w;

For a second-order band-pass filter:
B[k

G(s) = kllis———
s +Blb+w,
For a second-order band-stop filter:
P
G(s) = kllis———
s +Blb+w,
Images:
FILTER_LP2 FILTER_HP2 FILTER_BP2 FILTER_BS2
"f' S H/_—' o T - HT—c
Attributes:
Parameters Description
Gain Gaink
Damping Ratio Damping rati®
(%)
Cut-off Frequency Cut-off frequencyf. (f, = zi ), in Hz, for low-pass and
high-pass filters
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3.2

3.2.1

W,
Center Frequency Center frequencfy (f, = E(; ), in Hz, for band-pass and
band-stop filter
Passing Band; Frequency widt, of the passing/stopping band for band-
Stopping Band ) . B
pass/band-stop filters, in HA, = ot 0

Computational Function Blocks
_Summer
For a summer with one input (SUM1) or two inputs (SUM2 and SUM2P)nthé can be

either a scalar or a vector. For the summer with three inputs (SUM3), the input can only be
a scalar.

Images:
SuM1 SUM2 SUM2P SUM3
Input 1
+ + °
+ Input 1 Input 1
Input 2
- +
Input 2 Input 2 Input 3
Attributes:
Parameters Description
Gain i Gaink; for theiy, input

For SUM3, the input with a dot is the first input.

If the inputs are scalar, the output of a summer wittputs is defined as:
V, = kiVi+kV, + .+ KV,

If the input is a vector, the output ofwao-input summer will also be a vector, which is
defined as:

Vi=[aa.. g
Vo=[by by... 3]
Vo =V + Vo = [a4+by &b, ... gty

For a one-input summer, the output will still be a scalar which is equal to the summation

3-6
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3.2.2

of the input vector elements, that\§,= g + & + ... &,

Multiplier and Divider

The output of a multipliers (MULT) or dividers (DIVD) is equal to the multiplication or
division of two input signals.

Images:
MULT DIVD
. o o
- >< }—c Nominator s—=; -
T T Denominator

For the divider, the dotted node is for the nominator input.

The input of a multiplier can be either a vector or a scalar. If the two inputs are vectors,
their dimensions must be equal. Let the two inputs be:

Vizlaa.. g
Vo =[by by ... b
The output, which is a scalar, will be:

Vo=Vi* VT = a*by + a*b, + g,*b,,

3.2.3 _Square-Root Block

3.24

A square-root function block calculates the square root of the input quantity.

Image:

SQROT

o [ |e

Exponential/Power Function Blocks

Images:

EXP POWER
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3.2.5

3.2.6

Attributes:
Parameters Description
Coefficientk, Coefficientk;
Coefficientk, Coefficientk,

For the exponential function block (EXP), the output is defined as: :

Vo = kg Oy
For example, ik;=1, k,=2.718281828, an¥,,=2.5, thenV,=e’> where e is the base of
the natural logarithm.

For the power function block (POWER), the output is defined as: :

Vo = Kk D‘/ukrf

Root-Mean-Square Block

A root-mean-square function block calculates the RMS value of the input signal over a
period specified by the base frequeficylhe output is defined as:

1T 2
Vims = -T-Iovin(t)dt

whereT=1/f,. The output is only updated at the beginning of each period.

Image:
RMS
s rms |-
Attribute:
Parameters Description
Base frequency Base frequerfgyin Hz

Absolute and Sign Function Blocks

An absolute value function block (ABS) gives the absolute value of the input. A sign func-
tion block (SIGN) gives the sign of the input, i.e., the output is 1 if the input is positive,

3-8
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3.2.7

3.2.8

and the output is -1 if the input is negative.

Image:

ABS SIGN

o= | x| |o o= Sign o

Trigonometric Functions

Four trigonometric functions are provided: sine (SIN), cosine (COS), arc cosine (COS_1),
and arc tangent (TG_1). The output is equal to the corresponding trigonometric function
of the input. For Blocks SIN and COS, the input is in deg., and for Blocks COS_1 and
TG_1, the output is in deg.

Images:

SIN COS COS_1 TG_1

e Sin e s COo% |- Hcoél—' maginar tg_l—'
Real |

For the arc tangent block, the dotted node is for the real input and the other node is for the
imaginary input. The output is the arc tangent of the ratio between the imaginary and the

Vimaa
real input, i.e® = tg 1%‘%@% .

real

Fast Fourier Transform Block

A Fast Fourier Transform block calculates the fundamental component of the input signal.
The FFT algorithm is based on the radix-2/decimation-in-frequency method. The number

of the sampling points within one fundamental period should"bénhereN is an inte-
ger). The maximum number of sampling points allowed is 1024.

The output gives the amplitude (peak) and the phase angle of the input fundamental com-
ponent. The output voltage (in complex form) is defined as:

N

2 .

\Y —gD V.. (n)—vVv EHND EE_JWE
°o" N Z in( ) - in ZD} 0
=0

Image:
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3.3

FFT

FFT

—*® Amplitude

|_a Phase Angle

Attributes:

Parameters

Description

No. of Sampling Points
Fundamental Frequency

No. of sampling poihis

Fundamental frequépnan Hz.

The dotted node of the block refers to the output of the amplitude. Note that the phase
angle has been internally adjusted such that a sine funetjpsin(wt) will give a phase

angle output of O.

Example:

In the circuit below, the voltagg, contains a fundamental componen(100 V, 60 Hz),
a 5th harmonic voltage; (25 V, 300 Hz), and a 7th harmomic(25 V, 420 Hz). After one
cycle, the FFT block output reaches the steady state with the amplitude of 100 V and the

phase angle of®0

FFT

e Vamp

-+ Angle

-100.00
-150.00

150.00

100.00 |- -
&0.00

0.o0
-50.00

120.00

100.00
&0.00 P
60.00
40.00
20.00

0.o0

15.00 20.00
Time (ms)

5.00 10.00

25.00 30.00 35.00

Other Function Blocks

3.3.1 _Comparator

The output of a comparator is high when the positive input is higher than the negative
input. When the positive input is low, the output is zero. If the two input are equal, the out-

put is undefined and it will keep the previous value.

Image:

3-10
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3.3.2

COMP

-

Note that the comparator image is similar to that of the op. amp. For the comparator, the
noninverting input is at the upper left and the invertiqmut is at the lower left. For the
op. amp., however, it is the opposite.

Limiter

The output of a limiter is clamped to the upper/lower limit whenever the input exceeds the
limiter range. If the input is within the limit, the output is equal to the input.

Image:
LIM
A
Attributes:
Parameters Description
Lower Limit Lower limit of the limiter
Upper Limit Upper limit of the limiter

3.3.3 _Look-up Table

There are two types of lookup tables: one-dimensional lookup tables (LKUP), and 2-
dimensional lookup tables (LKUP2D). The one-dimensional lookup table has one input
and one output. Two data arrays, corresponding to the input and the output, are stored in
the lookup table in a file. The format of the table is as follows.

Vin(1), Vo(1)
Vin(2), Vo(2)

Vin(n), Vo(n)
The input array,, must be monotonically increasing. Between two points, linear interpo-
lation is used to obtain the output. When the value of the input is lesgj{igror greater

thanVi,(n), the output will be clamped (1) orV,(n).

The 2-dimensional lookup table has two input and one output. The output data is stored in
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a 2-dimensional matrix. The two input correspond to the row and column indices of the
matrix. For example, if the row index is 3 and the column index is 4, the output will be
A(3,4) whereA is the data matrix. The data for the lookup table are stored in a file and
have the following format:

m, n

A(1,1),A(1,2), ...,A(1,n)

A(2,1),A(2,2), ...,A(2,n)

A(m,1),A(m,2), ...,A(m,n)

where m and n are the number of rows and columns, respectively. Since the row or the col-
umn index must be an integer, the input value is automatically converted to an integer. If
either the row or the column index is out of the range (for example, the row index is less
than 1 or greater than m), the output will be zero.

Images:
LKUP LKUP2D
p— I Index;j

= CIII |- Indexi

“{E}-

Attribute:

Parameters Description
File Name Name of the file storing the lookup table

For the 2-dimensional lookup table block, the node at the left is for the row index input,
and the node at the top is for the column index input.

Examples:

The following shows a one-dimensional lookup table:
1., 10.
2., 30.
3., 20.
4., 60.
5., 50.

If the input is 0.99, the output will be 10. If the input is 1.5, the output will be

10+ (1.5- 1; E(fO— 10 —20.
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The following shows a 2-dimensional lookup table:

3,4

1.,-2.,4., 1.
2.,3.,5.,8.
3.,8.,-2,,9.

If the row index is 2 and the column index is 4, the output will be 8. If the row index is 5,
regardless of the column index, the output will be 0.

3.3.4 _Trapezoidal and Sgare Blocks
The trapezoidal waveform block (LKUP_TZ) and square waveform block (LKUP_SQ)
are specific types of lookup tables: the output and the input relationship is either a trape-
zoidal or a square waveform.

Images:

LKUP_TZ LKUP_S

oo AL =

For the trapezoidal waveform block:

Attributes:
Parameters Description
Rising Angle theta Rising angk in deg.
PeakVaue Peak valug, of the waveform

For the square waveform block:

Attribute:
Parameters Description
Pulse Width (deg.) Pulse widéhin half cycle, in deg.

The waveforms of these two blocks are shown below. Note that theyjpisuh deg., and

can be in the range of -36@ 36(. Both waveforms are half-wave and quarter-wave
symmetrical.
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LKUP_TZ LKUP_SQ
Vo A Vo A
Vpk— _\ o 14 -< A >
0 180 / 0 L L
360" Vin 180 360 Vin
'Vpk— .14
K

3.3.5 _Sampling/Hold Block

A sampling/hold block output samples the input when the control signal changes from low
to high (from 0 to 1), and holds this value until the next point is sampled.

Image:

SAMP
— Y
T

The node at the bottom of the block is for the control signal input.
The difference between this block and the zero-order hold block (ZOH) is that this block is
treated as a continuous element and the sampling moments can be controlled externally;

whereas the zero-order hold block is a discrete element and the sampling moments are
fixed and of equal distance.

For a discrete system, the zero-order hold block should be used.

Example:

In this example, a sinusoidal input is sampled. The control signal is implemented using a
square wave voltage source with an amplitude of 1.

3-14
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v

o | Vetrl

L)

15.00

3.3.6 _Round-Off Block

The image of a round-off block is shown below:

Image:
ROUNDOFF
o= INT |—
Attribute:
Parameters Description
No. of Digits No. of digitdN after the decimal point
Truncation Flag Truncation flag (1: truncation; 0: round-off)

Assume the input of the round-off block ¥4, this input is first scaled based on the fol-
lowing expression:

Vv = v, o

in, new

If the truncation flag is 1, the output will be equalpe, truncated, and then divided by
10N. Otherwise, the output will be equal ¥, ey rounded off to the nearest integer, and
then divided by 10,

Examples:

If Vi, = 34.5678N = 0, truncation flag = 0, then the outpy; = 35. IfVi, = 34.5678N =
0, truncation flag = 1, then the outpdy,; = 34. IfV,, = 34.5678N = 1, truncation flag =
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3.3.7

1, then the outpuy,, = 34.5. IfVj, = 34.5678N = -1, truncation flag = 1, then the output
Vout = 30.

Time Delay Block

A time delay block delays the input waveform by a specified amount of time interval. It
can be used to model the propagation delay of a logic element.

Image:
TDELAY
o
Attribute:
Parameters Description
Time Delay Time delay, in sec.

Note that the difference between this block and the unit delay block (UDELAY)is that this
block is a continuous element and the delay time can be arbitrarily set; whereas the unit
delay block is a discrete element and the delay time is equal to the sampling period.

For a discrete system, the unit delay block should be used.
Example:
In this circuit, the first time delay block has a delay time of 1 ms, and the second block has

a delay time of 4 ms. This example illustrates that the input of the time delay block can be
either an analog or a digital signal.

Win
a0

1.0u

0.50

0.0o
1.50

1.00

0.50

n.on Wo2 o Wing

20.00

1000 el =K
' Vo2 4
0.00 v 0

-10.00 |n2\ \

-20.00 A

0.00 5.00 10.00 15.00 20.00 2500 30.00

Time (ms)
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3.3.8 _Multiplexer

The output of a multiplexer is equal to a selected input depending on the control signal.
Three multiplexers are provided: multiplexers with 2 inputs; 4 inputs; and 8 inputs.

Image:
MUX2 MUX4 MUX8
do - do
d0~ v dl - .
MUX |- » F
di1+ 42 o e A MUK |+ Y
T d3 7
S0 1 d7hl o
s1 80 s2s1s0

In the images, d0..d7 are the data inputs; and s0..s2 are the control signals. The truth tables
of the multiplexers are:

2-Input MUX 4-Input MUX 8-Input MUX

sO Y sl sO Y s2 sl sO Y
0 do 0 0 do 0 0 0 do

1 dl 0 1 dl 0 0 1 di

1 0 d2 0 1 0 d2

1 1 d3 0 1 1 d3

1 0 0 d4

1 0 1 d5

1 1 0 dé

1 1 1 d7

Note that the data input could be either an analog or digital signal.

Example:

The following circuit performs the function of selecting the maximum value out of two
inputs. When\, is greater tharv, the comparator output will be 1, aiM = V,. Other-

wiseV, =V,
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34 Subcircuit Blocks

3.4.1 _Operational Amplifier

An ideal operational amplifier (op. amp.) is modelled using the PSIM power circuit ele-
ments, as shown below.
Image:

OP_AMP

OP_AMP_1 Circuit Model of the Op. Amp.

V. V. .
Vo Vo AN Vo
V, V,

Ro

o_+3+ AXV , - V)

i — Vs+

V, Vs- gnd
VO

V.

gnd
where
V+; V- - noninverting and inverting input voltages
Vo - output voltage
A - op. amp. gain (A is set to 100,000.)
Ro - output resistance (Rs set to 80 Ohms)
Attributes:
Parameters Description
\oltage Vs+ Upper voltage source level of the op. amp.
\oltage Vs-

Lower voltage source levels of the op. amp.
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3.4.2

The difference between OP_AMP and OP_AMP_1 and OP_AMP_2 is that, for OP_AMP,
the reference ground node of the op. amp. model is connected to the power ground,
whereas in OP_AMP_1 and OP_AMP_2, the reference ground node of the model is acces-
sible and can be floating.

Note that the image of the op. amp. OP_AMP is similar to that of the comparator. For the
op. amp., the inverting input is at the upper left and the noninverting input is at the lower
left. For the comparator, it is the opposite.

Example: A Boost Power Factor Correction Circuit
The figure below shows a boost power factor correction circuit. It has the inner current

loop and the outer voltage loop. The PI regulators of both loops are implemented using op.
amp.

Vin Iin R . Vo

arator

THD Block

For an ac waveform that contains both the fundamental and harmonic components, the
total harmonic distortion of the waveform is defined as:

_ Vh _ A rzms_V%
THD = — = ——
Vl Vl

whereV; is the fundamental component (rmg),is the harmonic rms value, aNf}, s is
the overall rms value of the waveform. The THD block is modelled as shown below.

Image:
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THD Circuit Model of the THD Block

e THD
Vin() »{ THD

—= V(1)

vy(t)

A second-order band-pass filter is used to extract the fundamental component. The center
frequency and the passing band of the band-pass filter need to be specified.

Attributes:

Parameters Description
Fundamental Fundamental frequency of the input, in Hz
Frequency
Passing Band Passing band of the band-pass filter, in Hz

Example:

In the single-phase thyristor circuit below, a THD block is used to measure the THD of the

input current. The delay angle of the thyristor bridge is choserPaB@the THD block,
the fundamental frequency is set at 60 Hz and the passing band of the filter is set at 20 Hz.
The simulation results are shown on the right.

Vs
150.00

T ° ANAWAINARTA
« VARV VARV ARVRY
. | A ANN AN

a=30deg. ZUUUTHDV U U U h\j \J v

3.00

i o 200
S = THD |
— THD . 100
s 151 -
0.00
0.00 00z n.04 0.0 nos 010 012

Time (s)

One of the THD block output is the input current fundamental compafeBy compar-
ing the phase difference between the input voltgged the currerit,, one can calculate

the input displacement power factor. This, together with the THD value, can be used to
calculate the input power factor.
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3.5

Logic Components

3.5.1 _Logic Gates

3.5.2

Basic logic gates are AND, OR, XORGATE (exclusive-OR), NOT, NAND, and NOR
gates.

Images:
ANDGATE ORGATE NOTGATE XORGATE
ANDGATE3 ORGATE3 NANDGATE NORGATE

Set-Reset Flip-Flop

There are two types of set-reset flip-flops. One is edge-triggered and the other is level-trig-
gered.

Attributes:
Parameters Description
Trigger Flag Trigger flag (0: edge-triggered; 1: level-triggered)

The edge-triggered flip-flop only changes the states at the rising edge of the set/reset
input. The truth table of an edge-triggered flip-flop is:

S R Q Q
0 0 no change
0 t 0 1
t 0 1 0
t t not used

The level-triggered flip-flop, on the other hand, changes the states based on the input
level. The truth table of a level-triggered set-reset flip-flop is:

S R Q Q
0 0 no change
0 1 0 1
1 0 1 0
1 1 not used
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Image:

SRFF

3.5.3 _J-K Flip-Flop

3.54

The J-K flip-flop is positive edge-triggered. The truth table is:

J K D Q Q
0 0 t no change
0 1 t 0 1
1 0 t 1 0
1 1 1 Toggle
Image:
JKFF
—{J Q (=
—E Qfw=

Monostable Multivibrator

In a monostable multivibrator, the positive (or negative) edge of the input signal triggers
the monostable. A pulse, with the specified pulse width, will be generated at the output.

The output pulse width can be either fixed or adjusted through another input variable. The
latter type of monostables is referred to as controlled monostables (MONOC). Its on-time
pulse width, in second, is determined by the control input.

Image:
MONO MONOC
—f Ol —s=
—F 0=
_ —1 ofl—=
— Q|-
:
Attribute:
Parameters Description
Pulse Width On-time pulse width, in sec.
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3.5.5

3.6

3.6.1

For the controlled monostable block, the input node at the bottom is for the input that
defines the pulse width.

Pulse Width Counter

A pulse width counter measures the width of a pulse. The rising edge of the input activates
the counter. At the falling edge of the input, the output gives the width of the pulse (in
sec.). During the interval of two falling pulse edges, the pulse width counter output
remains unchanged.

Image:

PWCT

Diqital Control Module

The Digital Control Module, as an add-on option to the standard PSIM program, provides
discrete elements, such as zero-order hold, z-domain transfer function blocks, digital fil-
ters, etc., for studies of digital control schemes.

As compared to a s-domain circuit which is continuous, a z-domain circuit is discrete. Cal-

culation is, therefore, only performed at the discrete sampling points and there is no calcu-
lation between two sampling points.

Zero-Order Hold

A zero-order hold samples the input at the point of sampling. The output remains
unchanged between two sampling points.

Image:
ZOH
o ZOH |—o
Attribute:
Parameters Description
Sampling Frequency Sampling frequency, in Hz, of the zero-order hold

Like all other discrete elements, the zero-order hold has a free-running timer which deter-
mines the moment of sampling. The sampling moment, therefore, is synchronized with the
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origin of the simulation time. For example, if the zero-order hold has a sampling fre-
quency of 1000 Hz, the input will be sampled at 0, 1 msec., 2 msec., 3 msec., and so on.

Example:

In the following circuit, the zero-order hold sampling frequency is 1000 Hz. The input and
output waveforms are shown on the left.

Vi n® Vo

ZOH |

Wi
10.00

500

000

0.00 500 10.00 15.00 20.00

Note that in above circuit, a continuous-domain integrator is also connected to the input
sine source. This makes it a mixed continuous-discrete circuit, and a simulation time step
selected for the continuous circuit will be used. With this time step, the familiar staircase-
like waveform can be observed at the zero-order hold output.

Without the integrator, the circuit becomes a discrete circuit. In this case, since only the
calculation at the discrete sampling points is heeded, the simulation time step will be equal
to the sampling period, and the results at only the sampling points are available. The
waveforms, as shown below, appear continuous. In fact the waveforms are discrete, and
the connection between two sampling points makes it look like continuous.

Win Vo

10.00 i
LY
VJ_Q @Vo
-~ ZOH 5.00

-10.00
J 0.00 £.00 10.00 15.00 20.00
e Time (ms)

3.6.2 z-Domain Transfer Function Block

A z-domain transfer function block is expressed in polynomial form as:
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by +b, !

+..+tby_, [+ by
1

H(z) = N -
apl +a, [z “+..+ay_,[Z+ g

If ag = 1, the expressiov(z) = H(z) * U(2) can be expressed in difference equation as:
y(n) = by u(n) +b; fu(n—-1) +... + by U(n-N) -
[a; y(n—=1)+a, y(n-2) +... +ay I(n—-N)]

Image:
TFCTN_D
oxH{z) o
Attributes:
Parameters Description
OrderN OrderN of the transfer function
Coeff. bg...by Coefficients of the nominator (frotw, to by)
Coeff.ag...ay Coefficients of the nominator (froag, to ay)
Sampling Frequency Sampling frequency, in Hz
Example:

The following is a second-order transfer function:
400¢°
7 + 12000 + 400€°

H(z) =

with a sampling frequency of 3 kHz. In SIMCAD, the specifications are:

OrderN 2

Coeff.by...by 0. 0. 400.e3
Coeff.a,...a5 1. 1200. 400.e3
Sampling Frequency 3000.

3.6.2.1 _Integrator

There are two types of integrators. One is the regular integrator (I_D). The other is the
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resettable integrator (I_RESET_D).

Images:
I_D |_RESET_D
o ‘J" Z N O Jf z o
—— T
Attribute:
Parameters Description
Algorithm Flag Flag for integration algorithm
0: trapezoidal rule
1: backward Euler
2: forward Euler
Initial Output Value Initial output value
Reset Flag Reset flag (0: edge reset; 1: level reset)
Sampling Frequency Sampling frequency, in Hz

The output of the resettable integrator can be reset by an external control signal (at the bot-
tom of the block). For the edge reset (reset flag = 0), the integrator output is reset to zero at
the rising edge of the control signal. For the level reset (reset flag = 1), the integrator out-
put is reset to zero as long as the control signal is high (1).

If we defineu(t) as the inputy(t) as the outpuf] as the sampling period, akt{z) as the
discrete transfer function, the input-output relationship of an integrator can be expressed
under different integration algorithms as follows.

With trapezoidal rule:

_Toz+1
H(z) = 2D§—_1
Y(n) = y(n-1)+3 Cu(n) +u(n-1))

With backward Euler:

_ y4
H(z) =T z]_—l

y(n) = y(n—1)+TLu(n)
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With forward Euler:

_ 1
1@ = T

y(n) = y(n—1) + T [u(n-1)
3.6.2.2 Differentiator
The transfer function of a discrete differentiator is:

H(z) = T F

where T is the sampling period. The input-output relationship can be expressed in differ-
ence equation as:

y(r) = 1 u(n) —u(n-1))

Image:
D D
o ) Zlo
Attribute:
Parameters Description
Sampling Frequency Sampling frequency, in Hz

3.6.2.3 _Digqital Filters

Two types of digital filters are provided: general digital filter (FILTER_D) and finite
impulse response (FIR) filter.

The transfer function of the general digital filter is expressed in polynomial form as:

b+ by T+ +by_q N+ by "
(N-1)

H(z) = N

—1 —
Qpta lz +..+tay_1 &k +ay [z

If ag = 1, the outpuy and inputu can be expressed in difference equation form as:

y(n) = by Cu(n) +b; CU(n=1) +... + by [L(n—=N) -
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[a; ¥(n-1)+a, y(n-2) +... +ay I/(n-N)]

If the denominator coefficients,..ay are not zero, this type of filter is called infinite
impulse response (IIR) filter.

The transfer function of the FIR filter is expressed in polynomial form as:
H(z) = by+b; T+ + by_1 N4 by "
If ag = 1, the outpuy and inputu can be expressed in difference equation form as:

y(n) = by Lu(n) +b; Cu(n—-1) +...+byL(n-N)

Filter coefficients can be specified either directly or through a file. The following are the
filter images and attributes when filter coefficients are specified directly.

Images:
FILTER_D FILTER_FIR
O—H L o FIE |0
Attributes:
Parameters Description
OrderN OrderN of the transfer function
Coeff. bg...by Coefficients of the nominator (frotw, to by)
Coeff.ag...ay Coefficients of the nominator (froag, to ay)
Sampling Frequency Sampling frequency, in Hz

The following are the filter images and attributes when filter coefficients are specified
through a file.

Images:

FILTER_D1 FILTER_FIR1

o= -0 o FIR |o
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Attributes:
Parameters Description
File for Coefficients Name of the file storing the filter coefficients
Sampling Frequency Sampling frequency, in Hz

The coefficient file has the following format:

For Filter_FIR1.:

For Filter_D1, the format can be either one of the following:

N or N

bo bo, ag
by by ag
by by, an
=)

a1

ay

Example:

To design a 2nd-order low-pass Butterworth digital filter with the cut-off frequency fc =
1 kHz, assuming the sampling frequency fs = 10 kHz, using MATL.AR have:

Nyquist frequency fn =fs /2 =5 kHz

Normalized cut-off frequency fc* = fc/fn = 1/5=0.2

[B,A] = butter (2, fc*)

which will give:
B =[0.0201 0.0402 0.0201 ]84 b; by

*. MATLAB is a registered trademark of MathWorks, Inc.
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A=[ 1 -1561 0.6414]=§ a; a)]

The transfer function is:

0.0201+ 0.0402% *+0.02010% 2

H(z) = = =
1-1.56107 1 +0.6414(%

The input-output difference equation is:

y(n) = 0.0201CL(n) + 0.04020L(n—1) + 1.5610)(n— 1)-0.6414y(n—2)

The parameter specification of the filter in SIMCAD will be:

OrderN 2

Coeff.by...by 0.0201 0.0402 0.0201
Coeff.ay...ay 1. -1.561  0.6414
Sampling Frequency 10000.

If the coefficients are stored in a file, the file content will be:

2
0.0201
0.0402
0.0201
1.
-1.561
0.6414

Or the file can also have the content as follows:
2
0.0201, 1
0.0402, -1.561
0.0201, 0.6414
3.6.3 _Unit Delay

The unit delay block provides one sampling period delay of the input signal.

Image:
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UDELAY
os 24— |o
Z
Attribute:
Parameters Description
Sampling Frequency Sampling frequency, in Hz

The difference between the unit delay block and the time delay block (TDELAY)is that
the unit delay block is a discrete element and it delays the sampled points by one sampling
period, whereas TDELAY is a continuous element and it delays the whole waveform by
the delay time specified.

3.6.4 _Quantization Block

The quantization block is used to simulate the quantization error during the A/D conver-

sion.
Image:
DIGIT
O _,_l_'_ o
Attribute:
Parameters Description

No. of Bits Number of bits N
Vin_min Lower limit of the input valu&, i,
Vin_max Upper limit of the input value, ax
Vo_min Lower limit of the output valu¥; i,
Vo_max Upper limit of the output valug, .«
Sampling Frequency Sampling frequency, in Hz

The quantization block performs two functions: scaling and quantization.

The input valueV,,, sampled at the given sampling frequency, is first scaled based on the
following:
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Vin—V

in, min (V

Vin,min

V,, =V \Y

ox in,min+V 0o, max o,min)

in,max__
The number of bits determines the output resolulidiwhich is defined as:
Vv Vv

AV = 0, max__
oN_1

0, min

The outpub, will be equal to the truncated value\gf based on the resolutidV.
Example:

If N =4, Vin min= 0,Vin max= 10,V min = -5, Vo min= 5, anaVj,, = 3.2, then:
Vo =-5+(3.2-0)*(5-(05))/(10-0)=-1.8
AV = (5-(-5) /(- 1) =0.66667

The value -1.8 is between -2.33332 and -1.66665. Therefore, the lower value is selected,
that is,V, = -1.66665.

3.6.5 _Cricular Buffer

A circular buffer is a memory location that can store an array of data.

Image:
C_BUFFER
~ 21
Attribute:
Parameters Description
Buffer Length The length of the buffer
Sampling Frequency Sampling frequency, in Hz

The circular buffer stores data irbaffer. When the pointer reaches the end of the buffer,
it will start again from the beginning.

The output of the circular buffer is a vector. To access to each memory location, use the
memory read block MEMREAD.
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Example:

If a circular buffer has a buffer length of 4 and sampling frequency of 10 Hz, we have the

buffer storage at different time as follows:

Value at Memory Location
Time Input 1 > 3 4
0 0.11 0.11 0 0 0
0.1 0.22 0.11 0.22 0 0
0.2 0.33 0.11 0.22 0.33 0
0.3 0.44 0.11 0.22 0.33 0.44
0.4 0.55 0.55 0.22 0.33 0.44

3.6.6 _Convolution Block

A convolution block performs the convolution of the two input vectors. The output is also
a vector.

Image:

CONV

Let the two input vectors be:
A=[anan-18n2 - al
B=[bybn1bn2.. by
We have the convolution of A and B as:
C=A0B
= [Cm+n-1 Cm+n-2 -+ Cl]
where

G =2 [ &1 *biyl, k=0, ..., m+n-1;j=0, ..., m+n-1; i=1, ..., m+n-1

Example:
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If A=[12 3] andB = [4 5], we have m = 3; n = 2; and the convolutiorAcindB asC =

[4 13 22 15].

3.6.7 Memory Read Block

A memory read block can be used to read the value of a memory location of a vector.

Image:
MEMREAD
U}
Attribute:
Parameters Description

Memory Index Offset

Offset from the starting memory location

This block allows one to access the memory location of elements, such as the convolution
block, vector array, and circulbuffer. The indexoffset defines theffset from the start-

ing memory location.

Example:

Let a vector be A =[2 4 6 8], if index offset is 0, the memory read block output is 2. If the

index offset is 2, the output is 6.

3.6.8 _Data Array

This is a one-dimensional array. The output is a vector.

Image:
ARRAY ARRAY1
- :
Attributes:
Parameters Description

Array Length
Values
File for Coefficients

The length of the data arfdyfor ARRAY only)
Values of the array (for ARRAY only)
Name of the file storing the array (for ARRAY1 only)
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If the array is read from a file, the file will have the following format:

whereN is the length of the array, aagl.ay are the array values.

Example:

To define an array A = [2 4 6 8], we will have: Array Length = 4;Values =2 4 6 8. If the
array is to be read from a file, the file will be:

4

© o A~DN

3.6.9 _Multi-Rate Sampling System

A discrete system can have more than one different sampling rate. The following system is
used to illustrate this.

The system below has 3 sections. The first section has a sampling rate of 10 Hz. The out-
put, Vo, fed back to the system and is sampled at 4 Hz in the second section. In the third
section, the output is displayed at a sampling rate of 2 Hz.

It should be noted that a zero-order hold must be used between two elements having dif-
ferent sampling rates.
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Chapter 4: Other Components

4.1 Simulation Control

By selectingSimulation Control in theSimulate menu in SIMCAD, the following simu-
lation control parameters can be modified.

Simulation Control Parameters

Time Step Simulation time step, in sec.
Total Time Total simulation time, in sec.
Print Time Time from which simulation results are saved to the output

file. No output is saved before this time.

Print Step Print step. If the print step is setto 1, every data point will be
saved to the output file. If it is 10, only one out of 10 data
points will be saved. This helps to reduce the size of the
output file.

Load Flag Flag for the LOAD function. If the flag is 1, the previous
simulation values will be loaded from a file (with the “.ssf
extension) as the initial conditions.

Save Flag Flag for the SAVE function. If the flag is 1, values at the end
of the current simulation will be saved to a file with the
“ ssf” extension.

With the SAVE and LOAD functions, the circuit voltages/currents and other quantities can
be saved at the end of a simulation session, and loaded back as the initial conditions for the
next simulation session. This provides the flexibility of running a long simulation in sev-
eral shorter stages with different time steps and parameters. Components values and
parameters of the circuit can be changed from one simulation session to the other. The cir-
cuit topology, however, should remain the same.

In PSIM, the simulation time step is fixed throughout the simulation. In order to ensure
accurate simulation results, the time step must be chosen properly. The factors that limit
the time step in a circuit include the switching period, widths of pulses/waveforms, and
intervals of transients. It is recommended that the time step should be at least one magni-
tude smaller than the smallest of the above.

The allowable maximum time step is automatically calculated in PSIM. It is compared
with the time step set by the user, and the smaller value of the two will be used in the sim-
ulation. If the selected time step is different from the one set by the user, it will be saved to
the file “message.doc”.
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4.2 Time
The Time element is a special case of the piecewise linear voltage source. It is treated as a
grounded voltage source, and the value is equal to the simulation time, in sec.
Images:
Time
4.3 Parameter File
The parameter file element .FILE defines the name of the file that stores the component
parameters and limit settings. For example, the resistance of a resistor can be specified as
R1, and in the parameter file, the value of R1 is defined.
Image:
FILE
File
The parameter file is a text file created by the user. The format of the parameter file is:
<name> = <value>
<name> <value>
LIMIT <name> <lower limit> <upper limit>
* A comment line
The field <value> can be either a numerical number (e.g. “R1 = 12.3") or a mathematical
expression (e.g. “R3 = R1 + R2/2.”). The name and the value can be separated by either an
equation sign (e.g. “R1 = 12.3") or a space (e.g. “R1 12.3"). Text from the character “%”
to the end of the line is treated as comments (e.g. “% R3 is the load resistance”).
For example, a parameter file may look like the following:
R1=12.3 [R1 is defined dk2.3]
R2 23.40hm [Equation sign can be replaced by space]
% R3 is the load resistance [This line is comments]
R3=R1+R2/2. [Math expression is allowed]
L1=3m [power-of-ten suffix is allowed. L1=0.003]
C1=100uF
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4.4

44.1

4.4.2

LIMIT R3 5. 25. [R3 is limited between 5. and 25.]

The names R1, R2, R3, L1, and C1 can be used in SIMCAD to define component parame-
ters, and the actual values are defined here.

Independent Voltage/Current Sources

Several types of independent voltage/current sources are available in PSIM. The notation
of the current source direction is defined as: the current flows out of the higher-potential
node, through the external circuit, and back into the lower-potential node of the source.

Note that current sources, regardless of the type, can be used in the power circuit only.

DC Source

A dc source has a constant amplitude. One side of the dc voltage VDC_GND is grounded

Images:
VvDC VDC_CELL VDC_GND IDC
Attributes:
Parameters Description
Amplitude Amplitude of the source

Sinusoidal Source

A sinusoidal source is defined as:

Vo =V, Bin(2nf 1+ 06) +V,

offset

The specifications can be illustrated as follows.

Vm
A Voffset
—1
A

~ |~ er(2m)

A |

14
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Images:
VSIN ISIN
t
Attributes:
Parameters Description

Peak Amplitude Peak amplitudg,

Frequency Frequendyin Hz

Phase Angle Initial phase angl®, in deg.

DC Offset DC offseWyset

Tstart Starting time, in sec. Before this time, the source is 0.

To facilitate the creation of three-phase circuits, a symmetrical three-phase Y-connected
sinusoidal voltage module (VSIN3) is provided. The dotted phase of the module refers to

Phase A.
Image:
VSIN3
Cc
Attributes:
Parameters Description

V (line-line-rms) Line-to-line rms voltage amplitude

Frequency Frequendyin Hz

Init. Angle (phase A) Initial angle for Phase A

4.4.3 Square-Wave Source

A square-wave voltage source (VSQU) or current source (ISQU) is defined by its peak-to-
peak amplitude, frequency, duty-cycle, and DC offset. The duty cycle is defined as the
ratio between the high-potential interval versus the period.
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Images:
VSQU ISQU
> 1
Attributes:
Parameters Description
Vpeak-peak Peak-to-peak amplitudg,
Frequency Frequency, in Hz
Duty Cycle Duty cycleD of the high-potential interval
DC Offset DC offseVyset

The specifications of a square wave source are illustrated as follows.

A Vop -
- D*T = Voffset
|
! |
0 T ' ) t
- = (T=1H)

4.4.4 Triangular Source

A triangular-wave voltage source (VTRI) or current source (ITRI) is defined by its peak-

to-peak amplitude, frequency, duty-cycle, and DC offset. The duty cycle is defined as the
ratio between the rising-slope interval versus the period.

Images:
VTRI ITRI
¢ T
Attributes:
Parameters Description
Vpeak-peak Peak-to-peak amplitudg,
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Frequency Frequency, in Hz
Duty Cycle Duty cycleD of the rising slope interval
DC Offset DC offseVyset

The specifications of a triangular wave source are illustrated as:

A
D*T Vpp
v
|
0 T * Vof'fset t
- " (T=1K)

4.4.5 _Step Source

A step voltage/current source changes from one level to another at a given time.

Images:
VSTEP/VSTEP_1 ISTEP/ISTEP_1
o t
Attributes:
For VSTEP/ISTEP:
Parameters Description
Vstep ValueVgepafter the step change
Tstep TimeTgepat which the step change occurs
For VSTEP_1/ISTEP_1:
Parameters Description
Vstepl ValueVge 1 before the step change
Vstep2 ValueVgiepoafter the step change
Tstep TimeTgepat which the step change occurs
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T_transition Transition tim&@ansition from Vstep1t0 Vsiep2

The specifications of the voltage step sources are illustrated as follows:

VSTEP VSTEP_1
Vstep A Vstep2
Vstep1
T "
- > - transition .
0 Tste t 0 T. t
p step

4.4.6 Piecewise Linear Source

The waveform of a piecewise linear source consists of many linear segments. It is defined
by the number of points, the values and the corresponding time (in sec.).

Images:
VGNL/VGNL_1 IGNL/IGNL_1
o T
Attributes:
For VGNL/IGNL:
Parameters Description

Frequency Frequency of the waveform, in Hz

No. of Points n No. of points

Values V1...Vn Values at each point

Time T1...Tn Time at each point, in sec.

For VGNL_1/IGNL_1:

Parameters Description
Frequency Frequency of the waveform, in Hz
Times,Values (t1,v1) .., Time and value at each point

The time and value pair must be enclosed by left and right brackets. The time and value
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can be separated by either a comma (such as (1.2m,5.5)) or a space (such as (1.2m 5.5)), or
both (such as (1.2m, 5.5)).

Example:

The following is a non-periodic piecewise linear source. It has 3 segments which can be
defined by four points (marked in the figure).

3
2_7—/—@
14

0 01 _ 02 03
Time (sec.)
The specifications for VGNL will be:
Frequency 0.
No. of Points n 4
Values V1...Vn 1. 1. 3. 3.
Times T1...Tn 0. 0.1 0.2 0.3

The specifications for VGNL_1 will be:

Frequency 0.
Times, Values (t1,v1).. (0.,1)(0.1,1) (0.2,3) (0.3, 3

4.4.7 Random Source

The amplitude of a random voltage source (VRAND) or a current source (IRAND) is
determined randomly at each simulation time step. A random source is defined as:

Vo = Vm [h+ Voffset

whereV,, is the peak-to-peak amplitude of the sourcis a random number in the range
of 0 to 1, and/,setiS the dc offset.

Images:

VRAND IRAND
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4.5

Attributes:

Parameters Description

Peak-Peak Amplitude Peak-to-peak amplitude of the source
DC Offset DC offset

Voltage/Curent-Controlled Sources

Four types of controlled sources are available:
- Voltage controlled voltage source (VVCVS)
- Current controlled voltage source (VCCVS/VCCVS_1)
- Voltage controlled current source (IVCCS)
- Current controlled current source (ICCCS/ICCCS_1)
- Variable-gain voltage controlled voltage source (VVCVSV)
- Variable-gain voltage controlled current source (IVCCSV)

For current controlled voltage/current source (VCCVS/ICCCS), the controlling current
must come from a RLC branch. Also, for a controlled current source, the controlling volt-
age/current can not be an independent source.

Note that voltage/current-controlled sources can be used in the power circuit only.

Images:

VVCVS VCCVS VCCVS_1 IVCCS ICCCS ICCCS 1 VVCVSV IVCCSV

R,

Attribute:

Parameters Description

Gain Gain of the source

For voltage-controlled sources VVCVS/IVCCS, the controlling voltage is from the posi-
tive node (+) to the negative node (-). For current-controlled sources VCCVS/ICCCS, the
control nodes are connected across a RLC branch, and the direction of the controlling cur-
rent is indicated by the arrow. For current-controlled sources VCCVS_1/ICCCS 1, the
controlling current flows into one control node and out of the other. A 10-uOhm resistor is
used to sense the controlling current.
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For variable-gain controlled voltage/current sources, Input 1 is on the side with the multi-
plication sign, and Input 2 is on the side with the letter “k”

For the controlled voltage/current sources, the output is equal to the gain multiplied by the
controlling voltage or current, respectively. For the variable-gain controlled voltage/cur-
rent sources, however, the output is equal to the following:

Vo = (kD‘/inZ) D/inl

(0]

iy = (kD‘/inZ) Ij/inl

(o]

The difference between the variable-gain controlled sources and the nonlinear sources
VNONM/INONM described in the following section is that for VNONM/INONM, values
of both v;,; andvj,, at the current time step are used to calculate the output and are

updated in each iteration. But for the variable-gain controlled sources, it is assumed that
the change of;, is small from one time step to the next, and the valugoht the previ-

ous time step is used at the current time step. This assumption is valid as lofg as
changes at a much slower rate as comparegtand the time step is small as compared
to the change o¥;,,. The variable-gain controlled sources can be used in circuits which
may otherwise have convergence problem with the nonlinear sources VNONM/INONM.

Example:

The circuits below illustrates the use of the current controlled voltage sources VCCVS and
VCCVS 1.

In the circuit on the left, the voltage source VCCVS is controlled by the inductor current
is With a gain of 1, the waveform of the voltaggis identical to that of. In this way, a

current quantity can be converted to a voltage quantity.

The circuit on the right is equivalent to that on the left, except that the source VCCVS_1 is
used instead.
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4.6 Nonlinear Voltage-Controlled Sources

The output of a nonlinear voltage-controlled source is either the multiplication, division,
or square-root of the input voltage(s). They are defined as:

VNONM - Voltage source where, = kK [v,,; [V,
INONM - Current source wherig, = k Dv,; OV,
V.
VNOND - Voltage source wherg, = k DV'—nl
in2
V.
INOND - Current source wherg, = k DV'—”l
in2

VNONSQ - \oltage source whevg = k[ /v,
INONSQ - Current source wherg = k[ /v, ;

VPOWERS - \oltage source whewg = sign(v,,) Lk [{k; D/m)k2

In VPOWERS, the term sigwjf) is 1 ifv,, is positive, and it is -1 ¥, is negative.

Note that these nonlinear voltage-controlled sources can be used in the power circuit only

Images:
VNONM VNOND VNONSQ VPOWERS INONM INOND INONSQ
* -: % Vinl% % % Vin2 :@ i}:@ x -: % Vinl% % % Vin2 :@
Attributes:

For all the sources except VPOWERS:

Parameters Description
Gain Gaink of the source
For VPOWERS:
Parameters Description
Gain Gaink of the source
Coefficientk; Coefficientk;
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4.7

4.8

Coefficientk, Coefficientk,

For VNOND/INOND, Input 1 is on the side of the division sign.

Voltage/Curent Sensors

Voltage/current sensors measure the voltages/currents of the power circuit and send the
value to the control circuit. The current sensor has an internal resistanp.of 1

Images:
VSEN ISEN
e -
Attribute:
Parameters Description
Gain Gain of the sensor

Speed/Torgue Sensaors

A speed sensor (WSEN) or a torque sensor (TSEN) can be used to measure the mechani-
cal speed or torque. They are available in the Motor Drive Module only.

Images:
WSEN TSEN
é }
Attribute:
Parameters Description
Gain Gain of the sensor

If the reference direction of a mechanical system enters the dotted side of the sensor, it is
said that the sensor is along the reference direction. Refer to Section 2.5.1.1 for more
details. Note that the output of the speed sensor is in rpm.

The torque sensor measures the torque transferred from the dotted side of the sensor to the
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4.9

other side alone the positive speed direction. To illustrate this, the following mechanical
system is taken as an example:

. Load 1 Load 2
D_HM Sensor 1 Sensor 2
T T
B R
Tem T T
J Ji1 Ji2

The system consists of one machine, 2 torque sensors, and 2 mechanical loads. The
torgues and moment of inertia for the machine and the loads are as labelled in the diagram.
The reference direction of this mechanical system is from left to right. The equation for
this system can be written as:

dw,
(J+J 1+ 0 at Tem—TLa— T2

The equivalent electrical circuit of the equation is shown below:

W Sensor 1 Sensor 2
Tem HID Tj\] TLl(P —J:‘JLl TLQCP ::‘]LZ

= Machine Load 1 Load 2

The node voltage in the circuit represents the mechanical spgethe current probe on

the left represents the reading of the torque sensor No. 1. Similarly, the current probe on
the right represents the reading of the torque sensor No. 2. Note that the second current
probe is from right to left since Sensor 2 is opposite to the reference direction of the
mechanical system.

The equivalent circuit also illustrates how mechanical power is transferred. The multipli-
cation of the current to the voltage, which is the same as the torque times the mechanical
speed, represents the mechanical power. If the power is positive, it is transferred in the
direction of the speeg,,.

Probes and Meters

Probes and meters are used to request a voltage, current, or power quantity to be dis-
played. The voltage probe (VP) measures a node voltage with respect to ground. The two-
terminal voltage probe (VP2) measures the voltage between two nodes. The current probe
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(IP) measures the current through the probe. Note that all the probes and meters, except
the node-to-ground probe VP, are allowed in the power circuit only.

While probes measure a voltage or current quantity in its true form, meters can be used to
measure the dc or ac voltage/current, or the real power and reactive power. These meters
function in the same way as the actual meters.

For the current probe, a small resistor piClis used internally to measure the current.

Images:

Voltage Probe
VP VP2

Wattmeter

5

Current Probe

O S

VA-Power Factor Meter
VA_PF

DC Voltmeter AC Voltmeter
V_DC V_AC

DC Ammeter AC Ammeter
A DC A_AC

IP

VAR Meter
VAR

3-phase Wattmeter 3-phase VAR Meter
W3 VAR3

o=t

3-phase VA-Power Factor Meter
VA _PF3

Attributes:

Parameters

Description

Operating Frequency

Operating frequency, or fundamental frequency, in Hz
the ac meter

, of

Cut-off Frequency

Cut-off frequency, in Hz, of the low-pass/high-pass filte

=

VA Display Flag

Display flag for apparent power (0: no display; 1: display)

PF Display Flag

Display flag for power factor (0: no display; 1: display)

DPF Display Flag

Display flag for displacement power factor (0: no display; 1:

display)
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A low-pass filter is used in the dc meter and wattmeter models to filter out the high-fre-
gquency components, whereas a high-pass filter is used in the ac meter andVAR meter
models to filter out the dc component. The cut-off frequency determines the transient
response of the filter.

Except the voltage current probes (VP/VP2/IP), the readings of all the meters are mean-
ingful only when the readings reach the steady state.

For the single-phase VA-Power Factor meter, the apparent power (S), total power factor
(PF), and the displacement power factor (DPF) are defined as follows.

Assume both the voltage and current contains harmonics, i.e.
V(t) = J2V;sin(ot + @) + J/2V,sin(wot + @) + ...
i(t) = J2I sin(wt+8,) +/2,sin(w,t +8,) + ...

wherew, is the fundamental frequency and all others are harmonic frequencies. We have
the rms values of the voltage and current as:

_ 2 2
Vins = VI +V5+...
_ [2, .2
Irms - I1+|2+"'

The apparent power is defined as:

The real power (or average power) is defined as:

_ 1]
P = ﬂo(v(t) Ci(t))dt

whereT is the fundamental period. The total power faB6rand the displacement power

factorDPF are then defined as follow:
P

PF = <
S

DPF = cos(¢p,-96,)

For the three-phase circuit, the definitions are similar. Note that the meter VA_PF3 is for
the 3-phase 3-wire circuit, and the summation of the three phase voltages or currents must
be equal to zero, that is:

Vatvpy+v, =0
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gtip+i, =0

4.10 Switch Controllers

A switch controller has the same function as a switch gate/base drive circuit in an actual
circuit. It receives the input from the control circuit, and controls the switches in the power
circuit. One switch controller can control multiple switches simultaneously.

4.10.1 _On-Off Switch Controller

On-off switch controllers are used as the interface between the control gating signals and
the power switches. The input, which is a logic signal (either O or 1) from the control cir-
Ccuit, is passed to the power circuit as the gating signal to control switches.

Image:

ONCTRL

3

The circuit below implements the step change of a load. In the circuit, the on-off switch
controller is used to control the bi-directional switch. The step voltage source, which is
connected to the controller input, changes from 0 to 1 at the time of 12 ms. The closure of
the switch results in the short-circuit of the resistor across the switch and the increase of
the current.

Example:

Vs
100.00 / \
50.00 \ /
0.00 \\ /
-50.00
-100.00
Is
100.00
50.00
On-off /
J 0.00
= Controller /
-50.00
-100.00 [
o.oo 5.00 10.00 14.00 20.00 23.00 30.00
Time {ms)
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4.10.2 _Alpha Controller

The alpha controller is used for delay angle control of thyristor switches or bridges. There
are three input for the controller: the alpha value, the synchronization signal, and the gat-
ing enable/disable signal. The transition of the synchronization signal from low to high
(from 0 to 1) provides the synchronization and this moment corresponds to when the delay
angle alpha equals zero. A gating with a delay of alpha degrees is generated and sent to the
thyristors. The alpha value is updated instantaneously.

Image:
ACTRL
Enable/Disable
Sync.
Sig(;l Alpha
Attributes:
Parameters Description
Frequency Operating frequency of the controlled switch/switch
module, in Hz
Pulse Width On-time pulse width of the switch gating, in deg.

The input for the delay angle alpha is in deg.
Example:

The figure below shows a thyristor circuit using delay angle control. In the circuit, the
zero-crossing of, which corresponds to the moment that the thyristor would start con-

ducting naturally, is used to provide the synchronization. The delay angle is Sefl4ie30
gating signal is delayed from the rising edge of the synchronization signaf.by 30

0,00

: 0.00 \ / \ / \
? -50.00 / \ / \\

VS @ . IRLl 100.00 S/ ~
L,

-100.00 \ \

120
1 020 |
- 0.40 \
o |
B 000

ICRLA)
16.00
T
10.00

o e 7NN
oy -5.00
VSynC 0.00 10,00 2000 30,00 40.00 a0.00

Time (mz)
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4.10.3 _PWM Lookup Table Controller

There are four input signals in PWM lookup table controllers: the modulation index, the
delay angle, the synchronization signal, and the gating enable/disable signal. The gating
pattern is selected based on the modulation index. The synchronization signal provides the
synchronization to the gating pattern. The gating pattern is updated when the synchroniza-
tion signal changes from low to high. The delay angle defines the relative angle between
the gating pattern and the synchronization signal. For example, if the delay angle is 10.
deg., the gating pattern will be leading the synchronization signal by 10 deg.

Image:
PATTCTRL
Enable/Disable
Delay Mod. Sync.
Angle Index Signal
Attributes:
Parameters Description
Frequency Switching frequency, in Hz
Update Angle Update angle, in deg., based on which the gatings are
internally updated. If the angle is 366he gatings are
updated at every cycle. If it is §Qhe gatings are updated at
every 60.
File Name Name of the file storing the PWM gating pattern

A lookup table, which is stored in a file, contains the gating patterns. It has the following
format:

n, my, My, ..., M,

Gn,11 Gn,21 SR C':‘n,kn

wheren is the number of gating patterns;is the modulation index correspondent to Pat-
terni; andk; is the number of switching points in Patterfihe modulation index arramgy

to m, should be monotonically increasing. The output will selecithpattern if the input

is smaller than or equal to. If the input exceedsy,, the last pattern will be selected.
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The following table shows an example of a PWM pattern file with five modulation index
levels and 14 switching points.

5, 0.901, 0.910253, 0.920214, 1.199442, 1.21

14
7.736627
187.7366
14
7.821098
187.8211
14
7.902047
187.9021

72.10303
252.1030

72.27710
252.2771

72.44823
252.4482

80.79825
260.7982

80.72750
260.7275

80.66083
260.6608

99.20176
279.2018

99.27251
279.2725

99.33917
279.3392

107.8970
287.8970

107.7229
287.7229

107.5518
287.5518

172.2634
352.2634

172.1789
352.1789

172.0979
352.0980

180.
360.

180.
360.

180.
360.

14
10.186691 87.24225 88.75861 91.24139 92.75775 169.8133 180.
190.1867 267.2422 268.7586 271.2414 272.7578 349.8133 360.
14

10.189426 87.47009 88.97936 91.02065 92.52991 169.8106 180.
190.1894 267.4701 268.9793 271.0207 272.5299 349.8106 360.

In this example, if the modulation index input is 0.8, the output will select the first gating
pattern. If the modulation index is 0.915, the output will select the third pattern.

Example:

This example shows a three-phase voltage source inverter (file: “vsi3pwm.sch”). The
PWM for the converter uses the selected harmonic elimination. The gating patterns are
described above and are pre-stored in File “vsi3pwm.tbl”. The gating pattern is selected
based on the modulation index. The waveforms of the line-to-line voltage and the three-
phase load currents are shown below.

Wah

‘.:Vab

200.00
100.00

0.00

VST

N

-100.00

-200.00

(RL1s)  KRL1E)  KRUIG)

2L
XX

15.00

30.00

15.00 &

0.00

T o
Dt
he P

5.00

-15.00

RS

-30.00
0.00

10.00 2000 25.00 30.00

Time (ms)

PSIM User Manual 4-19



Chapter 4: Other Components

4.11

Control-Power Interface Block

A control-power interface block passes a control circuit value to the power circuit. It is
used as a bufferdbween the control and the power circuit. The output of the interface
block is treated as a constant voltage source when the power circuit is solved. With this
block, some of the functions that can only be generated in the control circuit can be passed
to the power circuit.

Image:

CTOP
HC/p e

Example: A Constant-Power Load Model

For a constant-power dc load, the voltAgeurrentl, and poweP have the relationship
asP=V*I. Given the voltage and the power, the current can be calculateePA¢ This
can be implemented using the circuit as shown below.

The load voltage is measured through a voltage sensor and is fed to a divider. The output
of the divider gives the current vallieSince the voltage could be zero or a low value at
the initial stage, a limiter is used to limit the current amplitude. This value is converted
into the load current quantity through a voltage-controlled current source.

Example:

The following circuit illustrates how a control circuit signal can be passed to the power
circuit. As seen from the power circuit, the CTOP block behaviors as a grounded voltage
source.
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Control Circuit

Power Circuit

4.12

ABC-DQO Transformation Block

Function blocks ABC2DQO and DQO2ABC perform the abc-dqo transformation. They
convert three voltage quantities from one coordinate system to another. These blocks can
be used in either the power circuit or the control circuit.

It should be noted that, in the power circuit, currents must first be converted into voltage
guantities (using current-controlled voltage sources) before they can be transformed.

The transformation equations from abc to dqo are:

1
2

cosH cos%

1
2

21
30
21

The transformation equations from dqo to abc are:

Images:

cosB

COS%

sin@

sm% ZT[D 1

cos% + %HE sin% + %TIE 1 Vo

cos%+ 18

sin@ sin% 30 m% 23“%

1
2

1
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ABC2DQO DQO2ABC
o 8 a o o= a o
o=l b d (o o O] b o
o O o | o O oo
1 1
0 0

Example:

In this example, three symmetrical ac waveforms are transformed into dqo quantities. The
angleB is defined a®=wt wherew=211*60. Since the angl® changes linearly with time,

a piecewise linear voltage which has a ramp waveform is used to refeSaetsimula-

tion waveforms show the three-phase ac (top), the Br{ghéddle), and the dqo output. In

this example, the “q” component is constant, and both the “d” and the “0” components are

Zero.
= Va  WhooWve
[ :; 100.00
a i .00
N e o e 100,00 IS
WO S iheta
12.00
= c Dl o T
f.00 Ra—
400 Ja——

.00
vl vy
2 120.00

a0.00
40.00
0.00

-40.00
0.00 5.00 10.00 15.00 20.00 245.00 30.00

Wi

p— Tirme (ms)

4.13 External DLL Block

The external DLL (dynamic link library) blocks allow users to write code in C or Fortran
language, compile it into DLL using either Microsoft C/C++, Borland C++, or Digital
Visual Fortran, and link it with PSIM. These blocks can be used in either the power circuit
or the control circuit.

Image:
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DLL_EXT1 DLL_EXT3 DLL_EXT6 DLL EXT12
1 o5 o 1 o o > S
o = o o
o o
o= DLL |Fo 2 DLL [F= 2 o DLL - i :"‘;
3 o o 3 o o o DLL [
o o ol .
input output e o
Attributes:
Parameters Description
File Name Name of the DLL file

The node with a dot is for the first input (in[0]).

The name of the custom routine must be one of the following:
For Microsoft C/C++ms_user0.dJims_userl.dlims_user2.d)l...,ms_userl4.dll
For Borland C++bc_user0.dllbc_userl.dllbc_user2.dll...,bc_user9.dll.

For Digital Visual Fortrantor_user0.dl) for_userl1.dll

One can, therefore, have up to 15 Microsoft C/C++ routines, 10 Borland C++ routines,
and 2 Fortran routines.

A DLL block receives the values from PSIM as the input, performs the calculation, and
sends the output back to PSIM. PSIM calls the DLL routine at each simulation time step.
However, when the inputs of the DLL block are connected to one of these discrete ele-
ments (zero-order hold, unit delay, discrete integrators and differentiators, z-domain trans-
fer function blocks, and digital filters), the DLL block is called only at the discrete
sampling times.

Sample files are provided for Microsoft C/C++, Borland C++, and Fortran routines. Users
can use these files as the template to write their own. Procedures on how to compile the
DLL routine and link with PSIM are provided in these files and in the on-line help.

Example:

The following shows a power factor correction circuit with the inductor current and the
load voltage feedback. The input voltage is used to generate the current reference. The
control scheme is implemented in a digital environment, with a sampling rate of 30 kHz.
The control scheme is implemented in an external C code and is interfaced to the power
circuit through the DLL block.
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The input of the DLL block are the sampled input voltage, inductor current, and output
voltage. One of the DLL block outputs is the modulation w&g¢ which is compared

with the carrier wave to generate the PWM gating signal for the switch. The other output
is the inductor current reference for monitoring purpose.

y L2 Do
T_ 30k
A
30k

iL

— DLL

|, iref |,

ms_userd.dll

Vo

The source code, which is stored in the file “ms_user4.c”, is shown below. Both the inner
current loop and the outer voltage loop use a Pl controller. Trapezoidal rule is used to dis-
cretize the controllers. Discretization using Backward Euler is also implemented but the
codes are commented out.
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[/l This is a sample C program for Microsoft C/C++ which is to be linked to PSIM via DLL.
/[To compile the program into DLL:
/I For Microsoft Visual C++ 5.0 or 6.0:

/I - Create a directory called "C:\ms_user4", and copy the file "ms_user4.c"

I that comes with the PSIM software into the directory C:\ms_user4.

/[ - Start Visual C++. From the "File" menu, choose "New". In the "Projects" page,
I select "Win32 Dynamic-Link Library", and set "Project name" as

I "ms_user4", and "Location" as "C:\ms_user4". Make sure that "Create

I new workspace" is selected, and under "Platform"”, "Win32" is selected.
/[ -[for Version 6.0] When asked "What kind of DLL would you like to create?",
I select "An empty DLL project.”.

/[ - From the "Project" menu, go to "Add to Project"/"Files...", and select

I "ms_user4.c".

/[ - From the "Build" menu, go to "Set Active Configurations...", and select

1 "Win32 Release". From the "Build" menu, choose "Rebuild All" to generate the

I DLL file "ms_user4.dll". The DLL file will be stored under the directory
I "C:\ms_user4\release".

/I After the DLL file "ms_user4.dll" is generated, backup the default file into another file or directgry,

/l and copy your DLL file into the PSIM directory (and overwriting the existing file). You are then ready
// to run PSIM with your DLL.

/I This sample program implement the control of the circuit "pfvi-dil.sch" in a C routine.
I Input: in[0]=Vin; in[1]=iL; in[2FVo

I Output: Vm=out[0]; iref=out[1]

/I Activate (enable) the following line if the file is a C++ file (e.g. “ms_user4.cpp”)
/I extern “C”

/IYou may change the variable names (say from "t" to "Time").

// But DO NOT change the function name, number of variables, variable type, and sequence.
//Variables:

/[ t: Time, passed from PSIM by value

/I delt: Time step, passed from PSIM by value

/I in:input array, passed from PSIM by reference

/I out: output array, sent back to PSIM (Note: the values of out[*] can be modified in PSIM)
/I The maximum length of the input and output array "in" and "out" is 20.

//Warning: Global variables above the function ms_user4 (t,delt,in,out) are not allowed!!!

#include <math.h>

__declspec(dllexport) void ms_user4 (t, delt, in, out)

/I Note that all the variables must be defined as "double"
double t, delt;

double *in, *out;
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{
I/l Place your code here............ begin
double Voref=10.5, Va, iref, iL, Vo, Vim, errv, erri, Ts=33.33e-6;
static double yv=0., yi=0., uv=0., ui=0.;
/l Input
Va=fabs(in[0]);
iL=in[1];
Vo=in[2];

// Outer Loop
errv=\orefVo;

I/l Trapezoidal Rule
yv=yv+(33.33*errv+uv)*Ts/2.;
iref=(errv+yv)*Va

/l Inner Loop
erri=iref-iL;

I/l Trapezoidal Rule
yi=yi+(4761.9*erri+ui)*Ts/2.;
Vm=yi+0.4*erri;

// Store old values
uv=33.33*errv;
ui=4761.9%erri;

// Output
out[0]=Vm,;
out[1]=iref;

I/l Place your code here............ end

}

4.14 Simulated Fequency Response Analyzer

Similar to the actual frequency response analyzer, the Simulated Frequency Response
Analyzer (SFRA) measures the frequency response of a system between the input and the
output. The input of the analyzer must be connected to a sinusoidal source. The response,
measured in dB for the amplitude and in deg. for the phase angle, is calculated at the end
of the simulation and is stored in a file with the “.fre” extension.

Image:
SFRA
O Ot
Input Output
~— G} *

The current version of SFRA only calculates the frequency response at one point. T
obtain the frequency response over a frequency region, one needs to manually change the
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excitation frequency for different values.

In order to obtain accurate results, one should make sure that the output reaches the steady
state at the end of the simulation. Moreover, the amplitude of the sinusoidal excitation
source needs to be properly selected to maintain the small-signal linearity of the system.

Example:

The following example illustrates the use of the simulated frequency response analyzer in
a one-quadrant chopper circuit. A simulated frequency response analyzer is used to mea-
sure the frequency response of the output voltage versus the reference voltage. The dc
duty cycle is chosen as 0.7. An ac perturbation with the amplitude of 0.1 is generated
through an ac source. The load filter cut-off frequency is 291 Hz. In this example, the per-
turbation source frequency is also chosen as 291 Hz. The simulated frequency response

results are: Gain=13.7 dB and Phase=-30a2%he frequency of 291 Hz.

Wo
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| i i\lh'hlln | |i]|'|\ |,’||P{h\’l””ﬂh"|“||"|”\|'H\ MW"’" i lhﬂ{i“’ W

I” [
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SFRA_ Time (ms)

0.5
0.60 ‘

0.40

The simulated waveforms of the load voltage, modulation wave and the carrier wave are
shown on the right.
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SIMCAD provides interactive and user-friendly interface for the circuit schematic design.
The following figure shows a rectifier circuit in the SIMCAD environment.

i SIMCAD - [D:APSIMAThy_3f sch] H[=] B3

‘f} File Edit “iew Subcircuit Elements  Simulate  Options  Window  Help -|ﬁ'|5|
D|s(E|E| 5|2l c|-Jx alols|n| Al =]

-l

Phasge Controlled Rectifier with Woltage Feedback J

O @
o % |9 570

I« | r

Fieady l_’_’— A

In SIMCAD, all the PSIM components are stored under the rBements The structure
of the PSIM component library is as follows:

Library Elements Description
- Power Power circuit elements
- RLC Branches R, L, C, lumped RLC branches, and coupled inductors
- Switches Switches/switch modules and the gating element
- Transformers 1-phase and 3-phase transformers
- Motor Drive Electric machines and mechanical loads
- Control Control circuit elements
- Filters Built-in filter blocks
- Function Blocks Function blocks
- Logic Elements Logic gates and other digital elements
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5.1

- Discrete Elements Discrete elements

- Other Elements shared by power and control circuits

- Switch Controllers Switch controllers

- Sensors Voltage/current and speed/torque sensors

- Probes Voltage/current probes and meters, and power meters
- Sources

- Voltage \oltage sources

- Current Current sources

Creating a Circuit

The following functions are provided in the SIMCAD for circuit creation.

Get

Place

Rotate

Wire

Label

To get an element from the component library, click on tBéeements
menu. Choose the submenu and highlight the element to be selected.

For example, to get a dc voltage source, clicketements Sources and
Voltage, then highlight ¥dc”.

Once an element is selected from the menu, the image of the element will
appear on the screen and move with the mouse.

Click the left button of the mouse to place the element.

Once an element is selected, seRatate to rotate the element.

To connect a wire between two nodes, séléire. An image of a pen will
appear on the screen. To draw a wire, keep the left button of the mouse
pressed and drag the mouse. A wire always starts from and end at a grid

intersection.

For easy inspection, a floating node is displayed as a circle, and a junction
node is displayed as a solid dot.

If two or more nodes are connected to the same label, they are connected. It
is equivalent as though they were connected by wire. Using labels will
reduce the cross-wiring and improve the layout of the circuit schematic.

The text of a label can be moved. To select the text, left click on the label,

5-2
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5.2

5.3

Assign

then press th&ab key.

To assign the parameters of an element, double click on the element. A dia-
log box will appear. Specify the values and hit the <Return> key or click on
OK.

Editing a Circuit

The following functions are provided in tReit menu and/iew menu for circuit editing:

Select

Copy

Delete

Move

Text

Zoom

Esc

Subcircuit

To select an element, click on the element. A rectangle will appear around
the element.

To select a block of a circuit, keep the left button of a mouse pressed and
drag the mouse until the rectangle covers the selected area.

To copy an element or a block of the circuit, select the element or the
region, and choosopy. Then choos@asteplace the element or circuit.

To delete an element, a block of a circuit, or a wire, select the item, and
chooseCut, or hit the <Delete> key. Note that {Cut is used, the last
deleted item can be pasted back. This is equivalent to un-do.

To move an element or a circuit block, select the element/circuit block and
drag the mouse while keeping the left button pressed.

To place text on the screen, chodext. Enter the text in the dialog box,
and click the left button of the mouse to place it.

SelectZoom In to zoom in the circuit, aZoom In Selectedto zoom in to
a selected region. Choogeom Out to zoom out, ofFit to Pageto zoom
out to fit the entire circuit to the screen.

Quit from any of the above editing modes by choo&sgape

The following functions are provided for subcircuit editing and manipulation.

New Subcircuit To create a new subcircuit.

Load Subcircuit To load an existing subcircuit. The subcircuit will appear on the screen

as a block.

PSIM User Manual 5-3



Chapter 5: Circuit Schematic Design Using SIMCAD

Edit Subcircuit To edit the size and the file name of the subcircuit.

Set Size To set the size of the subcircuit.
Place Port To place the connection port between the main circuit and the subcir-
cuit.

Display Port To display the connection port of the subcircuit.

Edit Default Variable List To edit the default variable list of the subcircuit.

Edit Image To edit the image of the subcircuit.

Display Subcircuit Name To display the name of the subcircuit.

Show Subcircuit PortsTo display the port names of the subcircuit in the main circuit.
Hide Subcircuit Ports To hide the port names of the subcircuit in the main circuit.
Subcircuit List  To list the file names of the main circuit and the subcircuits.

One Page up  To go back to the main circuit. The subcircuit is automatically saved.

Top Page To jump from a lower-level subcircuit to the top-level main circuit.
This is useful for circuits with multiple layers of subcircuits.

The one-quadrant chopper circuit below illustrates the use of the subcircuit.

Subcircuit Inside the subcircuit:

a1 : o ——GuEr]

1] T

| in- * Cut—

File: chop.sch File: chop_sub.sch

5.3.1 _Creating Subcircuit - In the Main Circuit

The following are the steps to create the subcircuit “chop_sub.sch” in the main circuit
“chop.sch”.

- Open or create the main circuit “chop.sch”.

- If the file “chop_sub.sch” does not exist, go to Sucircuit menu, and select
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New Subcircuit If the file exists, seledtoad Subcrcuit instead

- A subcircuit block (rectangle) will appear on the screen. Place the subcircuit.

Once the subcircuit is placed, connect the wires to the border of the subcircuit. Note that
the nodes at the four corners of the subcircuit block can not be used for connection.

5.3.2 _Creating Subcircuit - Inside the Subcircuit

To enter the subcircuit, double click on the subcircuit block.

- Create/edit the content of the subcircuit circuit exactly the same way as in the
main circuit.

- To specify the subcircuit size, sel&t Sizein the Subcircuit menu. In this
example, the size is set to 4x7 (width of 4 divisions and height of 7 divisions).
Note that the size of the subcircuit should be chosen such that it gives the proper
appearance and allows easy wire connection in the main circuit.

- Once the subcircuit is complete, define ports to connect the subcircuit nodes with
the corresponding nodes in the main circuit. ChooBilage Portin theSubcir-
cuit menu, and a port image will appear. After the port is placed in the circuit, a
pop-up window (shown on the left below) will appear

-

P Howe Subcircuit port assignments

R

QIO
QOO0

LY R N

The diamonds on the four sides represent the connection nodes and the positions
of the subcircuit. They correspond to the connection nodes of the subcircuit
block on the right. There are no diamonds at the four corners since connections
to the corners are not permitted.

When a diamond is selected, it is colored red. By default, the left diamond at the
top is selected and marked with red color. Click on the desired diamond to select
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and to specify the port name.

In this example, in the main circuit “chop.sch”, there are four linking nodes, two
on the left side and two on the right side of the subcircuit block. The relative
position of the nodes are that the upper two nodes are 1 division below the top
and the lower two nodes are 1 division above the bottom.

To specify the upper left linking node, click on the top diamond of the left side,
and type “in+”. The text “in+” will be within that diamond box and a port
labelled with “in+” will appear on the screen. Connect the port to the upper left
node. The same procedure is repeated for the linking nodes “in-", “out+”, and
“out-".

- After the four nodes are placed, the node assignment and the subcircuit appear in
SIMCAD as shown below.

Patbiass  [rd
L L)
¢ @ inH— Gutt ]
& &
o o
$ S |
OO | 1n- + Lut-

The creation of the subcircuit is now complete. Save the subcircuit, and go back to the
main circuit.

5.3.3 _Connecting Subccuit - In the Main Circuit

Once the subcircuit is created and connection ports are defined, complete the connection
to the subcircuit block in the main circuit.

- In the main circuit, the connection points on the borders of the subcircuit block
appear as hollow circles.

- Select the subcircuit block, and sel&tiow Subcircuit Portsin the Subcircuit
menu to display the port names as defined inside the subcircuit.

- Connect the wires to the connection points accordingly.
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5.3.4 _Other Features of the Subcircuit

This section describes other features of the subcircuit through another example as shown
below.

C:\pzimdemoimain. sch

@ Subcircuit Parameter File HE'F'l
51 Mame |FILE1
. in+ o+ File  |C:Mpsimdernohp
Win 1&L _rw'\l_ ¢ :
in =12 .
R1+ERZ Al=5 —I
| in- _1 o R2=25
L
- L = ZmH
Fating Block € = 100uF _lLI
4] 3

NN | v
Inside the subcircuit:
L
Tc
1n§; , o b
File: sub.sch

5.3.4.1 Passing Variables from the Main Circuit to Subcircuit

In this example, the main circuit “main.sch” uses a subcircuit “sub.sch”. In the subcircuit,
the inductance value is defined as “L” and the capacitance is defined as “C”. The default
values of L and C can be set by selecthupcircuit | Set Default Variable List In this

case, L is setto 5mH and C is set to 100uF.

When the subcircuit is loaded into the main circuit the first time, this default variable list

will appear in the tab “Subcircuit Vanables” Bubcircuit | Edit Subcircuit from the

main circuit “main.sch”. New variables can be added here and variable values can be
changed. In this case, L is changed to 2mH, and C is kept the same as the default value.

Note that the variables and the values are saved to the netlist file and used in simulation.
The default variable list inside the subcircuit is not saved to the netlist and is not used for
simulation.
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This feature allows the parameters of a subcircuit to be defined at the main circuit level. In
the case where the same subcircuit is used several times in one main circuit, different
parameters can be assigned to the same variable. For example, if the subcircuit “sub.sch”
is used two times in above example, in one subcircuit L can be defined as 3mH, and in
another subcircuit L can be defined as 1mH.

Note that this example also illustrates the feature that parameters can be defined as a vari-
able (for example “Vin” for the input dc voltage source) or a mathematical expression (for
example “R1+R2” for the load resistance). The variables “Vin”, “R1”, and “R2", are
defined in the parameter file “para-main.txt”. For more details, see Section 4.3 of the

PSIM User Manual.

5.3.4.2 Customizing the Subctuit Image

The following are the procedures to customize the subcircuit image of “sub.sch”:

- In the subcircuit, sele&dit Image in theSubcircuit menu. A window will pop-
up, as shown below.

SIMCAD - Subcircuit Image : C:Apsim5.0Asub.5CH
File Edit Miew wWindow

= E N B L2 IE N N S Qlﬁlﬁlﬂlél

E' Subcircuit Image : C:\psim5.0Asub.5CH O]

Nz Bl = bl a5

In the window, the diaonds marked red are the connection nodes of the subcir-
cuit block, in exactly the same positions as appearing in the main circuit.

- Use the drawing tool to create/edit the image for the subcircuit block. If the draw-
ing tool is not already displayed, go to th&iew menu and checBrawing
Tools. Click onZoom In andZoom Out icons on the toolbar to adjust the size

of the image working area.

After the image is created, the pop-out window will appear as follows.
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SIMCAD - Subcircuit Image : C:\psim5. 0\sub SCH

File Edit “iew ‘Window
B EEEEREREEEE R R E

&E Subcircuit Image : C:\psim5.0%:ub.SCH Hi=]E3

| PElciepinlolol |

- Go back to the subcircuit window (“sub.sch” in this case), and save the subcir-
cuit. The new subcircuit block image should appear in the main circuit.

5.3.4.3 Including Subaicuits in the SIMCAD Element List

If you create a directory called “User Defined” under the PSIM directory, and place sub-
circuits inside this directory. subcircuits will appear as an item irElleenents menu in
SIMCAD, underElements | User Defined just like any other SIMCAD elements. You
can also create subdirectories under the directdsgr Defined and place subcircuits
inside the subdirectories. For example, Bementsmenu may look like this:
- Power
- Control
- Other
- Sources
- Symbols
- User Defined
- Subcircuit 1
- Project A
- Subcircuit 2
- Subcircuit 3
- Project B
- Subcircuit 4

In this way, common-used custom-built subcircuits can be grouped together and easily
managed and accessed.
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5.4  Other Options

5.4.1 _Simulation Control
Before a circuit can be simulated, simulation control parameters must be specified. By
choosing Simulation control in the Simulate menu, an image of a clock will appear on the

screen. After double clicking on the clock, simulation control parameters can be specified.
Refer to Section 4.1 for more details on simulation parameters.

5.4.2 Running the Simulation

To run the simulation, choodeun PSIM from the Simulate menu. This will create the
netlist file with the “.cct” extension, and start the PSIM simulator.

To view the simulation results, chodRan SIMVIEW from theSimulate menu. Refer to
Chapter 6 for the use of SIMVIEW.

5.4.3 Password Protection of a Circuit Schematic

If you wish others to run the simulation of a file that you created, but do not want to reveal
the circuit schematic, you can use the password protection feature S2eleatith Pass-

word in theFile menu to set the password protection of a file. In case you lose the pass-
word, it is strongly recommended that you make a backup copy of the file before
protecting it.

Once the file is protected, the display of the circuit is disabled, but one can still perform
the simulation and view the waveforms. One must enter the correct password to view the
schematic by selectingnter Passwordin the Options menu. The password protection

can be disabled by selectibgsable Passwordn the Options menu.

5.4.4 _Settings

Grid display, text fonts, and colors can be set irSghig¢ings...in theOption menu.

Before a circuit is printed, its position on the paper can be viewed by selgtihBage

Border in the Settings...option. If a circuit is split into two pages, it can be moved into

one single page. If the circuit is too big to fit in one page, one can zoom out and reduce the
circuit size by clicking th&oom Out button.

Print page legend, such as company name, circuit title, designer's name, date, etc., can be
specified by choosin@rint Page Setupin theFile menu. It can be disabled in tBet-
tings... option.

In theOption menu, ifAuto-Exit PSIM is checked, if PSIM performs the simulation suc-
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5.4.5

5.5

5.5.1

5.5.2

cessfully without error or warning messages, the PSIM window will be closed automati-
cally.

Printing the Circuit Schematic

The circuit schematic can be printed from a printer by chod®iirg in theFile menu. It
is also possible to print the selected region of a circuit by cho®singSelected

The schematic can also be saved to the clipboard which can be imported into a word pro-
cessor (such as Microsoft Word). By default, the schematic image is saved in monochrome
in order to save memory space. One can save the image in color by s&ditfi@gpy to
Clipboard/Color.

Editing SIMCAD Library

The SIMCAD library can be edited by choosigglit Library in the Edit menu. The

library editor allows one to edit the existing elements, or to create new elements. Note that
new types of elements will not be recognized by PSIM simulator as it only recognizes the
existing elements provided in the SIMCAD library

Editing an Element

To edit an element, go to the specific element, and double click on the element name. The
image of the element will appear.

Use the drawing tools on the left to modify the element image. Click on the zoom-in icon
to zoom in the element.

To change the attribute settings, choA#iebutes in theView menu. Double click on a
parameter. For each parameter,Display as Text Link” is checked, the display of this
parameter can be enabled or disabled in the attribute pop-up window, and the value of this
parameter will appear in the list of elements whieist Elements in the View menu is
selected. If Initial Display State” is checked, the display will be on by default.

Creating a New Element

The following is the procedure to create a new element:
- ChooseNew Elementin theLibrary menu.
- Specify the netlist name.

- Modify the width and the height of the element by selec@egSizein the Edit
menu.
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- Specify the terminal nodes. The nodes are defined by clicking on the diamonds
on the left and on the right. Numerical numbers “1” and “2” will appear. These
numbers determine the sequence of the nodes in the netlist.

- Create the component images using the drawing utilities provided.

- Specify the attributes of the element.

In the Menu Editor, the new element can be deleted, or moved to a different location.

5.5.3 Ground Element

There are two grounds in SIMCAD, “Ground” and “Ground_1". They have different
images, but the functions are exactly the same. Node connected to either of the ground ele-
ment are automatically assigned a node name of “0”.
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SIMVIEW is a waveform display and post-processing program. The following shows sim-
ulation waveforms in the SIMVIEW environment.

L] SIMVIEW - [thy_3F txt] M=l B3
[ File Edit Axiz Screen Miew Option Label Help _|E’|5|

s|aln| =] sfo

el (] ] o[

or| x|¥

150.00

10000 ¢

S0.00 F

-50.00

-100.00
0.00 10.00 20.00 30.00 40.00
Time (mz)

Feady I—I—I— A

SIMVIEW reads data in the ASCII text format. The following shows a sample data file:

Time I(L1) V(o) V(a) V(pi)

0.1000000E-04 0.000000E+00 -0.144843E-18 0.307811E+00 0.100000E+01
0.2000000E-04 0.000000E+00 -0.289262E-18 0.615618E+00 0.100000E+01
0.3000000E-04 0.000000E+00 -0.576406E-18 0.923416E+00 0.100000E+01
0.4000000E-04 0.000000E+00 -0.860585E-18 0.123120E+01 0.100000E+01
0.5000000E-04 0.000000E+00 -0.114138E-17 0.153897E+01 0.100000E+01
0.6000000E-04 0.000000E+00 -0.141920E-17 0.184671E+01 0.100000E+01
0.7000000E-04 0.000000E+00 -0.169449E-17 0.215443E+01 0.100000E+01
0.8000000E-04 0.000000E+00 -0.196681E-17 0.246212E+01 0.100000E+01
0.9000000E-04 0.000000E+00 -0.223701E-17 0.276978E+01 0.100000E+01
0.1000000E-03 0.000000E+00 -0.250468E-17 0.307739E+01 0.100000E+01

Functions in each menu are explained below.
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6.1

6.2

File Menu
Function Description
Open Load text data file
Open Binary Load SIMVIEW binary file
Merge Merge another data file with the existing data file for display

Re-Load Data

Save

Save As

Print

Print Setup

Print Page Setup
Print Preview

Exit

Re-load data from the same text file

In the time display, save waveforms to a SIMVIEW binary file w
the .smv extension.
In the FFT display, save the FFT results to a text file with the .fft
extension. The data range saved will be the same as shown or
screen.

In the time display, save waveforms to a SIMVIEW binary file sf
ified by the user.
In the FFT display, save the FFTresults to a text file specified by
user.

Print the waveforms
Set up the printer
Set up the hardcopy printout size

Preview the printout

ith

1 the

DeC-

the

Quit SIMVIEW

When the data of a text file are currently being displayed, after new data of the same file
have become available, by selectiterLoad Datg waveforms will be re-drawn based on

the new data.

By using theMerge function, data from multiple files can be merged together for display.
For example, if one file contains the curves “I1” and “I2”, and another file contains the
curves “V1” and “V2”, all four curves can be merged and displayed on one screen. Note
that if the second file also contains a curve with the same name “I1”, it will be modified to
“I1_1" automatically.

Edit Menu

Function

Description

Copy to Clipboard

Copy the waveforms to the clipboard
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Edit Title Edit the title of the printout. By default, the title shows the file
name and path.

6.3 Axis Menu

Function Description
X Axis Change the settings of the X axis
Y Axis Change the settings of the Y axis

Axis Label Setting Change the settings of the X/Y axis labels

Default X-Axis: Time | If the item is checked, the first column, which is usually Time,
will be used as the X axis.

The dialog box of the X/Y axis settings are shown below.

X Axiz Setting

—Range Scale

W Auto-Scale

& Linear

o IIJ.EIEIDEIe+D To I3.5IJEIIJE-2 ¥ e
— Gind Division

¥ Default

M. of Division I?

Cancel |

If the Auto-Scalebox is checked and th&rid Divisionis chosen as default, the maximum
data range will be selected and the number of axis divisions will be automatically deter-
mined. Both the data range and grid division, however, can be manually set.

In the Axis Label Setting the label font size can be changed, and the display of the label
can be disabled.

By default, the optiorDefault X-Axis: Time is selected. That is, the first column of the
data, which is usually Time, is used as the X axis. If this option is not selected, any other
column of the data can be used as the X axis. For example, the following figure shows a
sine waveform as the X-axis versus a cosine waveform in the Y-axis.
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Note that this option can only be selected or de-selected when there are no documents in
the SIMVIEW environment.

6.4 Screen Menu
Function Description
Add/Delete Curves | Add or delete curves from the selected screen
Add Screen Add a new screen

Delete Screen

Delete the selected screen

A screen is selected by clicking the left mouse on top of the screen.

The dialog box of thé&dd/Delete Curvesfunction is shown below.

Edit Box
T

Data Display Selection Ed
Wariables Available Wariables for Display
IIL1]
IILZ2]
(L ]+HL2)2
Ok I Cancel |

All the data variables available for display are in\fagables Availabldox, and the vari-
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View Menu

ables currently being displayed are in Waiables for Displaybox. After a variable is
highlighted in theVariables Availablebox, it can be added to theariables for Display
box by clicking on “Add ->". Similarly, a variable can be removed from display by high-
lighting the variable and clicking on “<- Remove”.

In the Edit Box, an mathematical expression can be specified.

A mathematical expression can contain brackets and is not case sensitive. The following
math functions are allowed:

+ addition

- subtraction

* multiplication

/ division

A to the power of [Example: 273 = 2*2*2]
SQRT  square-root function

SIN sine function

COS cosine function

TAN tangent function
ATAN inverse tangent function

EXP exponential (base e) [Example: EXP(x)k e

LOG logarithmic function (base e) [Example: LOG(x) = In (x)]
LOG10 logarithmic function (base 10)

ABS absolute function

SIGN sign function [Example: SIGN(1.2) = 1; SIGN(-1.2)=-1]

Type this expression in the Edit Box, and click on “Add ->". Highlight the expression on
the right, click on “<- Remove”, and the expression will be moved into the Edit Box for
further editing.

6.5 View Menu

Function Description
Zoom To zoom into a selected region
Re-Draw To re-draw the waveform using the auto-scale
Measure To measure the values of the waveforms
Escape To escape from the Zoom or Measure mode
Max To find the global maximum of a selected curve
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Min To find the global minimum of a selected curve
Next Max To find the next local maximum of a selected curve
Next Min To find the next local minimum of a selected curve
Toolbar To enable/disable toolbar

Status Bar To enable/disable status bar

A region is selected by pressing the left button of the mouse and, at the same time, drag
the mouse.

TheMeasurefunction allows the measurement of waveforms. Afleasureis selected,

the measurement dialog box will appear. By clicking the left mouse, a line will appear and
the values of the waveforms will be displayed. By clicking the right mouse, another line
will appear and the different between the current position and the previous position, which
is marked by the left mouse, will be measured. A SIMVIEW window with the measure-
ment boxes in these two modes are shown below.

ClFe B g owen Yew Oreon Libd Heo e
ol 5| leolw| x| 0 mols] ] | ]
NELE EFLTk LT
1 m .._\"h'
.'ul .II__.-"-\- s H“-_ :.I__ "-a.". T ) l-I‘.- N, ;
[S R ] -|'I :. Le -Illlr I:' l':.l -.'Jl' H l:|:
i ) | r ._-' '.l
"' I I. I II
Vo of pH v
X I x &
) :|| ..Ir-_" __,.ﬂ'\\ AN _,.""__h' v
WA} _i'. - e _,-""r. S
. i Difference
Time 5623583 [T i) ol 1 : 00D ] i) D Time & dE45e-3
= (i
ICRL1 &) -3.7a1Te+ IlRL1 &) T.r549e+
(RL1E) | 7.5435s+1 v \ RL1b] | -1.5849+2

-3.7878e+1 7 B942e+1

Left mouse click
Right mouse click

OnceMeasureis selected, an individual curve can be selected by clicking on the name of
the curve at the left top of the graph, and the four functitess, Min, Next Max, and

Next Min can be used to evaluate the curve. Note that these four functions are only
enabled in thdMeasuremode and after a curve is selected.

In the zoom-in mode, waveforms can be shifted horizontally or vertically. There are left
and right arrows below the x-axis, and up and down arrows in the far right axis. By click-
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ing on the arrow, the waveforms will be shifted by one division.

6.6 Option Menu

Set Text Fonts
Set Curves

Set Background
Grid

Color

Change the text font type and size

Change the display of curves

Set the screen background to be either Black (default) or Whit
Enable or disable the grid display

Set the curves to be either Color (default) or Black and White

Function Description
FFT Perform the Fast Fourier Transform analysis
Time Switch from the frequency spectrum display to time domain display

D

By selecting-FT, the harmonic amplitudes of time domain waveforms can be calculated
and displayed. Note that, in order to obtain correct FFT results, the simulation should
reach the steady state, and the simulation data should be restricted (using the manual range
setting in theX Axis function) to have the integer number of the fundamental period.

The display of a curve can be changed thrdagihCurves The data points of a curve can
have either no symbol, or one of the following symbols: Circle, Rectangle, Triangle, Plus,
and Star. Also, data points can be either connected or discrete.

To change the settings of a curve, first select the curve using the left mouse, then choose
the proper settings, and click 8pply After all the settings are selected, Click@K.

The dialog box of th&et Curvesfunction is shown below.

Select Curve Style

Curves
[[AL1a]

[[RL1G)
I[RL1c)

¥ Connect

— Style
& Dot

" Circle

" Bectangle
= Triangle
T Plus

" Star

Cancel |
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6.7

6.8

Once “Color” is de-selected, the display becomes black-and-white. If the waveform
screen is copied to the clipboard, the bitmap image will be in monochrome. This will
result a much smaller memory size as compared to the image in color display.

Label Menu
Function Description
Text Place text on the screen
Line Draw a line
Dotted Line Draw a dotted line
Arrow Draw a line with arrow

To draw a line, first seledtine from the Label menu. Then click the left mouse at the
position where the line begins, and drag the mouse while keeping the left button pressed.
Dotted lines and lines with arrows are drawn in the same way.

If one is in the Zoom or Measure mode, and wishes to edit a text or a label, one should first
escape from the Zoom/Measure mode by selecting “Escape” in the “View” menu.

Exporting Data

As stated in Section 6.1, FFT results can be saved to a text file. Therefore, both simulation
results (*.txt) and FFT results (*.fft) are in text format and can be edited using a text editor
(such as Microsoft NotePad), or exported to other software (such as Microsoft Excel).

For example, to load a simulate result file “chop-1q.txt” in Microsoft Excel, follow these
steps:

- In Microsoft Excel, seled®pen from the File menu. Open the file “chop-1q.txt”.

- In the dialog window Text Import Wizard - Step 1 of 3’, underOriginal data type,
chooseDelimited. Click onNext.

- In the dialog window Text Import Wizard - Step 2 of 3’, underDelimiters, choose
Space Click onNext.

- In the dialog window Text Import Wizard - Step 3 of 3, underColumn data format,
chooseGeneral. Click onFinish.
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Simulation Issues

Chapter 7: Error/Warning Messages and General Simula-

7.1

tion Issues

Simulation Issues

7.1.1 _Time Step Selection

PSIM uses the fixed time step in the simulation. In order to assure accurate results, the
simulation time step should be properly chosen. The factors that limit the time step in a
circuit include the switching period, widths of pulses or square waveforms, and intervals
of fast transients. It is recommended that the time step should be at least one magnitude
smaller than the smallest of the above.

7.1.2 _Propagation Delays in Logic @cuits

7.1.3

The logic elements in PSIM are ideal, i.e. there is no propagation delay. For a logic circuit
that utilizes the propagation delays for its operation, a function block in PSIM, called the
Time Delay block (TDELAY), can be used to represent the effect of the propagation delay.

To illustrate this, take a two-bit counter circuit as an example.

‘o

o

% — ey Rl
| o ] . K
FK clock r

ol o
[ I
1=

ol oo
(=1 =

clock

(H)1v ° (D1v

In the circuit on the left, the initial values of both Q0 and Q1 are assumed to be zero. At
the clock rising edge, QO will change to 1. Without delay, the position of Q1, which should
remain at O, will toggle to 1 at the same time.

To prevent this, a time delay element with the delay period of one time step is inserted
between QO and the input (J) of the second flip-flop.

Interface Between Power and Control Circuits

In PSIM, power circuits are represented in the discrete circuit form, and control circuits
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are represented in transfer function block diagram. Power circuit components, such as

RLC branches, switches, transformers, mutual inductors, current sources, floating voltage
sources, and all types of controlled sources are not allowed in the control circuit. Simi-

larly, control circuit components, such as logic gates, Pl controllers, lookup tables, and

other function blocks, are not allowed in the power circuit.

If there is a direct connection between the power circuit and the input of a control circuit
element, a voltage sensor will be automatically inserted by the program. Similarly, if there
is a direct connection between the output of a control circuit element and the power cir-
cuit, a control-power interface block (CTOP) will be automatically inserted. This is illus-
trated in the examples below.

Comparator Comparator

Transfer Function

It should be noted that, in PSIM, the power circuit and the control circuit are solved sepa-
rately. There is one time step delay between the power and the control circuit solutions.

7.1.4 _FFT Analysis

7.2

When using FFT for the harmonic analysis, one should make sure that the following
requirements are satisfied:

- The waveforms have reached the steady state;

- The length of the data selected for FFT should be the multiple integer of the fun-
damental period.

For a 60-Hz waveform, for example, the data length should be restricted to 16.67 msec.
(or multiples of 16.67 msec.). Otherwise, the FFT results will be incorrect.

Error/Warning Messages

The error and warning messages are listed in the following.
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Error/Warning Messages

E-1

E-2

E-3

Input format errors occurred in the simulation.

It may be caused by one of the following:
- Incorrect/Incomplete specifications

- Wrong input for integers and character strings

Make sure that the PSIM library is not modified, and the PSIM simulator is up-to-
date.

In the circuit file, character strings should be included between two apostrophes
(like ‘test’). Also, make sure an integer is specified for an integer variable. The
specification of a real number (like 3. instead of 3) for an integer will trigger the
error message.

Error message: The node of an element is floating.

This can also be caused by a poor connection in SIMCAD. When drawing a wire
between two nodes, make sure that the wire is connected to the terminal of the ele-
ment.

Error message: No. of an element exceeds the limit.

This error message occurs when the total number of a particular element exceeds
the limit specified by the program. This problem can only be solved by re-compil-
ing the PSIM simulator with increased array dimensions. Please contact Powersim
Technologies Inc. for assistance.

“Warning!!! The program failed to converge after 10 iterations when determining
switch positions. The computation continues with the following switch positions: ...

This warning occurs when the program fails to converge when determining switch-
ing positions. Since the computation continues based on the switch positions at the
end of the 10th iteration, results could be inaccurate. One should be cautious when
analyzing the results.

There are many factors that cause this problem. The following measures can be
taken to isolate and solve the problem:

- Check the circuit and make sure the circuit is correct
- Check the switch gating signals

- Connect small resistors/inductors in series with switches and voltage
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7.3

sources

Debugging
Some of the approaches in debugging a circuit is discussed in the following.
Symptom:

Simulation results show sudden changes (discontinuity) of inductor currents and
capacitor voltages.

Solution:

This may be caused by the interruption of inductor current path and short-circuit of
capacitor (or capacitor-voltage source) loops. Check the switch gating signals. If
necessary, include overlap or dead time pulses to avoid open-circuit or shooting-
through.

If an initial current is assigned to an inductor, initial switch positions should be set
such that a path is provided for the current flow. Otherwise, the inductor current
will be forced to start from zero.

Symptom:

Simulation waveforms look incorrect or inaccurate, or the waveform resolution is
poor.

Solution:

This may be caused by two reasons. One is the time step. Since PSIM uses the
fixed time step during the entire simulation, one should make sure that the time
step is sufficiently small. As a rule of thumb, the time step should be several tens
times smaller than the switching period.

Another reason is the problem of waveform display. One should make sure that the
print step b;in¢ is not too big. To display all the data points, ggilto 1.
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Appendix A: Examples

Examples are included in this Appendix to illustrate the use of the program.

A.1  Phase-Controlled Rectifier(thy-3f.sch)

The following is a phase-controlled rectifier system with feedback control.

=——pre
Saa k)

0 5 10 15 20 % 30 35 40 45 50

(ms)

The rectifier is controlled through an alpha controller. The synchronization of the control-
ler is provided by the zero-crossing of the line voltage Vac. The alpha value is created
through the load voltage feedback loop.

The simulation waveforms of the PI output (after the limiter), the rectifier output voltage,
and the load voltage are shown on the right:

A.2 SPWM Three-Phase Voltage Source Invertgivsi3spwm.sch)

The following is a three-phase voltage source inverter

The gatings are generated through sinusoidal pulse width modulation .The simulated
waveforms of the Phase A modulation wave, the triangular carrier, and the three-phase
load currents are shown below.
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A.3  Phase-Controlled Magnet Power Supply Using A Series Active Filt¢rec-pwm.sch)

The following is a phase-controlled magnet power supply. In this system, a PWM con-

verter connected in series with the rectifier is used as an active filter for harmonic cancel-
lation and error compensation. A feedforward technique is used to control the rectifier.

The PWM converter is controlled through the load current error and the error signal

between the desired voltage profile and the rectifier output voltage.

The simulated waveforms of the load current, rectifier voltage (after the low-pass filter),
and the load voltage are shown.
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A4

A5

Cycloconverter Circuit (cyclo.sch)

The following is a cycloconverter circuit. It consists of two phase-controlled rectifier
bridges. The bridge on the left conducts during the positive half cycle of the load current,
while the one on the right conducts the negative half cycle. In order to detect the zero-
crossing of the load current, a band-pass filter tuned at the load frequency is used to
extract the fundamental component. The output of the comparator is used as the enable/
disable signal for the two bridges.
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The simulated waveforms of the load voltage, load current (before and after the band-pass
filter), and the currents through the positive and negative rectifier bridges are shown
below:

One-Quadrant Chopper System with Full-State Feedbackstate-1q.sch)

The following is a one-quadrant buck-type chopper circuit in transfer function block dia-
gram. The chopper circuit is described through state space representation (enclosed in the
dotted box). Both the output filter inductor current and the capacitor voltage are fedback to
modify the pole location of the overall system. An outer voltage loop with the integral reg-
ulator is included to ensure zero steady state error.

The simulated output voltage and inductor current are shown below.
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Appendix B: List of Elements

The following is the list of the PSIM elements with brief descriptions.

Names Description
A AC AC ammeter
ABC2DQO ABC-DQO transformation block
ABS Absolute value function block
ACTRL Delay angle alpha controller
A_DC DC ammeter
ANDGATE AND gate
ANDGATE3 3-input AND gate
ARRAY \Vector array
BDCMS3 3-phase permanent magnet brushless dc machine
BDIODE1 Single-phase diode bridge
BDIODE3 3-phase diode bridge
BTHY1 Single-phase thyristor bridge
BTHY3 3-phase thyristor bridge
BTHY3H 3-pulse half-wave thyristor bridge
BTHY6H 6-pulse half-wave thyristor bridge
C Capacitor
C_BUFFER Circular buffer
COMP Comparator
CONV Convolution block
COS Cosine function block
COS 1 Arc cosine function block
CSI3 3-phase PWM current source inverter
CTOP Control-to-power interface block
D Differentiator
DCM DC machine
D_D Discrete differentiator
DIGIT Quantization block
DIODE Diode
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ICCCS/ICCCS_1
| D

IDC

IGBT
IGNL/IGNL_1
INDM_3S
INDM_3SN
INOND

INONM
INONSQ

Names Description
DIVD Divider
DLL_EXT1 External DLL block (1 input)
DLL_EXT3 External DLL block (3 inputs)
DLL_EXT6 External DLL block (6 inputs)
DLL_EXT12 External DLL block (12 inputs)
DQO2ABC DQO-ABC transformation block
EXP Exponential function block
.FILE Parameter file element
FFT Fast Fourier Transformer block
FILTER_BP2 2nd-order band-pass filter
FILTER_BS2 2nd-order band-stop filter
FILTER_D General digital filter
FILTER_D1 General digital filter
FILTER_HP2 2nd-order high-pass filter
FILTER_FIR FIR filter
FILTER_FIR1 FIR filter
FILTER_LP2 2nd-order low-pass filter
GATING/GATING_1 Switch gating block for gating specifications
Ground/Ground_1 Ground
GTO Gate-Turn-Off thyristor
I Integrator

Current controlled current source
Discrete integrator
DC current source
Insulated Gate Bipolar Transistor
Piecewise linear current source
3-phase squirrel-cage induction machine
3-phase squirrel-cage induction machine (stator neutral avai
Nonlinear current source (multiplication)
Nonlinear current source (division)

Nonlinear current source (square-root)
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Names

Description

INONSP_1 Special nonlinear current source (Type 1)
INONOSP_2 Special nonlinear current source (Type 2)
IP Current probe

IRAND Random current source

| RESET D Resettable discrete integrator

ISIN Sinusoidal current source

ISQU Square-wave current source
ISTEP/ISTEP_1 Step current source

ITRI Triangular-wave current source

IVCCS Voltage controlled current source

IVCCSV Variable-gain voltage controlled current source
JKFF JF Flip-Flop

L Inductor

LIM Limiter

LKUP Lookup table

LKUP_SQ Square waveform lookup table

LKUP_TZ Trapezoidal waveform lookup table
LKUP2D 2-dimensional lookup table

MECH_ELEC Mechanical-electrical interface block
MEMREAD Memory read block

MLOAD General type mechanical load

MLOAD_T Constant-torque mechanical load
MLOAD_P Constant-power mechanical load
MLOAD_WM Constant-speed mechanical load

MONO Monostable multivibrator

MONOC Controlled monostable multivibrator
MOSFET/MOSFET_P Metal-Oxide-Semiconductor Field Effect Transistor
MULT Multiplier

MUT2 Coupled inductor with 2 branches

MUT3 Coupled inductor with 3 branches
MUX2/MUX4/MUX8 Multiplexer with 2 inputs, 4 inputs, and 8 inputs

PSIM User Manual

B-3



Appendix B: List of Elements

Names Description
NANDGATE NAND gate
NORGATE NOR gate
NOTGATE NOT gate
NPN/NPN_1 npn bipolar junction transistor
ONCTRL On-off switch controller
OP_AMP Operational amplifier
OP_AMP_1/OP_AMP_2 Op, amp. with floating reference ground
ORGATE OR gate
ORGATE3 3-input OR gate
P Proportional controller
PATTCTRL PWM lookup table controller
Pl Proportional-Integral controller
PMSM3 3-phase permanent-magnet synchronous machine
PNP/PNP_1 pnp bipolar junction transistor
POWER Power function block
PWCT Pulse width counter
R Resistor
R3 3-phase resistor branch
RC Resistor-capacitor branch
RC3 3-phase resistor-capacitor branch
RESETI Resettable integrator
RL Resistor-inductor branch
RL3 3-phase resistor-inductor branch
RLC3 3-phase resistor-inductor-capacitor branch
RMS Root-mean-square function block
ROUNDOFF Round-off function block
SAMP Sampling/hold block
SFRA Simulated Frequency Response Analyzer
SIGN Sign function block
SIN Sine function block
SRFF Set-Reset Flip-Flop
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Names

Description

SRM3 3-phase switched reluctance machine (6 stator and 4 rotor teeth)

SQROT Square-root function block

SSWiI Simple bi-directional switch

SUM1 1-input summer

SUM2 2-input summer (one positive and the other negative)

SUM2P 2-input summer (both positive)

SUM3 3-input summer

TDELAY Time delay block

TF_1F Single-phase transformer

TF_1F_3W Single-phase transformer with 1 primary and 2 secondary
windings

TF_1F 4W Single-phase transformer with 2 primary and 2 secondary
windings

TF_1F 5W Single-phase transformer with 1 primary and 4 secondary
windings

TF_1F 7W Single-phase transformer with 1 primary and 6 secondary
windings

TF_1F 8W Single-phase transformer with 2 primary and 6 secondary
windings

TF_3F 3-phase transformer (windings unconnected)

TF_3F_3W 3-phase 3-winding transformer (windings unconnected)

TF_3DD 3-phase D/D transformer

TF_3YD 3-phase Y/D transformer

TF_3YDD 3-phase Y/D/D transformer

TF_3YY 3-phase Y/Y transformer

TF_3YYD 3-phase Y/Y/D transformer

TF_3F_4W 3-phase 4-winding transformer (windings unconnected)

TF_IDEAL Single-phase ideal transformer

TFCTN s-domain transfer function block

TFCTN_D z-domain transfer function block

TG_1 Arc tangent function block

THD Total Harmonic Distortion block
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Names Description
THY Thyristor switch
Time Time element, in sec.
UDELAY Unit delay
V_AC AC voltmeter
VA _PF VA-power factor meter
VA PF3 3-phase VA-power factor meter
VAR VAR meter
VAR3 3-phase VAR meter

VCCVS/VCCVS_1
VDC
VDC_CELL
V_DC
VDC_GND
VGNL/VGNL_1
VNOND
VNONM
VNONSQ

VP

VP2

VSI3/VSI_3

VSIN

VSIN3

VSQU
VSTEP/VSTEP 1
VTRI

Current controlled voltage source
DC voltage source
DC voltage source with the battery cell image
DC voltmeter

Grounded DC voltage source
Piecewise linear voltage source
Nonlinear voltage source (multiplication)
Nonlinear voltage source (division)
Nonlinear voltage source (square-root)
Voltage probe (node to ground)
\oltage probe (between two nodes)
3-phase PWM voltage source inverter
Sinusoidal voltage source
3-phase sinusoidal voltage source
Square-wave voltage source

Step voltage source

Triangular-wave voltage source

VVCVS \oltage controlled voltage source

VVCVSV Variable-gain voltage controlled voltage source
W Wattmeter

W3 3-phase wattmeter

XORGATE exclusive-OR gate

ZENER Zener diode
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Description

ZOH

Zero-order hold
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