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1 - Power System VHDL-AMS Library

The components in the Power System VHDL-AMS library are mostly first principle mathematical
system-level models. The library has two main objectives:

Provide reusable and extensible generic components for further customer design.

Provide demonstrative application examples that use these types of components.

The Power System VHDL-AMS library consists of the following types of components:

Basic

Control Signal Generation
Converter

EMIEMC

Transformer

Transmission Line

Every component in the library has a related demonstrative example to show how the com-
ponent works.

tprc: three phase resonance converter 1-2
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Basic

The Basic sub-library consists of basic components for power systems, it also includes fun-
damental components which are used in the other sub-libraries, and it contains:

» abc to alpha-beta-zero transformation
 alpha-beta-zero to abc transformation
 alpha-beta-zero to dq0 transformation

» dqO to alpha-beta-zero transformation
 l|deal electromagnetic converter

» Magnetic reluctance

» Reluctance force actuator

 Ideal gyrator with no losses

* |deal mutual inductor

» Lossless rotational electromechanical converter
» Lossless translational electromechanical converter
» Single phase ideal transformer

¢ AC current source (sinusoidal)

e Three phase AC current source (sinusoidal)
» Three phase sine wave generator

» Current controlled current source

» Voltage controlled current source

« Current controlled voltage source

» Voltage controlled voltage source

 Single phase circuit breaker

» Single phase switch

» Single phase two way switch

abc2abz : abc to alpha-beta-zero transformation

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2

Transformer 1-1
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a@ﬁ b alpha
bEﬁ a Z beta
c Zero
sabe\ | T

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The abc2abz model provides the calculation from a, b, ¢ to alpha, beta, zero transform.
Top
Assumptions and Limitations
Top

Mathematical Description

Top
a=— a—l-b——c
3 3
1 1
= h——.
G R

1 1 1
zero=—-a+—-b+—-c
3 3

Netlist Syntax
Top

Transformer 1-2
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Conservative Pins

Top
Parameters
Top
Input/Output Quantities
Table1
Name Description [Unit] Direction '[I');;ae
a Input a. Input Real
b Input b. Input Real
C Input c. Input Real
alpha Output alpha Output Real
beta Output beta Output Real
Zero Output zero Output Real
Top
Example
Transformations Example
abz2abc: alpha-beta-zero to abc transformation
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

alpha

beta abC |
E_ ]
- abz

o e

Figure 1. Component symbol
* Description
» Assumptions and Limitations

» Mathematical Description

Transformer 1-3
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* Netlist Syntax

 Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The abz2abc model provides the calculation from alpha, beta, zero to a, b, ¢ transform.
Top

Assumptions and Limitations

Top

Mathematical Description

Top
a=a+zero
1
b=——~a+£-ﬂ+zem
2 2
13
c=——-a——:f+zero
2 2

Netlist Syntax
Top

Conservative Pins

Top
Parameters
Top
Input/Output Quantities
Table1
Name Description [Unit] Direction ||Data Type
alpha Input alpha Input Real
beta Input beta Input Real

Transformer 1-4
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zero Input zero Input Real
a Output a. Output Real
b Output b. Output Real
C Outputc. Output Real
Top
Example

Transformations Example
Load Transformation Example

abz2dqO : alpha-beta-zero to dq0 transformation

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2

&
=

=

o

dqO
abz

L
o

1

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities

* Example

Transformer 1-5
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Description

The abz2dq0 provides the calculation from alpha, beta, zero to d, q, z_dq transform, with cor-
responding electrical angle from the motor.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

d = a-cos(g.)+ f-sin(g,)

g =—a-sin(g,)+ B-cos(¢,)

z_dq = zero

Netlist Syntax
Top

Conservative Pins

Top

Parameters

Top

Input/Output Quantities

Table1

Name Description [Unit] Direction .[I.);;i
alpha Input alpha. Input Real
beta Input beta. Input Real
zero Input zero. Input Real
phi_e Input phi_e
d Outputd Output Real
q Outputq Output Real
Zz_dq Output z_dq Output Real

Top

Transformer 1-6
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Example
Transformations Example

circuit_breaker : Single phase circuit breaker

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The circuit_breaker represents a single phase circuit breaker with an external control signal to
connect port 1 to port 2 with different resistance to represent close or open behavior.

Top

Assumptions and Limitations
Top

Mathematical Description

Top

Transformer 1-7
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sw_on <= ctrl' above(threshold )

v=i-R,, sw_on and ctrl >=threshold
v=i-R

otherwise

open

Netlist Syntax
Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
n1 Electrical port n1 electrical
n2 Electrical port n2 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
- Default
Name Description Data Type Value [Unit]
: . . 1.0e-3
R_close Switch on resistance resistance
- [Ohm]
R _open Switch off resistance resistance 1.0e6
- [Ohm]
threshold Threshold value real 0.0
Input/Output Quantities
Table 3
Name Description [Unit] Direction _III_)ata
ype
ctrl Control signal input. Input Real

Top

Transformer 1-8
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Example
Switches Example

dqg02abz : dq0 to alpha-beta-zero transformation

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

d alpha
il abz beta
i E

dqo Zara

i
:

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The dg02abz provides the calculation from d, g, z_dq to alpha, beta, zero transform, with cor-
responding electrical angle from the motor.

Top

Assumptions and Limitations
Top

Mathematical Description

Top

Transformer 1-9
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a=d-cos(4,)-q-sin(4,)
B =d sin(g,)+q-cos(g,)
zero =z _dgq

Netlist Syntax
Top

Conservative Pins

Top

Parameters

Top

Input/Output Quantities

Table1

Name Description [Unit] Direction .[I.);;i
d Input d. Input Real
q Input q. Input Real
Z dq Input z_dq. Input Real
phi_e Input phi_e
alpha Output alpha Output Real
beta Output beta Output Real
zero Output zero Output Real

Top

Example

Transformations Example

em_converter: Ideal electromagnetic converter

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024 .2

Transformer 1-10
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* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

n_winding
p_elec + ™
®
m_elec m_mag
[

Figure 1. Component symbol

The em_converter represents the behavior of an ideal electromagnetic converter, with a user

defined number of winding turns.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
mmf = nwinding o0
Slux = flux, initial state
V= Piding d(ﬂ ux) otherwise
dt
Netlist Syntax
Top

Conservative Pins

Top

Transformer 1-11
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Table 1
Name Port/Terminal description | Nature/Data type
p_elec Electrical port p_elec electrical
m_elec Electrical port m_elec electrical
p_mag Magnetic port p_mag magnetic
m_mag Magnetic port m_mag magnetic

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default .
Type Value [Unit]
flux0 Initial flux real 0.0 [Wb]
Input/Output Quantities
Table 3
Name Description [Unit] Direction .I?;Ft)ae
ir;]_gwind- Number of winding turns. Input Real
Top
Example
Simple ElectroMagnetic Example
gyrator: Ideal gyrator with no losses
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

Transformer 1-12
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-
POl

TE
N

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The gyrator represents the behavior of an ideal gyrator with no losses.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
L=gV,
L=-gm
Netlist Syntax
Top
Conservative Pins

Top

Transformer 1-13
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Table 1
Name Port/Terminal description | Nature/Data type
p_1 Electrical portp 1 electrical
n_1 Electrical port n_1 electrical
p_2 Electrical portp_2 magnetic
n 2 Electrical portn_2 magnetic

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
g Gyration conductance [A/V]. | Input Real
Top
Example
Gyrator Example
i_ac: Single phase AC sinusoidal current source
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
gl
TP
fre
€q
hase
P ]

Figure 1. Component symbol
* Description
» Assumptions and Limitations

* Mathematical Description

Transformer 1-14
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* Netlist Syntax

 Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The i_ac represents single phase ac sinusoidal current source.
Top

Assumptions and Limitations

Top

Mathematical Description

Top
hase

i = —ampl - sin 27z - I p

i=—ampl-sin 2z (freq time + 360° j

Netlist Syntax

Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
m Electrical port m electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top

Transformer 1-15
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Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
ampl Source amplitude [A] Input Real
freq Source frequency [HZ] Input Real
phase phase shift [degree] Input Real
Top
Example

AC Sources Example

i_ac_3phase: Three phase AC sinusoidal current source

Library: Power System
VHDLAMS

Modeling Language:

Version Number: Twin

* Description

ampl

E —
freq ._®
E —

VHDL-AMS Builder 2024.2
_@ VWA ' g W
VWA b
VWA 'y g SIS
VWA ' g W

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description
* Netlist Syntax
 Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Transformer 1-16
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Description

The i_ac_3phase represents the behavior of 3 phase ac current source with symmetrical
internal R-L impedances, the three current sources are connected in Y to neutral connection to
external terminal.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
a Electrical port a electrical
b Electrical portb electrical
c Electrical port ¢ magnetic
n Electrical port n magnetic

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default .
Type Value [Unit]

rl line resistance real 0.1 [Ohm]
I line inductance real 0.0001 [H]
rn resistance to neutral real 0.1 [Ohm]
I n inductance to neutral real 0.0001 [H]

Transformer 1-17
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
ampl Source amplitude [A]. Input Real
freq Source frequency [HZ] Input Real
Phase shift for Phase A
phase Input Real
[degree]
Top
Example
AC Sources Example
i_cc: Current controlled current source
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The i_cc represents a current controlled current source.
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Top

Assumptions and Limitations
Top

Mathematical Description
Top

=k-i

lS()MVCé’ measure
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p_am Electrical port p_am. electrical
m_am Electrical port m_am electrical
p_s Electrical portp_s electrical
m_s Electrical port m_s electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
Type Value [Unit]
ts sample time real 0.0 [sec]
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
kp Current gain. Input Real
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Top
Example
Controlled Sources Example

i_vc: Voltage controlled

current source

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2

* Description

» Assumptions and Limitations
* Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

n n

i

i il

Figure 1. Component symbol

The i_vc represents a voltage controlled current source.

Top

Assumptions and Limitations

Top
Mathematical Description

Top

lsource - vmeasure
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Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p_am Electrical portp_am. electrical
m_am Electrical port m_am electrical
p_s Electrical portp_s electrical
m_s Electrical port m_s electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
Type Value [Unit]
ts sample time real 0.0 [sec]
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
kp Current gain. Input Real
Top
Example
Controlled Sources Example
inductor_mutual: Ideal mutual inductor
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
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rrr

gl o> g

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The inductor_mutual represents the behavior of an ideal mutual inductor with no losses.
Top
Assumptions and Limitations
Top
Mathematical Description
Top

ot Oy
t

di
v,=L, —%~
2 dr dt
M=k-\JL L,

Netlist Syntax
Top
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Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p_1 Electrical portp_1 electrical
n_1 Electrical portn_1 electrical
p_2 Electrical portp_ 2 electrical
n_2 Electrical portn_2 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type Value [Unit]
i10 initial current for L1 current 0.0[A]
i2_0 initial current for L2 current 0.0[A]
use _i0 use initial currents or not | boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Coefficient of coupling.
k 0<k<1 Input Real
self inductance for inductor
1 y Input Inductance
2 ;elf inductance for inductor Input Inductance
Top
Example

Mutual Inductor Example
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reluctance: Magnetic reluctance

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
g
o

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The reluctance represents the behavior of a magnetic reluctance. The reluctance value
depends on the geometry of the modeled section.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Uy =47-107 [H/m)

p=—=~t
IUO'/ur'A
mmf =r- flux

where # is the permeability constant, the amount of resistance encountered when forming a
magnetic field in a classical vacuum. 7 is the reluctance.
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Netlist Syntax
Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
p_mag Magnetic port p_mag magnetic
m_mag Magnetic port m_mag magnetic

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
Type Value [Unit]
A Cross sectional area. Real 0.01 [m”"2]
mu r Relatlye permeability of Real 10
- material
Input/Output Quantities
Table 3
Name Description [Unit] Direction _[I_)ata
ype
Thickness or length of sec-
g : Input Real
tion or gap [m]
Top
Example

Simple ElectroMagnetic Example

remc: Lossless rotational electromechanical converter

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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i

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The remc represents the behavior of lossless rotational electromechanical converter, based on
a user defined quantity k.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

v=k-omega

tau =k -i

Netlist Syntax

Top

Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
n Electrical port n electrical
mechrv1 Mechanical port mechrv1 | rotational_velocity
mechrv2 Mechanical port mechrv2 | rotational_velocity

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data
Type
K Coefficient of trans- Inout Real
formation [V/(rad/s)] P
Top
Example
Rotational Electromechanical Converter Example
rfa: Reluctance force actuator
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

mechtv1
— —F]

)- - ] mechtv2
— —]

Figure 1. Component symbol

* Description

» Assumptions and Limitations
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* Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The rfa represents the behavior of reluctance force actuator.
Top

Assumptions and Limitations
Top

Mathematical Description
Top

Uy =410 [H/m)

g=g, initial state
d; .

u= g otherwise
dt

__ &
#OIUVA
gmin

IHOIUVA

r

g > gmin

r= otherwise

3 Sflux®
zﬂOIUrA
Slux?
Z(IUO/JrA + csti/f (gmin - g)_ cdampu)

f=

g > gmin

otherwise

f:_

mmf = flux-r

where #vis the permeability constant, the amount of resistance encountered when forming a
magnetic field in a classical vacuum. 7 is the reluctance. ¥ is the mechanical side move velocity.

Netlist Syntax
Top
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Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
p_mag Magnetic port p_mag magnetic
m_mag Magnetic port m_mag magnetic
mechtv1 Mechanical port mechtv1 ’éri?;slatlonal_velo-
mechtv2 Mechanical port mechtv2 ’::ri?;slanonal_velo-

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type | Value [Unit]
g0 Initial air gap real 0.002 [m]
gmin Minimum air gap real 1.0e-7 [m]
A Cross sectional area real 0.01 [m”2]
mu_r Relatlye permeability of real 10
material
c_stiff Qontact stlffness after hit- real 1,06 [N/m]
ting the gmin
c dam Contact damping after hit- real 500.0
- P ting the gmin [N*s/m]
Input/Output Quantities
Table 3
Name Description [Unit] Direction _[I_)ata
ype
g Thlckness or length of sec- Output Real
tion or gap [m]
Top
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Example
Simple ElectroMagnetic Example

sine_3phase: Three phase sine wave generator

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
d
Y —H
sine
I b
W [o] o
freg sine
Bl
C
| H
sine

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The sine_3phase represents 3 phase sine waves.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
Netlist Syntax
Top
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Conservative Pins
Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type Value [Unit]
phase Phase shift for Phase A | angle 0.0 [rad]
off offset real 0.0
tdelay time delay real 0.0 [sec]
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
ampl Source amplitude. Input Real
freq Source frequency [HZ] Input Real
Top
Example
AC Sources Example
switch: Single phase switch
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

]0

1
ni ,-r‘;, S nZ
4 —&]
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
» Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The switch represents a single phase switch with an external control signal to connect port 1 to
port 2 with different resistance to represent close or open behavior.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

sw_on <= ctrl' above(threshold )

v=i-R otherwise

open

{v =i-R,. Sw_on and ctrl > threshold

Netlist Syntax
Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
n1 Electrical port n1 electrical
n2 Electrical port n2 electrical
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Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
. Default
Name Description Data Type Value [Uni]
: : : 1.0e-3
R_close Switch on resistance resistance
[Ohm]
R_open Switch off resistance resistance 1.066
- [Ohm]
threshold Threshold value real 0.0
Input/Output Quantities
Table 3
Name Description [Unit] Direction 1[_)ata
ype
ctrl Control signal input. Input Real
Top
Example
Switches Example
switch2 : Single phase two way switch
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

|
2 &

Figure 1. Component symbol
* Description
» Assumptions and Limitations

» Mathematical Description
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* Netlist Syntax
 Conservative Pins

* Parameters

* Input/Output Quantities
* Example

Description

The switch2 represents a single phase two way switch with an external control signal to connect
port 1 to port 2 or port 3 with different resistance.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

sw_on <= ctrl'above(threshold)

{vl =i-R,,. sw_on and ctrl >= threshold

otherwise

=4 open

{vz =i,"R,,, sw_on and ctrl >=threshold

v, = otherwise

Iy Rjpge

Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
n1 Electrical port n1 electrical
n2 Electrical port n2 electrical
n3 Electrical port n3 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.
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Parameters
Top
Table 2
- Default
Name Description Data Type Value [Unit]
, . , 1.0e-3
R_close Switch on resistance resistance
[Ohm]
R_open Switch off resistance resistance 1.0e6
- [Ohm]
threshold Threshold value real 0.0
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
ctrl Control signal input. Input Real
Top
Example

Switches Example

temc: Lossless translational electromechanical converter

Library: Power System Modeling Language: Version Number: Twin

VHDLAMS VHDL-AMS Builder 2024.2
@7\—
[%_ m_eéhtv1
n @IIIII@ Imechtv2
E— —]

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax

» Conservative Pins
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* Parameters

* Input/Output Quantities
* Example

Description

The temc represents the behavior of lossless translational electromechanical converter, based
on an user defined quantity k.

Top
Assumptions and Limitations
Top

Mathematical Description

Top
v =k -velocity
force=—k-i

Netlist Syntax
Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
n Electrical port n electrical
mechtv1 Mechanical port mechtv1 ’éri?;slational_velo-
mechtv2 Mechanical port mechtv2 ’::ri?;slational_velo-

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top
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Input/Output Quantities
Table 2
Name Description [Unit] Direction _III_)ata
ype
K Coefficient of trans- Inout Real
formation [V/(rad/s)]. P
Top
Example
Translational Electromechanical Converter Example
transformer_ideal: Single phase ideal transformer
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
1 *1* 2
ca -
ni nz
—£]

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The transformer_ideal represents the behavior of an ideal single phase transformer model with
no losses and user defined number of winding turns.

Top
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Assumptions and Limitations
Top

Mathematical Description

Top
V=NV,
i, =—n-]

Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p_1 Electrical port p_1 electrical
n_1 Electrical portn_1 electrical
p_2 Electrical portp 2 electrical
n_2 Electrical portn_2 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction 1[_)ata
ype
n Number of winding turns. Input Real
Top
Example

Ideal Transformer Example
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v_cc: Current controlled voltage source

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

- -
o

® A

i [

Figure 1. Component symbol

* Description

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The v_cc represents a current controlled voltage source.
Top

Assumptions and Limitations
Top

Mathematical Description
Top

—k-i

v.&'()lﬂ‘(,’l,’ measure

Netlist Syntax
Top
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Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p_am Electrical port p_am. electrical
m_am Electrical port m_am electrical
p_s Electrical portp_s electrical
m_s Electrical portm_s electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type Value [Unit]
ts sample time real 0.0 [sec]
Input/Output Quantities
Table 3
Name Description [Unit] Direction _[I_)ata
ype
kp Current gain. Input Real
Top
Example
Controlled Sources Example
v_vc: Voltage controlled voltage source
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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- -

=+ V

i i

Figure 1. Component symbol

* Description

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

 Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The v_ve represents a voltage controlled voltage source.
Top

Assumptions and Limitations
Top

Mathematical Description

Top

vS()lll‘Ce = k : vmeasw‘e
Netlist Syntax
Top

Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
p_am Electrical portp_am. electrical
m_am Electrical port m_am electrical
p_s Electrical portp_s electrical
m_s Electrical port m_s electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
Type Value [Unit]
ts sample time real 0.0 [sec]
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
kp Current gain. Input Real
Top
Example

Controlled Sources Example
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Control Signal Generation

The Control Signal Generation sub-library consists of 2-level, 3 level PWM signal generation
components for power systems. The PWM generators can be directly used with the converter
components in the Converter sublibrary, and it contains:

Space vector PWM signal for 2 level three phase converter

2 level PWM generator for 2 pulse converter with internal reference

2 level PWM generator for 2 pulse converter with external reference

2 level PWM generator for 4 pulse converter with internal reference

2 level PWM generator for 4 pulse converter with external reference (bipolar)
2 level PWM generator for 4 pulse converter with external reference (unipolar)
2 level PWM generator for 6 pulse converter with internal reference

2 level PWM generator for 6 pulse converter with external reference

3 level PWM generator for 4 pulse converter with internal reference

3 level PWM generator for 4 pulse converter with external reference

3 level PWM generator for 8 pulse converter with internal reference

3 level PWM generator for 8 pulse converter with external reference

3 level PWM generator for 12 pulse converter with internal reference

3 level PWM generator for 12 pulse converter with external reference

pwmz22e: 2 level 2 pulse PWM generator with external reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
t1
ref _input B
v LUL t2
—+H

Figure 1. Component symbol

* Description

» Assumptions and Limitations

* Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
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* Input/Output Quantities
* Example
Description

The pwm22e represents 2 level PWM generator for single phase 2 pulse (half-bridge) converter
with external reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
Type Value [Unit]
min car Minimum value of the triangle carrier, the mid- real 10
- points is calculated by (min+max)/2 '
Maximum value of the triangle carrier, the mid-
max_car real 1.0

point is calculated by (min+max)/2
freq switching frequency of the triangle carrier real 1000.0 [HZ]

Initial time delay of the triangle carrier, 0.0
means that the triangle signal initial position is

tdelay set to midpoint between its minimum and max- real 0.0[rad]
imum value and the slope is positive

dead_ dead time of switching real 100.0e-9

time [sec]
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Input/Output Quantities
Table 2
Name Description [Unit] Direction Data
Type
ref_input | external reference signal Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
Top
Example

Two Level Two Pulse PWM Example
pwm22i: 2 level 2 pulse PWM generator with internal reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

wI&tz
_@

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
» Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The pwm22i represents 2 level PWM generator for single phase 2 pulse (half bridge) converter
with internal sinusoidal reference signal and natural sampling.

Control Signal Generation 1-3
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Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Descriotion Data Default Value
P Type [Unit]
min car Minimum value of the triangle carrier, the real 10
- midpoints is calculated by (min+max)/2 ’
max car Maximum value of the triangle carrier, the real 10
- midpoint is calculated by (min+max)/2 '
freq switching frequency of the triangle carrier real 1000.0 [Hz]
Initial time delay of the triangle carrier, 0.0
means that the triangle signal initial pos-
tdelay ition is set to midpoint between its minimum | real 0.0 [rad]
and maximum value and the slope is pos-
itive
dead_time | dead time of switching real 100.0e-9
[sec]
modu_ind_ | modulation index of the reference signal, it real 08
ref should be in the range of (0,1]. '
freq_ref switching frequency of the reference signal | real 100 [HZ]
phase_ref phase shift of the reference signal real 0.0 [rad]

Control Signal Generation 1-4
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

Input/Output Quantities
Table 2
Name Description [Unit] Direction _[I?ata
ype
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
Top
Example

Two Level Two Pulse PWM Example
pwm24eb: 2 level 4 pulse PWM with external reference, bipolar

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

-
Bipolar M

Figure 1. Component symbol

:

e B e

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The pwm24eb represents 2 level PWM generator for single phase 4 pulse (full-bridge) converter
with external reference signal and natural sampling, in bipolar mode.

Control Signal Generation 1-5
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Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
P Type Value [Unit]
min car Minimum value of the triangle carrier, the mid- real 10
- points is calculated by (min+max)/2 '
max car Maximum value of the triangle carrier, the mid- real 10
- point is calculated by (min+max)/2 '
freq switching frequency of the triangle carrier real 1000.0 [HZ]
Initial time delay of the triangle carrier, 0.0
tdelay means tlhat the triangle sllgnall |n|t|al position is real 0.0 [rad]
set to midpoint between its minimum and max-
imum value and the slope is positive
Qead_ dead time of switching real 100.0e-9
time [sec]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _[I?ata
ype
ref_input | external reference signal Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
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t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real

Top
Example
Two Level Four Pulse PWM Example

pwm24eu: 2 level 4 pulse PWM with external reference, unipolar

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2

LInipolar

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters
* Input/Output Quantities
* Example

Description

The pwm24eu represents 2 level PWM generator for single phase 4 pulse (full-bridge) converter
with external reference signal and natural sampling, in unipolar mode.

Top
Assumptions and Limitations

Top
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Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
P Type Value [Unit]
min car Minimum value of the triangle carrier, the mid- real 10
- points is calculated by (min+max)/2 '
max car Maximum value of the triangle carrier, the mid- real 10
- point is calculated by (min+max)/2 '
freq switching frequency of the triangle carrier real 1000.0 [HZ]
Initial time delay of the triangle carrier, 0.0
tdelay means tlhat the triangle sllgnall |n|t|al position is real 0.0 [rad]
set to midpoint between its minimum and max-
imum value and the slope is positive
Qead_ dead time of switching real 100.0e-9
time [sec]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _[I?ata
ype
ref_ external reference signal 1 Input Real
input1
ref .
input2 external reference signal 2 Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
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t4 PWM signal for t4 Output Real

Top
Example
Two Level Four Pulse PWM Example

pwm24i: 2 level 4 pulse PWM generator with internal reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
, B
. |
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example

Description

The pwm24i represents 2 level PWM generator for single phase 4 pulse (full-bridge) converter
with internal sinusoidal reference signal and natural sampling. It includes both unipolar and
bipolar behaviors.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

Top

Conservative Pins

TopNote: Terminal set to No Action when unconnected. Terminal may remain unconnected
without generating an error.

Parameters
Top
Table 1
Name Descriotion Data Default Value
P Type | [Unit]
min car Minimum value of the triangle carrier, the real 10
- midpoints is calculated by (min+max)/2 '
max car Maximum value of the triangle carrier, the real 10
- midpoint is calculated by (min+max)/2 '
freq switching frequency of the triangle carrier real 1000.0 [Hz]
Initial time delay of the triangle carrier, 0.0
means that the triangle signal initial pos-
tdelay ition is set to midpoint between its minimum | real 0.0 [rad]
and maximum value and the slope is pos-
itive
dead_time dead time of switching real 100.0e-9
[sec]
modu_ind_ | modulation index of the reference signal, it real 08
ref should be in the range of (0,1]. '
freq_ref switching frequency of the reference signal | real 100 [Hz]
phase_ref phase shift of the reference signal real 0.0 [rad]
Input/Output Quantities
Table 2
Name Description [Unit] Direction ?ata
ype
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
Top
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Example
Two Level Four Pulse PWM Example

pwm26e: 2 level three phase PWM generator with external references

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

=52 I

Figure 1. Component symbol

e

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax
 Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The pwm26e represents the behavior of 2 level PWM generator for three phase 6 pulse con-
verter with external reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Conservative Pins
Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
P Type Value [Unit]
min car Minimum value of the triangle carrier, the mid- real 10
- points is calculated by (min+max)/2 '
max car Maximum value of the triangle carrier, the mid- real 10
- point is calculated by (min+max)/2 '
freq switching frequency of the triangle carrier real 1000.0 [HZ]
Initial time delay of the triangle carrier, 0.0
tdelay means tlhat the triangle sllgnall |n|t|al position is real 0.0 [rad]
set to midpoint between its minimum and max-
imum value and the slope is positive
Qead_ dead time of switching real 100.0e-9
time [sec]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _[I?ata
ype
ref .
inputA external reference signal A | Input Real
ref .
inputB external reference signal B | Input Real
ref .
inputC external reference signal C | Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real
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Top

Example

Two Level Six Pulse PWM Example

pwm26i: 2 level three phase PWM generator with internal reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
—&
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The pwm26i represents the behavior of 2 level PWM generator for three phase 6 pulse con-
verter with internal sinusoidal reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

Top

Conservative Pins
Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Descrintion Data Default Value
P Type | [Unit]
min car Minimum value of the triangle carrier, the real 10
- midpoints is calculated by (min+max)/2 '
Maximum value of the triangle carrier, the
max_car real 1.0

midpoint is calculated by (min+max)/2
freq switching frequency of the triangle carrier real 1000.0 [Hz]

Initial time delay of the triangle carrier, 0.0
means that the triangle signal initial pos-

tdelay ition is set to midpoint between its minimum | real 0.0 [rad]
and maximum value and the slope is pos-
itive
dead_time dead time of switching real 100.0e-9
[sec]
modu_ind_ | modulation index of the reference signal, it real 08
ref should be in the range of (0,1]. '
freq_ref switching frequency of the reference signal | real 100 [Hz]
phase_ref phase shift of the reference signal real 0.0 [rad]
Input/Output Quantities
Table 2
Name Description [Unit] Direction 1[_)ata
ype
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
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t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real

Top

Example

Two Level Six Pulse PWM Example

pwm34e: 3 level 4 pulse PWM generator with external reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
t1
. ]
ref_input t2
I ]
‘ t3
]
t4
)

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The pwma34e represents 3 level PWM generator for single phase 4 pulse (half-bridge) converter
with external reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description

Top

Control Signal Generation 1-15
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

Netlist Syntax

Top

Conservative Pins
Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
Type Value [Unit]
freq switching frequency of the triangle carrier real 1000.0 [HZ]
dead_ dead time of switching real 100.0e-9
time [sec]
Input/Output Quantities
Table 2
Name Description [Unit] Direction 1[_)ata
ype
ref_input | external reference signal Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
Top
Example

Three Level Four Pulse PWM Example
pwm34i: 3 level 4 pulse PWM generator with internal reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
 Conservative Pins
» Parameters
* Input/Output Quantities
* Example

Description

The pwm34i represents 3 level PWM generator for single phase 4 pulse (half-bridge) converter
with internal sinusoidal reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
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Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
Type Value [Unit]
freq switching frequency of the triangle carrier real 1000.0 [Hz]
dead_time dead time of switching real 100.0e-9
[sec]
modu_ind_ | modulation index of the reference signal, it real 08
ref should be in the range of (0,1]. '
freq_ref switching frequency of the reference signal | real 100.0 [Hz]
phase_ref phase shift of the reference signal real 0.0 [rad]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _[I_)ata
ype
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
Top
Example

Three Level Four Pulse PWM Example
pwm38e: 3 level 8 pulse PWM generator with external reference

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
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Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The pwma38e represents 3 level PWM generator for single phase 8 pulse (full-bridge) converter
with external reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters

Top
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Table 1
Name Description Data Default
Type Value [Unit]
freq switching frequency of the triangle carrier real 1000.0 [HZ]
dead_ dead time of switching real 100.0e-9
time [sec]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _III_)ata
ype
ref— external reference signal 1 Input Real
input1
ref .
input2 external reference signal 2 Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real
t7 PWM signal for t7 Output Real
t8 PWM signal for t8 Output Real
Top
Example

Three Level Eight Pulse PWM Example

pwm38i: 3 level 8 pulse PWM generator with internal reference

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2

Control Signal Generation 1-20
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.




Twin Builder Components: Power System VHDLAMS

.

WM

EESSS?. E& 59&95 L:& 99&

Figure 1. Component symbol

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The pwm38i represents 3 level PWM generator for single phase 8 pulse (full-bridge) converter
with internal reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters

Top
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Table 1
Name Description Data Default
Type Value [Unit]
freq switching frequency of the triangle carrier real 1000.0 [Hz]
dead_time dead time of switching real 100.0e-9
[sec]
modu_ind_ | modulation index of the reference signal, it real 08
ref should be in the range of (0,1]. '
freq_ref switching frequency of the reference signal | real 100.0 [HZ]
phase_ref phase shift of the reference signal real 0.0 [rad]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _III_)ata
ype
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real
t7 PWM signal for t7 Output Real
t8 PWM signal for t8 Output Real
Top
Example

Three Level Eight Pulse PWM Example

pwm312e: 3 level 12 pulse PWM generator with external reference

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The pwm312e represents 3 level PWM generator for three phase 12 pulse converter with
external reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters

Top
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Table 1
Name Description Data Defaut .
Type Value [Unit]
freq switching frequency of the triangle carrier real 1000.0 [Hz]
Siriaed_ dead time of switching real [18%%]06'9
Input/Output Quantities
Table 2
Name Description [Unit] Direction '[I?;;?a
[r?;ﬁtA external reference signal A | Input Real
irr?;;_utB external reference signal B | Input Real
[r?:)ﬁtC external reference signal C | Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real
t7 PWM signal for t7 Output Real
t8 PWM signal for t8 Output Real
t9 PWM signal for t9 Output Real
t10 PWM signal for t10 Output Real
t11 PWM signal for t11 Output Real
t12 PWM signal for t12 Output Real
Top
Example

Three Level Twelve Pulse PWM Example

pwm312i: 3 level 12 pulse PWM generator with internal reference

Library: Power System

Modeling Language:

Version Number: Twin
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Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The pwm312i represents 3 level PWM generator for three phase 12 pulse converter with
internal reference signal and natural sampling.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
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Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Table 1
Name Description Data Default
Type Value [Unit]
freq switching frequency of the triangle carrier real 1000.0 [Hz]
dead_time dead time of switching real 100.0e-9
[sec]
modu_ind_ | modulation index of the reference signal, it real 08
ref should be in the range of (0,1]. '
freq_ref switching frequency of the reference signal | real 100.0 [Hz]
phase_ref phase shift of the reference signal real 0.0 [rad]
Input/Output Quantities
Table 2
Name Description [Unit] Direction _[I_)ata
ype
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real
t7 PWM signal for t7 Output Real
t8 PWM signal for t8 Output Real
t9 PWM signal for t9 Output Real
t10 PWM signal for t10 Output Real
t11 PWM signal for t11 Output Real
t12 PWM signal for t12 Output Real

Top
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Example
Three Level Twelve Pulse PWM Example

svpwm: Space vector PWM signal generator

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

v_alpha
beta |

v_beta
P

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The svpwm represents the behavior of space vector PWM generator for 2 level three phase con-
verters.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Conservative Pins
Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top

Use the Simulator Model drop-down menu to select the carrier wave option used in the svpwm
generator.

« mid_align — Use the triangle source for the carrier wave.

 right_align — Use the right sawtooth source for the carrier wave.
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left_align — Use the left sawtooth source for the carrier wave.

Table 1
Name Description Data Defgult Value
Type [Unit]
freq Switching frequency real 1000.0 [Hz]
dead_time | Deadtime of switching real 100.0e-9 [sec]
Input/Output Quantities
Table 3
Name Description [Unit] Direction '[I'))?;z
v_dc DC voltage signal [V] Input Real
v_alpha R/e]ference v_alpha signal Input Real
v_beta Reference v_beta signal [V] | Input Real
t1 PWM signal for t1 Output Real
t2 PWM signal for t2 Output Real
t3 PWM signal for t3 Output Real
t4 PWM signal for t4 Output Real
t5 PWM signal for t5 Output Real
t6 PWM signal for t6 Output Real

Top
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Example

SVPWM Example
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Converter

The Converter sublibrary consists of 2-level, 3 level converter components for power systems.
All the converter models can be used as either rectifier or inverter. The converters can be directly
used with the PWM generator models in the Control Signal Generation sub-library, and it con-

tains:
[ ]

2 level half bridge resonance converter

2 level full bridge resonance converter

2 level three phase resonance converter

3 level half bridge resonance converter

3 level full bridge resonance converter

3 level three phase resonance converter

Single phase to single phase cycloconverter

Single phase to single phase cycloconverter with sinusoidal variation of firing angle
Three phase to single phase half wave cycloconverter
Three phase to three phase half wave cycloconverter
Matrix converter with SVPWM control

Matrix converter with Venturini control

Three phase T-Type inverter

Vienna rectifier

tprc: three phase resonance converter

Library: Power System Modeling Language: VHDL- ||Version Number: Twin
VHDLAMS AMS Builder 2024.2
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Figure 1. Component symbol

* Description

* Assumptions and Limitations
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* Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The tprc represents the behavior of a three phase resonant converter.
Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description|| Nature/Data type
p Electrical port p electrical
n Electrical port n electrical
a Electrical port a electrical
b Electrical port b electrical
c Electrical port c electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top

Converter 1-2
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Twin Builder Components
Table 2
Default
Name Description Data Type Value
[Unit]
sw_vi igbt/mosfet forward voltage 0.8 [V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb . resistance
istance [Ohm]
igbt/mosfet reverse res- . 100.0e3
sw_rr . resistance
- istance [Ohm]
sw_isat igbt/mosfet saturation current 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage | 35.0e-3[V]
voltage
diode_vf diode forward voltage voltage 0.8[V]
diode rb diode bulk resistance resistance 1.0e-3
[Ohm]
. diode reverse res- . 100.0e3
diode_rr . resistance
- istance [Ohm]
diode_isat | diode saturation cur- current | 1.0e-12 [A]
rent
diode_wvt diode thermal voltage voltage 35.0e-3 [V]
V0 capacitance initial voltage 0.0[V]
voltage
c_use_v0 use initial capacitance Boolean false
voltage or not
Input/Output Quantities
Table 3
Name Description [Unit] Direction | Data Type
c_val capacitance value Input capacitance
ctri11 control input signal 11 Input real
ctrli12 control input signal 12 input real
ctri21 control input signal 21 Input real
ctrl22 control input signal 22 input real
ctri31 control input signal 31 Input real
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ctri32 control input signal 32 input real
. current measurement at
i11 ) output current
phase A upper side
Vi1 voltage measurement at outout voltage
phase A upper side P 9
. current measurement at
i12 ) output current
phase A lower side
voltage measurement at
vi2 phase A lower side output voltage
. current measurement at
i21 : output current
phase B upper side
voltage measurement at
v21 phase B upper side output voltage
. current measurement at
i22 . output current
phase B lower side
voltage measurement at
v22 phase B lower side output voltage
. current measurement at
i31 : output current
phase C upper side
voltage measurement at
v31 phase C upper side output voltage
. current measurement at
i32 . output current
phase C lower side
voltage measurement at
v32 phase C lower side output voltage
Top
Example

Three Phase Resonant Converter Example

tprc3: 3 level three phase resonance converter

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The tprc3 represents the behavior of a three level three phase resonant converter.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
Netlist Syntax
Top
Conservative Pins

Top
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Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
n Electrical port n electrical
a Electrical port a electrical
b Electrical port b electrical
c Electrical port ¢ electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.

Parameters
Top
Table 2
Default
Name Description Data Type Value
[Unit]
sw_vf igbt/mosfet forward voltage 0.8 [V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb . resistance
istance [Ohm]
igbt/mosfet reverse . 100.0e3
sw_rr . resistance
- resistance [Ohm]
sw_isat \gbt/mosfet saturation current 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3 V]
voltage
diode_vf diode forward voltage | voltage 0.8 [V]
diode_rb diode bulk resistance | resistance 1.0e-3
- [Ohm]
: diode reverse res- . 100.0e3
diode rr ) resistance
istance [Ohm]
diode_isat fe';‘r’]‘fe saturationcur- | o\ ent 1.0e-12 [A]
diode vt diode thermal voltage | voltage 35.0e-3[V]
c_front_vO front capacitance ini- voltage 0.0[V]
tial voltage
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c use front use initial voltage or
Vo — n_ot for front capa- Boolean false
citance
c V0 Sift’ggga”“e initial voltage 0.0[V]
c_use_Vv0 Sgﬁggiéiilrzaoqacitance Boolean false
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
c_val capacitance value. Input capacitance
\c/:g;‘ront_ front capacitance value. Input capacitance
ctrl1 control input signal 1 Input real
ctrl2 control input signal 2 input real
ctrl3 control input signal 3 Input real
ctrl4 control input signal 4 input real
ctrl5 control input signal 5 Input real
ctrl6 control input signal 6 input real
ctrl7 control input signal 7 Input real
ctrl8 control input signal 8 input real
ctrl9 control input signal 9 Input real
ctrl10 control input signal 10 input real
ctrl11 control input signal 11 Input real
ctrl12 control input signal 12 input real
Top
Example

Three Level Three Phase Resonant Converter Example

fbrc: Full bridge resonance converter

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2
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* Description

» Assumptions and Limitations

* Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The fbrc represents the behavior of a single phase full bridge resonant converter.
Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
p_1 Electrical portp_1 electrical
n_1 Electrical port n_1 electrical
p_2 Electrical portp 2 electrical
n_2 Electrical portn_2 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.

Parameters
Top
Table 2
- Default
Name Description Data Type Value [Unit]
sw_vf igbt/mosfet forward voltage 0.8 [V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb . resistance
- istance [Ohm]
igbt/mosfet reverse res- . 100.0e3
sSw_Ir . resistance
- istance [Ohm]
sw_isat | govmosfetsaturation | ooy 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3[V]
voltage
diode vf diode forward voltage voltage 0.8[V]
diode rb diode bulk resistance resistance 1.0e-3
[Ohm]
diode_rr diode reverse resistance | resistance 100.0e3
- [Ohm]
diode_isat | diode saturation current | current 1.0e-12 [A]
diode_wvt diode thermal voltage voltage 35.0e-3[V]
V0 capacitance initial voltage 0.0[V]
voltage
¢ use V0 use initial capacitance Boolean false
voltage or not
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
c_val capacitance value. Input capacitance
ctrl11 control input signal 11 Input real
ctri12 control input signal 12 input real
ctrli21 control input signal 21 input real
ctrli22 control input signal 22 input real
. current measurement at
i11 ; . output current
first phase leg upper side
Vi1 voltage measurement at outout voltage
first phase leg upper side P 9
. current measurement at
i12 ; . output current
first phase leg lower side
v12 voltage measurement at outout voltage
first phase leg lower side P 9
current measurement at
i21 second phase leg upper output current
side
voltage measurement at
v21 second phase leg upper output voltage
side
current measurement at
i22 second phase leg lower output current
side
voltage measurement at
v22 second phase leg lower output voltage
side
Top
Example

Full Bridge Resonant Converter Example

fbrc3: 3 level full bridge resonance converter

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The fbre3 represents the behavior of a single phase 3 level full bridge resonant converter.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
Netlist Syntax
Top
Conservative Pins

Top
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Table 1

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

Name Port/Terminal description | Nature/Data type
p_1 Electrical portp_1 electrical
n_1 Electrical portn_1 electrical
p_2 Electrical portp 2 electrical
n 2 Electrical portn_2 electrical

generating an error.

Parameters
Top
Table 2
Default
Name Description Data Type Value
[Unit]
sw_vf igbt/mosfet forward voltage 0.8 [V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb . resistance
istance [Ohm]
igbt/mosfet reverse . 100.0e3
sw_rr . resistance
- resistance [Ohm]
sw_isat \gbt/mosfet saturation current 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3 V]
voltage
diode_vf diode forward voltage | voltage 0.8 [V]
diode_rb diode bulk resistance | resistance 1.0e-3
- [Ohm]
: diode reverse res- . 100.0e3
diode rr ) resistance
istance [Ohm]
diode_isat fe';‘r’]‘fe saturationcur- | o\ ent 1.0e-12 [A]
diode vt diode thermal voltage | voltage 35.0e-3[V]
c_front_vO front capacitance ini- voltage 0.0[V]
tial voltage
c use front use initial voltage or
vo — | not for the front capa- | Boolean false
citance
V0 capacitance initial voltage 0.0[V]
voltage
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c_use_v0 Siﬁ;;iéizlrcnaoriacitance Boolean false
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
c_val capacitance value. Input capacitance
Sgrront_ front capacitance value Input capacitance
ctrl1 control input signal 1 Input real
ctri2 control input signal 2 input real
ctrl3 control input signal 3 Input real
ctrl4 control input signal 4 input real
ctrl5 control input signal 5 Input real
ctrl6 control input signal 6 input real
ctrl7 control input signal 7 Input real
ctri8 control input signal 8 input real
Top
Example
Three Level Full Bridge Resonant Converter Example
hbrc: Half bridge resonance converter
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

Converter 1-13
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

L

I

Ez&

i

AL

o !

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The hbrc represents the behavior of a single phase half bridge resonant converter.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
Netlist Syntax
Top
Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
p_1 Electrical portp_1 electrical
n_1 Electrical portn_1 electrical
p_2 Electrical portp 2 electrical
n 2 Electrical portn_2 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.

Parameters
Top
Table 2
- Default
Name Description Data Type Value [Unit]
sw_vi igbt/mosfet forward voltage 0.8 [V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb . resistance
istance [Ohm]
igbt/mosfet reverse res- . 100.0e3
sw_rr . resistance
- istance [Ohm]
sw_isat | ovmosfetsaturation | o\ oy 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.0e-3 [V]
voltage
diode_vf diode forward voltage voltage 0.8[V]
diode rb diode bulk resistance resistance 1.0e-3
[Ohm]
diode_rr diode reverse resistance | resistance 100.0e3
- [Ohm]
diode_isat | diode saturation current | current 1.0e-12 [A]
diode vt diode thermal voltage voltage 35.0e-3[V]
c V0 capacitance initial voltage 0.0[V]
voltage
¢ use V0 use initial capacitance Boolean false
voltage or not
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
c_val capacitance value. Input capacitance
ctrl1 control input signal 1 Input real
ctrl2 control input signal 2 input real
. current measurement at
i1 . output current
upper side
voltage measurement at
v1 . output voltage
upper side
. current measurement at
i2 . output current
lower side
v2 voltage_ measurement at output voltage
lower side
Top
Example

Half Bridge Resonant Converter Example

hbrc3: 3 level half bridge resonance converter

Library: Power System

Modeling Language:

Version Number: Twin

VHDLAMS VHDL-AMS Builder 2024.2
) B E
14
T N AT

|
L1
L

Converter 1-16

Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.




Twin Builder Components: Power System VHDLAMS

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description
The hbre3 represents the behavior of a 3 level single phase half bridge resonant converter.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p_1 Electrical portp_1 electrical
n_1 Electrical port n_1 electrical
p_2 Electrical portp_2 electrical
n_2 Electrical portn_2 electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top
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Table 2
Default
Name Description Data Type Value
[Unit]
sw_vf igbt/mosfet forward voltage 0.8 V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb . resistance
istance [Ohm]
igbt/mosfet reverse . 100.0e3
sw_rr . resistance
- resistance [Ohm]
sw_isat igbymosfet saturation | g 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3 [V]
voltage
diode_vf diode forward voltage | voltage 0.8[V]
diode rb diode bulk resistance | resistance 1.0e-3
[Ohm]
: diode reverse res- . 100.0e3
diode _rr . resistance
- istance [Ohm]
diode_isat f:;fe saturationcur- | o, ront 1.0e-12 [A]
diode vt diode thermal voltage | voltage 35.0e-3[V]
c_front_v0 front capacitance ini- voltage 0.0[V]
tial voltage
use initial voltage for
c_use_front )
vo — | front capacitance or Boolean false
not
¢ V0 capacitance initial voltage 0.0[V]
voltage
c use VO use initial capacitance Boolean false
- = voltage or not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
c_val capacitance value. Input capacitance
c_front_ . .
val front capacitance value Input capacitance
ctrl1 control input signal 1 Input real
ctri2 control input signal 2 input real
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ctrl3

control input signal 3

input

real

ctrl4

control input signal 4

input

real

Top

Example

Three Level Half Bridge Resonant Converter Example

cyclo1_1: Single-phase to single-phase cycloconverter

Library: Power System
VHDLAMS

Modeling Language:
VHDL-AMS

Version Number: Twin
Builder 2024.2

* Description

cyclo1_1

out
p[]
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Figure 1. Component symbol

» Assumptions and Limitations

* Mathematical Description

* Netlist Syntax
» Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The cyclo1_1 represents the behavior of a single-phase to single-phase cycloconverter. The
component reduces the frequency of the input voltage and will also reduce the RMS value of the

output.

Top
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Assumptions and Limitations

Top

Output frequency is less than that of the input frequency.

Alpha must be between 0-179.5 degrees.

Divisor must be an integer greater than zero.

Mathematical Description

Top

Netlist Syntax
Top

Conservative Pins

Divisor = frequencyinpu | frequencyoutput

Top
Table 1
Name Port/Terminal description | Nature/Data type
pin Electrical port pin electrical
nin Electrical port nin electrical
pout Electrical port pout electrical
nout Electrical port nout electrical
Parameters
Top
Table 2
Name Description Data Default .
Type Value [Unit]
freq_in input voltage frequency | real 60.0 [Hz]
divisor fr_eguency conversion real 2.0
divisor
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
alpha firing angle [Degrees] Input real
Top
Example

cyclo1_1sin: Single-phase to single-phase cycloconverter with sinusoidal
variation of firing angle

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
cyclo1_1_sin
pE#t

AAYY

e}
Ds.

L3
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nout
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities

* Example
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Description

The cyclo1_1sin represents the behavior of a single-phase to single-phase cycloconverter. The
firing angle of this model is internally varied sinusoidally to reduce unwanted harmonics. The
component reduces the frequency of the input voltage and will also reduce the RMS value of the

output.

Top

Assumptions and Limitations

Top

Output frequency is less than that of the input frequency.

Alpha_o and alpha_o_o must be between 0-179.5 degrees.

Divisor must be an integer greater than zero.

Mathematical Description

Top

Netlist Syntax
Top

Conservative Pins

Divisor = frequencyinpu / frequencyoutput

Top
Table 1
Name Port/Terminal description | Nature/Data type
pin Electrical port pin electrical
nin Electrical port nin electrical
pout Electrical port pout electrical
nout Electrical port nout electrical
Parameters
Top
Table 2
Name Description Data Default .
Type Value [Unit]
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freq_in input voltage frequency | real 60.0 [Hz]
divisor fr_eguency conversion real 2.0
divisor
starting initial firing angle
2 : 90.0
alpha o o at beginning of sim- real D
ulation [Degrees]
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
alpha_o | initial firing angle [Degrees] Input real
Top
Example

cyclo3_1half: Three-phase to single-phase half-wave cycloconverter

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
cyclo3_1half

VAR VARSE Vas

o [[lolo

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax
 Conservative Pins

* Parameters

* Input/Output Quantities

Figure 1. Component symbol
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* Example
Description

The cyclo3_1half represents the behavior of a three-phase to single-phase cycloconverter. The
component reduces the frequency of the input voltage and will also reduce the RMS value of the
output.

Top

Assumptions and Limitations

Top

Output frequency is less than that of the input frequency.

Divisor must be an integer greater than zero.
Mathematical Description
Top
Divisor = frequencyinpy: / frequencyoutput
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
a Electrical port a electrical
b Electrical portb electrical
c Electrical port ¢ electrical
p Electrical port p electrical
Parameters
Top
Table 2
Name Description Data Default :
Type Value [Unit]
freq_in input voltage frequency | real 60.0 [Hz]
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frequency conversion

divisor real 2.0

divisor

Input/Output Quantities
Top

Example
cyclo3_3half: Three-phase to three-phase half-wave cycloconverter

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
cyclo3_3half
aout
—F]
%? _
on [ L
ByL

Lu T

cout
Bl

G

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

e Parameters
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* Input/Output Quantities
* Example
Description

The cyclo3_3half represents the behavior of a three-phase to three-phase half-wave cyc-
loconverter. The component reduces the frequency of the input voltage and will also reduce the
RMS value of the output.

Top
Assumptions and Limitations
Top
Output frequency is less than that of the input frequency.
Divisor must be an integer greater than zero.
Mathematical Description
Top
Divisor = frequencyinpu: / frequencyoutput
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
ain Electrical port ain electrical
bin Electrical port bin electrical
cin Electrical port cin electrical
aout Electrical port aout electrical
bout Electrical port bout electrical
cout Electrical port cout electrical
Parameters
Top
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Table 2
Name Description Data Default
P Type Value [Unit]
freq_in input voltage frequency real 60.0 [HZz]
divisor frgguency conversion real 2.0
divisor

Input/Output Quantities
Top
Example

matrix_svpwm: Three-phase matrix converter with direct space vector con-
trol

Library: Power System Modeling Language: Version Number: Twin Builder
VHDLAMS VHDL-AMS 2024.2

matrix_svpwm

Terersles
el

ou
4
out
4

cout
4
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
» Conservative Pins
* Parameters
* Input/Output Quantities
* Example
* References
Description

The matrix_svpwm represents the behavior of a three-phase matrix converter. The control sig-
nals are generated through the direct space vector method as described in the references and
are internally generated.

Top

Assumptions and Limitations

Output voltage amplitude cannot exceed input amplitude.
Top

Mathematical Description

Top
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
ain Electrical port ain electrical
bin Electrical port bin electrical
cin Electrical port cin electrical
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aout Electrical port aout electrical
bout Electrical port bout electrical
cout Electrical port cout electrical
Parameters
Top
Table 2
Name Description Data Type Defgult Value
[Unit]
sw_vf igbt/mosfet forward voltage 0.8[V]
voltage
sw_rb !gbt/mosfet bulk res- resistance 1.0e-3 [Ohm]
istance
SW_IT igbt/mosfetreverse res- | | oionce 100.0e3 [Ohm]
istance
sw_isat | 'gpUmosfetsaturation 1 o, oy 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3 [V]
voltage
diode vf diode forward voltage voltage 0.8[V]
diode_rb diode bulk resistance resistance 1.0e-3[Ohm]
diode_rr diode reverse resistance | resistance 100.0e3 [Ohm]
diode_isat | diode saturation current | current 1.0e-12 [A]
diode vt diode thermal voltage voltage 35.0e-3 [V]
v_in_ _phase reference of the real 0.0 [Degrees]
phase input voltage
v_out_ phase reference of the real 0.0 [Degrees]
phase output voltage
phi i phase difference of input real 0.0 [Radians]
voltage and current
sw_freq switching frequency real 0.0[HZz]
dead_time fjead time of the switch- real 0.0 s]
ing elements
Converter 1-29

Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.




Twin Builder Components: Power System VHDLAMS

Input/Output Quantities
Table 3

Name Description [Unit] Direction Data Type
v_in_amplitude input voltage amplitude [V] | Input real
v_in_freq |[r|1|pzl]1t voltage frequency Input real
v_out_amp E)Vu]tput voltage amplitude input real
v_out_freq FI—LIJ;F])UJ[ voltage frequency input real

Top

Example

[1]1J. Vadillo, J.M. Echeverria, L. Fontan, M. Martinez-lturralde and I. Elosegui, “Modeling and
Simulation of a Direct Space Vector Modulated Matrix Converter using different Switching
Strategies,” IEEE Xplore, 29-Jul-2011. [Online]. Available: http://iee-
explore.ieee.org/stamp/stamp.jsp?arnumber=5986703. [Accessed: 14-Jul-2008].

[2] J. Rodriguez, M. Rivera, J. W. Kholar, and P. W. Wheeler, “A Review of Control and Mod-
ulation Methods for Matrix Converter,” IEEE Xplore, 04-Oct-2011. [Online]. Available: http://iee-
explore.ieee.org/stamp/stamp.jsp?arnumber=5986703. [Accessed: 14-Jul-2017].

[3] P. W. Wheeler, J. Rodriguez, J. C. Clare, L. Empringham, and Alejandro Weinstein, “Matrix
Converters: A Technology Review,” IEEE Xplore, 2002. [Online]. Available: http://iee-
explore.ieee.org/document/993260/. [Accessed: 14-Jul-2008].

matrix_venturini: Three-phase matrix converter with venturini control

Library: Power System Modeling Language: Version Number: Twin Builder
VHDLAMS VHDL-AMS 2024.2
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matrix_venturini
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example

» References
Description

The matrix_venturini represents the behavior of a three-phase matrix converter. The control
signals are generated through the venturini method as described in the references and are
internally generated.
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Top

Assumptions and Limitations

When using nothird architecture, trans_ratio cannot exceed 0.5.
When using thirdharm architecture, trans_ratio cannot exceed 0.86.
Top

Mathematical Description

trans_ratio = Output Voltage Amplitude/Input Voltage Amplitude

Top
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
ain Electrical port ain electrical
bin Electrical port bin electrical
cin Electrical port cin electrical
aout Electrical port aout electrical
bout Electrical port bout electrical
cout Electrical port cout electrical
Parameters
Top
Table 2
Name Description Data Type I[szer:ﬁ]u ItValue
sw_vf i?obltt’arggs‘cet forward voltage 0.8[V]
sw_rb :gtt; térggsfet bulk res- resistance 1.0e-3 [Ohm]
SW_IT igbt/mosfet reverse res- | resistance 100.0e3 [Ohm]
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istance
sw_isat Igbt/mosfet saturation current 1.0e-12[A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3[V]
voltage
diode_vf diode forward voltage voltage 0.8[V]
diode_rb diode bulk resistance resistance 1.0e-3[Ohm]
diode_rr diode reverse resistance | resistance 100.0e3 [Ohm]
diode_isat | diode saturation current | current 1.0e-12 [A]
diode_vt diode thermal voltage voltage 35.0e-3 [V]
phase__ phase reference of the
shift output voltage real 0.0 [Degrees]
freq_sw switching frequency real 0.0 [HZz]
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
trans_ratio transfer ratio Input real
freq_in input voltage frequency Input real
[HZ]
freq_out output voltage frequency input real
[Hz]
vV_in_amp input voltage amplitude [V] | input real
Top
Example

[1]J. Rodriguez, M. Rivera, J. W. Kholar, and P. W. Wheeler, “A Review of Control and Mod-
ulation Methods for Matrix Converter,” IEEE Xplore, 04-Oct-2011. [Online]. Available: http://iee-
explore.ieee.org/stamp/stamp.jsp?arnumber=5986703. [Accessed: 14-Jul-2017].

[2] P. W. Wheeler, J. Rodriguez, J. C. Clare, L. Empringham, and Alejandro Weinstein, “Matrix
Converters: A Technology Review,” IEEE Xplore, 2002. [Online]. Available: http://iee-
explore.ieee.org/document/993260/. [Accessed: 14-Jul-2008].

[3] H. Karaca, and R. Akkaya, “Control of Venturini Method Based Matrix Converter in Input
Voltage Variations,” IENG, 2009. [Online]. Available: http://www.i-
aeng.org/publication/IMECS2009/IMECS2009 pp1412-1416.pdf. [Accessed: 14-Jul-2008].

ttype: Three-phase three-level T-Type inverter

Library: Power System Modeling Language: Version Number: Twin
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VHDLAMS VHDL-AMS Builder 2024.2
ftype
T A
L CALA]
= — L [ L
% :
d =
&—m — 18

[ KBRS

Figure 1. Component symbol

=

* Description

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The ttype represents the behavior of a three-phase, three-level, T-Type inverter.
Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
n Electrical port n electrical
g Electrical port g electrical
a Electrical port a electrical
b Electrical portb electrical
c Electrical port ¢ electrical
Parameters
Top
Table 2
. Default
Name Description Data Type Value [Uni]
sw_vf igbt/mosfet forward voltage 0.8 [V]
voltage
igbt/mosfet bulk res- . 1.0e-3
sw_rb : resistance
- istance [Ohm]
igbt/mosfet reverse res- . 100.0e3
SwW_Ir . resistance
istance [Ohm]
sw_isat igbt/mosfet saturation current 1.0e-12 [A]
current
sw._vt igbt/mosfet thermal voltage 35.06-3[V]
voltage
diode vf diode forward voltage voltage 0.8[V]
diode rb diode bulk resistance resistance 1.0e-3
[Ohm]
diode_rr diode reverse resistance | resistance 100.0e3
- [Ohm]
diode_isat | diode saturation current | current 1.0e-12 [A]
diode_wvt diode thermal voltage voltage 35.0e-3[V]
V0 capacitance initial voltage 0.0[V]
voltage
c_use v0 | use initial capacitance Boolean false
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voltage or not

Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
c_val capacitance value [F] Input capacitance
ctrl1 control input signal 1 Input real
ctrl2 control input signal 2 input real
ctrl3 control input signal 3 input real
ctrl4 control input signal 4 input real
ctrl5 control input signal 5 input real
ctrlé control input signal 6 input real
ctrl7 control input signal 7 input real
ctrl8 control input signal 8 input real
ctrl9 control input signal 9 input real
ctri10 control input signal 10 input real
ctrl11 control input signal 11 input real
ctri12 control input signal 12 input real
Top
Example

vienna: Fully-controlled three-phase vienna rectifier

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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Figure 1. Component symbol

0=

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

The vienna represents the behavior of a three-phase vienna inverter. Gating signals for the
switching elements are generated internally.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
n Electrical portn electrical
g Electrical port g electrical
a Electrical port a electrical
b Electrical port b electrical
c Electrical port c electrical
Parameters
Top
Table 2
Name Description Data Type Defgult Value
[Unit]
sw_vi igbt/mosfet forward voltage 0.8[V]
voltage
sw_rb igbtmosfet bulk res- resistance | 1.0e-3 [Ohm]
istance
igbt/mosfet reverse res- : 100.0e3
sw_rr : resistance
- istance [Ohm]
sw_isat igbt/mosfet saturation current 1.0e-12 [A]
current
sw_vt igbt/mosfet thermal voltage 35.06-3 [V]
voltage
diode_vf diode forward voltage voltage 0.8[V]
diode_rb diode bulk resistance resistance 1.0e-3[Ohm]
diode_rr diode reverse resistance | resistance 100.0e3
- [Ohm]
diode_isat | diode saturation current | current 1.0e-12 [A]
diode_vt diode thermal voltage voltage 35.0e-3 [V]
c_v0 capacitance initial voltage 0.0[V]
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voltage
c_use V0 use initial capacitance Boolean false
voltage or not
c val capacitance value [F] Input capacitance
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
modu_ind_ref modulation index reference Input real

Phase of PWM reference signal
freq_in [Hz], should be the same as fre- Input real
quency of AC source voltage

Phase of PWM reference signal
phase_ref [degree], should be the same as Input real
phase of AC source voltage

sw_freq Frequency of PWM carrier [HZ] Input real
dead_time Switching deadtime [s] Input real
Top
Example

[11J. W. Kolar and F. C. Zach, “A Novel Three-Phase Ulility Interface Minimizing Line Current
Harmonics of High-Power Telecommunications Rectifier Modules,” IEEE Xplore, 06-Aug-2002.

[Online]. Available: http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=396642. [Accessed:
29-Jun-2017].

[2] J. W. Kolar, H. Sree, U. Drofenik, N. Mohan, and F. C. Zach, “A Novel Three-Phase Three-
Switch Three-Level High Power Factor SEPIC-Type AC-to-DC Converter,” IEEE Xplore.
[Online]. Available: http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=575655. [Accessed:
29-Jun-2017].

[3] H. Vahedi, P.-A. Labbé, and K. Al-Haddad, “Single-Phase Single-Switch Vienna Rectifier as
Electric Vehicle PFC Battery Charger,” IEEE Xplore, 17-Dec-2015. [Online]. Available: http://iee-
explore.ieee.org/document/7353019/. [Accessed: 29-Jun-2017].
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EMI EMC

The EMI EMC sub-library consists of Frequency Dependent Elements, impedance stabilization
networks and line impedance stabilization networks components for power systems, and it con-
tains:

Frequency dependent elements

Impedance stabilization networks

Line impedance stabilization networks
¢ Three phase line impedance stabilization network
Frequency Dependent Elements

The Frequency Dependent Elements consists of frequency dependent RLC with typical topology
for power systems and it contains:

* Frequency dependent resistance
* Frequency dependentinductance

* Frequency dependent capacitance

c_freq: Frequency dependent capacitance

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
g [ - —
O ® ®
c o
ST 1T
p m
B I—B
> =

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities

* Example
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Description

The c_freq represents the behavior of a simplified version of the non-ideal capacitor with a
series connected lead inductance and resistance.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
m Electrical port m electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top
Table 2

Default

Name Description Data Type Value [Unit]

initial voltage on the nom-

v_norm0 . . voltage 0.0[V]
inal capacitance
i par0 |r?|j[|all current on the para- current 0.0[A]
sitic inductance
- use the initial values or
use_initial Boolean true

not
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
parasitic series inductance
L_par value, default value is 6.0e- | Input inductance
8 [H]
parasitic series resistance
R_par value, default value is 1.0e- | Input resistance
2 [Ohm]
C norm nominal capacitance value, Inout capacitance
- default value is 1.0e-6 [F] P P
V voltage measurement output voltage
I current measurement output current
Top
Example
Frequency Dependent Elements Example
I_freq: Frequency dependent inductance
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
. E o
8 2 8
PN
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins

* Parameters
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* Input/Output Quantities
* Example
Description

The I_freq represents a simplified version of the non-ideal inductor with a series connected para-
sitic resistance and a parallel connected parasitic capacitance between turns of wire in the wind-
ings.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
m Electrical port m electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
_ Default
Name Description Data Type Value [Unit]
v_par0 |r?|fual voltage on the para- voltage 0.0 [V]
sitic capacitance
i_normO |n|t|al'curr.ent on the current 0.0[A]
norminal inductance
— use the initial values or
use_initial not Boolean true
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
L norm nominal inductance value, Inout inductance
— default value is 1.26-6 [H] P
parasitic series resistance
R_par value, default value is 1.0e- | Input resistance
3 [Ohm]
parasitic capacitance
C _par value, default value is 1.0e- | Input capacitance
9 [F]
V voltage measurement output voltage
I current measurement output current
Top
Example
Frequency Dependent Elements Example Example
r_freq: Frequency dependent resistance
Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax

» Conservative Pins
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* Parameters

* Input/Output Quantities
* Example

Description

The r_freq represents the simplified version of the frequency dependent resistor with equivalent
series inductance (ESL) and parasitic shunt capacitance. The parasitic shunt capacitance is a
parallel combination of the lead capacitance and the stray leakage capacitance.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Table 1
Name Port/Terminal description | Nature/Data type
p Electrical port p electrical
m Electrical port m electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type \?:rjgl[tumt]
v_par0 initial voltage on the para- voltage 0.0[V]

sitic capacitance

initial current on the para-
sitic inductance

i_parO current 0.0[A]

use_initial | use the initial values or Boolean true

EMIEMC 1-6
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
equivalent series induct-
L_lead ance value, default value is | Input inductance
1.0e-6 [H]
nominal resistance value,
R_norm | default value is 1.0e3 Input resistance
[Ohm]
parasitic capacitance
C_par value, default value is 1.0e- | Input capacitance
9[F]
\ voltage measurement output voltage
I current measurement output current
Top
Example

Frequency Dependent Elements Example

lisn_3phase: Three Phase Line Impedance Stabilization Networks

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
g
[e el ToTele
ps_a eut_a
T -
=Pl LISN et
ps_c 3 Phase |euc
e ]

devic@_g@d% %receiv r_gnd
L[ O]

Vv_emi_receiver

v_emi_receive
V_emi_receiver
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
» Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The lisn_3phase represents the 3 phase LISN following the reference paper, Figure 1, with 50
Ohm loads included on the measurement. The EMI receiver voltage is provided instead of a
measurement port. The equivalent circuit for this model is shown below.

| 230uH 30uH J

ps a <\ — o o Q eut
230uH S0uH j

ps_b — s oaAS <> eut |
230uH g0uH :I

5 C — e o oW i . eut
p_ <> I - Ll <> -

AUF - 4UF - 4UF & BUF - BUF— BUF-  0.25uF +-0.25uF--0.25uF -

- L]
=

100hm’= Sohm = Sohm= Sohm

Y
¥

WA

10chm = 10chm 500hm = 50chm ﬁftrohrn'z

L]
=
=

W
W

device_gnd :| \> recol
O lisn_3phaz
@reference

M. L. Heldwein, J. Biela, H. Ertl, T. Nussbaumer and J.W. Kolar, "Novel Three-Phase CM/DM
Conducted Emission Separator", IEEE Transactions on Industrial Electronics, ol. 56, No. 9,
P3693-3703.

Top
Assumptions and Limitations

Top

EMIEMC 1-8
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Name Port/Terminal description Nature/Data
type
PS A Electrical port connects to power clectrical
- source phase A
PS B Electrical port connects to power clectrical
- source phase B
PS C Electrical port connects to power clectrical
source phase C
EUT A Electrical port connects to equip- clectrical
- ment under test phase A
EUT B Electrical port connects to equip- clectrical
- ment under test phase B
EUT C Electrical port connects to equip- clectrical
- ment under test phase C
Receiver_GND Elecfmcal port connects to electrical
receiver ground
Device GND Electrical port connects to device clectrical
ground

Top

Note: Terminal set to No Action when unconnected. Terminal may remain uncon-
nected without generating an error.

Parameters
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
Current meas-
I_PS_A urement of power Out current
source side phase A
| PS B Current meas- Out current
EMIEMC 1-9
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urement of power
source side phase B

| PS_C

Current meas-
urement of power
source side phase C

Out

current

| EUT_A

Current meas-
urement of equip-
ment under test side
phase A

Out

current

| EUT B

Current meas-
urement of equip-
ment under test side
phase B

Out

current

| EUT_C

Current meas-
urement of equip-
ment under test side
phase C

Out

current

V_EMI_
Receiver_A

Voltage meas-
urement of EMI
receiver phase A

Out

voltage

V_EMI_
Receiver_B

Voltage meas-
urement of EMI
receiver phase B

Out

voltage

V_EMI_
Receiver C

Voltage meas-
urement of EMI
receiver phase C

Out

voltage

Top
Example

Top

Impedance Stabilization Networks

The ISN sub-library represents the impedance stabilization networks defined by standard
CISPR22 Annex D1-D7 (version 2006), all the parameters and settings are followed the values

given by the standard. It contains the components listed below.

ISN_CISPR22D1: This model represents the ISN for use with unscreened single bal-
anced pairs, defined by standard CISPR22 Annex D1 (version 2006). A Zcat connects to
the EUT_N may needed to represents the unbalance network and the LCL may need to
be adjusted to the value specified to the Standard. The equivalent circuit for this model is

shown below.

EMIEMC 1-10
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eut p e - S — /\/_ ae p
— M —_
L
eut_n <’ y | - T VAN ae n
e of  T38mH — -
ATUE]  ATuFT
2Dr:k}hm§ EDDGhmé
EBmHg 38mH 3
Rx %
S0ohm %
recerver_gnd / ISN_CISPR22D1

Ry

ISN_CISPR22D2: This model represents the ISN with high longitudinal conversion loss
(LCL)for use with either one or two unscreened balanced pairs, defined by standard
CISPR 22 Annex D2 (version 2006). Zcats connect to the EUT_Pair1_N and/or EUT _
Pair2_N may be needed to represents the unbalance network and the LCL may need to
be adjusted to the values specified to the Standard. The equivalent circuit for this model
is shown below.

EMIEMC 1-11
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eut_pair2_p /™, L i 4MH JAmH i /Y ae_pai_p
eut_pair2_n, :’x . E _.m'iil'de _1'4mH..~m_ j . <:/~\ ae_pair2_p
eut_pair1_p,’t E -W1.4mH 1'4"-'H_r--n '::. ae_pairl_p
eut_pairi_n /™, . L ,_.-m1.‘4mH . 1 .1‘4"-"'.[#.-1. _] _/ ae_pairl_n
B DeF LemFleamF LeaF |
SN WAy A1
‘1.4mH ‘ 3900hm . 3900hm .
RCS RS 33 i
50chm | 10000hm 1*3.1mH  [&3mH [*31mH  {3.1mH
|| .
receiver_gnd <:’ . device_gnd ISN_CISPR22D2

ISN_CISPR22D3: This model represents the ISN with high longitudinal conversion loss
(LCL)for use with either one, two, three, or four unscreened balanced pairs, defined by
standard CISPR 22 Annex D3 (version 2006). Zcats connect to the EUT_Pair1_N, EUT_
Pair2_N, EUT_Pair3_N and/or EUT_Pair4_N may be needed to represents the unbal-
ance network and the LCL may need to be adjusted to the values specified to the Stand-
ard. The equivalent circuit for this model is shown below.
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ISN_CISPR22D4: This model represents the ISN, including a 50 Ohm source matching
network at the voltage measuring port, for use with two unscreened balanced pairs,
defined by standard CISPR 22 Annex D4 (version 2006). Zcats connect to the EUT _
Pair1_N and/or EUT_Pair2_N may be needed to represents the unbalance network and
the LCL may need to be adjusted to the values specified to the Standard. This ISN must
not be used to measure common mode disturbances on unscreened pair cables con-
nected to telecommunication ports that employ only one active unscreened balanced
pair. The equivalent circuit for this model is shown below.
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ISMN_CISPR22D4

ISN_CISPR22D5: This model represents the ISN for use with two unscreened balanced
pairs, defined by standard CISPR 22 Annex D5 (version 2006). Zcats connect to the
EUT_Pair1_N and/or EUT_Pair2_N may be needed to represents the unbalance net-
work and the LCL may need to be adjusted to the values specified to the Standard. This
ISN must not be used to measure common mode disturbances on unscreened pair
cables connected to telecommunication ports that employ only one active unscreened
balanced pair. The equivalent circuit for this model is shown below.
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ISN_CISPR22D6: This model represents the ISN, including a 50 Ohm source matching
network at the voltage measuring port, for use with four unscreened balanced pairs,
defined by standard CISPR 22 Annex D6 (version 2006). Zcats connect to the EUT _
Pair1_N, EUT_Pair2_N, EUT_Pair3_N and/or EUT_Pair4_N may be needed to rep-
resents the unbalance network and the LCL may need to be adjusted to the values spe-
cified to the Standard. This ISN must not be used to measure common mode
disturbances on unscreened pair cables connected to telecommunication ports that
employ only one active unscreened balanced pair. The equivalent circuit for this model
is shown below.
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ISN_CISPR22D7: This model represents the ISN for use with four unscreened balanced
pairs, defined by standard CISPR 22 Annex D7 (version 2006). Zcats connect to the
EUT_Pair1_N, EUT_Pair2_N, EUT_Pair3_N and/or EUT_Pair4_N may be needed to
represents the unbalance network and the LCL may need to be adjusted to the values
specified to the Standard. This ISN must not be used to measure common mode dis-
turbances on unscreened pair cables connected to telecommunication ports that employ

only one active unscreened balanced pair. The equivalent circuit for this model is shown

below.
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Line Impedance Stabilization Networks

The LISN sub-library represents the line impedance stabilization networks defined by different
standards, all the parameters and settings are followed the values given by the standards. It con-
tains the components listed below.

LISN_CISPR15: This model represents the 50 Ohm, 50 uH + 5 Ohm LISN circuit ori-
ginated with VDE conducted emissions testing. It is also the LISN required for CISPR 15
testing of Luminaries. Compare to CISPR 16, it includes additional inductors and capa-
citors for filtering and has an operating frequency of 9 kHz - 30 MHz. The equivalent cir-
cuit for this model is shown below.
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LISN_CISPR16: This model represents the 50 Ohm, 50 uH LISN circuit defined in
CISPR 16-1-2. 2006. The equivalent circuit for this model is shown below.
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LISN_CISPR25: This model represents the LISN for use with frequency range from 0.1
MHz to 100 MHz, defined by standard CISPR-25 E.2, version 2008, with a 50 Ohm load
included on the measurement. The EMI receiver voltage is provided instead of a meas-
urement port. The equivalent circuit for this model is shown below.
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#
#

10000hm % 500hn%

LISN_CISPR25

LISN_DO160F: This model represents the LISN for use with frequency range from 10
KHz to 400 MHz, defined by standard RTCA DO-160F. The equivalent circuit for this
model is shown below.
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LISN_MILSTD461F: This model represents the LISN for use with frequency range from
10 KHz to 10 MHz, defined by standard MIL-STD 461F Annex A-2. The equivalent circuit
for this model is shown below.
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Transformer

The Transformer sublibrary consists of non-ideal linear transformer and topology for power sys-
tems, and it contains:

Linear non-ideal primary winding

Linear non-ideal secondary winding

Linear non-ideal transformer with Delta-Delta connection

Linear non-ideal transformer with Wye-Wye connection

Linear non-ideal transformer with Wye-Delta connection, lag 30 degree
Linear non-ideal transformer with Wye-Delta connection, lead 30 degree
Linear non-ideal transformer with Delta-Wye connection, lag 30 degree
Linear non-ideal transformer with Delta-Wye connection, lead 30 degree
Linear non-ideal transformer with Delta-Delta-Wye connection, lag 30 degree
Linear non-ideal transformer with Delta-Delta-Wye connection, lead 30 degree
Linear non-ideal transformer with Wye-Delta-Wye connection, lag 30 degree

Linear non-ideal transformer with Wye-Delta-Wye connection, lead 30 degree

pwinding: Linear non-ideal primary winding

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

= h_winding
a_e ®

Figure 1. Component symbol

* Description

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

* Conservative Pins

» Parameters

* Input/Output Quantities
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* Example
Description

The pwinding represents the behavior of a linear non-ideal primary winding with consideration
of winding leakage and core magnetization based on proper parameterized equivalent electrical
components on the electrical winding.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
ae Electrical porta_e electrical
b e Electrical portb_e electrical
am Magnetic porta_m magnetic
b m Magnetic portb_m magnetic

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
- Default
Name Description Data Type Value [Unit]
flux0 Initial flux. real 0.0 [Wb]
il_0 !nltlal current for leakage current 0.0[A]
inductance
im 0 |n|t|_al c_urre_nt for mag- current 0.0[A]
netization inductance
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use_i0 use the initial values or Boolean false
not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
rl Leakage resistance [Ohm] input resistance
Il Leakage inductance [H] input inductance
Fm magnetization resistance inout resistance
[Ohm] P
| magnetization inductance . :
- m [H] input inductance
ir;@wmd- Number of winding turns. Input Real
Top
Example

Simple Transformer Example

swinding: Linear non-ideal secondary winding

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2

n_winding
® a_e

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax

* Conservative Pins
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* Parameters

* Input/Output Quantities
* Example

Description

The swinding represents the behavior of a linear non-ideal secondary winding with con-
sideration of winding leakage.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
ae Electrical porta_e electrical
b e Electrical portb_e electrical
am Magnetic porta_m magnetic
b m Magnetic portb_m magnetic

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type BETSSIEUnit]
flux0 Initial flux. real 0.0 [Whb]
il_0 :zidtﬁcl;t(;unr(l;zntfor leakage current 0.0[A]
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use_i0 use the initial values or Boolean false
not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_l Leakage resistance [Ohm] | input resistance
Il Leakage inductance [H] input inductance
ir;]_gwind- Number of winding turns. Input Real
Top
Example

Simple Transformer Example

transformer_dd: Linear non-ideal transformer with Delta-Delta connection

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
oty gy
ap a_s
5 —&
& —a
c_p c_s
AE

[oRNN))
=a3m Epfp
- c

z 5
Figure 1. Component symbol

* Description

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example
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Description

The transformer_dd represents the behavior of a linear non-ideal three phase transformer with
Delta-Delta connection, includes linear winding leakage and linear core magnetization effects.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
a Electrical port a_p, clectrical
P primary side phase A
Electrical port b_p, ,
b_p primary side phase B electrical
c Electrical port c_p, clectrical
P primary side phase C
as Electrical port a_s, sec- clectrical
- ondary side phase A
b s Electrical port b_s, sec- clectrical
- ondary side phase B
cs Electrical port c_s, sec- clectrical
— ondary side phase C

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default .
Type Value [Unit]
flux0 Initial flux real 0.0 [Wb]

Transformer 1-6
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initial current for leakage

ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage

ils 0 inductance on sec- current 0.0[A]

ondary windings
initial current for mag-

im_0 netization inductance current 0.01A]
. use the initial value or
use_i0 not boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r pl i;;l:[l;r:]ireywmdlng leakage res- Input resistance
| pl ﬁ]rérﬂca:tre)]/n\ggldlng leakage Input inductance
r_sl fee;gpadnacrg winding leakage Input resistance
| sl isnedcl?c;gﬁ(r:yewmdlng leakage Input inductance
magnetization resistance . .
rm : - input resistance
for the primary winding
| magnetization inductance ,
- m . o Input inductance
for the primary winding
nw number of winding turns for inout real
—Wp primary windings P
N ws number of winding turns for inout real
- secondary windings P
Top
Example

Transformer Delta Delta Connection Example

transformer_ddy_lag30: Linear non-ideal transformer with Delta-Delta-Wye
connection, lag 30 degree

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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al_s

o

a2_s

B ?23_ .

c_p ﬁs

4 L ?E s
s,

o

£
glgglg EIE,_IE
C c

Figure 1. Component symbol
* Description
* Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example

Description

The transformer_ddy_lag30 represents the behavior of a linear non-ideal three phase trans-
former with Delta as the primary windings connection, two secondary connections with Delta and
Wye connection, includes linear winding leakage and linear core magnetization effects, the sec-
ondary wye voltage lag the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
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Table 1

Name

Port/Terminal description

Nature/Data type

Electrical porta_p,
primary side phase A

electrical

Electrical portb_p,
primary side phase B

electrical

Electrical portc_p,
primary side phase C

electrical

al_ s

Electrical port a1_s, sec-
ondary side Delta con-
nection phase A

electrical

b1 s

Electrical port b1_s, sec-
ondary side Delta con-
nection phase B

electrical

cl s

Electrical port c1_s, sec-
ondary side Delta con-
nection phase C

electrical

a2_s

Electrical port a2_s, sec-
ondary side Wye con-
nection phase A

electrical

b2 s

Electrical port b2_s, sec-
ondary side Wye con-
nection phase B

electrical

c2_s

Electrical port c2_s, sec-
ondary side Wye con-
nection phase C

electrical

n2_s

Electrical port n2_s, sec-
ondary side Wye con-
nection neutral

electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.

Parameters
Top
Table 2
Name Description Data Default
Type Value [Unit]
flux0 Initial flux real 0.0 [Wb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
is 0 initial current for leakage current 0.0 [A]
- inductance on sec- '

Transformer 1-9
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ondary windings
. initial current for mag-
im_0 netization inductance current 0.01A]
. use the initial value or
use_i0 not boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl &T;ig winding leakage res- Input resistance
| pl ip;]rcljrﬂstrgnvc\:/g]dmg leakage Input inductance
r sl fg;gtnadnacrg winding leakage Input resistance
|_sl f:;g?adnacrg winding leakage Input resistance
magnetization resistance . .
rm . o input resistance
for the primary winding
magnetization inductance .
| m . o Input inductance
for the primary winding
nw number of winding turns for inout real
~Wp primary windings P
N ws number of winding turns for inout real
- secondary windings P
Top
Example

Transformer Delta-Delta-Wye Connection Lag Example

transformer_ddy_lead30: Linear non-ideal transformer with Delta-Delta-
Wye connection, lead 30 degree

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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al_s
B s

cT_s

>

a2_s
= b2s
cp AEEES
= L [nZs
—E]
Lead

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The transformer_ddy_lead30 represents the behavior of a linear non-ideal three phase trans-
former with Delta as the primary windings connection, two secondary connections with Delta and
Wye connection, includes linear winding leakage and linear core magnetization effects, the sec-
ondary wye voltage lead the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Conservative Pins

Top
Table 1

Name

Port/Terminal description

Nature/Data type

Electrical porta_p,
primary side phase A

electrical

Electrical portb_p,
primary side phase B

electrical

Electrical port c_p,
primary side phase C

electrical

al s

Electrical port a1_s, sec-
ondary side Delta con-
nection phase A

electrical

b1 s

Electrical port b1_s, sec-
ondary side Delta con-
nection phase B

electrical

cl s

Electrical port c1_s, sec-
ondary side Delta con-
nection phase C

electrical

a2 s

Electrical port a2_s, sec-
ondary side Wye con-
nection phase A

electrical

b2 s

Electrical port b2_s, sec-
ondary side Wye con-
nection phase B

electrical

c2 s

Electrical port c2_s, sec-
ondary side Wye con-
nection phase C

electrical

n2_s

Electrical port n2_s, sec-
ondary side Wye con-
nection neutral

electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type Value [Unit]
flux0 Initial flux real 0.0 [WDb]
: initial current for leakage
ilp_0 inductance on primary current 0.0[Al

Transformer 1-12
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windings

initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
initial current for mag-

im_0 netization inductance current 0.01A]
. use the initial value or
use _i0 ot boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl ipsrtg:gey winding leakage res- Input resistance
| pl i;;]r(ljrlr}gtrgnvg]dlng leakage Input inductance
r sl f:;g?adnacrg winding leakage Input resistance
|_sl f:;g?adnacrg winding leakage Input resistance
magnetization resistance . .
rm : - input resistance
for the primary winding
| magnetization inductance .
m . o Input inductance
for the primary winding
nw number of winding turns for inout real
—Wp primary windings P
N ws number of winding turns for inout real
- secondary windings P
Top
Example

Transformer Delta-Delta-Wye Connection Lead Example

transformer_dy_lag30: Linear non-ideal transformer with Delta-Wye con-
nection, lag 30 degree

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The transformer_dy_lag30 represents the behavior of a step up linear non-ideal three phase
transformer with Delta-Wye connection, includes linear winding leakage and linear core mag-
netization effects, the secondary voltages lag the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
ap Elgctricallport a_p, electrical
- primary side phase A
Electrical portb_p, :
b_p primary sige pha_se B electrical
cp Ellectricallport c_P, electrical
— primary side phase C
as Electrica_l porta_s, sec- clectrical
- ondary side phase A
Electrical portb_s, sec- .
b s . electrical
- ondary side phase B
cs Electrica_l portc_s, sec- clectrical
— ondary side phase C
Electrical port n_s, sec- .
n_s . electrical
- ondary side neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type Value [Unit]
flux0 Initial flux real 0.0 [WDb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
im_0 initial currentformag- | o ont | 0.0[A]
netization inductance
. use the initial value or
use i0 boolean true
not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl primary winding leakage res-| Input resistance
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istance.

| pl primary winding leakage Input inductance
inductance.

r sl seqondary winding leakage Input resistance
resistance.

|_sl seqondary winding leakage Input resistance
resistance.
magnetization resistance . .

r-m : S input resistance
for the primary winding
magnetization inductance .

| m . o Input inductance
for the primary winding
number of winding turns for | .

n_wp . o input real
primary windings
number of winding turns for | .

n_ws - input real
secondary windings

Top
Example

Transformer Delta Wye Connection Lag Example

transformer_dy_lead30: Linear non-ideal transformer with Delta-Wye con-
nection, lead 30 degree

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
Ry TaTly
a@& jgs
L& A )\ o
o NG
c_p :_ _____ Cc_Ss
=h Lead 4;53
45

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins

* Parameters
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* Input/Output Quantities
* Example
Description

The transformer_dy_lead30 represents the behavior of a step up linear non-ideal three phase
transformer with Delta-Wye connection, includes linear winding leakage and linear core mag-
netization effects, the secondary voltages lead the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
a Electrical port a_p, clectrical
P primary side phase A
Electrical portb_p, .
b_p primary side phase B electrical
c Electrical port c_p, clectrical
—P primary side phase C
as Electrical port a_s, sec- clectrical
- ondary side phase A
b s Electrical portb_s, sec- clectrical
- ondary side phase B
cs Electrical port c_s, sec- clectrical
— ondary side phase C
Electrical port n_s, sec- .
n_s . electrical
- ondary side neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top
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Table 2
Name Description Data Default
P Type Value [Unit]
flux0 Initial flux real 0.0 [WDb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
. initial current for mag-
im_0 netization inductance current 0.01A]
. use the initial value or
use_i0 not boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl g?;?}ig winding leakage res- Input resistance
| pl ipnrcljrﬂgtrgnvggldlng leakage Input inductance
r sl f:;g?adnacrg winding leakage Input resistance
|_sl f:;g?adnacrg winding leakage Input resistance
magnetization resistance . .
rm : o input resistance
for the primary winding
magnetization inductance .
[ m . o Input inductance
for the primary winding
number of winding turns for | .
n_wp . L input real
primary windings
number of winding turns for | .
n_ws o input real
secondary windings
Top
Example

Transformer Delta Wye Connection Lead Example

transformer_yd_lag30: Linear non-ideal transformer with Wye-Delta con-
nection, lag 30 degree

Library: Power System Modeling Language: Version Number: Twin
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* Description

VHDLAMS VHDL-AMS Builder 2024 .2
oy Fally
ap a_s
B —t]

i
>

c_p c_s
[F— —+]
np | i Lag
4

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The transformer_yd_lag30 represents the behavior of a step down linear non-ideal three
phase transformer with Wye-Delta connection, includes linear winding leakage and linear core
magnetization effects, the secondary voltages lag the primary voltages by 30 degrees.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Netlist Syntax

Top

Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
ap Elgctricallport ap. electrical
- primary side phase A
Electrical portb_p, :
b_p primary sige pha_se B electrical
cp Ellectricallport c_P, electrical
— primary side phase C
Electrical port n_p, .
n_p ) . electrical
primary side neutral
as Electrica.l porta_s, sec- clectrical
- ondary side phase A
b s Electrica_l portb_s, sec- clectrical
- ondary side phase B
cs Electricall portc_s, sec- clectrical
- ondary side phase C

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default
P Type Value [Unit]
flux0 Initial flux real 0.0 [WDb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
im_0 initial currentformag- | o ont | 0.0[A]
netization inductance
. use the initial value or
use i0 boolean true
not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl primary winding leakage res-| Input resistance
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istance.

| pl primary winding leakage Input inductance
inductance.

r sl seqondary winding leakage Input resistance
resistance.

|_sl seqondary winding leakage Input resistance
resistance.
magnetization resistance . .

r-m : S input resistance
for the primary winding
magnetization inductance .

| m . o Input inductance
for the primary winding
number of winding turns for | .

n_wp . o input real
primary windings
number of winding turns for | .

n_ws - input real
secondary windings

Top
Example

Transformer Wye Delta Connection Lag Example

transformer_yd_lead30: Linear non-ideal transformer with Wye-Delta con-
nection, lead 30 degree

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

%?
b

>

@S
g

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins

* Parameters
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* Input/Output Quantities
* Example
Description

The transformer_yd_lead30 represents the behavior of a step down linear non-ideal three
phase transformer with Wye-Delta connection, includes linear winding leakage and linear core
magnetization effects, the secondary voltages lead the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
a Electrical port a_p, clectrical
P primary side phase A
Electrical portb_p, .
b_p primary side phase B electrical
c Electrical portc_p, clectrical
P primary side phase C
Electrical port n_p, .
np . . electrical
primary side neutral
as Electrical port a_s, sec- clectrical
- ondary side phase A
b s Electrical portb_s, sec- clectrical
- ondary side phase B
cs Electrical port c_s, sec- clectrical
— ondary side phase C

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top
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Table 2
Name Description Data Default
P Type Value [Unit]
flux0 Initial flux real 0.0 [WDb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
. initial current for mag-
im_0 netization inductance current 0.01A]
. use the initial value or
use_i0 not boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl g?;?}ig winding leakage res- Input resistance
| pl ipnrcljrﬂgtrgnvggldlng leakage Input inductance
r sl f:;g?adnacrg winding leakage Input resistance
|_sl f:;g?adnacrg winding leakage Input resistance
magnetization resistance . .
rm : o input resistance
for the primary winding
magnetization inductance .
[ m . o Input inductance
for the primary winding
number of winding turns for | .
n_wp . L input real
primary windings
number of winding turns for | .
n_ws o input real
secondary windings
Top
Example

Transformer Wye Delta Connection Lead Example

transformer_ydy lag30: Linear non-ideal transformer with Wye-Delta-Wye
connection, lag 30 degree

Library: Power System Modeling Language: Version Number: Twin
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VHDLAMS VHDL-AMS Builder 2024 .2
Tols  FpFly

Lag al_s

ap b1 s
E_

cl_s

b_p Aﬂ

S ] a2 s

c_p : /J\ b2 s

S ’ ?Es

n_p ._ _____ ?fj_s

ERS —F]

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example

Description

The transformer_ydy_lag30 represents the behavior of a linear non-ideal three phase trans-
former with Wye as the primary windings connection, two secondary connections with Delta and
Wye connection, includes linear winding leakage and linear core magnetization effects, the sec-
ondary delta voltage lag the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top
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Conservative Pins

Top
Table 1

Name

Port/Terminal description

Nature/Data type

Electrical porta_p,
primary side phase A

electrical

Electrical portb_p,
primary side phase B

electrical

Electrical port c_p,
primary side phase C

electrical

n_p

Electrical port n_p,
primary side neutral

electrical

al_ s

Electrical porta1_s, sec-
ondary side Delta con-
nection phase A

electrical

b1 s

Electrical port b1_s, sec-
ondary side Delta con-
nection phase B

electrical

cl s

Electrical port c1_s, sec-
ondary side Delta con-
nection phase C

electrical

a2_s

Electrical port a2_s, sec-
ondary side Wye con-
nection phase A

electrical

b2 s

Electrical port b2_s, sec-
ondary side Wye con-
nection phase B

electrical

c2_s

Electrical port c2_s, sec-
ondary side Wye con-
nection phase C

electrical

n2_s

Electrical port n2_s, sec-
ondary side Wye con-
nection neutral

electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.
Parameters

Top

Table 2

Name

Description

Data
Type

Default
Value [Unit]
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flux0 Initial flux real 0.0 [Wb]
initial current for leakage

ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage

ils 0 inductance on sec- current 0.0[A]

ondary windings
initial current for mag-
netization inductance
use the initial value or
not

im 0 current 0.0[A]

boolean true

use_i0

Input/Output Quantities

Table 3

Name Description [Unit] Direction Data Type

r pl primary winding leakage res- Input resistance
istance.

| pl primary winding leakage Input inductance
inductance.

r_sl seqondary winding leakage Input resistance
resistance.

sl seqondary winding leakage Input resistance
resistance.
magnetization resistance . .

rm : - input resistance
for the primary winding
magnetization inductance ,

I m . o Input inductance
for the primary winding
number of winding turns for | .

n_wp . o input real
primary windings
number of winding turns for | .

n_ws L input real
secondary windings

Top
Example

Transformer Wye-Delta-Wye Connection Lag Example

transformer_ydy_lead30: Linear non-ideal transformer with Wye-Delta-Wye
connection, lead 30 degree

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The transformer_ydy_lead30 represents the behavior of a linear non-ideal three phase trans-
former with Wye as the primary windings connection, two secondary connections with Delta and
Wye connection, includes linear winding leakage and linear core magnetization effects, the sec-
ondary delta voltage lead the primary voltages by 30 degrees.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax
Top

Conservative Pins

Top
Table 1

Name

Port/Terminal description

Nature/Data type

Electrical porta_p,
primary side phase A

electrical

Electrical portb_p,
primary side phase B

electrical

Electrical portc_p,
primary side phase C

electrical

Electrical portn_p,
primary side neutral

electrical

al s

Electrical port a1_s, sec-
ondary side Delta con-
nection phase A

electrical

b1 s

Electrical port b1_s, sec-
ondary side Delta con-
nection phase B

electrical

cl s

Electrical port c1_s, sec-
ondary side Delta con-
nection phase C

electrical

a2 s

Electrical port a2_s, sec-
ondary side Wye con-
nection phase A

electrical

b2 s

Electrical port b2_s, sec-
ondary side Wye con-
nection phase B

electrical

c2 s

Electrical port c2_s, sec-
ondary side Wye con-
nection phase C

electrical

n2_s

Electrical port n2_s, sec-
ondary side Wye con-
nection neutral

electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.
Parameters

Top
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Table 2
Name Description Data Default
P Type Value [Unit]
flux0 Initial flux real 0.0 [WDb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
. initial current for mag-
im_0 netization inductance current 0.01A]
. use the initial value or
use_i0 not boolean true
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
r_pl g?;?}ig winding leakage res- Input resistance
| pl ipnrcljrﬂgtrgnvggldlng leakage Input inductance
r sl f:;g?adnacrg winding leakage Input resistance
|_sl f:;g?adnacrg winding leakage Input resistance
magnetization resistance . .
rm : o input resistance
for the primary winding
magnetization inductance .
[ m . o Input inductance
for the primary winding
nw number of winding turns for inout real
—WpP primary windings P
N ws number of winding turns for inout real
- secondary windings P
Top
Example

Transformer Wye-Delta-Wye Connection Lead Example

transformer_yy: Linear non-ideal transformer with Wye-Wye connection

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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i 5
b_p b_s
o (W)
c_p E i cs
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ﬁ) .............. D
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=

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The transformer_yy represents the behavior of a linear non-ideal three phase transformer with
Wye-Wye connection, includes linear winding leakage and linear core magnetization effects.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Table 1

Name Port/Terminal description | Nature/Data type

Electrical porta_p,

primary side phase A electrical
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Electrical port b_p, ,
b_p primary side phase B electrical
c Electrical port c_p, clectrical
—P primary side phase C
Electrical port n_p, .
np . : electrical
primary side neutral
as Electrical port a_s, sec- clectrical
- ondary side phase A
Electrical port b_s, sec- .
b s . electrical
ondary side phase B
cs Electrical port c_s, sec- clectrical
— ondary side phase C
Electrical port n_s, sec- .
n_s . electrical
ondary side neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Default :
Type Value [Unit]
flux0 Initial flux real 0.0 [Wb]
initial current for leakage
ilp_0 inductance on primary current 0.0[A]
windings
initial current for leakage
ils 0 inductance on sec- current 0.0[A]
ondary windings
. initial current for mag-
im_0 netization inductance current 0.01A]
use i0 use the initial value or boolean true
- not
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
t pl primary winding leakage res- Input resistance
istance.
| pl primary winding leakage Input inductance
— inductance.
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r sl seqondary winding leakage Input resistance
resistance.
|_sl seqondary winding leakage Input resistance
resistance.
magnetization resistance . .
rm : o input resistance
for the primary winding
magnetization inductance .
[ m . o Input inductance
for the primary winding
number of winding turns for | .
n_wp . L input real
primary windings
number of winding turns for | .
n_ws o input real
secondary windings
Top
Example

Transformer Wye-Wye Connection Example
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Transmission Line

The Transmission Line sublibrary consists of single phase and balanced, transpose three phase
low frequency transmission line models for power systems, and it contains:

« Single phase low frequency short transmission line

« Balanced and transpose three phase low frequency short transmission line

» Single phase low frequency medium transmission line, nominal Pl

» Single phase low frequency medium transmission line, nominal T

« Balanced and transpose three phase low frequency medium transmission line, nominal Pl

« Balanced and transpose three phase low frequency medium transmission line, nominal T

» Single phase low frequency transmission line segment for long transmission line

» Single phase low frequency long transmission line with distributed segments

» Three phase low frequency transmission line segment for long transmission line

« Three phase low frequency long transmission line with distributed segments

tisl: Single phase low frequency long transmission line with distributed seg-

ments

Library: Power System
VHDLAMS

Modeling Language:

Version Number: Twin

* Description

VHDL-AMS Builder 2024.2
ts tr
= ..._|:|T...1_|:|_ cee— [
n_s n_r
= ... T T PP Ny
E =
Long

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax
» Conservative Pins

* Parameters

* Input/Output Quantities

* Example
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Description

The tisl represents the behavior of single phase low frequency long transmission line model with
length usually longer than 150km and the line voltage is high (>100kV). Due to length and
voltage of the line, lumped parameters are no longer proper for the performance calculations.
The line constants will be considered as uniformly distributed throughout the length of the line.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical portt_s, the .
ts . . electrical
- sending terminal.
Electrical portt_r, the .
tr o . electrical
— receiving terminal
Electrical port n_s, the .
n_s electrical
- neutral.
Electrical portn_r, the .
nr electrical
- neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type [[zjer:ﬁ]u ItValue
len length of the trans- real 200000.0 [m]
mission line
n number of §egmepts in integer 100
the transmission line
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Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

r tl resistance per length real 2.0e-4 [Ohm/m]
| tl inductance per length real 2.0e-6 [H/m]
c tl capacitance per length real 8.6e-12 [F/m]
g_tl conductance per length real 2.0e-5[S/m]
. initial current for trans-
i 0 mission line current 0.0[A]
. use the initial current val-
use_i0 Les or not Boolean true
initial voltage for trans-
v 0 g “ng voltage | 0.0[V]
use_v0 Ezz g;enlgtltlal voltage val- | g oiean | true
Input/Output Quantities
Top
Example

Transmission Line Long Single Phase Example

tlsl_s: Single phase low frequency transmission line segment for long
transmission line

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2

ts tr
B—W ~ Iy

>
e,
o

Segment

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins

* Parameters
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* Input/Output Quantities
* Example
Description

The tisl_s represents the behavior of single phase low frequency transmission line segment
model for the long transmission line with length usually longer than 150km and the line voltage is
high (>100kV). Due to length and voltage of the line, lumped parameters are no longer proper for
the performance calculations. The line constants will be considered as uniformly distributed
throughout the length of the line.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical port t_s, the .
ts \ . electrical
— sending terminal.
Electrical portt_r, the .
tr o . electrical
receiving terminal
Electrical port n_s, the .
n_s electrical
- neutral.
Electrical portn_r, the .
nr electrical
- neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters

Top
Table 2

Default Value

Name Description Data Type [Unit]

Transmission Line 1-4
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len length of the trans- real 50.0 [m]
mission line '
r_tl resistance per length real 2.0e-4 [Ohm/m]
| tl inductance per length real 2.0e-6 [H/m]
c_tl capacitance per length real 8.6e-12 [F/m]
g tl conductance per length | real 2.0e-5[S/m]
: initial current for trans-
i 0 mission line current 0.0[A]
. use the initial current val-
use_i0 ues or not Boolean true
initial voltage for trans-
v 0 o aion "ng voltage | 0.0[V]
use v0 32‘: :)hren'c?t't'al voltage val- Boolean true
Input/Output Quantities
Top
Example

Transmission Line Long Single Phase Segment Example

tlsm_pi: Single phase low frequency medium transmission line, nominal PI

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2

ts tr

ns L —F I

T T

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
+ Conservative Pins
* Parameters

* Input/Output Quantities
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* Example
Description

The tlIsm_pi represents the behavior of single phase low frequency transmission line model
(nominal PI, the capacitance from line to neutral is divided into two halves, one half being
lumped at the sending end and the other half at the receiving end) with length between 50 km
and 150km and the line voltage is moderatly high (>20kV and <100kV). It is usually considered
as a medium transmission line. Due to sufficient length and voltage of the line, the capacitance
effects are taken into account. This is a lumped model.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical portt_s, the .
ts . . electrical
- sending terminal.
Electrical portt_r, the .
tr - . electrical
- receiving terminal
Electrical port n_s, the .
n_s electrical
- neutral.
Electrical port n_r, the .
nr electrical
- neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
- Default Value
Name Description Data Type [Unit]
len length of the trans- real 50000.0 [m]

Transmission Line 1-6
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

mission line
r tl resistance per length real 1.0e-5 [Ohm/m]
| tl inductance per length real 1.0e-6 [H/m]
c tl capacitance per length real 8.6e-12 [F/m]
i 0 |n|.t|a! current for trans- current 0.0 [A]
mission line
. use the initial current val-
use_i0 Boolean true
ues or not
v.0 |n|.t|a! voI’Fage for trans- voltage 0.0[V]
mission line
use V0 use the initial voltage val- Boolean true
ues or not
Input/Output Quantities
Top
Example

Transmission Line Medium Single Phase Pl Example

tlsm_t: Single phase low frequency medium transmission line, nominal T

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
ts tr
R T e g —
r

>
[7}]
P

T

L

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities

* Example
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Description

The tism_t represents the behavior of single phase low frequency transmission line model (nom-
inal T, the whole line capacitance is assumed to be concentrated at the middle point of the line
and half of the line resistance and inductance are lumped on its either side) with length between
50 km and 150km and the line voltage is moderatly high (>20kV and <100kV). It is usually con-
sidered as a medium transmission line. Due to sufficient length and voltage of the line, the capa-
citance effects are taken into account. This is a lumped model.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
Netlist Syntax
Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical port t_s, the .
ts \ . electrical
- sending terminal.
Electrical portt_r, the .
tr o . electrical
- receiving terminal
Electrical port n_s, the :
n_s electrical
- neutral.
Electrical port n_r, the .
nr electrical
- neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without

generating an error.

Parameters
Top
Table 2
Name Description Data Type [Ezjer:ﬁ]ult Value
len Iellqgt.h of.the trans- real 50000.0 [m]
mission line

Transmission Line 1-8
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r tl resistance per length real 1.0e-5 [Ohm/m]
| tl inductance per length real 1.0e-6 [H/m]
c tl capacitance per length real 8.6e-12 [F/m]
i 0 |n|.t|a! current for trans- current 0.0[A]
mission line
. use the initial current val-
use_i0 Boolean true
- ues or not
v. 0 |n|.t|a! voI’Fage for trans- voltage 0.0[V]
mission line
use VO use the initial voltage val- Boolean true
- ues or not
Input/Output Quantities
Top
Example

Transmission Line Medium Single Phase T Example

tlss: Single phase low frequency short transmission line

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
t s tr
o F— °

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities

* Example

Transmission Line 1-9
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

Description

The tiss represents the behavior of single phase low frequency transmission line model with
length less than 50 km and the line voltage is comparatively low (< 20 kV). It is usually con-
sidered as a short transmission line. Due to the smaller length and lower voltage, the capa-
citance effects are small hence can be neglected. Therefore, while studying the performance of
a short transmission line, only lumped resistance and inductance of the line are taken into
account.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical port t_s, the .
ts \ . electrical
- sending terminal.
Electrical portt_r, the .
tr electrical

receiving terminal

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type I[szer:ﬁ]u ItValue
len length of the trans- real 50000.0 [m]
mission line
r tl resistance per length real 1.0e-5 [Ohm/m]
| tl inductance per length real 1.0e-6 [H/m]
i 0 |n|_t|a! cur_rent for trans- current 0.0[A]
mission line

Transmission Line 1-10
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. use the initial current val-
use_i0 Les or not Boolean true
Input/Output Quantities
Top
Example

Transmission Line Short Single Phase Example

titl: Three phase low frequency transmission line for long transmission line

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
a_s Lo a_r
SO,
CE; ) Q ?:;r
S )-Q___)—
n_s n_r
[+ ma

Figure 1. Component symbol
* Description
* Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Input/Output Quantities

* Example
Description

The tltl represents the behavior of three phase low frequency long transmission line model with
length usually longer than 150km and the line voltage is high (>100kV). Due to length and
voltage of the line, lumped parameters are no longer proper for the performance calculations.
The line constants will be considered as uniformly distributed throughout the length of the line.

Top
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Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical port a_s, the .
as ! . electrical
sending terminal phase A.
Electrical portb_s, the .
b_s . . electrical
- sending terminal phase B.
Electrical port c_s, the .
C S \ . electrical
sending terminal phase C.
Electrical porta_r, the
ar receiving terminal phase electrical
A
Electrical port b_r, the
b r receiving terminal phase electrical
B
Electrical port c_r, the
cr receiving terminal phase electrical
C
Electrical port n_s, the .
n_s electrical
- neutral
Electrical port n_r, the .
n_r electrical
- neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type [Ezjer:ﬁ]u“ Value
len length of the trans- real 200000.0 [m]
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mission line

number of segments in
the transmission line

integer

100

resistance per length for
phase A

real

2.0e-4 [Ohm/m]

inductance per length for
phase A

real

2.0e-6 [H/m]

capacitance per length
between phase A and
neutral

real

8.6e-12 [F/m]

conductance per length
between phase A and
neutral

real

2.0e-5[S/m]

resistance per length for
phase B

real

2.0e-4 [Ohm/m]

inductance per length for
phase B

real

2.0e-6 [H/m]

c_b0

capacitance per length
between phase B and
neutral

real

8.6e-12 [F/m]

g_bo

conductance per length
between phase B and
neutral

real

2.0e-5[S/m]

rc

resistance per length for
phase C

real

2.0e-4 [Ohm/m]

inductance per length for
phase C

real

2.0e-6 [H/m]

c c0

capacitance per length
between phase C and
neutral

real

8.6e-12 [F/m]

g_c0

conductance per length
between phase C and
neutral

real

2.0e-5[S/m]

resistance per length for
neutral

real

2.0e-4 [Ohm/m]

inductance per length for
neutral

real

2.0e-6 [H/m]

capacitance per length
between phaseaand b

real

8.6e-12 [F/m]

conductance per length
between phaseaandb

real

2.0e-5[S/m]

c _bc

capacitance per length
between phase b and ¢

real

8.6e-12 [F/m]

g_bc

conductance per length
between phase band ¢

real

2.0e-5[S/m]

capacitance per length
between phase cand a

real

8.6e-12 [F/m]
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conductance per length
9_ca between phase cand a real 2.0e-5[S/m]
i 0 |n|.t|a! cu rrent for trans- current 0.0[A]
mission line
. use the initial current val-
use_i0 Boolean true
ues or not
v. 0 |n|.t|a! voI’Fage for trans- voltage 0.0[V]
mission line
use_v0 use the initial voltage val- Boolean true
ues or not
Input/Output Quantities
Top
Example

Transmission Line Long Three Phase Example

titl_s: Three phase low frequency transmission line segment for long trans-
mission line

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024 .2
as ar
bE; > : T)ar
CEE éér
n_s ?lér
= Three Phase Segment | =

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities

* Example
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Description

The titl_s represents the behavior of three phase low frequency transmission line segment
model for the long transmission line with length usually longer than 150km and the line voltage is
high (>100kV). Due to length and voltage of the line, lumped parameters are no longer proper for
the performance calculations. The line constants will be considered as uniformly distributed
throughout the length of the line.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical port a_s, the .
a_s . . electrical
- sending terminal phase A.
Electrical portb_s, the .
bs \ . electrical
sending terminal phase B.
Electrical port ¢_s, the .
C_S . . electrical
- sending terminal phase C.
Electrical porta_r, the
ar receiving terminal phase electrical
A
Electrical portb_r, the
b r receiving terminal phase electrical
B
Electrical port c_r, the
cr receiving terminal phase electrical
C
Electrical port n_s, the .
n_s electrical
- neutral
Electrical port n_r, the .
nr electrical
- neutral
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Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
- Default Value
Name Description Data Type [Unit]
length of the trans-
len mission line real 50.0 [m]
r a resistance per length for real 2.0e-4 [Ohm/m]
- phase A '
inductance per length for )
| a phase A real 2.0e-6 [H/m]
capacitance per length
c_a0 between phase A and real 8.6e-12 [F/m]
neutral
conductance per length
g_al between phase A and real 2.0e-5[S/m]
neutral
resistance per length for
rb phase B real 2.0e-4 [Ohm/m]
| b inductance per length for real 2.0e-6 [H/m]
- phase B '
capacitance per length
c_b0 between phase B and real 8.6e-12 [F/m]
neutral
conductance per length
g_bo between phase B and real 2.0e-5[S/m]
neutral
- resistance per length for real 2.0e-4 [Ohm/m]
- phase C
| o inductance per length for real 2.0e-6 [H/m]
- phase C
capacitance per length
c_c0 between phase C and real 8.6e-12 [F/m]
neutral
conductance per length
g c0 between phase C and real 2.0e-5[S/m]
neutral
r 0 resistance per length for real 2.0e-4 [Ohm/m]
- neutral
10 inductance per length for real 2.0e-6 [H/m]
- neutral
c_ab capacitance per length real 8.6e-12 [F/m]
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between phase aandb

el
c_bc gzmgginpcﬁa‘;‘zrgea”ngﬂ real 8.6e-12 [F/m]
el
c_ca ngﬁgginpcﬁa‘;irgzr;g;g real 8.6e-12 [F/m]
oo | [ea [atesiom
i 0 nita) ourtentiortrans: | current | 0.0[A]
use_i0 3: :[)hrenigtitial currentval- | poolean | true
v_0 nita) votage forrans- | yoitage | 0.0(v]
use_v0 3: :[)hrenigtitial voltage val- | gooiean | true

Input/Output Quantities

Top

Example

Transmission Line Long Three Phase Segment Example

titm_pi: Balanced and transpose three phase low frequency medium trans-
mission line, nominal Pl

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
a_s Medium PI ar
stT ) y _bar
CEg 2 Eir
) r—
n_s n_r
e ]

Figure 1. Component symbol
* Description

» Assumptions and Limitations
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* Mathematical Description
* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

Description

The tltm_pi represents the behavior of balanced and transpose three phase low frequency trans-
mission line model (nominal PI, the capacitance from line to neutral is divided into two halves,
one half being lumped at the sending end and the other half at the receiving end) with length
between 50 km and 150km and the line voltage is moderatly high (>20kV and <100kV). Itis usu-
ally considered as a medium transmission line. Due to sufficient length and voltage of the line,

the capacitance effects are taken into account. This is a lumped model.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
Table 1
Name Port/Terminal description | Nature/Data type
Electrical port a_s, the .
as . . electrical
- sending terminal phase A.
Electrical portb_s, the .
b_s . . electrical
- sending terminal phase B.
Electrical port c_s, the :
C S ! . electrical
sending terminal phase C.
Electrical port a_r, the
ar receiving terminal phase electrical
A
br Electrical portb_r, the electrical
- receiving terminal phase
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B

Electrical port c_r, the
cr receiving terminal phase electrical
C

Electrical port n_s, the
neutral
Electrical port n_r, the
neutral

electrical

electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type Def:ault Value
[Unit]
len length of the trans- real 50000.0 [m]
mission line
r tl resistance per length real 1.0e-5 [Ohm/m]
| tl inductance per length real 1.0e-6 [H/m]
c tl capacitance per length real 8.6e-12 [F/m]
i 0 |n|.t|a! current for trans- current 0.0[A]
mission line
. use the initial current val-
use_i0 Boolean true
- ues or not
v. 0 |n|.t|a! voI’Fage for trans- voltage 0.0[V]
mission line
use VO use the initial voltage val- Boolean true
- ues or not
Input/Output Quantities
Top
Example

Transmission Line Medium Three Phase Pl Example

titm_t: Balanced and transpose three phase low frequency medium trans-
mission line, nominal T

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
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a_s Medium T ar

b_s ) ?)ar

C_S 2 é;r
ExmmY) >— 1]

n_s n_r
B

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The tlitm_t represents the behavior of balanced and transpose three phase low frequency trans-
mission line model (nominal T, the whole line capacitance is assumed to be concentrated at the
middle point of the line and half of the line resistance and inductance are lumped on its either
side) with length between 50 km and 150km and the line voltage is moderatly high (>20kV and
<100kV). It is usually considered as a medium transmission line. Due to sufficient length and
voltage of the line, the capacitance effects are taken into account. This is a lumped model.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top
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Table 1
Name Port/Terminal description | Nature/Data type
Electrical port a_s, the .
as ! . electrical
sending terminal phase A.
Electrical portb_s, the .
b_s . . electrical
- sending terminal phase B.
Electrical port c_s, the .
C S \ . electrical
sending terminal phase C.
Electrical porta_r, the
ar receiving terminal phase electrical
A
Electrical port b_r, the
b r receiving terminal phase electrical
B
Electrical port c_r, the
cr receiving terminal phase electrical
C
Electrical port n_s, the .
n_s electrical
- neutral
Electrical port n_r, the .
n_r electrical
- neutral

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
Name Description Data Type Def:ault Value
[Unit]
len length of the trans- real 50000.0 [m]
mission line
r tl resistance per length real 1.0e-5 [Ohm/m]
| tl inductance per length real 1.0e-6 [H/m]
c tl capacitance per length real 8.6e-12 [F/m]
i 0 |n|.t|a! current for trans- current 0.0[A]
mission line
. use the initial current val-
use_i0 Boolean true
- ues or not
v. 0 |n|.t|a! voI’Fage for trans- voltage 0.0[V]
mission line
use VO use the initial voltage val- Boolean true
- ues or not
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Input/Output Quantities
Top
Example

Transmission Line Medium Three Phase T Example

tits: Balanced and transpose three phase low frequency short transmission
line

Library: Power System Modeling Language: Version Number: Twin
VHDLAMS VHDL-AMS Builder 2024.2
a_s Short ar
b_s| ) Toar
c_s ) ) cir
B ) — &

Figure 1. Component symbol
* Description
» Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Input/Output Quantities
* Example
Description

The tlts represents the behavior of balanced and transpose three phase low frequency trans-
mission line model with length less than 50 km and the line voltage is comparatively low (< 20
kV). It is usually considered as a short transmission line. Due to the smaller length and lower
voltage, the capacitance effects are small hence can be neglected. Therefore, while studying the
performance of a short transmission line, only lumped resistance and inductance of the line are
taken into account.

Top
Assumptions and Limitations

Top
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Mathematical Description
Top

Netlist Syntax

Top

Conservative Pins

Top

Table 1

Name Port/Terminal description | Nature/Data type

Electrical port a_s, the
sending terminal phase A.
Electrical portb_s, the
sending terminal phase B.
Electrical port ¢c_s, the
sending terminal phase C.
Electrical porta_r, the

ar receiving terminal phase electrical
A

Electrical portb_r, the
b r receiving terminal phase electrical
B

Electrical port c_r, the

cr receiving terminal phase electrical
C

electrical

electrical

electrical

Note: Terminal set to No Action when unconnected. Terminal may remain unconnected without
generating an error.

Parameters
Top
Table 2
- Default Value
Name Description Data Type [Unit]
len length of the trans- real 50000.0 [m]
mission line
r_tl resistance per length real 1.0e-5 [Ohm/m]
|_tl inductance per length real 1.0e-6 [H/m]
i 0 |n|.t|a! cu rrent for trans- current 0.0[A]
mission line
use_i0 use the initial current val- | Boolean true
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ues or not
Input/Output Quantities
Top
Example

Transmission Line Short Three Phase Example

AC Sources Example

Description

The AC Sources schematic is shown in Figure 1.

HER
b &

I

Figure 1: AC SourcesSchematic

The system contains the i_ac, i_ac_3phase and sine_3phasemodels from the Power System
VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage of AC source components in the Power
System VHDL-AMS library. The results are shown below.

Simulation Results

The AC current sourceresult is shown in Figure 2.
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AC Current Source
1.00

AC Sources 4

075

0.50

025

0.00

am1.i [A]

-0.25

-0.50

-0.75 —

100 b

Curve Info
= ami.i

Time [ms]

Figure 2: AC Current Source
The 3 phase AC current source result is shown in Figure 3.

Three Phase Current Source
1.00

10.00

AC Sources

075

Curve Info
— am2.i

— am3i.i
TR

—— amd.i
TR

Time [ms]

Figure 3: Three Phase AC Current Source

The 3 phase sine wave resultisshown in Figure 4.

10.00
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Three Phase Sine Wave AC Sources 4
1.00 Curve Info
= = gine_3phasel.a
] TR
075 — —— zine_3phaselb
] TR
N = gine_3phasel.c
050 | TR
025 —
T 0.00 —
-0.25 —
050 —
075
-1.00 ! T T T T ¥ T T T T t T T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00

Time [ms]
Figure 4: Three Phase Sine Wave Generator

Controlled Sources Example

Description

The Controlled Sources schematic is shown in Figure 1.

b O o O T =) 2
&
Z—¢ I 06 1B ¢

Figure 1: Controlled SourcesSchematic

The system contains thei_cc, i_vc, v_cc and v_vc models from the Power System VHDL-AMSIib-
rary.

This example is mainly used for demonstrating the usage ofcontrolled source components in the
Power System VHDL-AMS library. The results are shown below.
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Simulation Results

The current controlled current sourceresult is shown in Figure 2.

Curve Info Current Control Current Source Controlled Sources
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n
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—— T+ 7+ T+ ] 000
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Figure 2: Current Controlled Current Source
The voltage controlled current source result is shown in Figure 3.

Curve Info Voltage Control Current Source Controlled Sources
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Figure 3: Voltage Controlled Current Source

The current controlled voltage source result isshown in Figure 4.
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Curve Info Current Control Voltage Source Controlled Sources
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TR -
— y_cc_outv o
TR :

———r 7
0.00 0.50 1.00 150 2.00 250 3.00 350 4.00

Time [s]
Figure 4: Current Controlled Voltage Source

The voltage controlled voltage source result is shown in Figure 5.
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Figure 5: Voltage Controlled Voltage Source
Frequency Dependent Elements Example

Description

The frequency dependent elements schematic is shown in Figure 1.
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Figure 1: Frequency Dependent ElementsSchematic
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The system contains the c¢_freq, r_freqand|_freq from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage of frequency dependent RLC com-
ponents from Power System VHDL-AMS library. Results are shown below.

Simulation Results

The frequency response of ¢_freq is shown in Figure 2.

Frequency Response: C_freq Frequency Dependent Elements
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Figure 2: Frequency Response: c_freq

The frequency response of |_freq is shown in Figure 3.
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Frequency Response: L_freq Frequency Dependent Elements 4
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Figure 3: Frequency Response: |_freq

The frequency response of r_freq is shown in Figure 4.
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Figure 4: Frequency Response: r_freq

Gyrator Example

Description

The Gyrator schematic is shown in Figure 1.
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Figure 1: GyratorSchematic

The system contains thegyrator model from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofgyrator model in the Power System

VHDL-AMS library. The results are shown below.
Simulation Results
The voltage comparison is shown in Figure 2.

Voltage Comparison
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Figure 2: Voltage Comparison

The current comparisonis shown in Figure 3.
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Figure 3: Current Comparison
Ideal Transformer Example

Description

The Ideal Transformer schematic is shown in Figure 1.
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Figure 1: Ideal TransformerSchematic
The system contains thetransformer_idealmodel from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofideal transformer component in the
Power System VHDL-AMS library. The results are shown below.

Simulation Results

The voltage comparison is shown in Figure 2.
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Voltage Comparison
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Figure 2: Voltage Comparison
The current comparison is shown in Figure 3.
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Figure 3: Current Comparison

Induction Motor Speed Control Example

Description

This example shows a field-oriented controller with flux observer to control the speed of a 3-

phase induction motor.
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Induction motor operates by running 3-phase AC voltage source in the stator to create rotating
magnetic field, which induces eddy current in the shorted rotor to produces torque. Field-ori-
ented control is a control method in which the currents in the stator are measured in a rotational
orthogonal coordinate system (called d-q frame), which rotates in the same speed as the rotating
magnetic field. The currents in the stator can then be separated into part that is parallel to the
rotating magnetic field and part that is perpendicular to the rotating magnetic field. The advant-
age of such transformation is that the AC current can be converted into non-periodic DC values
in the d-q plane. Thus, it is much more convenient to control the speed of motor by controlling the
DC current values in these two directions. For more information about the coordinate trans-
formation and field-oriented control, please read reference [1].
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The system schematic contains the following:

Field-oriented control is implemented according to [1], it consists an outer loop motor speed
controller, and inner loop current controllers on d and q axes.

To achieve the field-synchronous d-q frame, a flux observer is implemented according to [2], in
order to estimate flux angle of the induction motor. The estimated flux angle is used by abc-to-dq
transform and inverse transform blocks.

The induction motor under control is an equivalent circuit model written in VHDL-AMS. Flux sat-
uration effect is modeled by a 1D lookup table of Flux (lambda) corresponds to magnetizing cur-
rent (im).

Three ramp changes are used as reference speed signal to demonstrate the performance of this
motor controller:

Ramp up att=0.5s, from 0 to 5 rad/s, within 0.75 sec

Ramp down att = 4s, from 5 to -5 rad/s, within 1.0 sec
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Ramp up att=7.5s, from -5 to 5 rad/s, within 0.75 sec
Simulation Results

The reference and actual speeds of the induction motor are shown in the following figure:
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The comparison between the actual and observed flux angle can also be seen in the following fig-
ures, which show the sine and cosine of both angles:
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[1] Yousef, Ayman & Abdel maksoud, Samir. (2015). Review on Field Oriented Control of Induc-
tion Motor. International Journal for Research in Emerging Science and Technology (IJREST).
2.

[2] Vas, P. Electrical Machines and Drives: A Space-vector Theory Approach. New York: Oxford
University Press, 1992.

Mutual Inductor Example

Description
The Mutual Inductor schematic is shown in Figure 1.
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Figure 1: Mutual InductorSchematic
The system contains theinductor_mutualmodel from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofmutual inductor component in the
Power System VHDL-AMS library. The results are shown below.

Simulation Results

The currents comparison is shown in Figure 2.
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Figure 2: Current Comparison

Full Bridge Resonant Converter Example

Description

The full bridge resonant converter schematic is shown in Figure 1.
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Figure 1: Full Bridge Resonant Converter Schematic
The system contains the pwm24i and fborcmodels from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of the 2 level full bridge resonant con-
verter and the 2 level 4 pulse PWM generator in the Power System VHDL-AMS library.

fbrc can be used as inverter or rectifier, it is based on the design setting and the PWM signal gen-
eration setting. In the example schematic, the upper circuit shows the usage of the fbrc com-
ponent as an inverter and the lower circuit shows the usage of the fbrc component as a rectifier.

The results are shown below.
Simulation Results

The PWM signals generated for the inverter from 500us to 750us are shown in Figure 2.
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Curve Info Inverter PWM Signals Full Bridge Resonant Converter 4
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Figure 2: Inverter PWM Signals
The Inverter Input/Output voltages from 500us to 750us are shown in Figure 3.
Gurve Info Inverter Voltages Full Bridge Resonant Converter 4
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Figure 3: Inverter Input/Output Voltages

The Inverter Input/Output currents from 500us to 750us are shown in Figure 4.
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Figure 4: Inverter Input/Output Currents

The PWM signals generated for the rectifier are shown in Figure 5.
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Figure 5: Rectifier PWM Signals

The rectifier Input/Output voltages are shown in Figure 6.
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Curve Info Rectifier Voltag es Full Bridge Resonant Converter 4
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Figure 6: Rectifier Input/Output Voltages
The rectifier Input/Output currents are shown in Figure 7.
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Figure 7: Rectifier Input/Output Currents

Load Full Bridge Resonant Converter Example
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Half Bridge Resonant Converter Example

Description

The half bridge resonant converter schematic is shown in Figure 1.
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Figure 1: Half Bridge Resonant Converter Schematic
The system contains the pwm22i and hbrcmodels from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of the 2 level half bridge resonant con-
verter and the 2 level 2 pulse PWM generator in the Power System VHDL-AMS library.

hbrc can be used as inverter or rectifier, it is based on the design setting and the PWM signal
generation setting. In the example schematic, the upper circuit shows the usage of the hbrc com-
ponent as an inverter and the lower circuit shows the usage of the hbrc component as a rectifier.

The results are shown below.
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Simulation Results

The PWM signals generated for the inverter from 500us to 750us are shown in Figure 2.

Curve Info Inverter PWM Signals Half Bridge Resonant Converter 4

— pwm22i1.t1
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Figure 2: Inverter PWM Signals

The Inverter Input/Output voltages from 500us to 750us are shown in Figure 3.

Curve Info Inverter Input/Output Voltges Half Bridge Resonant Converter 4
51.00

— vmiv r
TR b

- 5050

50.00

4950

49.00

— vm2Vv
TR
20.00

0.00

-20.00

500.00 550.00 600.00 650.00 700.00 750.00
Time [us]

Figure 3: Inverter Input/Output Voltages

The Inverter Input/Output currents from 500us to 750us are shown in Figure 4.
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Curve Info Inverter Input/Output Currents Half Bridge Resonant Converter 4
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Figure 4: Inverter Input/Output Currents

The PWM signals generated for the rectifier are shown in Figure 5.
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Figure 5: Rectifier PWM Signals

The rectifier Input/Output voltages are shown in Figure 6.
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Curve Info Rectifier Input/Output Voltages Half Bridge Resonant Converter 4
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Figure 6: Rectifier Input/Output Voltages

The rectifier Input/Output currents are shown in Figure 7.
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Figure 7: Rectifier Input/Output Currents

Load Half Bridge Resonant Converter Example
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Rotational Electromechanical Converter Example
Description

The Rotational Electromechanical Converter schematic is shown in Figure 1.
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Figure 1: Rotational Electromechanical ConverterSchematic
The system contains theremcmodel from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofrotational electromechanical con-
verter component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The electrical measurements are shown in Figure 2.
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Figure 2: Electrical Measurements

The mechanical measurements are shown in Figure 3.
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Figure 3: Mechanical Measurements
The power comparison isshown in Figure 4.
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Figure 4: Power Comparison

Simple ElectroMagnetic Example

Description

The Simple ElectroMagnetic schematic is shown in Figure 1.
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Figure 1: Simple ElectroMagneticSchematic

The system contains theem_converter and rfa models from the Power System VHDL-AMSIib-
rary.

This example is mainly used for demonstrating the usage ofelectromagnetic related basic com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results
The electrical measurements are shown in Figure 2.
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Figure 2: Electrical Measurements

The magnetic measurements are shown in Figure 3.
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Figure 3: Magnetic Measurements

The mechanical measurements are shown in Figure 4.
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Figure 4: Mechanical Measurements
Simple Transformer Example

Description

The simple transformer schematic is shown in Figure 1.
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Figure 1: Simple Transformer Schematic

The system contains the pwinding and swindingmodels from the Power System VHDL-AMS lib-
rary.

This example is mainly used for demonstrating the usage of primary and secondary winding com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The current comparison results are shown in Figure 2.
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Figure 2: Current Comparison

The voltage comparison results are shown in Figure 3.
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Figure 3: Voltage Comparison
Space Vector PWM Example

Description

The Space Vector PWM schematic is shown in Figure 1.
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Figure 1: Space Vector PWM Schematic

.

The system contains the sine_3phase, abc2abz, svpwm and tprc models from the Power Sys-
tem VHDL-AMS library.

This example is mainly used for demonstrating the usage of space vector PWM component in
the Power System VHDL-AMS library. The results are shown below.
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Simulation Results

The Input signals and load voltages are shown in Figure 2.
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Figure 2: Input Signals and Load Voltages

The Alpha-Beta-Zero references to the svpwm component are shown in Figure 3.
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Figure 3: Alpha-Beta-Zero Signals

The SVPWM control signals are shown in Figure 4.
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Figure 4: SVPWM Control Signals
Switches Example

Description

The switches schematic is shown in Figure 1.
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Figure 1: SwitchesSchematic

The system contains theswitch, circuit_breaker and switch2 models from the Power System
VHDL-AMSlIibrary.

This example is mainly used for demonstrating the usage of switches in the Power System
VHDL-AMS library. The results are shown below.

Simulation Results

The control signal vs. load voltages comparison of Switch circuit is shown in Figure 2.
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Figure 2: Switch
The control signal vs. load voltages comparison of Circuit Breaker circuit is shown in Figure 3.
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Figure 3: Circuit Breaker

The control signal vs. load voltages comparison of Two Way Switch circuit is shown in Figure 4.
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Curve Info Switch2 Switches A
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Figure 4: Two Way Switch

Three Level Eight Pulse PWM Example

Description

The threelevel eight pulse PWM schematic is shown in Figure 1.
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Figure 1: Three Level Eight Pulse PWM Schematic

The system contains the pwm38i and pwm38emodels from the Power System VHDL-AMS lib-
rary.

This example is mainly used for demonstrating the usage of three level eight pulse PWM com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The control signhalsgenerated by pwm38i are shown in Figure 2.
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Figure 2: Internal Signal PWM

The control signals generated by pwm38e are shown in Figure 3.
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Figure 3: External Signal PWM

Three Level Four Pulse PWM Example

Description

The threelevel four pulse PWM schematic is shown in Figure 1.
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Figure 1: Three Level Four Pulse PWM Schematic

The system contains the pwm34i and pwm34emodels from the Power System VHDL-AMS lib-
rary.

This example is mainly used for demonstrating the usage of three level four pulse PWM com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The control signals generated by pwm34i are shown in Figure 2.
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Figure 2: Internal Signal PWM

The control signals generated by pwm34e are shown in Figure 3.
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Figure 3: External Signal PWM
Three Level Full Bridge Resonant Converter Example

Description

The three level full bridge resonant converter schematic is shown in Figure 1.
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Figure 1: Three Level Full Bridge Resonant Converter Schematic
The system contains the pwm38i and fbrc3models from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of the 3 level full bridge resonant con-
verter and the 3 level 8 pulse PWM generator in the Power System VHDL-AMS library.

fbrc3 can be used as inverter or rectifier, it is based on the design setting and the PWM signal
generation setting. In the example schematic, the upper circuit shows the usage of the fbrc3 com-
ponent as an inverter and the lower circuit shows the usage of the fbrc3 component as a rectifier.

The results are shown below.
Simulation Results

The PWM signals generated for the inverter from 500us to 750us are shown in Figure 2.
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Figure 2: Inverter PWM Signals
The Inverter Input/Output voltages from 500us to 750us are shown in Figure 3.
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Figure 3: Inverter Input/Output Voltages

The Inverter Input/Output currents from 500us to 750us are shown in Figure 4.
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Figure 4: Inverter Input/Output Currents

The PWM signals generated for the rectifier are shown in Figure 5.
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Figure 5: Rectifier PWM Signals

The rectifier Input/Output voltages are shown in Figure 6.
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Figure 6: Rectifier Input/Output Voltages
The rectifier Input/Output currents are shown in Figure 7.
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Figure 7: Rectifier Input/Output Currents

Load Three Level Full Bridge Resonant Converter Example

Transmission Line 1-65
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

Three Level Half Bridge Resonant Converter Example

Description

The three levelhalf bridge resonant converter schematic is shown in Figure 1.
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Figure 1: Three Level Half Bridge Resonant Converter Schematic

T
=

=T
11

-z

The system contains the pwm34i and hbrc3models from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of the 3 level half bridge resonant con-
verter and the 3 level 4 pulse PWM generator in the Power System VHDL-AMS library.

hbrc3 can be used as inverter or rectifier, it is based on the design setting and the PWM signal
generation setting. In the example schematic, the upper circuit shows the usage of the hbrc3
component as an inverter and the lower circuit shows the usage of the hbrc3 component as a rec-
tifier.

The results are shown below.
Simulation Results

The PWM signals generated for the inverter from 500us to 750us are shown in Figure 2.
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Figure 2: Inverter PWM Signals
The Inverter Input/Output voltages from 500us to 750us are shown in Figure 3.
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Figure 3: Inverter Input/Output Voltages

The Inverter Input/Output currents from 500us to 750us are shown in Figure 4.
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Curve Info Inverter Currents 3 Level Half Bridge Resonant Converter
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Figure 4: Inverter Input/Output Currents

The PWM signals generated for the rectifier are shown in Figure 5.
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Figure 5: Rectifier PWM Signals

The rectifier Input/Output voltages are shown in Figure 6.
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Curve Info Rectifier Voltages 3 Level Half Bridge Resonant Converter
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Figure 6: Rectifier Input/Output Voltages
The rectifier Input/Output currents are shown in Figure 7.
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Figure 7: Rectifier Input/Output Currents

Load Three Level Half Bridge Resonant Converter Example
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Three Level Three Phase Resonant Converter Example

Description

The three level three phase resonant converter schematic is shown in Figure 1.
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Figure 1: Three Level Three Phase Resonant Converter Schematic

The system contains the pwm312i and tprc3models from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of the 3 level three phase resonant
converter and the 3 level 12 pulse PWM generator in the Power System VHDL-AMS library.

tprc3 can be used as inverter or rectifier, it is based on the design setting and the PWM signal
generation setting. In the example schematic, the upper circuit shows the usage of the tprc3 com-
ponent as an inverter and the lower circuit shows the usage of the tprc3 component as a rectifier.

The results are shown below.
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Simulation Results

The PWM signals generated for the inverter from 500us to 750us are shown in Figure 2.
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Figure 2: Inverter PWM Signals

The Inverter Input/Output voltages from 500us to 750us are shown in Figure 3.
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Curve Info Inverter Voltages 3 Level Three Phase Resonant Converter
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Figure 3: Inverter Input/Output Voltages
The Inverter Input/Output currents from 500us to 750us are shown in Figure 4.

Curve Info Inverter Currents 3 Level Three Phase Resonant Converter 4
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Figure 4: Inverter Input/Output Currents

The PWM signals generated for the rectifier are shown in Figure 5.
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Curve Info
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Figure 6: Rectifier Input/Output Voltages

r Input/Output currents are shown in Figure 7.
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Rectifier Currents 3 Level Three Phase Resonant Converter
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Figure 7: Rectifier Input/Output Currents
Three Level Twelve Pulse PWM Example

Description

The three level twelve pulse PWM schematic is shown in Figure 1.
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Figure 1: Three Level Twelve Pulse PWM Schematic

The system contains the pwm312i and pwm312emodels from the Power System VHDL-AMS lib-
rary.

This example is mainly used for demonstrating the usage of three level twelve pulse PWM com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The control signalsgenerated from pwm312i are shown in Figure 2.
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Figure 2: Internal Signal PWM

The control signals generated from pwm312e are shown in Figure 3.
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Curve Info External Signal PWM 3 Level 12 Pulse PWM Generator
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Figure 3: External Signal PWM

Three Phase Resonant Converter Example

Description

The three phase resonant converter schematic is shown in Figure 1.

Transmission Line 1-76
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

e
4 Jj JiNe : J[_f 4 J|f yip B
C Hg——)
W@ﬁi
B, J[_il i —523 L Jlf 7 4 E:

Figure 1: Three Phase Resonant Converter Schematic
The system contains the pwm26i and tprcmodels from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of the 2 level three phase resonant
converter and the 2 level 6 pulse PWM generator in the Power System VHDL-AMS library.

tprc can be used as inverter or rectifier, it is based on the design setting and the PWM signal gen-
eration setting. In the example schematic, the upper circuit shows the usage of the tprc com-
ponent as an inverter and the lower circuit shows the usage of the tprc component as a rectifier.

The results are shown below.
Simulation Results

The PWM signals generated for the inverter from 500us to 750us are shown in Figure 2.
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Curve Info Inverter PWM Signals Three Phase Resonant Converter
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Figure 2: Inverter PWM Signals
The Inverter Input/Output voltages from 500us to 750us are shown in Figure 3.
Curve Info Inverter Voltages Three Phase Resonant Converter
51.00
— vmiv r
TR r
- 50.00
L 49.00
30.00
—_—ym_awv
TR
0.00
-30.00
30.00
— vm_bv B
TR [
- 0.00
-30.00
30.00
—_ vm_c.v
TR
0.00
I I I — I { -30.00
500.00 550.00 £00.00 £50.00 700.00 750.00

Time [us
Figure 3: Inverter Input/Output Voltages

The Inverter Input/Output currents from 500us to 750us are shown in Figure 4.
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Curve Info

Inverter Currents Three Phase Resonant Converter 4
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Figure 4: Inverter Input/Output Currents

The PWM signals generated for the rectifier are shown in Figure 5.
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Figure 5: Rectifier PWM Signals

The rectifier Input/Output voltages are shown in Figure 6.
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Curve Info Rectifier Voltages Three Phase Resonant Converter 4

10.00
— vm_alwv

-10.00

10.00
— vm_biwv
TR \ /\

TT 1T TrrT
[=]
=1
=

T TroT
=1
=1
=

/\ -10.00
10.00

— vm_clwv
/ - 0.00
-10.00

— vmdwv C
R E 10.00
E 5.00
———r 77—+ 000
0.00 0.25 050 075 1.00 125 150 175 2.00
Time [ms]
Figure 6: Rectifier Input/Output Voltages
The rectifier Input/Output currents are shown in Figure 7.
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Figure 7: Rectifier Input/Output Currents

Load Three Phase Resonant Converter Example
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Translational Electromechanical Converter Example
Description

The translational electromechanical converter schematic is shown in Figure 1.
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Figure 1: Translational Electromechanical ConverterSchematic
The system contains thetemc model from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage oftranslational electromechanical con-
verter in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The electrical quantities are shown in Figure 2.
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Figure 2: Electrical Quantities

The mechanical quantities are shown in Figure 3.
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Figure 3: Mechanical Quantities

The power comparison isshown in Figure 4.
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Figure 4: Power Comparison

Transmission Line Long Single Phase Example

Description

The transmission line long single phase schematic is shown in Figure 1.
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Figure 1: Transmission Line Long Single PhaseSegmentSchematic
The system contains thetlsl and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofsingle phase long transmission line
component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The DC voltages comparison is shown in Figure 2.
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DC Voltage Comparison
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Figure 2: DC Voltage Comparison

The AC voltages comparison is shown in Figure 3.
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Figure 3: AC Voltage Comparison
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Transmission Line Long Single Phase Segment Example
Description

The transmission line long single phasesegmentschematic is shown in Figure 1.

Figure 1: Transmission Line Long Single PhaseSegmentSchematic
The system contains thetlsl_s and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofsingle phase long transmission line
segment component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The DC voltages comparison is shown in Figure 2.
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DC Voltage Comparison
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Figure 2: DC Voltage Comparison
The AC voltages comparison is shown in Figure 3.
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Figure 3: AC Voltage Comparison

Load Transmission Line Long Single Phase Segment Example
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Transmission Line Long Three Phase Example

Description

The transmission line long three phase schematic is shown in Figure 1.
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Figure 1: Transmission Line Long Three PhaseSchematic

The system contains thetltl and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofthree phase long transmission line
component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The source voltages are shown in Figure 2.
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Figure 2: Source Voltages

The load voltages are shown in Figure 3.
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Figure 3: Load Voltages
The source/load voltages comparison is shown in Figure 4.
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Figure 4: Source/Load Voltages Comparison
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Transmission Line Long Three Phase Segment Example

Description

The transmission line long three phase segment schematic is shown in Figure 1.
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Figure 1: Transmission Line Long Three Phase SegmentSchematic
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The system contains thetltl_s and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofthree phase long transmission line
segment component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The source voltages are shown in Figure 2.
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Figure 2: Source Voltages

The load voltages are shown in Figure 3.
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Load Side Voltages Long Three Phase Transmission Line Segment 4
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Figure 3: Load Voltages
The source/load voltages comparison is shown in Figure 4.
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Figure 4: Source/Load Voltages Comparison
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Transmission Line Medium Single Phase Pl Example

Description

The transmission line medium single phasePlschematic is shown in Figure 1.
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Figure 1: Transmission Line Medium Single Phase PISchematic
The system contains thetlsm_pi and switchmodels from the Power System VHDL-AMSlIibrary.

This example is mainly used for demonstrating the usage ofsingle phase medium transmission
line, nominal Pl component in the Power System VHDL-AMS library. The results are shown
below.

Simulation Results

The DC voltages comparison is shown in Figure 2.
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DC Voltage Comparison Medium Single Phase Transmission Line Pl
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Figure 2: DC Voltage Comparison

The AC voltages comparison is shown in Figure 3.
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Figure 3: AC Voltage Comparison
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Transmission Line Medium Single Phase T Example
Description

The transmission line medium single phaseTschematic is shown in Figure 1.
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Figure 1: Transmission Line Medium Single Phase TSchematic
The system contains thetlsm_t and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofsingle phase medium transmission
line, nominal T component in the Power System VHDL-AMS library. The results are shown
below.

Simulation Results

The DC voltages comparison is shown in Figure 2.

Transmission Line 1-93
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

DC Voltage Comparison Medium Single Phase Transmission Line T 4
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Figure 2: DC Voltage Comparison
The AC voltages comparison is shown in Figure 3.
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Figure 3: AC Voltage Comparison
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Transmission Line Medium Three Phase Pl Example

Description

The transmission line medium three phase Pl schematic is shown in Figure 1.
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Figure 1: Transmission Line Medium Three Phase PISchematic
The system contains thetltm_pi and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofthree phase medium transmission
line, nominal Pl component in the Power System VHDL-AMS library. The results are shown
below.

Simulation Results

The source voltages are shown in Figure 2.
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Figure 2: Source Voltages

The load voltages are shown in Figure 3.
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Figure 3: Load Voltages

The source/load voltages comparison is shown in Figure 4.
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Figure 4: Source/Load Voltages Comparison
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Transmission Line Medium Three Phase T Example

Description

The transmission line medium three phase T schematic is shown in Figure 1.
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Figure 1: Transmission Line Medium Three Phase TSchematic
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The system contains thetltm_t and switchmodels from the Power System VHDL-AMSlIibrary.

This example is mainly used for demonstrating the usage ofthree phase medium transmission
line, nominal T component in the Power System VHDL-AMS library. The results are shown

below.
Simulation Results

The source voltages are shown in Figure 2.
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Figure 2: Source Voltages
The load voltages are shown in Figure 3.
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Figure 3: Load Voltages
The source/load voltages comparison is shown in Figure 4.
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Figure 4: Source/Load Voltages Comparison
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Transmission Line Short Single Phase Example

Description

The transmission line short single phase schematic is shown in Figure 1.
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Figure 1: Transmission Line Short Single PhaseSchematic
The system contains thetlss and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofsingle phase short transmission line
component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The DC voltages comparison is shown in Figure 2.
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DC Voltage Comparison
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Figure 2: DC Voltage Comparison
The AC voltages comparison is shown in Figure 3.
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Figure 3: AC Voltage Comparison
Transmission Line Short Three Phase Example

Description

The transmission line short three phase schematic is shown in Figure 1.
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Figure 1: Transmission Line Short Three PhaseSchematic

The system contains thetlts and switchmodels from the Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage ofthree phase short transmission line
component in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The source voltages are shown in Figure 2.
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Figure 2: Source Voltages

The load voltages are shown in Figure 3.
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Load V0|tages Short Three Phase Transmission Line
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Figure 3: Load Voltages
The source/load voltages comparison is shown in Figure 4.
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Figure 4: Source/Load Voltages Comparison
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Transformations Example
Description

The transformations schematic is shown in Figure 1.
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Figure 1: TransformationsSchematic

The system contains the ¢_motor_dcac, pid_lim, motor_pm, ramp and abc2dq0 models from the

Aircraft Electrical VHDL-AMS library, abc2abz, abz2abc, dq02abz and abz2dq0 models from the
Power System VHDL-AMSlibrary.

This example is mainly used for demonstrating the usage of transformation between abc, alpha-
beta-zero and dg0. The results from the transmission components are shown.

Simulation Results

The signals of abc to alpha-beta-zero transformation are shown in Figure 2.

Transmission Line 1-103
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS
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Figure 2: abc to alpha-beta-zero Transformation

The signals of dq0 to alpha-beta-zero transformation are shown in Figure 3.
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Figure 3: dq0 to alpha-beta-zero Transformation

Transformer Delta-Delta Connection Example

Description

The transformer Delta-Delta connection schematic is shown in Figure 1.
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Figure 1: Transformer Delta-Delta Connection Example Schematic
The system contains the transformer_dd from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer delta-delta connection
in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side voltages are shown in Figure 3.
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Secondary Side Voltages
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Figure 3: Secondary Side Voltages

The voltage comparison are shown in Figure 4.

Voltage Comparison

40.00

Transformer Delta Delta Connection

150
1.00
050 |

?nun;

= ]

050 -
100

150

Curve Info

— vmiy
TR

— vmay
TR

T T — — 7 T T T — —
0.00 sbo 10.00 15.00 2000 25.00 3050 35.00
Time [ms]

Figure 4: Voltage Comparison

40.00

Transformer Delta-Delta-Wye Connection Lag Example

Description

The transformer Delta-Delta-Wye connectionlagschematic is shown in Figure 1.
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Figure 1: Transformer Delta-Delta-Wye Connection Lag Example Schematic
The system contains the transformer_ddy_lag from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer delta-delta-wye con-
nection lag in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side Delta connection voltages are shown in Figure 3.
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Secondary Side D Voltages Transformer Delta Delta Wye Connection Lag 4
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Time [ms]
Figure 3: Secondary Side D Voltages
The secondary side Wye connection voltages are shown in Figure 4.
Secondary Side Y Voltages Transformer Delta Delta Wye Connection Lag 4
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Figure 4: Secondary Side Y Voltages
The voltage comparison are shown in Figure 5.
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Voltage Comparison Transformer Delta Delta Wye Connection Lag 4
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Figure 5: Voltage Comparison
Transformer Delta-Delta-Wye Connection Lead Example

Description

The transformer Delta-Delta-Wye connection lead schematic is shown in Figure 1.
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Figure 1: Transformer Delta-Delta-Wye Connection Lead Example Schematic
The system contains the transformer_ddy_lead30 from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer delta-delta-wye con-
nection lead in the Power System VHDL-AMS library. The results are shown below.
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Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side Delta connection voltages are shown in Figure 3.
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Figure 3: Secondary Side D Voltages

The secondary side Wye connection voltages are shown in Figure 4.
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Secondary Side Y Voltages Transformer Delta Delta Wye Connection Lead 4
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Figure 4: Secondary Side Y Voltages

The voltage comparison are shown in Figure 5.
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Figure 5: Voltage Comparison

Transformer Delta-Wye Connection Lag Example
Description

The transformer Delta-Wye connection lag schematic is shown in Figure 1.
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Figure 1: Transformer Delta-Wye Connection Lag Example Schematic

e

e

The system contains the transformer_dy lag30 from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer delta-wye connection
lag 30 degree in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The primary side voltages are shown in Figure 2.

Primary Side Voltages Transformer Delta Wye Connection Lag 4
1000.00

Curve Info
— miy

TR

— wmzy
TR
750.00 —
— vm3y
1 TR

500.00 —{

250.00 |

Y1(mv]

0.00 —
-250.00 —|
-500.00 —|

-750.00 —|

-1000.00
0.00

T T T — f — T T
5.00 10.00 15.00 20000 250 30.00 35.00

40.00
Time [ms]

Figure 2: Primary Side Voltages

The secondary side voltages are shown in Figure 3.

Transmission Line 1-112
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

information of ANSYS, Inc. and its subsidiaries and affiliates.



Twin Builder Components: Power System VHDLAMS

Secondary Side Voltages Transformer Delta Wye Connection Lag 4
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Figure 3: Secondary Side Voltages

The voltage comparison are shown in Figure 4.
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Figure 4: Voltage Comparison

Transformer Delta-Wye Connection Lead Example

Description

The transformer Delta-Wye connection lag schematic is shown in Figure 1.
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Figure 1: Transformer Delta-Wye Connection Lead Example Schematic
The system contains the transformer_dy_lead30 from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer delta-wye connection
lead 30 degree in the Power System VHDL-AMS library. The results are shown below.

Simulation Results
The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side voltages are shown in Figure 3.
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Secondary Side Voltages Transformer Delta Wye Connection Lead 4
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Figure 3: Secondary Side Voltages

The voltage comparison are shown in Figure 4.
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Figure 4: Voltage Comparison

Transformer Wye-Delta Connection Lag Example

Description

The transformer Wye-Delta connection lag schematic is shown in Figure 1.
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Figure 1: Transformer Wye-Delta Connection Lag Example Schematic
The system contains the transformer_yd_lag30 from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer wye-delta connection
lag 30 degree in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side voltages are shown in Figure 3.
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Figure 3: Secondary Side Voltages

The voltage comparison are shown in Figure 4.
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Figure 4: Voltage Comparison
Transformer Wye-Delta Connection Lead Example
Description

The transformer Wye-Delta connection lead schematic is shown in Figure 1.
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Figure 1: Transformer Wye-Delta Connection Lead Example Schematic
The system contains the transformer_yd_lead30 from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer wye-delta connection
lead 30 degree in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side voltages are shown in Figure 3.
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The voltage comparison are shown in Figure 4.
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Figure 4: Voltage Comparison
Transformer Wye-Delta-Wye Connection Lag Example

Description

The transformer Wye-Delta-Wye connectionlag schematic is shown in Figure 1.
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Figure 1: Transformer Wye-Delta-Wye Connection Lag Example Schematic
The system contains the transformer_ydy_lag from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer wye-delta-wye con-
nection lag in the Power System VHDL-AMS library. The results are shown below.

Simulation Results
The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side Delta connection voltages are shown in Figure 3.
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Figure 3: Secondary Side D Voltages

The secondary side Wye connection voltages are shown in Figure 4.
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Figure 4: Secondary Side Y Voltages

The voltage comparison are shown in Figure 5.
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Figure 5: Voltage Comparison

Transformer Wye-Delta-Wye Connection Lead Example

Description

The transformer Wye-Delta-Wye connectionlead schematic is shown in Figure 1.
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Figure 1: Transformer Wye-Delta-Wye Connection Lead Example Schematic
The system contains the transformer_ydy_lead from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer wye-delta-wye con-
nection lead in the Power System VHDL-AMS library. The results are shown below.
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Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side Delta connection voltages are shown in Figure 3.
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Figure 3: Secondary Side D Voltages

The secondary side Wye connection voltages are shown in Figure 4.
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Figure 4: Secondary Side Y Voltages

The voltage comparison are shown in Figure 5.
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Figure 5: Voltage Comparison
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Transformer Wye-Wye Connection Example

Description

The transformer Wye-Wye connection schematic is shown in Figure 1.
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Figure 1: Transformer Wye-Wye Connection Example Schematic
The system contains the transformer_yy from the Power System VHDL-AMS library.

This example is mainly used for demonstrating the usage of transformer wye-wye connection in
the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The primary side voltages are shown in Figure 2.
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Figure 2: Primary Side Voltages

The secondary side voltages are shown in Figure 3.
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Figure 3: Secondary Side Voltages

The voltage comparison are shown in Figure 4.
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Figure 4: Voltage Comparison

Two Level Four Pulse PWM Example

Description

The two level four pulse PWM schematic is shown in Figure 1.
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Figure 1: Two Level Four Pulse PWM Schematic

The system contains the pwm24i, pwm24eu and pwm24ebmodels from the Power System
VHDL-AMS library.

This example is mainly used for demonstrating the usage of two level four pulse PWM com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The PWM generator with internal reference signal results are shown in Figure 2.
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Figure 2: Internal Signal PWM
The PWM generator with external reference signal, unipolar results are shown in Figure 3.
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Figure 3: External Signal PWM, Unipolar
The PWM generator with external reference signal, bipolar results are shown in Figure 4.
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Figure 4: External Signal PWM, Bipolar
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Two Level Six Pulse PWM Example
Description

The two level six pulse PWM schematic is shown in Figure 1.

!

IR
8
;

Sl

E

Figure 1: Two Level Six Pulse PWM Schematic

The system contains the pwm26i and pwm26emodels from the Power System VHDL-AMS lib-
rary.

This example is mainly used for demonstrating the usage of two level three phase six pulse
PWM components in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The PWM generator with internal reference signal results are shown in Figure 2.
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Figure 2: Internal Signal PWM

The PWM generator with external reference signal results are shown in Figure 3.
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Figure 3: External Signal PWM

Two Level Two Pulse PWM Example

Description

The two level two pulse PWM schematic is shown in Figure 1.
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Figure 1: Two Level Two Pulse PWM Schematic

The system contains the pwm22i and pwm22emodels from the Power System VHDL-AMS lib-
rary.

This example is mainly used for demonstrating the usage of two level two pulse PWM com-
ponents in the Power System VHDL-AMS library. The results are shown below.

Simulation Results

The control signals are shown in Figure 2.
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Figure 2: Control Signals
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