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1 - SMPS Library

The models of the SMPS library were developed by a power electronics group of the Univer-
sidad Politécnica de Madrid, Division de Ingenieria Electrénica

The library provides most of the models required to build and evaluate complex power elec-
tronics systems. It covers all the power processing steps from the source, storage elements, pro-
tection systems, power converters, the load and the controls. The models in the library allow the
designer the concentration on higher level tasks. The SMPS Power Library is divided into the fol-
lowing:

» Advanced

+ Control Modules

* Controllers

* Envelope Simulation

» Multiphase Converters

* Piezoelectric

* Power Converters

» Power Factor Correctors
» System Modeling

Top

Common References

[1] Henry Oman: Power for New Aerospace Missions, IEEE Aerospace and Electronics Systems
Magazine Vol. 14 Issue 11, Nov. 1999 pp. 30-33

[2] Rogers, B.E.: Expert system based tool for aerospace power analysis, Energy Conversion
Engineering Conference, 1997, Vol. 1 pp. 253-255

[3] Hans-Peter Schéner, Peter Hille: Automotive Power Electronics-New Challenges for Power
Electronics, PESC 2000, Vol. 1, pp. 6-11

[4] Mistry, K., Silverman, E., Taylor, T., Willis, R.: Telecommunications power architectures: dis-
tributed or centralized, INTELEC '89, vol.1, pp. 1-11

[5] R.D. Middlebrook, S. Cuk: A General Unified Approach to Modeling Switching Converter
Power Stages, IEEE PESC 1976, pp. 18-31

[6] V. Vorperian: Simplified Analysis of PWM Converters Using Model of PWM Switch Part I:
Continuous Conduction Mode, IEEE Transactions on Aerospace and Electronic Systems 1990,
Vol 26, n°3, pp. 490-496
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[71V. Vorperian: Simplified Analysis of PWM Converters Using Model of PWM Switch Part Il
Distinuous Conduction Mode, IEEE Transactions on Aerospace and Electronic Systems, 1990,
Vol 26, n°3, pp. 497-505

[8] V. M. Canalli, J. A. Cobos, J. A. Oliver, J. Uceda: Behavioral Large Signal Averaged Model for
DC/DC Switching Power Converters, IEEE PESC 1996, pp. 1675-1681

[9] D. Maksimovic and R. W. Erickson: Advances in Averaged Switch Modeling and Simulation,
IEEE PESC Tutorial 1999

[10] R. W. Erickson: Fundamentals of Power Electronics, Kluwer Academic Publisher
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Advanced
+AC-DC
* Three-Phase Averaged
* Three-Phase dq

» Transformation
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Advanced AC-DC
* Single-Phase

e Three-Phase

SMPS Library 1-7
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: SMPS

Advanced AC-DC, Single-Phase
* Fully Controlled Rectifier (B1phC)
* Diode Bridge (B1phU)

SMPS Library 1-8
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B1phC Fully Controlled Rectifier

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Diode CH
i
vac dc
E:p Fully Controlled _Erp
1ph rectifier
ac dc
Yac_n dc_n
= +£T

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

Fully controlled single-phase bridge rectifier performs AC rectification by means of a bridge of
controlled switches. The static characteristic of the switches can be defined by means of a char-
acteristic component from the Tools section or an appropriate quantity of a component. The user
has to define the frequency of the source and the firing angle of the switches. The firing angle
can also be varied during simulation.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL B1phC ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_p:= %0, vac_n:=
%1, vdc_p:= %2, vdc_n:= %3 ( Diode_CH:= @Diode_CH, alpha:= @alpha, line_freq:= @line_
freq) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_p AC Input positive pin Electrical terminal
vac_n AC Input negative pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
alpha Firing Angle real 0 [Deg]
line_freq Line Frequency real 50 [Hz]
Diode_CH | Diode Characteristics | real
Top
Example

This example is a typical fully controlled full bridge rectifier with an inductor filter at the output.
The results show the input voltage and the current through the load. The current through the
load can be controlled with the firing angle. The switch characteristic is defined with an external
function.

SMPS Library 1-10
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ERS J

-

B1phC2

e

E1

ac

Fully Cartrolled

1ph rectifier

dc

L1

R1

Figure 2. Application examples of the Single Phase Fully Controlled Rectifier model

Table 3. System Parameters

Component Parameter Value [unit]

Diode CH EQUL1.VAL
Fully Controlled Rectifier B1phC1

alpha 30 [deg]
Equivalent Line EQUL1 VF 0.6 [V]
Resistor R1 R 1[Ohm]
Inductor L1 L 0.01 [H]

AMPL 326 [V]

Freq 50 [HZ]
Voltage Source E1

Type ESINE

TPERIO Tend+1

SMPS Library 1-11
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Figure 3. Simulation results-voltage output from source (E1.V) and the rectified output of the
bridge (L1.V).

Top

References
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B1phU Diode Bridge

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Diode CH

VLR | dinde _bridge “q&‘ﬁ

=153

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

Diode Bridge rectifier is a block that performs AC rectification through a diode bridge rectifier. It
employs System level diodes for faster simulations. The diode characteristic can be defined by
means of a characteristic component from the Tools section or an appropriate quantity of a com-
ponent.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL B1phU ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_p:= %0, vac_n:=
%1, vdc_p:= %2, vdc_n:= %3 ( Diode_CH:= @Diode_CH) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_p AC Input positive pin Electrical terminal
vac_n AC Input negative pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
Diode_CH [ Diode Characteristics | real
Top
Example

This example is a typical full bridge rectifier with a capacitor filter at the output. The results show
the input voltage and the voltage applied to the load. The switch characteristic is defined with an
external function.

Dinde characteristics Ers | f

o

k'3

BiphU1

dic_bridge

E1
“":*uc
MV ™

Ci R1

I

||}—<.

SMPS Library 1-14
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: SMPS

Figure 2. Application examples of the Single Phase Diode Bridge model

Table 3. System Parameters

Component Parameter Value [unit]
Diode Bridge B1phU1 Diode CH EQUL1.VAL
Equivalent Line EQUL1 VF 0.6[V]
Resistor R1 R 100 [Ohm]
Capacitor C1 C 0.0001 [F]
AMPL 326 [V]
Freq 50 [HZz]
Voltage Source E1
Type ESINE
TPERIO Tend+1
375.00 T
Eﬁﬂ.ﬂﬂ—:
125.1]0—:
:ﬁj 0.00 -
i ]
-125.00
-250.00
-E?Elﬂﬂ{l.ﬂ{ll ' {Ii'J1 o {Ii'J1 o {I.i'J1' o {Ii'JZ o {Ii'JS o {Ii'JS o {Ii'JJf o '{I.{l4
H-Axis

Figure 3. Simulation results-voltage output from source (E1.V) and the rectified output of the
bridge (C1.V).

Top

References
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Advanced AC-DC, Three-Phase

+ Half-Controlled Rectifier (B3phHC)

* Diode Bridge (B3phU)

» B6C with Additional Inputs for Signal Generation and Pulse Enable (B6C_E_SMPS)

* Fully-Controlled 6-Pulse Bridge Connection with Static Models for Thyristors (B6C_SMPS)

SMPS Library 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: SMPS

B3phHC Half Controlled Rectifier

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Diode CH
-

Yac,_ a vic_ p
CF f T

Half Cantralled
2ph redifier

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

The Half-Controlled Three-Phase Rectifier contains three controlled switches and three diodes
(uncontrolled). The static characteristic of the switches can be defined by means of a char-
acteristic component from the Tools section or an appropriate quantity of a component. The user
has to define the frequency of the source and the firing angle of the controlled switches. The fir-
ing angle can also be varied during simulation.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL B3phHC ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_a:= %0, vac_b:=
%1, vdc_p:= %2, vdc_n:= %3, vac_c:= %4 ( Diode_CH:= @Diode_CH, alpha:= @alpha, line_fre-
g:= @line_freq) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
alpha Firing Angle real 0 [Deq]
line_freq Line Frequency real 50 [Hz]
Diode_CH | Diode Characteristics | real
Top
Example

This example is a typical half-controlled full-bridge rectifier with a inductor filter at the output. The
results show the input voltage and the current through the load. The current through the load can
be controlled with the firing angle. The switch characteristic is defined with an external function.

SMPS Library 1-18
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Figure 2. Application examples of the Semi-Controlled Three-Phase Rectifier model

Table 3. System Parameters

Component Parameter Value [unit]
Diode CH EQUL1.VAL
Half-Controlled Three-Phase Rec-
tifier BSPHHC2
alpha 22.5 [deq]
Equivalent Line EQUL1 VF 0.6 [V]
Resistor R1 R 1 [Ohm]
Inductor L1 L 0.01 [H]
AMPL 326 [V]
Voltage Source (Sinusoidal) Freq 50 [HZ]
E1/E2/E3
Phase 0/120/-120
[ded]

SMPS Library 1-19
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Curve Info

g -
g 0.00 —
m -
o
-200.00 —
-400.00 —
-600.00 — —
0.00 0.01 0.01 0.01 0.02 0.03 0.03 0.04 0.04
X-Axis
Figure 3. Simulation results-voltage current through inductor (L1.l) and the 3 phase source
voltages (VM1.V, VM2.V, VM3.V).
Top
References
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B3phU Diode Bridge

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2

vaec a
F

wac b
F

va@__c

Liode CH

ac o

Iph_bridge_rect

vuj_&_n

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

The three-phase diode bridge rectifier block performs AC rectification through a 3 leg diode
bridge rectifier. Each leg is connected to one of the phases of the three-phase voltage. It
employs System level diodes for faster simulations. The diode characteristic can be defined by
means of a characteristic component from the Tools section or an appropriate quantity of a com-

ponent.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL B3phU ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_a:= %0, vac_b:=
%1, vdc_p:= %2, vdc_n:= %3, vac_c:= %4 ( Diode_CH:= @Diode_CH) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
Diode CH | Diode Characteristics | real
Top
Example

This example is a typical three-phase rectifier bridge with a capacitive filter at the output. The res-
ults show the input voltage and the voltage applied to the load. The switch characteristic is
defined with an external function.
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Figure 2. Application examples of the Three-Phase Diode Bridge model

Table 3. System Parameters

[

Component Parameter Value [unit]
Three-Phase Diode Bridge Rectifier | Diode CH
B3PHU1 EQUL1.VAL
VF 0.6 [V]
Equivalent Line EQUL1
RB 0.1 [Ohm]
Resistor R1 R 100 [Ohm]
Resistor Resr R 0.05[Ohm]
Capacitor C1 C 0.0001 [F]
AMPL 326 [V]
Voltage Source (Sinusoidal) Freq 50 [HZz]
E1/E2/E3
Phase 0/120/-120
[deg]
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Figure 3. Simulation results-Voltage Output across capacitor (C1.V) and the 3 phase source
voltages (VM1.V, VM2.V, VM3.V).
Top
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(B6C_E_SMPS) B6C With Additional Inputs for Signal Gen-
eration and Pulse Enable

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

The B6C Thyristor Bridge Enhanced performs AC rectification by means of six controlled
switches. Each leg is connected to one of the phases of the three-phase voltage. It employs Sys-
tem level switches for faster simulations. The switches characteristic can be defined by means of
its forward voltage drop, its bulk resistance and its reverse resistance. The user has to define the
frequency of the source and the firing angle of the controlled switches. Both can be time depend-
ent.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL B6C_E_SMPS ?InstanceName(@InstanceName):(@(Refbase)@(ID)) KN_L1:= %0,
KN_L2:= %1, KN_L3:=%2, KN_PLUS:= %3, KN_MINUS:= %4, NC1:= %5, NC2:= %6, NC3:=
%7 (ALPHA:= @ALPHA, FREQUENCY:= @FREQUENCY, ENABLE:= @ENABLE, START:=
@START, TON:= @TON, VF:= @VF, RB:= @RB, RR:= @RR) SRC: DB(Lib:-
:=@ModellLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
KN_L1 AC Input Phase 1 pin Electrical terminal
KN_L2 AC Input Phase 2 pin Electrical terminal
KN L3 AC Input Phase 3 pin Electrical terminal
KN_PLUS DC Side positive pin Electrical terminal
KN_MINUS DC Side negative pin Electrical terminal
NCA1 Control Input (Phase 1) Electrical terminal
NC2 Control Input (Phase 2) Electrical terminal
NC3 Control Input (Phase 3) Electrical terminal
Top
Parameters
Table 2
Name Description Data Default
Type Value [Unit]

ALPHA Delay Angle real 30 [Ded]
FREQUENCY Supply Frequency real 50 [HZ]
TON Pulse Length real 0.006 [s]
ENABLE Enab_le for Thyristor Con- real 1

trol Signals
START Start.FIag for Angle Cal- real 1

culation
VE ForV\{ard Voltage of real 08

Thyristors
RB Bqu.ReS|stance of real 0.001 [Ohm]

Thyristors
RR Reverse Resistance of real 100000
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Thyristors | | [Ohm]

Top

Example

This example is a typical fully controlled full bridge rectifier with an inductor filter at the output.
The results show the input voltage and the current through the load. The current through the
load can be controlled with the firing angle. The switch characteristic is defined with an external

function.
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Figure 2. Application example of the Fully-controlled 6-Pulse Bridge Rectifier.
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Figure 3. References Voltages for Fully-controlled 6-Pulse Bridge Rectifiers.
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Table 3. System Parameters

Component Parameter Value [unit]
ALPHA ALPHA.VAL
Fully-Controlled 6-Pulse Bridge
B6C_E_SMPS1/B6C_E_SMPs2 |-REQUENCY | 60[Hz]
TON 0.00555 [s]
Constant Value ALPHA Value 35 [Deg]
Resistor R1 R 25[Ohm]
Inductor L1/L2/L3 L 1.5e-007 [H]
Inductor L4 L 0.0001 [H]
Resistor RL1/RL2/RL3 R 0.001 [Ohm]
Resistor RL31 R 0.16 [Ohm]
AMPL 750 [V]
Voltage Source (Sinusoidal) Freq 60 [HZ]
E7/E8/EQ
Phase 0/-120/-240
[ded]
AMPL 1[V]
Voltage Source (Sinusoidal) Freq 60 [HZ]
E1/E2/E3
Phase 0/-120/-240
[deg]
AMPL 1[V]
Voltage Source (Sinusoidal)
E4/E5/E6 Freq 60 [Hz]
Phase -30/-150/-270
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Figure 4. Simulation results-Transformer voltage output (VM1.V) and the rectified load current
(x10) delivered from the bridge to the load resistor (R1.1 * 10).
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Figure 5. Simulation results-source currents provided to the MACRO3 subcircuit.
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B6C_SMPS Fully-controlled 6-Pulse Bridge Connection with
Static Models For Thyristors

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

The B6C Thyristor Bridge performs AC rectification by means of six controlled switches. Each
leg is connected to one of the phases of the three-phase voltage. It employs System level
switches for faster simulations. The switches characteristic can be defined by means of its for-
ward voltage drop, its bulk resistance and its reverse resistance. The user has to define the fre-
quency of the source and the firing angle of the controlled switches. Both can be time
dependent.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL B6C_SMPS ?InstanceName(@InstanceName):(@(Refbase)@(ID)) KN_L1:= %0, KN_

L2:= %1, KN_L3:= %2, KN_PLUS:= %3, KN_MINUS:= %4 ( ALPHA:= @ALPHA,

FREQUENCY:= @FREQUENCY, VF:= @VF, RB:= @RB, RR:= @RR) SRC: DB(Lib:-

:=@ModelLibraryName) ;
Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
Top
Parameters
Table 2
Name Descrintion Data Default Value
P Type [Unit]
ALPHA Delay Angle real 30 [Deg]
FREQUENCY | Frequency of Input real | 50[Hz]
Voltage
VE For\/\{ard Voltage of real 0.8 V]
Thyristors
RB Bqu.Res,lstance of real 0.001 [Ohm]
Thyristors
RR Reverse Resistance of real 100000
Thyristors [Ohm]
Top
Example

This example is a typical fully controlled three-phase full bridge rectifier with an inductor filter at
the output. The results show the input voltage and the current through the load. The current
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through the load can be controlled with the firing angle. The switch characteristic is defined with
an external function.

= " U I
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L
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Figure 2. Application example of the Fully-controlled Three-Phase Bridge Rectifier.

Table 3. System Parameters

Component Parameter Va[ue
[unit]
ALPHA 30

Fully-Controlled Three-Phase Bridge

Rectifier B6C_SMPS1 FREQUENCY | 50 [HZ]

VF 0.8[V]
Resistor R1 R 1 [Ohm]
Inductor L1 L 0.1 [H]
AMPL 326 [V]
Voltage Source (Sinusoidal) E1/E2/E3 Freg 50 [Hz]
Phase 0/120/-
120 [deg]
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Figure 3. Simulation results-Line Voltage output (VM1.V, VM2.V, VM3.V) and the rectified load cur-
rent (L1.1) the output voltage(VDC.V).
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Advanced Three-Phase Averaged

The components of this section are average large-signal models of the most common three-
phase converters.

* Boost (Boost3ph_A)

* Buck (Buck3ph_A)

* Current Source Inverter (CSI3ph_A)
* Voltage Source Inverter (VSI3ph_A)

See also:

» Advanced Three-Phase dq
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Boost3ph_A Boost Converter

Library: SMPS Modeling Language: SML 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

* Example

* References

Description

This block represents the averaged level model of the three-phase boost converter. The equi-
valent circuit schematic is shown in Figure 2.
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Figure 2. Equivalent Circuit Schematic

Top

Assumptions and Limitations

This block assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The duty cycles can be calculated by means of the following relation:

Where dg, represents the duty cycle for the considered leg, T1 is the on time of the upper switch
of this leg and T the switching period as shown:
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Figure 3. Switching Diagram
Top
Mathematical Description
Top
Netlist Syntax
MODEL Boost3ph_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_a:= %0, vac_

b:=%1, vdc_p:= %2, vdc_n:= %3, vac_c:= %4 ( da:= @da, db:= @db, dc:= @dc) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal

Top
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Parameters
Table 2
Name Description Data Type | Default Value [Unit]
da Duty Cycle of Phase A | real 0
db Duty Cycle of Phase B | real 0
dc Duty Cycle of Phase C | real 0
Top
Example

This example is a Three-Phase Boost converter using averaged models. The results show the
line currents and the output voltage. The duty cycles controls the energy transferred to the load.
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Figure 4. Application example of an Average Model of Three-Phase Boost Converter.

Table 3. System Parameters

SMPS Library 1-41

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: SMPS

Component Parameter Value [unit]
da da
Average Three-Phase
Boost Converter db db
Boost3ph_A1
dc dc
EQUO da:=0.5+0.45"sin
(314.15926*Time-2.0944)
, EQU1 db:=0.5+0.45%sin
Equation Block FML2 (314.15926*Time)
EQU2 dc:=0.5+0.45*sin
(314.15926*Time+2.0944)
Resistor R1 R 1 [Ohm]
Capacitor C1 C 0.001 [F]
Inductor L1/L2/L3 L 0.0001 [H]
AMPL 300 [V]
Voltage Source (Sinus-
oidal) E1/E2/E3 Freg 50 [Hz]
Phase 0/120/-120 [deg]
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Figure 5. Simulation results-Voltage output (VM_VDC.V) and input line currents to the rectifier
(L1.1, L2.1, L3.).
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Buck3ph_A Buck Converter

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

This block represents the averaged level model of the three-phase buck converter. The equi-
valent circuit schematic is shown in Figure 2.
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Figure 2. Equivalent Circuit Schematic
Top

Assumptions and Limitations

This block assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The duty cycles can be calculated by means of the following relation:

Where dg, represents the duty cycle for the considered switch, T1 is the on time of this switch in
a switching period and T is the switching period.

A restriction to be taken into account is that:
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d,+d,+td, =1
d, +d, +d, =1

It means that there must be a path for the current to flow, at any time, through some of the upper
switches and some of the lower switches.

Top

Mathematical Description

Top

Netlist Syntax

MODEL Buck3ph_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_a:= %0, vac_
b:=%1, vdc_p:= %2, vdc_n:= %3, vac_c:= %4, n:= %5 ( dap:= @dap, dbp:= @dbp, dcp:= @dcp,
dan:= @dan, dbn:= @dbn, dcn:= @dcn) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
n Neutral pin Electrical terminal
Top
Parameters
Table 2
Name Descrintion Data Default Value
P Type | [Uni]
Duty Cycle of Upper Switch of
dap Phase A real 0
Duty Cycle of Upper Switch of
dbp Phase B real 0
dcp Duty Cycle of Upper Switch of | real 0
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Phase C
Duty Cycle of Lower Switch of
Phase A real 0

dbn Duty Cycle of Lower Switch of real
Phase B

dan

Duty Cycle of Lower Switch of

den Phase C real

Top

Example

This example uses a three-phase Buck converter using Averaged models. The results show the

output voltage and the input line voltages. The duty cycles control the energy transferred to the
load.
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Figure 3. Application example of an Average Model of Three-Phase Buck Converter.

Table 3. System Parameters

Component Parameter Value [unit]
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dap dap
dbp dbp
Average Three- dcp dep
Phase Buck Con-
verter Buck3ph_
A1 dan dan
dbn dbn
decn dcn
EQUO dap:=0.3333333333+(0.2*sin
(314.15926*Time))
EQU1 dan:=0.3333333333-(0.2*sin
(314.15926*Time))
EQU2 dbp:=0.3333333333+(0.2*sin
. (314.15926*Time-2.0943951))
Equation Block
FML1 .
EQU3 dbn:=0.3333333333-(0.2*sin
(314.15926*Time-2.0943951))
EQU4 dcp:=0.3333333333+(0.2*sin
(314.15926*Time+2.0943951))
EQU5 dcn:=0.3333333333-(0.2*sin
(314.15926*Time+2.0943951))
Resistor R1 R 1 [Ohm]
Capacitor C1 C 0.0001 [F]
Inductor L1 L 0.0001 [H]
Inductor L2/L3/L4 | L 1e-006 [H]
Voltage Source [ AMPL 300[V]
(Sinusoidal)
E1/E2/E3 Freq 50 [Hz]
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Figure 4. Simulation results-Voltage output (C1.V) and input line voltages to the rectifier (VM1.V,
VM2.V, VM3.V).
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CSI3ph_A Current Source Inverter

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

This block represents the averaged level model of the three-phase Current Source Inverter
(CSI). The equivalent circuit schematic is shown in Figure 2.
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Figure 2. Equivalent Circuit Schematic
Top
Assumptions and Limitations

This block assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The duty cycles can be calculated by means of the following relation:

Where dg, represents the duty cycle for the considered switch, T1 is the on time of this switch in
a switching period and T is the switching period.

A restriction to be taken into account is that:

d,+d,+d, =1
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d +d +d, =1
It means that there must be a path for the current to flow, at any time, through some of the upper
switches and some of the lower switches.
Top
Mathematical Description
Top
Netlist Syntax

MODEL CSI3ph_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_a:= %0, vac_
b:=%1, vdc_p:= %2, vdc_n:= %3, vac_c:= %4, n:= %5 ( dap:= @dap, dbp:= @dbp, dcp:= @dcp,
dan:= @dan, dbn:= @dbn, dcn:= @dcn) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal
n Neutral pin Electrical terminal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Uni]

Duty Cycle of Upper Switch of
dap Phase A real 0

Duty Cycle of Upper Switch of
dbp Phase B real 0

Duty Cycle of Upper Switch of
dcp Phase C real 0
dan Duty Cycle of Lower Switch of real 0

Phase A
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dbn Duty Cycle of Lower Switch of real 0
Phase B

den Duty Cycle of Lower Switch of real 0
Phase C

Top

Example

This example is a current source inverter using averaged models. The line currents are shown in
the results. The duty cycles control the energy transferred to the load.
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Figure 3. Application example of an Average Model of Current Source Inverter.

Table 3. System Parameters

Component Parameter Value [unit]

Average Current dap
Source Inverter

dap
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dbp dbp
dcp dcp
CSI3ph_A1
dan dan
dbn dbn
den dcn
EQUO dap:=0.3333333333+(0.2*sin
(314.1592*Time))
EQU1 dan:=0.3333333333-(0.2*sin
(314.1592*Time))
EQU2 dbp:=0.3333333333+(0.2*sin
. (314.1592*Time-2.0943951))
Equation Block
FML1 _
EQU3 dbn:=0.3333333333-(0.2*sin
(314.1592*Time-2.0943951))
EQU4 dcp:=0.3333333333+(0.2*sin
(314.1592*Time+2.0943951))
EQU5 dcn:=0.3333333333-(0.2*sin
(314.1592*Time+2.0943951))
Resistor R1/R2/R3 | R 10 [Ohm]
Capacitor C
C1/C2/C3 0.0001 [F]
Inductor L1 L 0.01[H]
Voltage Source E1 | EMF Value | 400[V]

SMPS Library 1-54
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: SMPS

E
8

[=]
=
IIIIIIIIIIIIIIIIIIIIIIIIIIIII

Default

-25.00

Figure 4. Simulation results-Line Currents (R1.l, R2.l, R3.1).
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VSI3ph_A Voltage Source Inverter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

mﬁrw

o

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

This block represents the averaged level model of the three-phase VSI (Voltage Source
Inverter). The equivalent circuit schematic is shown in Figure 2.
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AM_IA
E1
ic_a < + 1} vdc_p
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AM_IB O
E2 1
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. \_/* VM'_VDC

EMF=(db * VM_VDC.V)
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E3
AC_C < +
- &
EMF=(dc * VM_VDC.V)
Figure 2. Equivalent Circuit Schematic
Top

Assumptions and Limitations

This block assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero.

The parameters to be provided to the model are:

+ da duty cycle of the leg corresponding to phase A
+ db duty cycle of the leg corresponding to phase B
* dc duty cycle of the leg corresponding to phase C

The duty cycles can be calculated by means of the following relation:

Where dg, represents the duty cycle for the considered leg, T1 is the on time of the upper switch
in this leg and T is the switching period as shown in Figure 2:
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Figure 3. Switching Diagram

Mathematical Description

Top
Netlist Syntax

MODEL VSI3ph_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vac_a:= %0, vac_
b:=%1, vdc_p:= %2, vdc_n:= %3, vac_c:= %4 ( da:= @da, db:= @db, dc:= @dc) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type
vac_a AC Input Phase A pin Electrical terminal
vac b AC Input Phase B pin Electrical terminal
vac_c AC Input Phase C pin Electrical terminal
vdc_p DC Side positive pin Electrical terminal
vdc_n DC Side negative pin Electrical terminal

Top
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Parameters
Table 2
Name Description Data Type | Default Value [Unit]
da Duty Cycle of Phase A | real 0
db Duty Cycle of Phase B | real 0
dc Duty Cycle of Phase C | real 0
Top
Example

This example is a voltage source inverter using averaged models. The output voltages are
shown in the results. The duty cycles control the energy transferred to the load.
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Figure 4. Application example of an Average Model of Voltage Source Inverter.

Table 3. System Parameters

Component

Parameter

Value [unit]
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da

dap
Average Voltage Source
Inverter VSI3ph_A1 db dbp
dc dcp
EQUO dc:=1+sin(314*Time)
EQU1 db:=1+sin(314*Time-
Equation Block FML1 2.0944)
EQU2 da:=1+sin
(314*Time+2.0944)
Resistor R1/R2/R3 R 1 [Ohm]
Capacitor C1/C2/C3 C 0.001 [F]
Inductor L1/L2/L3 L 0.01[H]
Voltage Source E1 EMF Value | 400 [V]
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Curve Info
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Figure 5. Simulation results-Voltage outputs (C1.V, C2.V, C3.V).
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Advanced Three-Phase dq

The components of this section are average large-signal models of the most common three-
phase converters. There are two models for each converter:

The rotating coordinates (dq) models also allow AC analysis of the converters, a powerful tool for
control design.

* Boost (Boost3ph_DQ)

* Buck (Buck3ph_DQ)

* Current Source Inverter (CSI3ph_DQ)
* Sinusoidal PWM (SPWM)

* Voltage Source Inverter (VSI3ph_DQ)

See also:

* Advanced Three-Phase Average
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Boost DQ

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

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

This block represents the dq averaged model of the three-phase boost converter. It assumes
that the switches are ideal in the sense that the voltage drop across them when they are onis
zero.

Top

Assumptions and Limitations
Top

Mathematical Description

The model implements the following differential equations:
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YL—=v,+3wli —v;d,

3L—=v, - 3ali, - v, d,

iy =dyig+d, i,

Where:

L is the line inductance of the boost converter
V4 is the d coordinates input voltage
Vq is the q coordinates input voltage
iq is the d coordinates input current
iq is the g coordinates input current
w is the pulsating frequency

dq is the d coordinates duty cycle
dq is the g coordinates duty cycle

ig is the dc output current

Top

Netlist Syntax

MODEL Boost3ph_DQ ?InstanceName(@InstanceName):(@(Refbase)@(ID)) v_dp:= %0, v_
dn:=%1,v_qp:= %2, v_qn:= %3, vdc_p:= %4, vdc_n:= %5 (dd:= @dd, dq:= @dq, frequency:=

@frequency, L:= @L) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
v_dp d channel positive pin Electrical terminal
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v_dn d channel negative pin Electrical terminal
v_qgp g channel positive pin Electrical terminal
v_gn g channel negative pin Electrical terminal
vdc p DC side positive pin Electrical terminal
vdc_n DC side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
frequency qRSéii;g Reference Fre- real 50 [Hz]
L Line Inductance real 0.001 [H]
dd d Channel Duty Cycle real 0
dq g Channel Duty Cycle real 0
Top
Example

This example illustrates the Three-Phase Boost converter using averaged dqg model. The results
show the output voltage and the step on the control signal. The duty cycles controls the energy

transfered to the load.
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Figure 2. Application examples of the Three-Phase Boost converter.

Table 3. System Parameters

Component Parameter Value [unit]

dd dd
Three-Phase Boost converter
BOOST3PH_DQ1

dg dg

EQUO dd:=0.4 +0.2*

_ (Time >0.1)

Equation Block CONTROL

EQU1 dq:=0
Resistor R1 R 1 [Ohm]
Capacitor C1 C 0.001 [F]
Voltage Source Ed EMF Value | 400*3/2[V]
Voltage Source Eq EMF Value | 400[V]
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Figure 3. Simulation results-DQ duty cycles.
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Figure 4. Simulation results-voltage output (C1.V).
Top
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References
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Buck DQ

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

: 413 h
EALELE

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

This block represents the dq averaged model of the three-phase buck converter. It assumes that
the switches are ideal in the sense that the voltage drop across them when they are on is zero.

Top

Assumptions and Limitations
Top

Mathematical Description

The model implements the following differential equations:
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i, =d i,
i, =d, i

LIE =v,'d, +v, -dg -V,
Where:

L is the dc inductance of the buck converter

V4 is the d coordinates input voltage
Vq is the g coordinates input voltage
iq is the d coordinates input current
iq is the g coordinates input current

w is the pulsating frequency

dq is the d coordinates duty cycle
dq is the g coordinates duty cycle
Vo is the dc output voltage

Top

Netlist Syntax

MODEL Buck3ph_DQ ?InstanceName(@InstanceName):(@(Refbase)@(ID)) v_dp:= %0, v_
dn:=%1,v_qp:= %2, v_qn:= %3, vdc_p:= %4, vdc_n:= %5 (dd:= @dd, dq:= @dq, frequency:=

@frequency, L:= @L) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
v_dp d channel positive pin Electrical terminal
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v_dn d channel negative pin Electrical terminal
v_qgp g channel positive pin Electrical terminal
v_gn g channel negative pin Electrical terminal
vdc p DC side positive pin Electrical terminal
vdc_n DC side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
frequency qRSéii;g Reference Fre- real 50 [Hz]
L Line Inductance real 0.001 [H]
dd d Channel Duty Cycle real 0
dq g Channel Duty Cycle real 0
Top
Example

This example illustrates the Three-Phase Buck converter using averaged dq model. The results
show the output voltage and the step on the control signal. The duty cycles controls the energy

transfered to the load.
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Figure 2. Application examples of the Three-Phase Buck converter.

Table 3. System Parameters

Component Parameter Value [unit]

dd dd
Three-Phase Buck converter
BUCK3PH_DQ1

dq dq

EQUO dd:=0.4 + 0.2*

. (Time >0.1)

Equation Block CONTROL

EQU1 dqg:=0
Resistor R2 R 1 [Ohm]
Capacitor C1 C 0.001 [F]
Voltage Source Ed EMF Value | 400%3/2[V]
Voltage Source Eq EMF Value | 400[V]
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Figure 3. Simulation results-DQ duty cycles.
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Figure 4. Simulation results-voltage output (C1.V).
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Current Source Inverter DQ

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

 BIE R

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

This block represents the dq averaged model of the three-phase Current Source Inverter. It
assumes that the switches are ideal in the sense that the voltage drop across them when they
are on is zero.

Top

Assumptions and Limitations
Top

Mathematical Description

The model implements the following differential equations:
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di
L-?;:vg —(vyd, +v,d,)

d
C-% =d,i + o Cy, —iy,

.
':? —_— -. - = = _.
C =d i, —aoCv, —i,

dt

Where:

L is the dc inductance

C is the capacitance per phase

V4 is the d coordinates output voltage
Vq is the g coordinates output voltage
ing is the d coordinates output current
ioq is the g coordinates output current
w is the pulsating frequency

dq is the d coordinates duty cycle

dq is the g coordinates duty cycle

iiis the dc input current

Top

Netlist Syntax

MODEL CSI3ph_DQ ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vdc_p:= %0, vdc_
n:=%1, v_dp:= %2, v_dn:= %3, v_qp:= %4, v_qn:= %5 ( frequency:= @frequency, L:= @L, dd:=
@dd, dq:=@dq,L_IC:=@L_IC, C:=@C, Cd_IC:=@Cd_IC, Cq_IC:= @Cq_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top
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Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type
v_dp d channel positive pin Electrical terminal
v_dn d channel negative pin Electrical terminal
v_qgp g channel positive pin Electrical terminal
v_gn g channel negative pin Electrical terminal
vdc p DC side positive pin Electrical terminal
vdc_n DC side negative pin Electrical terminal

Top

Parameters

Table 2
Name Description Data Defgult Value
Type [Unit]

frequency 53;1;9 Reference Fre- real 50 [HZz]
L Line Inductance real 0.001 [H]
dd d Channel Duty Cycle real 0.5
dq g Channel Duty Cycle real 0

Top

Example

This example illustrates the Three-Phase CSI converter using averaged dq model. The results
show the output voltage and the step on the control signal. The duty cycles controls the energy

transfered to the load.

SMPS Library 1-77

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: SMPS

CEAn_Do

g
fl—
ol

e

|||~.

Figure 2. Application examples of the Three-Phase CSI converter.

Table 3. System Parameters

Component Parameter Value [unit]

dd dd
Three-Phase CSI converter
CSI3PH_DQ1

dq dq

EQUO dd:=0.4 +0.2*

_ (Time>0.1)

Equation Block CONTROL

EQU1 dq:=0
Resistor Rd/Rq R 1 [Ohm]
Voltage Source E2 EMF Value | 400 [V]
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Figure 4. Simulation results-voltage outputs (Rd.V, Rq.V).
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Sinusoidal PWM

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

SPWM

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

This block represents the averaged model of a Sinusoidal PWM. It assumes that the carrier fre-
quency is much higher than the modulating signals.

Top

Assumptions and Limitations
Top

Mathematical Description

The model implements the following equations:
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d - .i,ff Dy Ve (D] <V,
i cary

Sgrl(v;ref (I)) If‘vﬂef (I)‘ ol

Where:

dj is the duty cycle of phase j (j=A, B, or C)
Viref is the modulating voltage of phase |
Vcarr is the amplitude of the carrier signal
Top

Netlist Syntax

MODEL SPWM ?InstanceName(@InstanceName):(@(Refbase)@(ID)) Varef:= %0, Vbref:=
%1, Vcref:= %2 (Vcarr:= @Vcarr) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
Varef Modulating voltage of phase A Electrical terminal
Vbref Modulating voltage of phase B Electrical terminal
Vcref Modulating voltage of phase C Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
Vcarr Amplitude of the Carrier | real 1[V]
Top
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
da Duty cycle for phase A Output real
db Duty cycle for phase B Output real
dc Duty cycle for phase C Output real

Top

Example

This example illustrates a Voltage Source Inverter with Sinusoidal Pulse Width Modulation and
an inductive load. The simulation uses an averaged model of the Voltage Source Inverter. The
amplitude modulation index is defined by ma.
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Figure 2. Application examples of the Sinusoidal PWM model.

Table 3. System Parameters

Component Parameter Value [unit]
da SPWM1.da
Three-Phase VSI converter
VSI3PH_A2 db SPWM1.db
dc SPWM1.dc
Initial Values FML_INIT1 EQUO ma:=0.8
Resistor R1/R2/R3 R 1 [Ohm]
Inductor L1/L2/L3 L 0.01 [H]
Voltage Source E2 EMF Value | 400[V]
AMPL ma [V]
Voltage Source (Sinusoidal) FREQ 50 [HZz]
EA/EB/EC
Phase 0/-120/-240
[Deg]
Sinusoidal PWM SPWM1 Vcarr 1
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0.90

\ Curve Info
— SPWM1i.da

TR

= SPWM1.db
TR

— SPWM1.de
TR

I‘H].hﬂ I I I IEG.h{I I l I IECI.bﬂ I I I I4{I.hﬂ I

5000

60.00

SMPS Library 1-85
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: SMPS

Figure 3. Simulation results-Duty cycles (SPWM1.da, SPWM1.db, SPWM1.dc).
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Figure 4. Simulation results-Phase neutral voltages (A.V, B.V, C.V) and phase currents (L1.1, L2.1,
L3.1).

Top

References

SMPS Library 1-86
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: SMPS

Voltage Source Inverter DQ

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

L

V3iEph_DQ1

ol

L

Figure 1. Component symbol

* Description

» Assumptions and Limitations
* Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Example

* References

Description

This block represents the dq averaged model of the three-phase Voltage Source Inverter. It
assumes that the switches are ideal in the sense that the voltage drop across them when they
are on is zero.

Top

Assumptions and Limitations
Top

Mathematical Description

The model implements the following differential equations:
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Where:

L is the inductance per phase

C is the capacitance per phase

V4 is the d coordinates output voltage
Vq is the q coordinates output voltage
i_q is the d coordinates inductor current
i_q is the g coordinates inductor current
w is the pulsating frequency

dq is the d coordinates duty cycle
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dq is the g coordinates duty cycle

ing is the d coordinates output current
ioq is the g coordinates output current
Top

Netlist Syntax

MODEL VSI3ph_DQ ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vdc_p:= %0, vdc_
n:=%1, v_dp:= %2, v_dn:= %3, v_qgp:= %4, v_qgn:= %5 ( frequency:= @frequency, L:= @L, C:=
@C, dd:= @dd, dg:= @dq, Cd_IC:= @Cd_IC, Cqa_IC:=@Cq_IC, Ld_IC:= @Ld_IC, Lq_IC:=
@Lqg_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
v_dp d channel positive pin Electrical terminal
v_dn d channel negative pin Electrical terminal
v_qgp g channel positive pin Electrical terminal
v_gn g channel negative pin Electrical terminal
vdc p DC side positive pin Electrical terminal
vdc n DC side negative pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
frequency 53;1;9 Reference Fre- real 50 [Hz]
L Line Inductance real 0.001 [H]
dd d Channel Duty Cycle real 0.5
dq g Channel Duty Cycle real 0
Top
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Example

This example illustrates the Three-Phase VSI converter using averaged dq model. The results
show the output dq voltage and the step on the control signal. The duty cycles controls the

energy transfered to the load.

WSI3ph_004

Ede

Cantral

Ecl

Il

Figure 2. Application examples of the Three-Phase VSI converter.

Table 3. System Parameters

1}

Component Parameter Value [unit]

dd dd
Three-Phase VSI converter
VSI3PH_DQ1

dg dq

EQUO dd:=0.4 +0.2*

. (Time >0.1)

Equation Block CONTROL

EQU1 dq:=0
Resistor Rd/Rq R 1 [Ohm]
Voltage Source E4. EMF Value [ 400[V]

Rd

Fq
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Figure 3. Simulation results-DQ duty cycles.
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Figure 4. Simulation results-voltage outputs (Rd.V, Rq.V).

SMPS Library 1-91
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: SMPS

Top

References

SMPS Library 1-92
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: SMPS

Advanced Transformation
* Inverse Park Transformation (T_abc_dqz)

* Park Transformation (T_dqz_abc)
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T_abc_dgz Inverse Park Transformation

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

T @b 43T

nierse

Park Trarestmalon

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
This block performs an inverse Park transformation.
Top
Assumptions and Limitations
Top
Mathematical Description

The block performs the inverse Park’s transformation given by:
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cod{ et ) sin{ ot )

2 2 ) 2
T oo dqu‘/:- Coy & ——m | 8| @l ——7
- 3 3 3
2 ) 2
cod i+ — | sm| ot +—7
i 3 3

X.::rbr: :T

abe _ dge

5l = &5~

so that:

.qug

where:

=21 frequency

X, =|X

g i

ahe

Top
Netlist Syntax

MODEL T_abc_dqgz ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( d:= @d, q:= @q,
frequency:= @frequency, z:= @z) SRC: DB(Lib:=@ModelLibraryName) ;

Top
Parameters
Table 1
Name Description Data Type | Default Value [Unit]
frequency Frequency real 50 [Hz]
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d D Component Input | real
Q Component Input | real
Z Component Input | real
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
a A component output Output real
b B component output Output real
c C component output Output real

Top

Example

This example a Park and Inverse Park Transformation. The currents through the resistors are
input to the Park transformation where they are converted to Direct, Quadrature and Homopolar

currents. These currents are in turn transformed by the Inverse Park transformation back into

a,b, and c phase currents.

Ri

E1© .W
U Te
r}f’“\ ¥
LT - WL
°l

Figure 2. Application example of the Park and Inverse Park Transformation

T_dgz_abc

Pk TRk maton

T_oqz_abe

Table 3. System Parameters

T_abc_doz

InLe rEe

Park TR mIton

T =t agzi
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Component Parameter Value [unit]
a R1.1
Park Transformation T_DQZ_ABCA1 b R2.1
c R3.1
d T dgz_
abc1.d
Inverse Park Transformation T_ABC_ | q T dgz_
DQz1 abc1.q
z T dgz_
abc1.z
Resistor R1/R3 R 1 [Ohm]
Resistor R2 R 2 [Ohm]
AMPL 326 [V]
Voltage Source (Sinusoidal) Freq 50 [Hz]
E1/E2/E3
Phase 0/-120/120
[deg]
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100.00 | Curve Info
E = T_dgz_abeci.d
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N =— T _dqz_abci.
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Figure 3. Simulation results-Direct, Quadrature, and Homopolar currents from Park trans-
formation.
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Figure 4. Simulation results-Phase currents from Inverse Park transformation.
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T _dgz_abc Park Transformation

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

g

Paxk Trare fomalan

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Parameters
* Input/Output Quantities
* Example
* References
Description
This block performs a Park transformation.
Top
Assumptions and Limitations
Top
Mathematical Description

The block performs the Park’s transformation given by:
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so that:

where:

Top
Netlist Syntax

L]

(w2
m(mﬂ ]

E

w

co{mi} cos[m % ]
sin (et ) Siﬂ(ﬂt}f — % ]
1 1
| V2 2
Xﬂi'qt-i' - T.::i'.:;z_.:;rbr: .‘X.:;rbr:

@ = 277 frequancy

X,
Xd@z =X
_X _
_Xa_
KXo =4,y
_X's_

MODEL T_dgz_abc ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( a:= @a, b:= @b,
frequency:= @frequency, c:= @c) SRC: DB(Lib:=@ModelLibraryName) ;

Top
Parameters
Table 1
Name Description Data Type | Default Value [Unit]
frequency Frequency real 50 [Hz]
a A Component Input | real 0
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b B Component Input | real
c C Component Input | real
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
d d component output Output real
q q component output Output real
z z component output Output real

Top

Example

This example a Park and Inverse Park Transformation. The currents through the resistors are
input to the Park transformation where they are converted to Direct, Quadrature and Homopolar

currents. These currents are in turn transformed by the Inverse Park transformation back into

a,b, and c phase currents.

Ri

E1© -\.u'ﬁ':,u"l":,."L
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Figure 2. Application example of the Park and Inverse Park Transformation

T _dgz_abc

PaMk TR Dmaton

T_oqz_abed

Table 3. System Parameters

Component

Parameter

Value [unit]

T_asbc_dgz

Inwe r£e

Park TR maton

T st agzi
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a R1.1
Park Transformation T_DQZ_ABCA1 b R2.1
c R3.1
d T dgz_
abc1.d
Inverse Park Transformation T_ABC_ | q T dgz_
DQz1 abc1.q
z T dgz_
abc1.z
Resistor R1/R3 R 1 [Ohm]
Resistor R2 R 2 [Ohm]
AMPL 326 [V]
Voltage Source (Sinusoidal) Freq 50 [Hz]
E1/E2/E3
Phase 0/-120/120
[deg]
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Figure 3. Simulation results-Direct, Quadrature, and Homopolar currents from Park trans-
formation.
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Figure 4. Simulation results-Phase currents from Inverse Park transformation.
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Control Modules

* COMPARATOR with DIGITAL OUTPUT (COMP_DIG)
* Electromagnetic Circuit Breaker (EM_CB)

* Fuse (FUSE_UPM)

« MOSFET with BODY DIODE (M_BD)

* MOSFET LEG (M_LEG)

« MOSFET Bridge (MOSFET_BRIDGE)

* Optocoupler (OPTOB)

« PWM (PWM_UPM)

* Load Share Controller (UC3907)

* Electronic Circuit Breaker (UCC3912)
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COMP_DIG Comparator with Digital Output

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

in

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

The block is a classical comparator with digital output. The output parameter (out) is a variable
with two possible values depending on the input:

*ifinp>inn — out=1

sifinp<inn —out=0

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL COMP_DIG ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1
() SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp positive input pin Electrical terminal
inn negative input pin Electrical terminal
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
out Comparator Output(0-1) Output real
Top
Example

In this example, a digital comparator is used to compare the outputs of two voltage sources and
provide a digital output. The schematic of the example is shown in Figure 2, system parameters
are listed in the table 3, and the simulation results are shown in Figure 3.
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Figure 2. Application example of the Comparator with Digital Output component.

Table 3. System Parameters

Component Parameter Value [unit]
Comparator with Digital Output
COMP DIG1 out 0[V]

AMPL Value | 10[V]

Voltage Source (Sinusoidal) E1

FREQ 50 [Hz]
Voltage Source E2 EMF Value 3[V]
COMP_
Voltage Source E3 EMF Value DIG1 out
Resistor R1 Resistance 1 [Ohm]
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Figure 3. Simulation results — Input Voltages (E1.EMF and E2.EMF) and digital output across out-
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EM_CB Electromagnetic Circuit Breaker

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

Etd Circuit_Breaker

Figure 1. Component symbol

When RESET =0 and TRIP = 0 the Circuit Breaker acts as a resistor. When the TRIP signal is
set to 1 the Circuit Breaker starts to open. If the RESET is set to 1 the circuit breaker will come to
its initial state, that is, acting as a resistor.

Top
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Assumptions and Limitations
Top
Mathematical Description

The model of the circuit breaker is based on the differential equations of Cassie y Mayr that
model the electric arc according to:

=—- - g, Mayr

=—- - g, Cassie

where:

9m: conductance of the arc for Mayr's model
gc: conductance of the arc for Cassie’s model
ip: current through the circuit

up: electric arc voltage

te, tm, Po, Uc: electric arc parameters

The conductance of the electric arc is given by:

1 1 1
_I_

8§ 8: &m

Top
Netlist Syntax
MODEL EM_CB ?InstanceName(@InstanceName):(@(Refbase)@(ID)) cb1:= %0, cb2:= %1 (

TRIP:= @TRIP, RESET:= @RESET, Tm:= @Tm, P0:= @PO0, Uc:= @Uc, Tc:= @Tc) SRC: DB
(Lib:=@ModelLibraryName) ;

Top
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Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
ctr1 Pin 1 Electrical terminal
ctr2 Pin 2 Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
TRIP Trip signal real 1
RESET RESET signal real 0
Tm Mayr's time constant real 2.2e-7 [sec]
PO Mayr's cooling power | real 8800 [W]
Tc Cassie's time constant | real 8e-8 [sec]
Uc Electric arc voltage real 2350 [V]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
I Circuit Breaker Current Output real
Y, Circuit Breaker Voltage Output real
Top
Example

In this example, a circuit breaker is tripped with an external signal created with a state diagram.
The schematic of the example is shown in Figure 2, system parameters are listed in the table 4,
and the simulation results are shown in Figure 3.
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Figure 2. Application example of the Electromagnetic Circuit Breaker (EM_CB2).

Table 4. System Parameters

Component Parameter Value [unit]

TRIP 1

RESET 0
Electromagnetic Circuit Breaker m 2.2e-007
(EM_CB2) PO 8800 [W]

Tc 8e-007[s]

Uc 2350[V]
Voltage Source E1 EMF Value 51000 [V]

Period Value 5e-005 [s]
PWM (PWM1)

DC 0.75
Inductor L1 Resistance 0.003 [H]
Resistor R1 Resistance 450 [Ohm]
Capacitor C1 Capacitance 9.6e-009 [F]
Capacitor C2 Capacitance 1.1e-009 [F]
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EQUO del1:=0.001
State STATE1
EQU1 trip:=0
State STATE2 EQUO trip:=1
TRC del1
STATE1.ST
Transition TRANS2 ST_PRE 0)
ST sucC STATE2.ST
0)
2500.00 ] Curve Info
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Figure 3. Simulation results — Source Output Current (AM1.l) showing circuit breaker tripping at
1ms.
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FUSE_UPM Fuse

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

Figure 1. Component symbol

Typical parameters for a fuse operating in a circuit with a given time constant and prospective
current are rated current i ,o5¢, Peak current iy, pre-arcing time t,, arcing time t, total oper-
ating time t;, prearcing i?t (it),,, arcing it (i2t), and total i2t (i2t);. The prospective current is the
maximum current that would be reached if the fuse did not operate. The i2t: current-squared time
rating is a commonly used fuse characteristic when operating current levels are much higher
than the rated fuse current i.. The circuit time constant defines the ratio L/R, where L and R are
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the effective circuit inductance and resistance components in series with the fuse and energy
source.

Top

Assumptions and Limitations
Top

Mathematical Description

The model accurately represents the following four fuse characteristics:

* Rated current: The current controlled switch Wfuse starts to turn on when the fuse current
exceeds rated current i, and is fully on when fuse current reaches 110% of i.

» Pre-arcing i2t: The voltage developed across Cfuse is,

S

f

v, :j (i) dt =it
I

where i¢ > i,

Arcing begins
l f

Current Short circuit

l Pealr current

¥

i | >
- Time
Pre-arcing time tp Arcing time

Figure 2. Characteristic of fuse current versus time

By making the capacitor Cfuse value equal to (i2t)p, in A2s, the voltage developed across
Cfuse at the end of the pre-arcing time is normalized to 1V. When the voltage across Cfuse
reaches 1V the voltage controlled switch Sfuse starts to turn off, and is fully off when the voltage
reaches 1.3V. The R /C. network introduces a small time delay to ensure one-way operation of
the switch, and the delay can typically be minimized to an insignificant time of less than 0.1ms.
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» Arcing i2t: The time duration t, for the current to reduce to zero after the onset of arcing can be
modelled by the turn-off characteristic of the switch Sfuse. Varying the transition range of the
switch Sfuse controlling voltage adjusts the arcing time t; and hence the arcing i2t,

* Resistance increase and thermal loss: during the application of a fault current, the fuse res-
istance increases toward the melting point. The resistance increase and resulting voltage drop
across the fuse can be substantial. If the fault current is reduced before the i2t level reaches the
pre-arcing level, then the fuse element cools and resistance reduces back to the nominal res-
istance at ambient temperature R.

The fuse resistance is modelled by a combination of the constant resistance of the switch
Sfuse, and the non linear resistance of the voltage source Efuse.

The thermal loss of the fuse element is modelled by the resistor Ry, which discharges the
voltage across capacitor Cfuse. Reducing the value of R, increases the thermal loss, returning
the fuse to its pre-fault state in a faster time.

Top
Netlist Syntax
MODEL FUSE_UPM ?InstanceName(@InstanceName):(@(Refbase)@(ID)) f1:= %0, f2:= %1 (

Ir=@lr, i2t_p:= @i2t_p, Rf:= @Rf, Rh:= @R, ta:= @ta, Ra:= @Ra) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
f1 Fuse Pin 1 Electrical terminal
f2 Fuse Pin 2 Electrical terminal

Top
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Parameters
Table 2
Data Default
Name Description Tvbe Value
YPe 1 [Unit]
Ir Rating Current real 20[A]
i2t p ::]ga-arcmg Current-squared-time rat- real 540 [A2s]
Cold Resistance under normal oper- 0.002
Rf . real
ation [Ohm]
Rh Heat Resistance (voltage divided by real 0.01
current before melting) [Ohm]
Arcing Resistance (measurement, 0.1
Ra voltage divided by current when it real i
[Ohm]
blows or melts)
ta Arcing time real 0.001 [s]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction _II?ata
ype
I Fuse Current [A] Output real
12t Normalized 12t integral. If 12t_ Output real
state state>1, the fuse opens [nu] P
state Status of the fuse. State=1 fuse Output real
blows, State =0 fuse conducts [nu] P
Voltage across the arc capacitor
vpost that provides the arc time constant | Output real
[V]
Top
Example

This example demonstrates the operation of a fuse where the characteristics of the device
determine the length of time before the fuse blows. In this example, the switch is closed at 1 mil-
lisecond and the current begins to climb until the fuse blows at approximately 1.5 ms. The schem-
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atic of the example is shown in Figure 3, system parameters are listed in the table 4, and the sim-
ulation results are shown in Figure 4.

Fusze
L1 Rz

3 ‘z’\{‘w’ﬁ Fy Iliiiiiiiill . V;Hfﬁwfi 51 R1

Figure 3. Application example of the 2 Phase Buck Converter

Table 4. System Parameters

Component Parameter Value [unit]
Ir 30 [A]
i2t_p 450 [A2s]
Rf 0.002 [Ohm]
Fuse FUSE_UPM
- Rh 0.01 [Ohm]
Ra 0.1 [Ohm]
ta 0.001 [s]
Voltage Source E1 EMF Value 50 [V]
Inductor L1 Inductance 1e-005 [H]
Resistor R1 Resistance 10 [Ohm]
Resistor R2 Resistance 0.02 [Ohm]
Switch S CTRL (Time >0.001)
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Curve Info

150.00 —_— MY
TR

Curve Info

- L1.1
TR

obo 0.50 1.00 180 200 250 3.00

Figure 4. Simulation results — Voltage across the fuse (VM1.V) and Inductor Current (L1.1).

Top
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M_BD MOSFET with Body Diode

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description
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» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

%
MOSEET_D

- A
-

Figure 1. Component symbol

[{1G)

When the gate signal (G) is set to ‘1’ the MOSFET is ON and when the gate signal is setto 0 the
MOSFET is OFF. When the MOSFET is OFF it still can conduct current from source to drain

through the body diode.

Top

Assumptions and Limitations

Top
Mathematical Description

Top
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Netlist Syntax

MODEL M_BD ?InstanceName(@InstanceName):(@(Refbase)@(ID)) D:= %0, S:= %1 ( G:=
@G, Ron:= @Ron, Vfd:= @Vfd, Rd:= @Rd) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
D Drain pin Electrical terminal
S Source pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
G Gate signal real 0
Ron Drain-Source On resistance | real 0.01 [Ohm]
Vid CIB;)odpy diode forward voltage real 0.6 V]
Rd E‘t’adg’c‘ibde forward res- real 0.01 [Ohm]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Vds Drain-Source Voltage Output real
ID Drain current Output real
Top
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Example

In this example, a MOSFET with a body diode is used to drive a resistive load. The schematic of
the example is shown in Figure 2, system parameters are listed in the table 4, and the simulation

results are shown in Figure 3.

EZ

E1

WhA

MDSFET_D

)

'

h_BID

Rz

Figure 2. Application example of the MOSFET with Body Diode M_BD.

Table 4. System Parameters

Component Parameter Value [unit]
Gate Signal
VM1.V
(G)
_ _ Ron 0.01 [Ohm]
MOSFET with Body Diode M_
BD1 Vfd 0.6 [V]
Vds 0[V]
Rd 0.01 [Ohm]
AMPL Value 0.5[V]
Voltage Source (Pulse) E1 FREQ 50 [HZ]
OFF 0.5[V]
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Voltage Source E2 EMF Value 10 [V]
COMP_
Voltage Source E3 EMF Value DIG1 out
Resistor R2 Resistance 1 [Ohm]
10.00 i Curve Info
7 —_ VM1V
i R
8.00 — —— M_BD1.Vds
- TR
6.00 —
5 i
i 4
A _
4.00 —
2.00
0.00 — :
0.00 0.01 0.01 0.01 0.02 0.03 0.03 0.04 0.04
K-Axis

Figure 3. Simulation results — Gate Signal (VM1.V) and the Drain-Source Voltage (M_DB1.Vds).
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(M_LEG) MOSFET LEG

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Description

e

NOSFET_LES m

G&j |_

Figure 1. Component symbol

The MOSFETSs with body diodes are driven by the gate signals G1 and G2. The conduction char-
acteristics of the MOSFETSs are given by a forward voltage drop (Vfd) and a Resistance (Ron).

Top

Assumptions and Limitations

Top
Mathematical Description

Top
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Netlist Syntax

MODEL M_LEG ?InstanceName(@InstanceName):(@(Refbase)@(ID)) p:= %0, n:= %1, m:=
%2 (G1:= @G1, Ron:= @Ron, Vfd:= @Vfd, Rd:= @Rd, G2:= @G2) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
p Upper pin Electrical terminal
m Middle pin Electrical terminal
n Lower pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
G1 Gate 1 control real 0
G2 Gate 2 control real 0
Ron MOSFETSs On resistance real 0.01 [Ohm]
Vid (I\j/IrSpSFET forward voltage real 0.6 [V]
Rd Body diodeforwardres | real 0.01 [Ohm]
Top
Input/Output Quantities
Table 3
Name | Description [Unit] Direction | Data Type
Vds1 \l)/lo(liasgeET 1 drain-source Output real
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Top

Example

Id1 MOSFET 1 drain current Output real

Vds?2 MOSFET 2 drain-source Output real
voltage

Id2 MOSFET 2 drain current Output real

In this example, a MOSFETs in a half-bridge configuration are used to drive an inductive load.
The schematic of the example is shown in Figure 2, system parameters are listed in the table 4,
and the simulation results are shown in Figure 3.

M_LEG

E1

- Q)

M’l|_
N

Fiyld L1
Lo
Py MOSFET_LEG O
» 0.0001H

M2

_
-

L)
)

Figure 2. Application example of the MOSFET LEG (M_LEGH1).

Table 4. System Parameters

Component Parameter

Value [unit]

R

1ohm
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Gate1 Control (G1) PWM1.VAL
Gate 2 Control (G2) | (1-PWM1.VAL)
MOSFET LEG (M_LEG1)
Vfd 0.6 [V]
Ron 0.01 [Ohm]
Voltage Source E1 EMF Value Value 10 [V]
Period Value 1e-005 [s]
PWM (PWM1)
DC 0.5
Inductor L1 Resistance 0.0001 [H]
Resistor R1 Resistance 1 [Ohm]
10.00 J Curve Info
| — Ri.
| TR
8.00 — M_LEG1.\Vds2
1 TR
6.00 -
3 400
= ]
] —
2.00 T
] L~
- -'—\--'#f
0.00 -
-2.00 — | NN N I I — |
0.00 0.00 0.00 ) 0.00 0.00 0.00
X-Axis

Figure 3. Simulation results — Output Voltage (M_LEG1.Vds2) and the Output Current (R1.l).
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(MOSFET_BRIDGE) MOSFET BRIDGE

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

&

MOSFET_BRIDGE

SR AT

MOSFET_BRIDGEA

Figure 1. Component symbol

The MOSFETSs with body diodes are driven by the gate signals G1, G2, G3 and G4. The con-
duction characteristics of the MOSFETSs are given by a forward voltage drop (Vfd) and a Resist-

ance (Ron).

Top

SMPS Library 1-131

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: SMPS

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

MODEL MOSFET_BRIDGE ?InstanceName(@InstanceName):(@(Refbase)@(ID)) p:= %0, n:=
%1, m1:= %2, m2:= %3 (G1:= @G1, Ron:= @Ron, Vfd:= @Vfd, Rd:= @Rd, G2:= @G2, G3:=
@G3, G4:= @G4) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
p Upper pin Electrical terminal
m1 Middle pin 1 Electrical terminal
m2 Middle pin 2 Electrical terminal
n Lower pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
G1 Gate 1 control real 0
G2 Gate 2 control real 0
G3 Gate 3 control real 0
G4 Gate 4 control real 0
Ron MOSFETSs On resistance real 0.01 [Ohm]
Vid (I\j/lrg)pSFET forward voltage real 0.6 [V]
Rd Body diodeforwardres | real 0.01 [Ohm]
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Top
Input/Output Quantities

Table 3
Name | Description [Unit] Direction | Data Type
Vds1 MOSFET 1 drain-source Output real
voltage
Id1 MOSFET 1 drain current Output real
Vds?2 MOSFET 2 drain-source Output real
voltage
1d2 MOSFET 2 drain current Output real
Vds3 MOSFET 3 drain-source Output real
voltage
Id3 MOSFET 3 drain current Output real
Vdsa MOSFET 4 drain-source Output real
voltage
|d4 MOSFET 4 drain current Output real

Top

Example

In this example, a MOSFETs in a full-bridge configuration are used to drive an inductive load.
The schematic of the example is shown in Figure 2, system parameters are listed in the table 4,
and the simulation results are shown in Figure 3.

SMPS Library 1-133
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: SMPS

WOSFET ERIDGE |

Driving signal J "
il

MOSFET_BRIDGE2

—|L 0.001H
Fiilht — T
Bl C*rj [ 2 | . +
*
10 - b1 +
L J

- |
T

Figure 2. Application example of the MOSFET BRIDGE (MOSFET_BRIDGE?2).

Table 4. System Parameters

Component Parameter Value [unit]

Gate1 Control

(G1) PWM1.VAL

Gate 2 Control | (1-

(G2) PWM1.VAL)

Gate 3 Control | (1-
MOSFET BRIDGE (MOSFET_ (G3) PWM1.VAL)
BRIDGE2) Gate 4 Control

(G4) PWM1.VAL

Vfd 0.6 [V]

Ron 0.1 [Ohm]
Voltage Source E1 EMF Value 10 [V]

Period Value 5e-005 [s]
PWM (PWM1)

DC 0.75
Inductor L1 Resistance 0.001 [H]
Resistor R1 Resistance 1 [Ohm]
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10.00

. —— —— —_— — — Curve Info
. Rl
750 — TR
. — VMV
] TR
280 — N - |t =1 =TT
_ p— L,
E .
£ 4
O 250 —
-7.50 —
-12.50 . . T T
0.00 0.00 0. 0o 0.00 0.00
¥-Axis
Figure 3. Simulation results — Output Voltage (VM1.V) and the Output Current (R1.1).
Top
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OPTOB Optocoupler

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Optocouplar

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

It models a generic optocoupler. The model is based on the models of the diode and the bipolar
transistor presents in the device. The diode characteristic is given by means of a characteristic
component from the Tools section. The Phototransistor model is based on a simplified Ebers-
Moll model of a transistor.

Top

Assumptions and Limitations
Top

Mathematical Description

The parameter Current Transfer Ration (CTR) allows changing the gain of the optocoupler since
this value is very variable in the manufacturing process.

The gain is dependent on the temperature according to:
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CIR = CTR,,, ATCH{T - T, )+ TC2HT - T, )*)
Where TC1 and TC2 are the temperature coefficients, CTRy, is the Current Transfer Ration at
nominal Temperature and CTR is the actual Current Transfer Ratio.
Top
Netlist Syntax

MODEL OPTOB ?InstanceName(@InstanceName):(@(Refbase)@(ID)) C:= %0, B:= %1, E:=
%2, A:= %3, K:= %4 (BF:= @BF, BR:= @BR, IS_BJT:= @IS_BJT, PhotoD_CH:= @PhotoD_
CH, CTRNOM:= @CTRNOM, TC1:=@TC1, TC2:= @TC2, Tnom:= @Tnom) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
C Collector Electrical terminal
B Base Electrical terminal
E Emisor Electrical terminal
A Anode Electrical terminal
K Cathode Electrical terminal

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unit]
BE Bipolar 'I_'ranS|stor Forward real 100
Beta Gain
BR Bipolar Tran3|stor Reverse real 1
Beta Gain
TC1 Temperature coefficient 1 real 0[1/°C]
TC2 Temperature coefficient 2 real 0[1/°C2?]
Tnom Nominal Temperature real 23[°C]
IS_BJT Bipolar Junction Saturation real 16-012 [A]
Current
CTRNOM Nomlnal Current Transfer real 1
Ratio
PhotoD_CH | Photo Diode Characteristics | real

Top

Example

In this example, an optocoupler photodiode is driven by a source. The diode current drives the
phototransistor and allows current to flow through resistor R3. The schematic of the example is
shown in Figure 2, system parameters are listed in the table 3, and the simulation results are
shown in Figure 3.
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Figure 2. Application example of the Opto Coupler component (OPTOBZ2)

Table 3. System Parameters

Component Parameter Value [unit]
BF 200
PhotoD_CH | EXP1.VAL
Optocoupler OPTOB2 TC1 -0.01127[1/°C]
-4.346e-005[1/
TC2 (°C)2]
CTRNOM 2
Voltage Source (Sinusoidal) | AMPL Value | 10[V]
E1 FREQ 50 [Hz]
Voltage Source E3 EMF Value 1[V]
Resistor R1 Resistance 1000 [Ohm]
Resistor R2 Resistance 10 [Ohm]
Resistor R3 Resistance 100000 [Ohm]
VT 0.0007 [V]
Exponential Function EXP1 ISAT 1e-12[A]
RR 100000 [Ohm]
0.02 7 Curve Info
0.0z ?F:— R1.I
] e RZI
4 TR
o.M —-
2 001
0.00 —-
Ty abt T Tabt T et obe’ 7 abs’ T ol T o T Tobs
X-Axis

Figure 3. Simulation results — Photodiode current (R1.1) and Phototransistor current (R2.1)
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(PWM_UPM) PWM

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

ctr rive
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Figure 1. Component symbol
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* Example
* References
Description

The PWM model provides a pulse-width modulated signal with amplitude of "1". The time that
the modulated signal is set to 1 depends on the voltage on pin ctr and the values of Vmin and
Vmax. For a voltage lower than Vmin the duty cycle is set to zero and for a voltage higher than
Vmax the duty cycle is set to ”1”. The duty cycle increases linearly from 0% to 100% when the
control voltage varies from Vmin to Vmax.

Aada

I
1 I 4 i

g

Figure 2. Duty cycle as a function of control voltage

Top

SMPS Library 1-141
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: SMPS

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

MODEL PWM_UPM ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ctr:= %0 ( Vmax:=
@Vmax, Vmin:= @Vmin, Fs:= @Fs, Phase_ DEG:= @Phase DEG) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
ctr control voltage pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
P Type [Unit]
Vmax Maximum Sawtooth real 0[]
Voltage
vmin Minimum Sawtooth real 0[V]
Voltage
Fs Switching Frequency real 0 [Hz]
Phase
DEG Phase delay real 0 [deg]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
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drive

PWM Output

Output

real

sawtooth

Sawtooth Output

Output

real

Top

Example

In this example, a triangular wave input signal is modulated and delivered to a load resistor. The
schematic of the example is shown in Figure 3, system parameters are listed in the table 4, and
the simulation results are shown in Figure 4.

Pt _LIPRA

E1 W

*hd

Pl

W

E2

Fi1

Figure 3. Application example of the Pulse Width Modulator PWM_UPM1

Table 4. System Parameters

Component Parameter Value [unit]
Vmax 3[V]
PWM Controller PWM_UPM1 Vmin 1[V]
Fs 50000 [Hz]
AMPL 1[V]
Voltage Source (Triangular) E1 | FREQ 5000 [HZ]
Offset 2[V]
Voltage Source E2 EMF Value PWM_UPM1.drive
Resistor R1 Resistance 1[Ohm]
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Curve Info
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Figure 4. Simulation results — Input triangular wave (VM1.V) and modulated output signal (R1.V)
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UC3907 Load Share Controller

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
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Description

The UCx907 family of load share controller ICs provides all the necessary features to allow mul-
tiple-independent-power modules to be paralleled such that each module supplies only its pro-

portionate share to total-load current.

This sharing is accomplished by controlling each module’s power stage with a command gen-
erated from a voltage-feedback amplifier whose reference can be independently adjusted in
response to a common-share-bus voltage. By monitoring the current from each module, the cur-
rent share bus circuitry determines which paralleled module would normally have the highest out-
put current and, with the designation of this unit as the primary unit, adjusts all the other modules
to increase their output current to within 2.5% of that of the primary unit.
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The current share bus signal interconnecting all the paralleled modules is a low-impedance,
noise-insensitive line which will not interfere with allowing each module to act independently
should the bus become open or shorted to ground. The UC3907 controller will reside on the out-
put side of each power module and its overall function is to supply a voltage feedback loop. The
specific architecture of the power stage is unimportant. Either switching or linear designs may be
utilized and the control signal may be either directly coupled or isolated though the use of an
optocoupler or other isolated medium.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

MODEL UC3907 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) cs_p:= %0, cs_n:=
%1, s_p:=%2,s_n:= %3, PWR_RTN:= %4, CS_OUT:= %5, CS_bus:= %6, COMP:= %7, ART_
GND:= %8, ADJ_OUT:= %9, ADJ_IN:= %10 () SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type

cs_ p Positive current sense pin Electrical terminal
cs_n Negative current sense pin Electrical terminal
s p Voltage amplifier input Electrical terminal
s_n Voltage reference ground Electrical terminal
PWR_RTN [ Lowest voltage of the IC Electrical terminal
CS out Current Amplifier Output Electrical terminal
CS_bus Current share bus voltage Electrical terminal
COMP Voltage error amplifier output Electrical terminal
ART_GND | Current adjust amplifier ground Electrical terminal
ADJ_OUT Current adjust amplifier output Electrical terminal
ADJ_IN Current adjust amplifier input Electrical terminal
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Top

Example

In this example, two buck converters are connected in parallel to drive a load. Two cases are
used in this example. The first uses voltage controllers in the control loop. The second case uses
the current share controller in the control loop. It can be seen that the current is unbalanced in
the left case because there is a difference of 5% in the voltage reference (typical in a real case).
However, using the current share controller the current at the output of both converters is bal-
anced. The schematics of the example are shown in Figures 2 and 3, system parameters are lis-
ted in tables 2 and 3, and the simulation results are shown in Figure 4.
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Figure 2. Application example of parallel buck converters without the UC3907 Current Share con-
troller.

H

Figure 3. Application example of parallel buck converters using the UC3907 Current Share con-
troller in the control loop.

Table 2. System Parameters (Voltage Controller case)

Component Parameter Value [unit]
Voltage Source
VINPUT EMF Value 12 V]

Voltage Source E1 EMF Value DATAPAIRS1.VAL
Voltage Source E2 EMF Value DATAPAIRS2.VAL
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C1 6.7e-011 [F]
C2 9e-013 [F]
Voltage Controller R1 100000 [Ohm]
PI_CONT1/PI_
CONT?2 R2 1000000 [Ohm]
Vmin -15[V]
Vmax 15[V]
Fs 100000 [Hz]
Buck Controller L 7.5e-005 [H]
BUCK_S3/BUCK_S4 | Rsa 0.01 [Ohm]
DIODE_CH EQUL4.VAL/EQUL2.VAL
VF 0.8[V]
Equivalent Line RB 0.01 [Ohm]
EQUL4/EQUL2 RR 100000 [Ohm]
Output EQUL4.VAL/EQUL2.VAL
Capacitor COUT _ .
1/COUT 13 Capacitance 0.00022 [F]
Resistor
RINDUCTOR _ Resistance 0.1 [Ohm]
1/RINDUCTOR 13
Resistor ROUT _ .
1/ROUT 13 Resistance 0.07 [Ohm]
Resistor R3 Resistance 5[Ohm]
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Table 3. System Parameters (UC3907 Current Controller case)

Component Parameter Value [unit]
Voltage Source
VINPUT EMF Value 12 V]
Fs 100000 [Hz]
Buck Controller L 7.5e-005 [H]
BUCK_S1/BUCK_S2 | Rsa 0.01 [Ohm]
DIODE_CH EQUL3.VAL/EQUL1.VAL
VF 0.8[V]
Equivalent Line RB 0.01[Ohm]
EQUL3/EQUL1 RR 100000 [Ohm]
Output EQUL4.VAL/EQUL2.VAL
Capacitor COUT _ .
11/COUT 12 Capacitance 0.00022 [F]
Resistor
RINDUCTOR _ Resistance 0.1/0.095 [Ohm]
11/RINDUCTOR 12
Resistor ROUT _ .
11/ROUT 12 Resistance 0.07 [Ohm]
Resistor R_Load2 Resistance 5[0Ohm]
Resistor Rs1/Rs11 Resistance 0.01 [Ohm]
Resistor R1/R8 Resistance 300000 [Ohm]
Resistor R2/R9 Resistance 30000 [Ohm]
Resistor R4/R10 Resistance 20000 [Ohm]
Capacitor C1/C2 Capacitance 1e-006 [F]

SMPS Library 1-151

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: SMPS

A7 7 T [T ]

=
b

=
&

=
i

=) = =)
i S &

=
wa

)
=]

'.'I"!.E{: o I':'.fr.'}'l o I':'.'Jl'ﬁl s 1'!:'3' s 1|25 o I1.5:'I o I1.'JI'5I o IE.'.:'.'}'

=

Figure 4. Simulation results — Load Current Without (IOUT_1.I/lIOUT_2.1) and With (IOUT_
11.1/10UT_12.1) Current Share Controller

Top

SMPS Library 1-152
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: SMPS

References

For further information see Texas Instruments Datasheet or the Texas Instruments Application
Note

SMPS Library 1-153
Twin Builder 2024 R2 - © ANSYS, Inc. All rights reserved. - Contains proprietary and confidential

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


http://www-s.ti.com/sc/ds/uc3907.pdf
http://www-s.ti.com/sc/psheets/slua147/slua147.pdf
http://www-s.ti.com/sc/psheets/slua147/slua147.pdf

Twin Builder Components: SMPS

UCC3912 Electronic Circuit Breaker

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

Figure 1. Component symbol

The UCC3912 is an electronic circuit breaker IC designed to provide power management and
hot swap capability in addition to its basic circuit breaker function. Performance features of

UCC3912 include:
* Integrated power MOSFET

» Switch mode short circuit protection

» Automatic short circuit recovery

* Programmable maximum current limit
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Figure 2. Block Diagram of UCC3912

The block diagram of the UCC3912 is shown in Figure 2. Under normal operating conditions the
MOSFET is biased “on”. Output current is sensed and is compared to rating current level . When
the output current exceeds the rating current level, the fault timer begins to charge the timing
capacitor CT. If the output current does not fall bellow the rating current level, the output is
switched off and the capacitor is discharged. Once the capacitor ‘s voltage has reached a low
level, the circuit breaker attempts to return power to the load. At this point the timer cycle will
repeat as long as the fault is present, resulting in an output duty cycle of 3%. If at any time the
output current reaches the maximum current level, the MOSFET transitions into linear mode,
providing constant output current until the fault time expires.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

Netlist Syntax

MODEL UCC3912 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) in:= %0, out:= %1 (

Ron:= @Ron, |_max:= @|_max, |_trip:= @I_trip, Fault_time:= @Fault_time) SRC: DB(Lib:-
:=@ModelLibraryName) ;

SMPS Library 1-155
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: SMPS

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
in input pin Electrical terminal
out output pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default
P Type | Value [Unif]
Conduction Resistance of the
Ron MOSFET real 0.15[Ohm]
| max Maximum current that the real 41A]
- MOSFET can draw
|_trip Trip current real 3[A]
Fault_ Time that the current can exeed
. . real 0.001 [sec]
time the trip current
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
fault Fault Flag Output real
Top
Example
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In this example, an electronic circuit breaker is used to limit the source current as a capacitor is
charged to 8 volts. The schematic of the example is shown in Figure 3, system parameters are
listed in the table 4, and the simulation results are shown in Figure 4.

UCCcza122

Rz

E1 L] L]
C1
R1

Figure 3. Application example of the UCC3912 Electronic Circuit Breaker (UCC39122)

Table 4. System Parameters

Component Parameter Value [unit]
Ron 0.15[Ohm]
|_max 4 [A]
Electronic Circuit Breaker UCC39122
|_trip 3[A]
Fault_time 0.001 [s]
Voltage Source E1 EMF Value 8[V]
Resistor R1 Resistance 70 [Ohm]
Resistor R2 Resistance 1 [Ohm]
Capacitor C1 Capacitance 0.001 [F]
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Figure 4. Simulation results — Source Current (R2.1) and Output Voltage (R2.V)
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Controllers

* Type | Controller (I_Cont)
* Type Il Controller (P1_Cont)
* Type Il Controller (PID_Cont)
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|_Cont Type | Controller

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

1

Figure 1. Component symbol

This block represents an integral type controller.

Top

Assumptions and Limitations

Top

Mathematical Description

The sensed to output transfer function of this controller is given by:

G(s) =

L
R,Cys
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where s represents the Laplace’s variable.

Top

Netlist Syntax

MODEL I_Cont ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vsens:= %0, vctrl:= %1,

vref:= %2 (C1:= @C1, R1:= @R1, Vmin:= @Vmin, Vmax:= @Vmax) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vsens Sensed Voltage Electrical terminal
vctrl Controller Output Voltage Electrical terminal
vref Referenced Voltage Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
C1 Capacitance 1 Value real 1e-9 [F]
R1 Resistor 1 Value real 1000 [Ohm]
Vmin Minimum output voltage | real -15[V]
Vmax \I\/Ao?t)g éneum output real 15[V]
Top
Example

This is an integral controller example. The example has both an AC and a Transient Solution
Setup providing the frequency response of the controller and the transient response to an input
square wave. The schematic of the example is shown in Figure 2, system parameters are listed
in the table 3, and the simulation results are shown in Figure 3.
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Figure 2. Application example of the Type | Integral Controller
Table 3. System Parameters

Component Parameter Value [unit]
C1 1e-007 [F]

Type | Integral Controller |_ R1 1000 [Ohm]

CONT1 Vmin -15[V]
Vmax 15[V]

Voltage Source E1 EMF Value 0[V]

Voltage Source E2 EMF Value TRAPEZ1.VAL

Resistor R1 Resistance 1000[Ohm]
TRISE 1e-006 [s]
TFALL 1e-006 [s]

Trapezoidal Wave TRAPEZ1 PWIDTH 0.0005 [s]
TPERIO 0.000502 [s]
OFF -0.5
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Figure 3. Simulation results — Frequency Response and Transient Response of the Type | Integ-
ral Controller _CONT1
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Pl_Cont Type Il Controller

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

This block represents a proportional-integral (P1) type controller.

Top

Assumptions and Limitations
Top

Mathematical Description

The sensed to output transfer function of this controller is given by:
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with:

_ 1
®1 =

~ RI(Cl+ C2)

1
wz] =
R2.C1

1
Cl-C2
Cl+ C2

apl =
R2

where s represents the Laplace’s variable.
Top
Netlist Syntax

MODEL PI_Cont ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vsens:= %0, vctrl:=
%1, vref:= %2 (C2:= @C2, C1:= @C1, R2:= @R2, R1:= @R1, Vmin:= @Vmin, Vmax:=
@Vmax) SRC: DB(Lib:=@ModelLibraryName) ;

Top
Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type

vsens Sensed Voltage Electrical terminal
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vctrl Controller Output Voltage Electrical terminal
vref Referenced Voltage Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
C1 Capacitance 1 Value real 1e-8 [F]
R1 Resistor 1 Value real 1000 [Ohm]
C2 Capacitance 2 Value real 1e-8 [F]
R2 Resistor 2 Value real 1000 [Ohm]
Vmin Minimum output voltage | real -15[V]
Vmax \I\//IO?Q Srgneum output real 15[V]
Top
Example

This is an proportional-integral controller example. The example has both an AC and a Transient
Solution Setup providing the frequency response of the controller and the transient response to
an input square wave. The schematic of the example is shown in Figure 2, system parameters
are listed in the table 3, and the simulation results are shown in Figure 3.
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PI_Cont2

Figure 2. Application example of the Proportional Integral Controller

Table 3. System Parameters

Component Parameter Value [unit]
C1 2e-007 [F]
R1 1000 [Ohm]
Proportional Integral Controller | C2 1e-008 [F]
PI_CONT1 R2 10000 [Ohm]
Vmin -15[V]
Vmax 15[V]
Voltage Source E1 EMF Value 0[V]
Voltage Source E2 EMF Value TRAPEZ1.VAL
Resistor R1 Resistance 1000[Ohm]
TRISE 1e-006 [s]
TFALL 1e-006 [s]
Trapezoidal Wave TRAPEZ1 PWIDTH 0.0005 [s]
TPERIO 0.000502 [s]
OFF -0.5
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Figure 3. Simulation results — Frequency Response and Transient Response of the Proportional
Integral Controller PI_CONT1
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PID_Cont Type lll Controller

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol

* Description
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* Netlist Syntax
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* Parameters

* Example

* References

Description

This block represents a proportional-integral-derivative (PID) type controller.

Top

Assumptions and Limitations
Top

Mathematical Description

The sensed to output transfer function of this controller is given by:
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S S
l+ — || 1+ —
mz] MZ2

S S S

— 1+ — || 1+ —

o1 opl op2
1

 RI(Cl+ C2)
1

wz] = ——
R2.CI

1
(R1+ R3)-C3

1
CLC2

Cl+ C2

1
Opl= ——
R3-C3

with:

WZ2 =

wpl =

R2:

where s represents the Laplace’s variable.

Top
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Netlist Syntax

MODEL PID_Cont ?InstanceName(@InstanceName):(@(Refbase)@(ID)) vsens:= %0, vctrl:=
%1, vref:= %2 (C3:= @C3, C2:= @C2, C1:= @C1, R3:= @R3, R2:= @R2, R1:= @R1, Vmin:=
@Vmin, Vmax:= @Vmax) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
vsens Sensed Voltage Electrical terminal
vctrl Controller Output Voltage Electrical terminal
vref Referenced Voltage Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
C1 Capacitance 1 Value real 1e-7 [F]
R1 Resistor 1 Value real 1000 [Ohm]
C2 Capacitance 2 Value real 1e-7 [F]
R2 Resistor 2 Value real 1000 [Ohm]
C3 Capacitance 3 Value real 1e-7 [F]
R3 Resistor 3 Value real 1000 [Ohm]
Vmin Minimum output voltage | real -15[V]
Vmax \')"o"’l‘t’gg‘e“m output real 15[V]
Top
Example
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This is an proportional-integral-differential controller example. The example has both an AC and
a Transient Solution Setup providing the frequency response of the controller and the transient
response to an input square wave. The schematic of the example is shown in Figure 2, system
parameters are listed in the table 3, and the simulation results are shown in Figure 3.

TRAFEZ1

l’_\_f_‘—b—ah -

[ _ E1

Figure 2. Application example of the Proportional Integral-Differential Controller

Table 3. System Parameters

Component Parameter Value [unit]
C1 1e-006 [F]
R1 100000 [Ohm]
C2 1e-007 [F]
Proportional Integral-Differential | R2 1000 [Ohm]
Controller PID_CONT1 C3 1€-008 [F]
R3 10000 [Ohm]
Vmin -15[V]
Vmax 15[V]
Voltage Source E1 EMF Value 0[V]
Voltage Source E2 EMF Value TRAPEZ1.VAL
Resistor R1 Resistance 1000[Ohm]
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TRISE 16-006 [s]
TFALL 16-006 [s]
Trapezoidal Wave TRAPEZ1 PWIDTH 0.0005 [s]
TPERIO 0.000502 [s]
OFF -0.5
0.00 ] Curve Info
] e (R1VEZV)
5 -50.00 AC
& -100.00 —
-150.00
0.00
# -100.00 ]
£ ]
-200.00 -] | . . . | |
1.00E-005 1.00E-004 1.00E-003 1.00E-002 1.00E-001 1.00E+000 100E+001 1.00E+002

0.0

-060

aha aho odo xu_ﬁs ado ada aha

Figure 3. Simulation results — Frequency Response and Transient Response of the Proportional
Integral Controller PI_CONT1
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Envelope Simulation
Complex Passive Elements
» Complex Capacitor (CCapacitor)
» Complex Inductor (Clnductance)

» Complex Resistor (CResistor)

Complex Rectifiers
» Complex Full Wave Rectifier (CFullRectifier)
* Complex Half Wave Rectifier (CHallRectifier)

Complex Sources
» Complex Current Source (CCurrentSource)

» Complex Voltage Source (CVoltageSource)

Complex Transformers

» Complex Ideal Transformer (CldealTransformer)
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Envelope Simulation
Complex Passive Elements

» Complex Capacitor (CCapacitor)
» Complex Inductor (Clnductance)

» Complex Resistor (CResistor)

Complex Rectifiers
» Complex Full Wave Rectifier (CFullRectifier)
» Complex Half Wave Rectifier (CHallRectifier)

Complex Sources
» Complex Current Source (CCurrentSource)

» Complex Voltage Source (CVoltageSource)

Complex Transformers

» Complex Ideal Transformer (CldealTransformer)
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Complex Capacitor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

‘L

Figure 1. Component symbol
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» Mathematical Description

* Netlist Syntax

 Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

This block models a complex capacitor.
Top

Assumptions and Limitations
Top

Mathematical Description

The complex capacitor behavior is described by:
o du,

I = ~-Cory,
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dj‘”{I
dt

Where Ug, U}, and w are functions of time.

I.JT — C. -I_ C.wluﬁ

The module of the voltage and the current are calculated according to:

B 2 2
K| = HR ‘|'”;

| f2 .0
1| =l +i;
Top

Netlist Syntax

MODEL CCapacitor ?InstanceName(@InstanceName):(@(Refbase)@(ID)) W:= %0, R1:= %1,
R2:= %2, 11:= %3, 12:= %4 ( C:= @C, MOD_IC:= @MOD_IC, PH_IC:= @PH_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
w Frequency Node Electrical terminal
R1 Real Node 1 Electrical terminal
R2 Real Node 2 Electrical terminal
11 Imaginary Node 1 Electrical terminal
12 Imaginary Node 2 Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
C Capacitance real [F]
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MOD _IC | Initial Voltage Module | real 0[V]
PH_IC Initial Current Phase real 0 [Deg]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real

Top

Example

See Example Power Converter Envelope Simulation

Top

References
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Twin Builder Components: SMPS

Complex Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

R2
12

i

W
L
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* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
» Parameters
* Input/Output Quantities
* Example
* References
Description
This block models a complex inductor.
Top
Assumptions and Limitations
Top
Mathematical Description

The complex inductor behavior is described by:

U, = L-%—L-w-z}
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di

I
dr

Where Ug, U}, and w are functions of time.

HJT :L. -I_L.&.J.I.R

The module of the voltage and the current are calculated according to:

B 2 2
u‘— Uy U,

1 .22
1_\/1R +1;
p

To
Netlist Syntax

MODEL Clinductance ?InstanceName(@InstanceName):(@(Refbase)@(ID)) W:= %0, R1:=
%1, R2:= %2, 11:= %3, 12:= %4 (L:= @L, PH_IC:= @PH_IC, MOD_IC:= @MOD_IC) SRC: DB
(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
w Frequency Node Electrical terminal
R1 Real Node 1 Electrical terminal
R2 Real Node 2 Electrical terminal
11 Imaginary Node 1 Electrical terminal
12 Imaginary Node 2 Electrical terminal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
L Inductance real [H]
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MOD_IC | Initial Current Module | real 0[A]
PH_IC Initial Current Phase | real 0 [Deg]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real

Top

Example

See Example Power Converter Envelope Simulation

Top

References
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Twin Builder Components: SMPS

Complex Resistor

Library: SMPS Modeling Language: SML 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
* References
Description
This block models a complex resistor.
Top
Assumptions and Limitations
Top
Mathematical Description

The complex resistor behavior is described by:

U, =R'1R
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U, =R,

Netlist Syntax

MODEL CResistor ?InstanceName(@InstanceName):(@(Refbase)@(ID)) R1:= %0, R2:= %1,
11:= %2, 12:= %3 ( R:= @R) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
R1 Real Node 1 Electrical terminal
R2 Real Node 2 Electrical terminal
11 Imaginary Node 1 Electrical terminal
12 Imaginary Node 2 Electrical terminal
Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
R Resistance real [Ohm]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real
Top
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Example

See Example Power Converter Envelope Simulation

Top

References
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Envelope Simulation
Complex Passive Elements

» Complex Capacitor (CCapacitor)
» Complex Inductor (Clnductance)

» Complex Resistor (CResistor)

Complex Rectifiers
» Complex Full Wave Rectifier (CFullRectifier)
» Complex Half Wave Rectifier (CHallRectifier)

Complex Sources
» Complex Current Source (CCurrentSource)

» Complex Voltage Source (CVoltageSource)

Complex Transformers

» Complex Ideal Transformer (CldealTransformer)
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Complex Full-wave Rectifier

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

R14+— Lad 1
I%—I— =
i
RZ had2
= o I 1=
25 |
B

LTird

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

Description

This block models a complex full wave rectifier whose behavior is defined as:

o] 2
D, & —|(— D,
Vo C, =R é
B + e a T vioa
D, 4 @ 4 D,
in
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Figure 2. Full-Wave R

ectifier

Figure 3. Main Waveforms of the Full-Wave Rectifier

Top

Assumptions and Limitations
Top

Mathematical Description

The complex full wave rectifier behavior is described by:

Where:

Parameter Full-wave Value
2C, 0.7,
cos(ap) 1—
Im
. .
Zr —'SIH(G{D)
7, C,
—{ &, —sin({ea, )cos
2 . (o —sin(ey )cos(ar ))
Ioc l-Im-(l +cos(e )
T

Ve=lela=Lp],
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Vi=Lpl+ il

And the averaged current delivered to the DC load is:
I . Il
pc = (1+cos(a))

Where V is the voltage module and ¢ is the phase. The module of the voltage and the current are
calculated according to:

B 2 2
K| = HR ‘|'”;

| fo2 2
1| =l +i;
Top

Netlist Syntax

MODEL CFullRectifier ?InstanceName(@InstanceName):(@(Refbase)@(ID)) W:= %0, R1:=
%1, R2:= %2, 11:= %3, 12:= %4, Vd1:= %5, Vd2:= %6 ( C:= @C, Vd:= @Vd) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 2
Name Port/Terminal description Nature/Data type
w Frequency Node Electrical terminal
R1 AC Side Real Node 1 Electrical terminal
R2 AC Side Real Node 2 Electrical terminal
11 AC Side Imaginary Node 1 Electrical terminal
12 AC Side Imaginary Node 2 Electrical terminal
vd1 DC Side Positive Node Electrical terminal
vd2 DC Side Negative Node Electrical terminal

Top
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Parameters
Table 3
Name Description Data Def:ault Value
Type [Unit]
C Input Capacitance real [F]
Vg g:%?)e Forward Voltage real V]
Top
Input/Output Quantities
Table 4
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real
Top
Example

See Example Complex Power Converter Envelope Simulation

Top

References
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Twin Builder Components: SMPS

Complex Half-wave Rectifier

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol

* Description
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* References
Description

This block models a complex half-wave rectifier whose behavior is defined as:

g K
+

i @ %W Cr D,k G T Fian

SMPS Library 1-193
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: SMPS

Figure 2. Half-Wave Rectifier

-~
r
.,
ay

Figure 3. Main Waveforms of the Half-Wave Rectifier
Top
Assumptions and Limitations
Top
Mathematical Description

The complex half-wave rectifier behavior is described by:

Table 1

Parameter Half-wave Rectifier Value

C P, v,

cos(ap) 1 —

. T( o, —sin(er, )

|
oe —] {1+ cos({e
| 273. m( ( I:l))

Where:

Ve=Lyly =211,
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V=71 +71,

And the averaged current delivered to the DC load is:

Ie =—1I {1+ cos(ay))
o

Where V is the voltage module and ¢ is the phase. The module of the voltage and the current are

calculated according to:

_ 2 2
H‘— HR +HI

1| =1+,
Top

Netlist Syntax

MODEL CHalfRectifier ?InstanceName(@InstanceName):(@(Refbase)@(ID)) W:= %0, R1:=
%1, R2:= %2, 11:= %3, 12:= %4, Vd1:= %5, Vd2:= %6 ( C:= @C, Vd:= @Vd) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 2
Name Port/Terminal description Nature/Data type
W Frequency Node Electrical terminal
R1 AC Side Real Node 1 Electrical terminal
R2 AC Side Real Node 2 Electrical terminal
11 AC Side Imaginary Node 1 Electrical terminal
12 AC Side Imaginary Node 2 Electrical terminal
vd1 DC Side Positive Node Electrical terminal
vd2 DC Side Negative Node Electrical terminal

Top
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Parameters
Table 3
Name Description Data Def:ault Value
Type [Unit]
C Input Capacitance real [F]
Vg g:%?)e Forward Voltage real V]
Top
Input/Output Quantities
Table 4
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real
Top
Example

See Example Power Converter Envelope Simulation

Top

References
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Envelope Simulation
Complex Passive Elements

» Complex Capacitor (CCapacitor)
» Complex Inductor (Clnductance)

» Complex Resistor (CResistor)

Complex Rectifiers
» Complex Full Wave Rectifier (CFullRectifier)
» Complex Half Wave Rectifier (CHallRectifier)

Complex Sources
» Complex Current Source (CCurrentSource)

» Complex Voltage Source (CVoltageSource)

Complex Transformers

» Complex Ideal Transformer (CldealTransformer)
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Complex Current Source

Library: SMPS Modeling Language: SML 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
* References
Description
This block models a complex current source.
Top
Assumptions and Limitations
Top
Mathematical Description

The complex complex current source behavior is described by:

I, =1I-cos(@)
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[, =I'sm(p)

Where V is the voltage module and ¢ is the phase. The module of the voltage and the current are
calculated according to:

_ ) 2
H‘— HR -|-hflT

L =A)l, -|-}TI
Top

Netlist Syntax

MODEL CCurrentSource ?InstanceName(@InstanceName):(@(Refbase)@(ID)) R1:= %0,
R2:= %1, 11:= %2, 12:= %3 ( PHI:= @PHI, I:= @I) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
R1 Real Node 1 Electrical terminal
R2 Real Node 2 Electrical terminal
11 Imaginary Node 1 Electrical terminal
12 Imaginary Node 2 Electrical terminal
Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
I Current Module real [A]
PHI Current Phase real [Deg]
Top
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Input/Output Quantities

Table 3
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real

Top

Example

See Example Power Converter Envelope Simulation

Top

References
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Twin Builder Components: SMPS

Complex Voltage Source

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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* Parameters
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Description

R2 |2
[1]

Figure 1. Component symbol

This block models a complex voltage source.

Top

Assumptions and Limitations

Top

Mathematical Description

The complex complex current source behavior is described by:

V. =V-cos(p)
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V', =V sin(g)

Where V is the voltage module and ¢ is the phase. The module of the voltage and the current are
calculated according to:

_ y ?
H‘— HR +HI

1 {2, .2
L =A)1, -|-}TI
Top

Netlist Syntax

MODEL CVoltageSource ?InstanceName(@InstanceName):(@(Refbase)@(ID)) R1:= %0,
R2:= %1, 11:= %2, 12:= %3 (V:= @V, PHI:= @PHI) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
R1 Real Node 1 Electrical terminal
R2 Real Node 2 Electrical terminal
11 Imaginary Node 1 Electrical terminal
12 Imaginary Node 2 Electrical terminal
Top
Parameters
Table 2
Name Description Data Type Default Value [Unit]
\ Voltage Module real [V]
PHI Voltage Phase real [Deg]
Top
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Input/Output Quantities

Table 3
Name Description [Unit] Direction Data Type
Umodule Voltage module [V] Output real
Imodule Current module [A] Output real

Top

Example

See Example Power Converter Envelope Simulation

Top

References
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Envelope Simulation
Complex Passive Elements

» Complex Capacitor (CCapacitor)
» Complex Inductor (Clnductance)

» Complex Resistor (CResistor)

Complex Rectifiers
» Complex Full Wave Rectifier (CFullRectifier)
» Complex Half Wave Rectifier (CHallRectifier)

Complex Sources
» Complex Current Source (CCurrentSource)

» Complex Voltage Source (CVoltageSource)

Complex Transformers

» Complex Ideal Transformer (CldealTransformer)
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Complex Ideal Transformer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
* Description
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* References
Description
This block models an ideal complex transformer.
Top
Assumptions and Limitations
Top
Mathematical Description

The relation between complex primary and secondary voltages and currents is given by:
—+ —+

v, =1,

SMPS Library 1-205
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: SMPS

I =i,

Where the symbol — indicates a complex variable. This relation is implemented in terms of their
real and imaginary parts as follows:

Vig =1V
V=1V,
fip=1ly
I, =nl

Top

Netlist Syntax

MODEL CldealTransformer ?InstanceName(@InstanceName):(@(Refbase)@(ID)) I11Vin1:=
%0, 11Vin2:= %1, 12Vout1:= %2, 12Vout2:= %3, R1Vin1:= %4, R1Vin2:= %5, R2Vout2:= %6,
R2Vout1:= %7 ( n:= @n) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type
R1vin1 Primary Side Real Node vin1 ?ﬁg{'ca' ter-
R2vin2 | Primary Side Real Node vin2 Eﬁ';‘i{'cm ter-
[1vin1 Primary Side Imaginary Node vin1 ilienc;tlrlcal ter-
[2vin2 Primary Side Imaginary Node vin2 E]Iier:](;tlrlcal ter-
Rivout1 | Secondary Side Real Node vout1 aﬁi{'cal ter-
R2vout2 | Secondary Side Real Node vout2 ilﬁgl”cal ter-
11vout1 Secondary Side Imaginary Node Electrical ter-

vout1 minal
12vout2 Secondary Side Imaginary Node Electrical ter-

vout2 minal
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Top
Parameters
Table 2
Name | Description Data Default Value
P Type [Unit]
Number of Secondary
n real
Turns
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction _Il?ata
ype
U1module F\’/rllmary Side Voltage module | Output real
1module FX}Imary Side Current module | Output real
U2module fltzc:[(\)/r}dary Side Voltage mod- | Output roal
12module Secondary Side Current mod- | Output real
ule [A]
Top
Example

See Example Complex Power Converter Envelope Simulation

Top

References
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Multiphase Converters
* 2 Phase Buck (BUCK_2PH_SW)
* 2 Phase Buck Synchronous (BUCK_SYNC_2PH_SW)
* 3 Phase Buck Synchronous (BUCK_SYNC_3PH_SW)
* 4 Phase Buck Synchronous (BUCK_SYNC_4PH_SW)
* 3 Phase Buck (Buck3)
* 4 Phase Buck (Buck4)
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2 Phase Buck Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

IS

Figure 1. Component symbol

This block represents the switch level model of a 2 Phases Buck converter. It accounts for con-
duction losses in the switches. The duty cycle is controlled by the ctr pin and the switching fre-
quency is internally generated. It is possible to program the phase of each phase independently.

Top

Assumptions and Limitations

Top
Mathematical Description

Top
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Netlist Syntax

MODEL BUCK_2PH_SW ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, c:=
%1, ctr:= %2, p:= %3 ( Phase1_DEG:= @Phase1_DEG, Phase2_DEG:= @Phase2_DEG, Rw:=
@Rw, L2_IC:=@L2_IC, Diode_CH:= @Diode_CH, L1_IC:=@L1_IC, L:= @L, Fs:= @Fs, Rsa:=
@Rsa) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
a Active Node Electrical terminal
p Passive Node Electrical terminal
c Common Node Electrical terminal
ctrl Control Node Electrical terminal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unit]
Fs Switching Frequency real 1e+5 [HZ]
Phase1
DEG Delay of Phase 1 real 0 [Deg]
Phase2
DEG Delay of Phase 2 real 180 [Degq]
L Inductance per Phase real 1e-5[H]
Inductance Resistance of
Rw each Phase real .001 [Ohm]
L1.1C Initial Current of Phase 1 real 0[A]
Inductance
L2.IC Initial Current of Phase 2 real 0[A]
Inductance
Re, Actlye Switch Conduction real 0.01 [Ohm]
Resistance
Diode CH | Diode Characteristics real
Top
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
iL1 Phase 1 Inductor Current [A] | Output real
iL2 Phase 2 Inductor Current [A] | Output real
Top
Example

In this example, a 2 Phase Buck converter is used to switch a source to a complex load. The
schematic of the example is shown in Figure 3, system parameters are listed in the table 4, and

the simulation results are shown in Figure 4.
WAL E |
ExF
Diode CH

a - [
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i ks M N

BUCK_2PH_SiH

Figure 3. Application example of the 2 Phase Buck Converter

Table 4. System Parameters

Component Parameter Value [unit]
2 Phase Buck Converter Buck_2PH_ | L 3e-5[H]
SWi1 Diode_CH EXP.VAL
EMF Value 42 V]
Voltage Source E1
TPERIO Teng-1
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EMF Value 12/42 [V]

Voltage Source E2
TPERIO Teng-1
Capacitor C1 Capacitance 7.5e-5 [F]
Resistor R1 Resistance 0.24 [Ohm]
VT 0.035[V]
Exponential Function EXP ISAT 1e-12 [A]
100000
RR [Ohm]
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Figure 4. Simulation results — Output Voltage and Phase Currents of the 2 Phase Buck Converter
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Figure 1. Component symbol

This block represents the switch level model of a 2 Phases Synchronous Buck converter. It
accounts for conduction losses in the switches. The duty cycle is controlled by the ctr pin and the
switching frequency is internally generated. It is possible to program the phase of each phase

independently.
Top

Assumptions and Limitations

Top
Mathematical Description

Top

SMPS Library 1-215

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: SMPS

Netlist Syntax

MODEL BUCK_SYNC_2PH_SW ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:=
%0, c:= %1, ctr:i= %2, p:= %3 (Fs:= @Fs, L:=@L, L1_IC:= @L1_IC, Rsa:= @Rsa, Phase1_
DEG:= @Phase1_DEG, Phase2_DEG:= @Phase2_DEG, Rw:= @Rw, L2_IC:= @L2_IC) SRC:
DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
a Active Node Electrical terminal
p Passive Node Electrical terminal
c Common Node Electrical terminal
ctrl Control Node Electrical terminal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unit]
Fs Switching Frequency real 1e+005 [HZz]
Phase1
DEG Delay of Phase 1 real 0 [Deg]
Phase2
DEG Delay of Phase 2 real 180 [Deg]
L Inductance per Phase real 1e-005 [H]
Inductance Resistance of
Rw each Phase real 0.001 [Ohm]
L1.1C Initial Current of Phase 1 real 0[A]
Inductance
L2.IC Initial Current of Phase 2 real 0[A]
Inductance
Re, éctl\_/e Switch Conduction real 0.01 [Ohm]
esistance
Top
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Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
iL1 Phase 1 Inductor Current [A] | Output real
iL2 Phase 2 Inductor Current [A] | Output real

Top

Example

In this example, a 2 Phase Synchronous Buck Converter is used to switch a source voltage to a

complex load. The schematic of the example is shown in Figure 3, system parameters are listed
in the table 4, and the simulation results are shown in Figure 4.
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Figure 3. Application example of 2 Phase Synchronous Buck Converter

Table 4. System Parameters
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[unit]
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L 3e-5[H]
0.01
Rsa [Ohm]
Phase DEG1 | 0[Deg]
2 Phase Synchronous Buck Converter
BUCK_SYNC_2PH_SW1 Phase DEG2 | 180 [Deg]
Es 100000
[HZ]
L1_IC 0.1 [A]
L2_IC 0[A]
EMF Value 0.5[V]
Voltage Source E1
TPERIO Teng-1
EMF Value 25[V]
Voltage Source E2
TPERIO Teng-1
Capacitor C1 Capacitance 5e-5[F]
. , 1.1
Resistor R1 Resistance [Ohm]
15.00 —
= 10000 —
5 ]
500 —
O 0.20 040 0.60 0.80 00
Time [ms]
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Figure 4. Simulation results — Output voltage and Phase currents of the 2 Phase Synchronous
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3 Phase Synchronous Buck Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Description

This block represents the switch level model of a 3 Phases Synchronous Buck converter. It
accounts for conduction losses in the switches. The duty cycle is controlled by the ctr pin and the
switching frequency is internally generated. It is possible to program the phase of each phase
independently.
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Netlist Syntax

MODEL BUCK_SYNC_3PH_SW ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:=
%0, c:= %1, ctr:i= %2, p:= %3 ( Phase2_DEG:= @Phase2_DEG, Rw:= @Rw, L2_IC:=@L2_IC,
Phase3_DEG:= @Phase3 DEG, L3 IC:=@L3_IC,L:=@L, Fs:= @Fs, L1_IC:=@L1_IC, Rsa:=
@Rsa, Phase1_DEG:= @Phase1_DEG) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type

a Active Node Electrical terminal

p Passive Node Electrical terminal

c Common Node Electrical terminal

ctrl Control Node Electrical terminal

Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unit]

Fs Switching Frequency real 1e+005 [HZz]

Phase1

DEG Delay of Phase 1 real 0 [Deg]

Phase2

DEG Delay of Phase 2 real 120 [Deg]

Phase3

DEG Delay of Phase 3 real -120 [Deg]

L Inductance per Phase real 1e-005 [H]
Inductance Resistance of

Rw each Phase real 0.001 [Ohm]

L1.1C Initial Current of Phase 1 real 0[A]
Inductance

L2.IC Initial Current of Phase 2 real 0[A]
Inductance

L3.IC Initial Current of Phase 3 real 0[A]
Inductance

Res Actlye Switch Conduction real 0.01 [Ohm]
Resistance
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Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
iL1 Phase 1 Inductor Current [A] | Output real
iL2 Phase 2 Inductor Current [A] | Output real
iL3 Phase 3 Inductor Current [A] | Output real
Top
Example

In this example, a 3 Phase Synchronous Buck Converter is used to switch a source voltage to a
complex load. The schematic of the example is shown in Figure 3, system parameters are listed

in the table 4, and the simulation results are shown in Figure 4.
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Figure 3. Application example of the 3 Phase Synchronous Buck Converter

Table 4. System Parameters

Component

Parameter

Value
[unit]
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L 3e-5[H]
0.01
Rsa [Ohm]
0.01
Rw [Ohm]
3 Phase Synchronous Buck Converter | Phase DEG1 | 0[Deg]
BUCK_SYNC_3PH_SW1 Phase_DEG2 | 180 [Deg]
Fs 100000
[Hz]
L1_IC 0.1[A]
L2_IC 0[A]
EMF Value 0.5[V]
Voltage Source E1
TPERIO Teng-1
EMF Value 25[V]
Voltage Source E2
TPERIO Tend-1
Capacitor C1 Capacitance 5e-5[F]
. , 1.1
Resistor R1 Resistance [Ohm]
2000
1500 —
5'1-:.-}: -
500 —
000 + 3 -
ud 0 0.0 Time fme] Ak i} QL&D 1K
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Figure 4. Simulation results — Output voltage and Phase currents of the 3 Phase Synchronous
Buck Converter
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Figure 1. Component symbol

This block represents the switch level model of a 4 Phases Synchronous Buck converter. It
accounts for conduction losses in the switches. The duty cycle is controlled by the ctr pin and the
switching frequency is internally generated. It is possible to program the phase of each phase

independently.
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Netlist Syntax

MODEL BUCK_SYNC_4PH_SW ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:=
%0, c:= %1, ctr:i= %2, p:= %3 ( Phase2_DEG:= @Phase2_DEG, Rw:= @Rw, L2_IC:=@L2_IC,
Phase3_DEG:= @Phase3 DEG, L3 IC:=@L3_IC,L:=@L, Fs:= @Fs, L1_IC:=@L1_IC, Rsa:=
@Rsa, Phase1_DEG:= @Phase1_DEG, L4_IC:= @L4_IC, Phase4_DEG:= @Phase4_DEG)
SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
a Active Node Electrical terminal
p Passive Node Electrical terminal
c Common Node Electrical terminal
ctrl Control Node Electrical terminal
Top
Parameters
Table 2
Name Descrintion Data Default Value
P Type | [Unit]
Fs Switching Frequency real 1e+005 [HZz]
Phase1
DEG Delay of Phase 1 real 0 [Deg]
Phase2
DEG Delay of Phase 2 real 90 [Deg]
Phase3_
DEG Delay of Phase 3 real 180 [Deq]
Phase4
DEG Delay of Phase 4 real 270 [Deg]
L Inductance per Phase real 1e-005 [H]
Inductance Resistance of
Rw each Phase real 0.001 [Ohm]
L1.1C Initial Current of Phase 1 real 0[A]
Inductance
L2_IC Initial Current of Phase 2 real 0[A]
Inductance
L3_IC Initial Current of Phase 3 real 0[A]
Inductance
L4_IC Initial Current of Phase 4 real 0 [A]
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Inductance
Res Actlye Switch Conduction real 0.01 [Ohm]
Resistance
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
iL1 Phase 1 Inductor Current [A] | Output real
iL2 Phase 2 Inductor Current [A] | Output real
iL3 Phase 3 Inductor Current [A] | Output real
iL4 Phase 4 Inductor Current [A] | Output real
Top
Example

In this example, a 4 Phase Synchronous Buck Converter is used to switch a source voltage to a
complex load. The schematic of the example is shown in Figure 3, system parameters are listed
in the table 4, and the simulation results are shown in Figure 4.
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Figure 3. Application example of the 4 Phase Synchronous Buck Converter

Table 4. System Parameters

Component Parameter Val_ue
[unit]
L 1e-5[H]
0.01
Rsa [Ohm]
0.001
Rw [Ohm]
Phase DEG1 0 [Deg]
4 Phase Synchronous Buck Converter | Phase DEG2 | 90 [Deg]
BUCK_SYNC_4PH_SW1 Phase DEG3 | 180 [Deg]
Phase_DEG4 | 270 [Deg]
Es 100000
[Hz]
L1_IC/L2_
IC/L3_IC/L4_ 0[A]
IC
EMF Value 0.5[V]
Voltage Source E1
TPERIO Teng-1
EMF Value 25[V]
Voltage Source E2
TPERIO Teng-1
Capacitor C1 Capacitance 5e-5[F]
. . 1.1
Resistor R1 Resistance [Ohm]
2000
15.1K
= war
8 10.00
500
0.00 1 : : ;
0.00 020 0.40 0.60 80 1.00
Time [ms]
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Figure 4. Simulation results — Output voltage and Phase currents of the 4 Phase Synchronous
Buck Converter
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Figure 1. Component symbol

This block represents the switch level model of a 3 Phase Buck converter. It accounts for con-
duction losses in the switches. The duty cycle is controlled by the ctr pin and the switching fre-
quency is internally generated. It is possible to program the phase of each phase independently.
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Netlist Syntax

MODEL Buck3 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, ¢:= %1, p:= %2,
ctrl:= %3 ( Rsa:= @Rsa, Phase_DEG1:= @Phase_DEG1, Phase_DEG2:= @Phase_DEG2,
Phase DEG3:= @Phase_DEGS3, Fs:= @Fs,L:=@L,L_IC:=@L_IC, DIODE_CH:= @DIODE _
CH, Rw:= @Rw) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
a Active Node Electrical terminal
p Passive Node Electrical terminal
c Common Node Electrical terminal
ctrl Control Node Electrical terminal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unit]
Fs Switching Frequency real 1e+5 [HZ]
Phase1
DEG Delay of Phase 1 real 0 [Deg]
Phase2
DEG Delay of Phase 2 real 120 [Degq]
Phase3
DEG Delay of Phase 3 real -120 [Deg]
L Inductance per Phase real 1e-5[H]
Inductance Resistance of
Rw each Phase real .001 [Ohm]
L1.1C Initial Current of Phase 1 real 0[A]
Inductance
L2.IC Initial Current of Phase 2 real 0[A]
Inductance
L3.IC Initial Current of Phase 3 real 0[A]
Inductance
Res Actlye Switch Conduction real 0.01 [Ohm]
Resistance
Diode_CH | Diode Characteristics real
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Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
iL1 Phase 1 Inductor Current [A] | Output real
iL2 Phase 2 Inductor Current [A] | Output real
iL3 Phase 3 Inductor Current [A] | Output real
Top
Example

In this example, a 3 Phase Buck Converter is used to switch a source voltage to a complex load.
The schematic of the example is shown in Figure 3, system parameters are listed in the table 4,

and the simulation results are shown in Figure 4.
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Figure 3. Application example of the 3 Phase Buck Converter
Table 4. System Parameters
Component Parameter Value [unit]

SMPS Library 1-232
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: SMPS

L 1e-5[H]
Rsa 0.01 [Ohm]
Phase DEG1 0
Phase_DEG2 | 120
3 Phase Buck Converter Buck31
Phase DEG3 | -120
Fs 100000
L IC 0.1
Diode_CH EXP.VAL
EMF Value 42 [V]
Voltage Source E1
TPERIO Teng-1
EMF Value 12/42 [V]
Voltage Source E2
TPERIO Teng-1
Capacitor C1 Capacitance 7.5e-5[F]
Resistor R1 Resistance 0.24 [Ohm]
VT 0.035[V]
Exponential Function EXP ISAT 1e-12 [A]
RR 100000 [Ohm]
14.00
10.00 —-
=
G <4
500
0.00 - ! .| ! !
0.0 ¥0.00 200,00 F0D. 00 0,00 w00 00
Time [us]
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Figure 4. Simulation results — Output Voltage and Phase Currents of the 3 Phase Buck Converter
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Figure 1. Component symbol

This block represents the switch level model of a 4 Phases Buck converter. It accounts for con-
duction losses in the switches. The duty cycle is controlled by the ctr pin and the switching fre-
quency is internally generated. It is possible to program the phase of each phase independently.
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Netlist Syntax

MODEL Buck4 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, ¢c:= %1, p:= %2,
ctrl:= %3 ( Rsa:= @Rsa, Phase_DEG1:= @Phase_DEG1, Phase_DEG2:= @Phase_DEG2,
Phase DEG3:= @Phase_DEGS3, Fs:= @Fs,L:=@L,L_IC:=@L_IC, DIODE_CH:= @DIODE _
CH, Phase_DEG4:= @Phase_DEG4, Rw:= @Rw) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
a Active Node Electrical terminal
p Passive Node Electrical terminal
c Common Node Electrical terminal
ctrl Control Node Electrical terminal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unit]
Fs Switching Frequency real 1e+005 [HZz]
Phase1
DEG Delay of Phase 1 real 0 [Deg]
Phase2
DEG Delay of Phase 2 real 90 [Deg]
Phase3
DEG Delay of Phase 3 real 180 [Deq]
Phase4
DEG Delay of Phase 4 real 270 [Deg]
L Inductance per Phase real 1e-005 [H]
Inductance Resistance of
Rw each Phase real 0.001 [Ohm]
L1.1C Initial Current of Phase 1 real 0[A]
Inductance
L2 IC Initial Current of Phase 2 real 0[A]
Inductance
L3_IC Initial Current of Phase 3 real 0[A]
Inductance
L4 IC Initial Current of Phase 4 real 0[A]
Inductance

SMPS Library 1-236
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: SMPS

Re, Actlye Switch Conduction real 0.01 [Ohm]
Resistance
Diode CH | Diode Characteristics real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
iL1 Phase 1 Inductor Current [A] | Output real
iL2 Phase 2 Inductor Current [A] | Output real
iL3 Phase 3 Inductor Current [A] | Output real
iL4 Phase 4 Inductor Current[A] | Output real
Top
Example

In this example, a 4 Phase Buck Converter is used to switch a source voltage to a complex load.
The schematic of the example is shown in Figure 3, system parameters are listed in the table 4,
and the simulation results are shown in Figure 4.
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Figure 3. Application example of the 4 Phase Buck Converter
Table 4. System Parameters
Component Parameter Value [unit]
L 1e-5[H]
Rsa 0.01 [Ohm]
Phase_DEG1 0
Phase DEG2 | 90
3 Phase Buck Converter Buck31
Phase DEG3 180
Fs 100000
L IC 0.1
Diode CH EXP.VAL
EMF Value 42 [V]
Voltage Source Eg
TPERIO Teng-1
EMF Value 12/42 [V]
Voltage Source Econtrol
TPERIO Teng-1
Capacitor C1 Capacitance 7.5e-5[F]
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Resistor R1 Resistance 0.24 [Ohm]
VT 0.035[V]
Exponential Function EXP ISAT 1e-12 [A]
RR 100000 [Ohm]
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Figure 4. Simulation results — Output voltage and Phase currents of the 4 Phase Buck Converter
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Piezoelectric

Piezoelectricity implies the interaction between the electrical and mechanical energy of the
medium. A first approximation involves a linear relation between the mechanical and electrical

S=s"T+dE
D=dT+¢'E

Where S is the mechanical strain, T is the mechanical stress applied, E is the electrical field
strength and D is the dielectric displacement. The choice of the electrical variables is arbitrary.
Other possible relations are as follows:

S=5T+gD
E=-gT+fD
T=c'S-D
E=-hS+p°D

It is possible to establish some relations between constants (actually tensors) The coupling
factor is defined as:
dE

k=

- T E

E 5

;

7 13
k33 o T R
E33 Sa3

3

. d31
il T E
&35 S8y
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= s (1K)
s =5, (1=K )
"= (k)
£ =&, (1— k;)

The following two types of Piezoelectric transformers are supported.

[
I

* Rosen

* Thickness
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Rosen Type Piezoelectric Transformers
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* Longitudinal Rosen
* Monolayer Rosen
* Transverse Rosen

 Transverse Multilayer Rosen
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Longitudinal Rosen

* LD110: Secondary layer of Rosen PT of material D110
» LD140: Secondary layer of Rosen PT of material D140
* LONG: General Longitudinal Model

* LPZ26: Secondary layer of Rosen PT of material Pz26
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LD110 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

ELONGD110

=
|

fput

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a D110 Longitudinal Rosen Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL LD110 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
w Piezoelectric Layer Width | real 0.0001 [m]
h rF]’leeszsoelectrlc Layer Thick- real 0.001 [m]
Top
Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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Secondary

ELONGD110
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Figure 2. Application example of the Rosen Longitudinal D110 model
Table 3. System Parameters

Component Parameter Valye
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
D110 LD1101 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
Rosen Primary Layer Transverse D110
TD1101 W 0.024 [m]
th 0.0029
[m]
. R 10000
Resistor R1 [Ohm]
Voltage Source (Sinusoidal) E1 AMPL 1[V]
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Freq | 50 [HZz] |
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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References
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LD140 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

ELOMGD140

) —

fout

i)

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a D140 Longitudinal Rosen Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL LD140 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
w Piezoelectric Layer Width | real 0.005[m]
h rF]’leeszsoelectrlc Layer Thick- real 0.001 [m]
Top
Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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Secondary
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Figure 2. Application example of the Rosen Longitudinal D140 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
D140 LD1401 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
Rosen Primary Layer Transverse D140
TD1401 W 0.024 [m]
th 0.0029
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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—— re{E1.l)ire{E1.EMF)
AC

0.000 T T T L ——— T — T T T T
10.00 15.00 20.00 25.00 20.00 35.00 40.00 45.00 50.00

Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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LONG Piezoelectric Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

2 —
g | - .

£ -]

e

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

This block represents a General Longitudinal Rosen Piezoelectric layer.

Top

Assumptions and Limitations

Top
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Mathematical Description

vall)_ Lo va(l)

| —

5, = 33ET3 T d33E3

where S3 is the mechanical strain, T is the mechanical stress, and E3 is Electric Field strength.
s33F is the mechanical compliance with constant Electric Field, and d33 is the piezoelectric con-
stant, named strain constant, relating the mechanical strain produced by an applied electric field.

D, = dﬁBTB T 533TE3

Where Dj is the electric charge density displacement (electric displacement), 833T is permittivity
with constant mechanical stress.

_ V33
Cci
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yoh

ZE 333

Co= %5; (1 ~k,.’ )

3

The equivalent circuit that represents the behavior of the piezoelectric layer is shown in the fig-
ure, where the mechanical behavior is described by a transmission line. The voltages in the
transmission line represent the mechanical force and the current in the transmission line the
mechanical velocity. Ly, and Cy, are the equivalent inductance and capacitance per unit length
of the transmission line.

The mechanical-electrical coupling is represented by the ideal transformer, and the turn ratio of
the transformer is given by the parameter y.

Co represents the electrode capacitance.
Top
Netlist Syntax

MODEL LONG ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1, vp:=
%2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, Qm:= @Qm, rho:= @rho, s33_E:= @s33_E,
E33_Tr:=@E33_Tr, Qe:= @Qe, k33:= @k33, th:= @th) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal

Top

SMPS Library 1-258
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: SMPS

Parameters
Table 2
Name Description Data Default
P Type | Value [Unif]
len Piezoelectric Layer Thickness real 0.01 [m]
W Piezoelectric Layer Width real 0.0001 [m]
th Piezoelectric Layer Thickness real 0.001 [m]
Qm Mechanical Quality Factor real 2000
Qe Electrical Quality Factor real 333
_ 7700

rho Density real [Kg/md]

Mechanical Compliance with Con-
$33_E | stant Electric Field real 1.96e-11
E33 Tr Relative Permittivity with Constant real 1330

Stress
K33 Electromechanical Coupling real 0.684

Factor

Top

Example

This example is a Rosen type transformer composed of a primary layer vibrating in thickness
mode and a secondary layer vibrating in transverse mode.

LOME1

TRANSA
Lok Madlial * - T I
[Jn] i3 + (=L EAL P
= —A— v * .
g

E1
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Figure 2. Application example of the Rosen Longitudinal LONG model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
len 0.03837
[m]
Rosen General Secondary Layer Lon-
gitudinal LONG1 W 0.024 [m]
th 0.0029
[m]
len 0.04163
[m]
Rosen General Primary Layer Trans-
verse TRANS TRANS1 L 0.024 [m]
th 0.0029
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Curve Info
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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LPZ26 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

ELOMNGFZZE

| —

fput

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a LPZ26 Longitudinal Rosen Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL LPZ26 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
w Piezoelectric Layer Width | real 0.0001 [m]
h rF]’leeszsoelectrlc Layer Thick- real 0.001 [m]
Top
Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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Primary

Secondary

TPz261 LPZ261
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SMPS Library 1-264
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: SMPS

Figure 2. Application example of the Rosen Longitudinal Pz26 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
Pz26 LPZ261 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
Rosen Primary Layer Transverse PZ26
TP7261 W 0.024 [m]
th 0.0029
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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i Curve Info
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Monolayer Rosen

* R1L_D110: Block representing a monolayer Rosen PT of material D110
* R1L_D140: Block representing a monolayer Rosen PT of material D140
* R1L_PZ26: Block representing a monolayer Rosen PT of material Pz26

* R1LG: General Rosen Model
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R1L_D110 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

F_Efl

mechanical link

HEC

VP&RI RozenPTOI1D ‘JF‘ﬁ_IEC

Figure 1. Component symbol

» Assumptions and Limitations

* Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a D110 Rosen Monolayer Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL R1L_D110 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) F_PRI:= %0, VP_
PRI:=%1, VN_PRI:= %2, F_SEC:= %3, VN_SEC:= %4, VP_SEC:= %5 (W:= @W, Lp:= @Lp,
th:= @th, Ls:= @Ls) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
F_PRI Mechanical Force Pin(primary side) ilﬁgl”cal ter-
Mechanical Force Pin(secondary Electrical ter-
F_SEC . .
- side) minal
VP_PRI | Electrical Pin(primary side) cloctrical ter-
VN_PRI | Electrical Pin(primary side) i'ﬁgl”ca' ter-
VP_ , . , Electrical ter-
SEC Electrical Pin(secondary side) minal
VN_ . . . Electrical ter-
SEC Electrical Pin(secondary side) minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
Lp Primary Side Length real 0.01 [m]
Ls Secondary Side Length | real 0.01[m]
w Layer Width real 0.005[m]
th Layer Thickness real 0.001 [m]
Top
Example

This example a Rosen monolayer type piezoelectric transformer.
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Primary Secondary
R1L_D11m
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Figure 2. Application example of the Rosen Monolayer R1L_D110 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
Ls 0.04163
[m]
_ W 0.024 [m]
Rosen Monolayer of material D110 R1L_
D1101
th 0.0029 [m]
Lp 0.03837
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [Hz]
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R1L_D140 Piezoelectric Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

F_Efl EEC

mechanical link

UP&IRI RozenPTO140 "JF':&EC

Figure 1. Component symbol

* Description

» Assumptions and Limitations
* Mathematical Description

* Netlist Syntax
 Conservative Pins

* Parameters

* Example

* References

Description

This block represents a D140 Rosen Monolayer Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL R1L_D140 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) F_PRI:= %0, VP_
PRI:=%1, VN_PRI:= %2, F_SEC:= %3, VN_SEC:= %4, VP_SEC:= %5 (W:= @W, Lp:= @Lp,
th:= @th, Ls:= @Ls) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
F_PRI Mechanical Force Pin(primary side) ilﬁgl”cal ter-
Mechanical Force Pin(secondary Electrical ter-
F_SEC . .
- side) minal
VP_PRI | Electrical Pin(primary side) cloctrical ter-
VN_PRI | Electrical Pin(primary side) i'ﬁgl”ca' ter-
VP_ , . , Electrical ter-
SEC Electrical Pin(secondary side) minal
VN_ . . . Electrical ter-
SEC Electrical Pin(secondary side) minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
Lp Primary Side Length real 0.01 [m]
Ls Secondary Side Length | real 0.01[m]
w Layer Width real 0.005[m]
th Layer Thickness real 0.001 [m]
Top
Example

This example a Rosen monolayer type piezoelectric transformer.
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Figure 2. Application example of the Rosen Monolayer R1L_D140 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
Ls 0.04163
[m]
. W 0.024 [m]
Rosen Monolayer of material D140 R1L_
D1401
th 0.0029 [m]
Lp 0.03837
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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R1L_PZ26 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

F_Efl

mechanical link

HEC

VP&RI RiosanPTRz2f VF‘ﬁ_IEC

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a PZ26 Rosen Monolayer Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL R1L_PZ26 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) F_PRI:= %0, VP_
PRI:=%1, VN_PRI:= %2, F_SEC:= %3, VN_SEC:= %4, VP_SEC:= %5 (W:= @W, Lp:= @Lp,
th:= @th, Ls:= @Ls) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
F_PRI Mechanical Force Pin(primary side) ilﬁgl”cal ter-
Mechanical Force Pin(secondary Electrical ter-
F_SEC . .
- side) minal
VP_PRI | Electrical Pin(primary side) cloctrical ter-
VN_PRI | Electrical Pin(primary side) i'ﬁgl”ca' ter-
VP_ , . , Electrical ter-
SEC Electrical Pin(secondary side) minal
VN_ . . . Electrical ter-
SEC Electrical Pin(secondary side) minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
Lp Primary Side Length real 0.01 [m]
Ls Secondary Side Length | real 0.01[m]
w Layer Width real 0.005[m]
th Layer Thickness real 0.001 [m]
Top
Example

This example a Rosen monolayer type piezoelectric transformer.
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R1L_PZ261 Secnndary

mechanical link

RoeenPTPZ2G

EA ) R

__T_ —

Figure 2. Application example of the Rosen Monolayer R1L_PZ26 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
Ls 0.04163
[m]
. W 0.024 [m]
Rosen Monolayer of material PZ26 R1L_
PZ261
th 0.0029 [m]
Lp 0.03837
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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0.012 ] Curve Info
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Figure 3. Simulation results-Input Conductance.
1.00E+005 E Curve Info
] — mag(E1.EMF¥mag(E1l.l}
1 AC
1.00E+004
1.00E+003 b
1.00E+002 E
1.00E+001 r T r T r
10.00 20.00 30.00 40.00 50.00 60.00 T0.00
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R1LG Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

F_Efl

mechanical link

HEC

'-.'.-'Pﬁlm Rosen hionolayer '-.,-'PéEC

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a General Monolayer Rosen Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL R1LG ?InstanceName(@InstanceName):(@(Refbase)@(ID)) F_PRI:= %0, VP_PRI:=
%1, VN_PRI:= %2, F_SEC:= %3, VN_SEC:= %4, VP_SEC:= %5 (W:= @W, Lp:= @Lp, th:=
@th, Ls:= @Ls, E33_Tr:= @E33_Tr,s33_E:=@s33_E, s11_E:=@s11_E, k31:= @k31, k33:=
@k33, rho:= @rho, Qe:= @Qe, Qm:= @Qm) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
F_PRI Mechanical Force Pin(primary side) ili(;czlrlcal ter-
Mechanical Force Pin(secondary Electrical ter-
F_SEC . .
- side) minal
VP_PRI | Electrical Pin(primary side) Electrical ter-
minal
VN_PRI | Electrical Pin(primary side) i'i‘igl”ca' ter-
VP_ . . . Electrical ter-
SEC Electrical Pin(secondary side) minal
VN_ . . . Electrical ter-
SEC Electrical Pin(secondary side) minal
Top
Parameters
Table 2
Name Description Data Default
P Type | Value [Unit]
Lp Primary Side Length real 0.01 [m]
Ls Secondary Side Length real 0.01 [m]
W Layer Width real 0.005 [m]
th Layer Thickness real 0.001 [m]
Qm Mechanical Quality Factor real 2000
Qe Electrical Quality Factor real 1000
. 7700
rho Density real [Kg/md]
Mechanical Compliance with Con-
$33_E | stant Electric Field real 1.61e-11
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Mechanical Compliance with Con-

ST1_E | stant Electric Field real 13-
£33 Tr Relative Permittivity with Constant real 1000

— Stress
K33 Thickness Electromechanical real 0.7

Coupling Factor

Thickness Electromechanical
k11 . real 0.4
Coupling Factor

Top

Example

This example a Rosen monolayer type piezoelectric transformer.

L
il

mechanical link

Rogen Mowobger

E1 F1

L VI I
R1LG
Figure 2. Application example of the Rosen Monolayer R1LG model
Table 3. System Parameters
Component Parameter Value [unit]
Ls 0.04163 [m]
Rosen General Monolayer R1LG1 W 0.024 [m]
th 0.0029 [m]
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Lp 0.03837 [m]
E33 Tr 1300
s33 E 1.96e-011
k31 0.327
k33 0.684
Qe 333
Resistor R1 R 10000 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
0.012 | Curve Info
—— re(E1.I)ire(E1.EMF)
] AC
0.010
n.nus—:
0.006
0.004—:
n.nuz—:
0.000 —— l. Jk .
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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Transverse Rosen

* TD110: Primary layer of Rosen PT of material D110
* TD140: Primary layer of Rosen PT of material D140
* TPZ26: Primary layer of Rosen PT of material Pz26
* TRANS: General Transverse Model
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TD110 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

B
&

SLOMGD110

Ht
&

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a D110 Rosen Transverse Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL TD110 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len Piezoelectric Layer Length | real 0.01 [m]
w Piezoelectric Layer Width real 0.01 [m]
th rI?lea:';’zsoelectrlc Layer Thick- real 0.001 [m]
Top
Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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E1

A

Secondary

LO1101

ELONGD110

——

L_ TO1101 +
SLOMNGDO110
&

- |

Figure 2. Application example of the Rosen Transverse D110 model

Table 3. System Parameters

Component Parameter Valye
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
D110 LD1101 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
Rosen Primary Layer Transverse D110
TD1101 W 0.024 [m]
th 0.0029
[m]
. R 10000
Resistor R1 [Ohm]
Voltage Source (Sinusoidal) E1 AMPL 1[V]
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Freq | 50 [HZz] |

. Curve Info
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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References

SMPS Library 1-293
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: SMPS

TD140 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

B
<

SLOMNGD140

Et
&

)

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a D140 Rosen Transverse Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL TD140 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len Piezoelectric Layer Length | real 0.01 [m]
w Piezoelectric Layer Width real 0.01 [m]
th rI?lea:';’zsoelectrlc Layer Thick- real 0.001 [m]
Top
Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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Secondary
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Figure 2. Application example of the Rosen Transverse D140 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
D140 LD1401 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
Rosen Primary Layer Transverse D140
TD1401 W 0.024 [m]
th 0.0029
[m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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TPZ26 Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

=
<

SLOMNGPZ2E

Et
&

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a PZ26 Rosen Transverse Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL TPZ26 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len Piezoelectric Layer Length | real 0.01 [m]
w Piezoelectric Layer Width real 0.01 [m]
th rI?lea:';’zsoelectrlc Layer Thick- real 0.001 [m]
Top
Example

This example a Rosen type transformer is comprised of a multilayer primary vibrating in thick-
ness mode (SLONG) and a secondary vibrating in longitudinal mode (ELONG).
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Secondary

L

a2

Figure 2. Application example of the Rosen Transverse Pz26 model

Table 3. System Parameters

Component Parameter VaI_ue
[unit]
len 16.9m/9
[m]
Rosen Secondary Layer Longitudinal
Pz26 LPZ261 - LPZ269 W 0.015[m]
th 0.001 [m]
len 0.0141
[m]
Rosen Primary Layer Transverse Pz26 | W 0.015 [m]
TPZ261
th 0.001 [m]
Nlayer 18
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Curve Info
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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TRANS Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

B

Transwversal

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a General Rosen Transverse Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL TRANS ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, W:= @W, Qm:= @Qm, rho:= @rho, s11_E:=@s11_
E, E33_Tr:=@E33_Tr, Qe:= @Qe, k31:= @k31, th:= @th) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default
P Type | Value [Unit]

. 7700
rho Density real kg/m?3]
len Piezoelectric Layer Length real 0.01 [m]
W Piezoelectric Layer Width real 0.01 [m]
th Piezoelectric Layer Thickness real 0.001 [m]
Qm Mechanical Quality Factor real 2000
Qe Electrical Quality Factor real 333
K31 Electromechanical Coupling real 0327

Factor
s11 E Mechanical Compliance with Con- real 1.3e-11
- stant Electric Field [M2/N]
E33 Tr Relative Permittivity with Constant real 1330
Stress
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Top

Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).

LOME1

TRANS
Lowg fdhal 4 - T I
[fn] [} + (= FAL A |
= —A— v * s
Eq ' ™

— R1

Figure 2. Application example of the Rosen General Transverse model

Table 3. System Parameters

Component Parameter ?Canlil:]e
len 0.03837
[m]
Rosen General Secondary Layer Lon-
gitudinal LONG1 W 0.024 [m]
th 0.0029
[m]
len 0.04163
[m]
Rosen General Primary Layer Trans-
verse TRANS TRANS1 W 0.024 [m]
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th 0.0029
[m]
. R 1
Resistor R1 0000
[Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
0.0006 1 Curve Info
] —— re(E1.I)ire(E1.EMF)
0.0005 - i
0.0004 —
0.0003
0.0002
0.0001
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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Top

References
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Transverse Multilayer Rosen

* TD110_N: Primary layer of Rosen PT of material D110
* TD140_N: Primary layer of Rosen PT of material D140
* TPZ26_N: Primary layer of Rosen PT of material Pz26
* TRANS_N: General Transverse Multilayer

SMPS Library 1-308
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: SMPS

TD110_N Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

c
&

SLOMGD110
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£

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a D110 Rosen Transverse Multilayer Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

SMPS Library 1-309
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: SMPS

Netlist Syntax

MODEL TD110_N ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (W:= @W, len:= @len, th:= @th, Nlayer:= @Nlayer) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
len Piezoelectric Layer Length | real 0.01 [m]
w Piezoelectric Layer Width | real 0.005 [m]
th Elezzsoelectnc Layer Thick- real 0.001 [m]
Nlayer Number of Layers real 1
Top
Example

This example a Rosen type transformer is comprised of a multilayer primary layer vibrating in
thickness mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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TO110_M1 LDT101
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Figure 2. Application example of the Rosen Transverse Multilayer D110 model

Table 3. System Parameters

Component Parameter Valye
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
D110 LD1101 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
. W 0.024 [m]
Rosen Primary Layer Transverse D110
TD1101
th 0.0029
[m]
Nlayer 3
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. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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TD140_N Piezoelectric Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

SLONGD140

Ht

i
e £

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
» Parameters
* Example
* References
Description
This block represents a D140 Rosen Transverse Multilayer Piezoelectric layer.
Top
Assumptions and Limitations
Top
Mathematical Description
Top
Netlist Syntax

MODEL TD140_N ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (W:= @W, len:= @len, th:= @th, Nlayer:= @Nlayer) SRC: DB(Lib:-
:=@ModelLibraryName) ;
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Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Def_ault Value
Type [Unit]
len Piezoelectric Layer Length | real 0.01[m]
w Piezoelectric Layer Width | real 0.005[m]
th E(laeszsoelectrlc Layer Thick- real 0.001 [m]
Nlayer Number of Layers real 1
Top
Example

This example a Rosen type transformer is comprised of a multilayer primary layer vibrating in
thickness mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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TD140_N1
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Figure 2. Application example of the Rosen Transverse Multilayer D140 model

Table 3. System Parameters

Component Parameter Val_ue
[unit]
len 0.04163
[m]
Rosen Secondary Layer Longitudinal
D140 LD1401 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
) . W 0.024 [m]
Rosen Primary MultiLayer Transverse
TD140_N1
- th 0.0029
[m]
Nlayer 3
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Figure 4. Simulation results-Input Impedance.
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TPZ26_N Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

&

E SLOMNGPz26 fﬂlt

&

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

&

Figure 1. Component symbol

This block represents a PZ26 Rosen Transverse Multilayer Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL TPZ26_N ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (W:= @W, len:= @len, th:= @th, Nlayer:= @Nlayer) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
len Piezoelectric Layer Length | real 0.01 [m]
w Piezoelectric Layer Width | real 0.005 [m]
th Elezzsoelectnc Layer Thick- real 0.001 [m]
Nlayer Number of Layers real 1
Top
Example

This example a Rosen type transformer is comprised of a multilayer primary vibrating in thick-
ness mode (SLONG) and a secondary vibrating in longitudinal mode (ELONG).
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Secondary

L
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Figure 2. Application example of the Rosen Multilayer Transverse Pz26 model

Table 3. System Parameters

Component Parameter VaI_ue
[unit]
len 16.9m/9
[m]
Rosen Secondary Layer Longitudinal
Pz26 LPZ261 - LPZ269 W 0.015[m]
th 0.001 [m]
len 0.0141
[m]
Rosen Primary Layer Transverse Pz26 | W 0.015 [m]
TPZ261
th 0.001 [m]
Nlayer 18
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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TRANS_N Piezoelectric Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

hultilayer Transwersal

B

ju]

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

This block represents a General Rosen Transverse Multilayer Piezoelectric layer. The multilayer
structure can be modeled as a single transverse mode piezoelectric layer taking into account
that the force will be multiplied by the number of layers and the input current is also multiplied by
the number of layers in parallel.

Top

Assumptions and Limitations

Top
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Mathematical Description

Qe

vyl

-

1)

b

(Mlayer-11l, 1oy

Top
Netlist Syntax

MODEL TRANS N ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (W:= @W, len:= @len, th:= @th, Nlayer:= @Nlayer, E33_Tr:=
@E33_Tr, rho:= @rho, k31:= @k31, s11_E:=@s11_E, Qe:= @Qe, Qm:= @Qm) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Force Pin Electrical terminal

SMPS Library 1-324
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Top
Parameters
Table 2
Name Description Data Default
Type Value [Unit]
_ 7700
rho Density real kg/m?3]
len Piezoelectric Layer Length real 0.01 [m]
w Piezoelectric Layer Width real 0.005[m]
th Piezoelectric Layer Thickness real 0.001 [m]
Qm Mechanical Quality Factor real 2000
Qe Electrical Quality Factor real 333
K31 Electromechanical Coupling real 0327
Factor
11 E Mechanical Compliance with Con- real 1.3e-11
- stant Electric Field [M2/N]
E33 Tr Relative Permittivity with Con- real 1330
stant Stress

Nlayer Number of Layers real 1

Top

Example

This example a Rosen type transformer is comprised of a primary layer vibrating in thickness
mode (SLONG) and a secondary layer vibrating in longitudinal mode (ELONG).
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Table 3. System Parameters

Component Parameter Valye
[unit]
len 0.04163
[m]
Rosen General Secondary Layer Lon-
gitudinal LONG1 W 0.024 [m]
th 0.0029
[m]
len 0.03837
[m]
_ ) W 0.024 [m]
Rosen General Primary MultiLayer Trans-
verse TRANS_N1
- th 0.0029
[m]
Nlayer 3
. R 10000
Resistor R1 [Ohm]

=

Figure 2. Application example of the Rosen General Transverse Multilayer model
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AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZz]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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Piezoelectric - Thickness

* BulkG: General Thickness Bulk

* bulkPz26: Block of non polarized material PZ26

* bulkPz27: Block of non polarized material Pz27

* bulkPz34: Block of non polarized material Pz34

* PZ26n: Layer of material Pz26n vibrating in thickness mode and polarized directly
» PZ26p: Layer of material Pz26p vibrating in thickness mode and polarized directly
* PZ27n: Layer of material Pz27n vibrating in thickness mode and polarized directly
» PZ27p: Layer of material Pz27p vibrating in thickness mode and polarized directly
* PZ34n: Layer of material Pz34n vibrating in thickness mode and polarized directly
» PZ34p: Layer of material Pz34p vibrating in thickness mode and polarized directly
* PZL: General Thickness Model p
* PZL1: General Thickness Model n

Thickness Mode of Vibration

In this mode of vibration the electric field is applied in the poling direction, x3, and the movement
takes places also in this direction. Applying Newton’s law, Maxwell’s equations and piezoelectric
relations it is possible to obtain an electrical equivalent circuit in which force is represented by
voltage and velocity is represented by current.

J. Yl
W C) |ﬁ1

T 1

vafl)

M-+ Faoling
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Generic Bulk Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

f Bulk -ﬁt

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

This block represents a generic bulk layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL BulkG ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1 (
len:= @len, Area:= @Area, Qm:= @Qm, rho:= @rho, s33:= @s33) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
len rIi’leeszsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real .0001 [m?]
Qm Mechanical Quality Factor | real 2000
rho Density real 7700 [kg/m3]
s33 Mechanical Compliance real 8.13e-12
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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Primary Secondary

k1 BUIkG2
PZL PILS prL2 PrL4 PIL3 Biulk

Tulk —_—r Bulk - Bulk

FZLp FZLp FZLp FZLp FZLp

i- ] b ] ]
+ R

L -

Figure 2. Application example of the BulkG piezoelectric thickness model

Table 3. System Parameters

Component Parameter VaI_ue
[unit]
General Bulk material BulkG1/BulkG3 len mom
General Bulk material BulkG2 len &301
Material Layer vibrating in thickness mode | len 0.001
PZL1/PZL2/PZL3/PZL4/PZL5 [m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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PZ26 Bulk Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

% bulkPz26 HEl

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

This block represents a PZ26 bulk layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL bulkPz26 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) f1:= %0, f2:= %1 (
len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
1 Mechanical Force Pin Electrical terminal
f2 Mechanical Force Pin Electrical terminal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
Piezoelectric Layer Thick-
len real 0
ness
Area Piezoelectric Layer Area real 0
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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bulkPz 261 PZ26p1 PZ26Mm bulkPZ262 PZ26p2 — PZ2Ep3 bulkPz263
T— bulkP=26 |- bulkPz26 bulkPz26 -T
= . FZ26p FZ26n FZ26p FZ26n FZ26p —

E1

3

RLOAD

Table 3. System Parameters

Figure 2. Application example of the BulkPZ26 piezoelectric thickness model

Component Parameter Valy ©
[unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ261/BulkPZ263
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ262
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ26p1/PZ26p2/PZ26p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ26n1/PZ26n2 [m]
Resistor RLOAD R 10000
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[Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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PZ27 Bulk Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

= bulkPz27 -

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a PZ27 bulk layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL bulkPz27 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) f1:= %0, f2:= %1 (
len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
1 Mechanical Force Pin Electrical terminal
f2 Mechanical Force Pin Electrical terminal
Top
Parameters
Table 2
Name Descrintion Data Default Value
P Type [Unit]
Piezoelectric Layer Thick-
len real 0[m]
ness
Area Piezoelectric Layer Area real 0 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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bakpzI?

PI27p1 PI27n1 bulkPZ272

E1

—

PZIp

‘_

bakpzI?

ety |

Figure 2. Application example of the BulkPZ27 piezoelectric thickness model
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Table 3. System Parameters

Component Parameter VaI_ue
[unit]
len 0.001
, [m]
PZ26 Bulk material
BulkPZ271/BulkPZ273
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ272
Area 0.0001
[m?]
Material Layer vibrating in thickness mode | len 0.001
PZ27p1/PZ27p2/PZ27p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ27n1/PZ27n2 [m]
Resistor RLOAD R 10000
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Figure 4. Simulation results-Input Impedance.
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PZ34 Bulk Layer

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

= bulkPz34 gl

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

This block represents a PZ34 bulk layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL bulkPz34 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) f1:= %0, f2:= %1 (
len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
1 Mechanical Force Pin Electrical terminal
f2 Mechanical Force Pin Electrical terminal
Top
Parameters
Table 2
Name Descrintion Data Default Value
P Type [Unit]
Piezoelectric Layer Thick-
len real 0[m]
ness
Area Piezoelectric Layer Area real 0 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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Figure 2. Application example of the BulkPZ34 piezoelectric thickness model

Table 3. System Parameters

Value
Component Parameter [unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ341/BulkPZ343
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ342
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ34p1/PZ34p2/PZ34p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ34n1/PZ34n2 [m]
. R 10000
Resistor RLOAD [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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Figure 4. Simulation results-Input Impedance.
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PZ26n Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a PZ26 Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

SMPS Library 1-350
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Netlist Syntax

MODEL PZ26n ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.

SMPS Library 1-351
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hulkPz263

bulkPz26
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Figure 2. Application example of the BulkPZ26 piezoelectric thickness model

Table 3. System Parameters

Component Parameter Valy ©
[unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ261/BulkPZ263
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ262
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ26p1/PZ26p2/PZ26p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ26n1/PZ26n2 [m]
Resistor RLOAD R 10000
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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PZ26p Piezoelectric Layer

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

This block represents a PZ26 Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL PZ26p ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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bulkPz 261 PZ26p1 PZ26Mm bulkPZ262 PZ26p2 — PZ2Ep3 bulkPz263
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RLOAD

Table 3. System Parameters

Figure 2. Application example of the BulkPZ26 piezoelectric thickness model

Component Parameter Valy ©
[unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ261/BulkPZ263
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ262
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ26p1/PZ26p2/PZ26p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ26n1/PZ26n2 [m]
Resistor RLOAD R 10000
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[Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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PZ27n Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a PZ27 Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

SMPS Library 1-360
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Netlist Syntax

MODEL PZ27n ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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Figure 2. Application example of the BulkPZ27 piezoelectric thickness model
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Table 3. System Parameters

Component Parameter VaI_ue
[unit]
len 0.001
, [m]
PZ26 Bulk material
BulkPZ271/BulkPZ273
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ272
Area 0.0001
[m?]
Material Layer vibrating in thickness mode | len 0.001
PZ27p1/PZ27p2/PZ27p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ27n1/PZ27n2 [m]
Resistor RLOAD R 10000
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[Ohm]
AMPL 1[V]
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Figure 4. Simulation results-Input Impedance.
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PZ27p Piezoelectric Layer

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax
 Conservative Pins

* Parameters

* Example

* References

Description

This block represents a PZ27 Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL PZ27p ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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Figure 2. Application example of the BulkPZ27 piezoelectric thickness model

Table 3. System Parameters

Component Parameter Val_u ©
[unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ271/BulkPZ273
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ272
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ27p1/PZ27p2/PZ27p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ27n1/PZ27n2 [m]
. R 10000
Resistor RLOAD [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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PZ34n Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a PZ34 Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top

SMPS Library 1-370
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Netlist Syntax

MODEL PZ34n ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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Figure 2. Application example of the BulkPZ34 piezoelectric thickness model

Table 3. System Parameters

Component Parameter VaI_ue
[unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ341/BulkPZ343
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ342
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ34p1/PZ34p2/PZ34p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ34n1/PZ34n2 [m]
. R 10000
Resistor RLOAD [Ohm]
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Figure 4. Simulation results-Input Impedance.
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PZ34p Piezoelectric Layer

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

This block represents a PZ34 Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL PZ34p ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1,
vp:= %2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default Value
Type [Unit]
len rF]’(l_:‘(;zsoelectrlc Layer Thick- real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Top
Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.
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Figure 2. Application example of the BulkPZ34 piezoelectric thickness model

Table 3. System Parameters

Value
Component Parameter [unit]
len 0.001
. [m]
PZ26 Bulk material
BulkPZ341/BulkPZ343
Area 0.0001
[m2]
len 0.0001
[m]
PZ26 Bulk material BulkPZ342
Area 0.0001
[m2]
Material Layer vibrating in thickness mode | len 0.001
PZ34p1/PZ34p2/PZ34p3 [m]
Material Layer vibrating in thickness mode | len 0.001
PZ34n1/PZ34n2 [m]
. R 10000
Resistor RLOAD [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
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PZL Piezoelectric Layer

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents a generic Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL PZL ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1, vp:=
%2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area, Qm:= @Qm, rho:= @rho, s33_E:= @s33_
E, E33_Tr:= @E33_Tr, Qe:= @Qe, kt:= @kt) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
len Piezoelectric Layer Thickness real 0.01 [m]
Area Piezoelectric Layer Area real 0.0001 [m?]
Qm Mechanical Quality Factor real 2000
Kt Iglljcpliir;‘egsfsailg(r:tromechan|caI real 048
rho Density real 7700 [kg/m3]
s33_E Mechanical Compliance real 8.1e-12
E33_Tr | Relative Permittivity(free stress) | real 900
Qe Electrical Quality Factor real 333
Top
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Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.

Primary Secondary

k1 BUIkG2
PZL PILS prL2 PrL4 PIL3 Biulk

Tulk —_—r Bulk - Bulk

FZLp FZLp FZLp FZLp FZLp

i- ] b ] ]
+ R

L -
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Figure 2. Application example of the BulkG piezoelectric thickness model

Table 3. System Parameters

Component Parameter Value
[unit]
General Bulk material BulkG1/BulkG3 len &3001
General Bulk material BulkG2 len %301
Material Layer vibrating in thickness mode | len 0.001
PZL1/PZL2/PZL3/PZL4/PZL5 [m]
. R 10000
Resistor R1 (Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
035 ] Curve Info
] — re(E1.1)ire(E1.EMF)
0.30 AC
0.25
0.20
0.15 3
0.10
0.05
0.00 -

010 020 030 040 050 060

070
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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PZL1 Piezoelectric Layer

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

This block represents a generic Piezoelectric layer.

Top

Assumptions and Limitations

Top

Mathematical Description

Top
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Netlist Syntax

MODEL PZL1 ?InstanceName(@InstanceName):(@(Refbase)@(ID)) fin:= %0, fout:= %1, vp:=
%2, vn:= %3, fgnd:= %4 (len:= @len, Area:= @Area, Qm:= @Qm, rho:= @rho, s33_E:= @s33_
E, E33_Tr:= @E33_Tr, Qe:= @Qe, kt:= @kt) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
fin Mechanical Force Pin Electrical terminal
fout Mechanical Force Pin Electrical terminal
vp Electrical Pin Electrical terminal
vn Electrical Pin Electrical terminal
fgnd Mechanical Reference Pin Electrical terminal
Top
Parameters
Table 2
Name Descrintion Data Default Value
P Type | [Unit]
len Piezoelectric Layer Thickness real 0.01 [m]
Area Piezoelectric Layer Area real 0'0200.1
[m~wire]
Qm Mechanical Quality Factor real 2000
kt Thlckpess electromechanical real 048
coupling factor
rho Density real 7700 [kg/m3]
s33 E Mechanical Compliance real 8.1e-12
E33_Tr | Relative Permittivity(free stress) | real 900
Qe Electrical Quality Factor real 333
Top
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Example

This example is a Multilayer piezoelectric transformer vibrating in thickness mode.

Primary Secondary

k1 BUIkG2
PZL PILS prL2 PrL4 PIL3 Biulk

Tulk —_—r Bulk - Bulk

FZLp FZLp FZLp FZLp FZLp

i- ] b ] ]
+ R

L -
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Figure 2. Application example of the BulkG piezoelectric thickness model

Table 3. System Parameters

Component Parameter Val_u ©
[unit]
General Bulk material BulkG1/BulkG3 len &3001
General Bulk material BulkG2 len %301
Material Layer vibrating in thickness mode | len 0.001
PZL1/PZL2/PZL3/PZL4/PZL5 [m]
. R 10000
Resistor R1 [Ohm]
AMPL 1[V]
Voltage Source (Sinusoidal) E1
Freq 50 [HZ]
0.35 . Curve Info
] —— re(E1.1)ire(E1.EMF)
0.30 AC
0.25 -
0.20
0.15
0.10 -
0.05
0.00 4——— | - 1] .
010 020 0.30 0.40 050 060 0.70 0.80 0.50 1.00
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Figure 3. Simulation results-Input Conductance.
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Figure 4. Simulation results-Input Impedance.
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

ive Clamp (FAC_A)

> With External
Inductor

> With External Inductor

Forward with Act-
ive Clamp - Two

Averaged Buck-
Boost with

Averaged Buck-Boost with

External Inductor | External Inductor
%’tp“ts (FAC20_ | BgoOST Al | (BBOOST A XIy*
XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ Eife'?f;ﬁnlﬁﬂor Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A XI)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_ XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor e
(BOOST Al II) chronous Rectification

- = (BBOOSTS A )
Averaged Buck Boost with Internal Inductor
with Internal (BOOST_A_lI)
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Inductor (BUCK _
Al_1H*
(BUCKS._ Al Il Inductor (BOOSTS_A _II)

Averaged Buck with
Internal Inductor (BUCK _
A_ll)*

Buck Sync with Internal
Inductor (BUCKS A _II)
CUK with Internal Inductor
(CUK_A_II)

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Power Converters

Averaged Power Converters

Non-Isolated >

Isolated Ideal Non-Isolated > Non-ldeal
Forward with Act- > With External .
ive Clamp (FAC_A) Inductor > With External Inductor
. Averaged Buck-
E/angriwith‘gt' Boost with Averaged Buck-Boost with
Outputs (pFAC20 External Inductor | External Inductor
P ~ | (BBOOST Al | (BBOOST A_XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor External Inductor and Syn-
(FLYBACK) chronous Rectification
(BOOST_ALXD) | BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E)‘:fe‘fglr}ﬁé"l’;gt‘or Boost Sync with External
Bridge) (BUCKS_Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A X*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR_

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with

Internal Inductor | Internal Inductor

(BBOOST_AI_ (BBOOST_A_IN*

I)*

Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor chronous Rectification

(BOOST_ALI | gRo0oSTS A II)

Averaged Buck Boost with Internal Inductor

with Internal (BOOST_A_1I)
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Inductor (BUCK _
Al_1H*
(BUCKS._ Al Il Inductor (BOOSTS_A _II)

Averaged Buck with
Internal Inductor (BUCK _
A_ll)*

Buck Sync with Internal
Inductor (BUCKS A _II)
CUK with Internal Inductor
(CUK_A_II)

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Power Converters

Averaged Power Converters

Non-Isolated >

Isolated Ideal Non-Isolated > Non-ldeal

Forward with Act- > With External .

ive Clamp (FAC_A) Inductor > With External Inductor
: Averaged Buck-

Forward with Act- | gt With Averaged Buck-Boost with

ive Clamp - Two

External Inductor | External Inductor
%’tp“ts (FAC20_ | BgoOST Al | (BBOOST A XIy*
XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E)ljtcc:akrr?zgllnlﬁxg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A XI)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_ XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor e
(BOOST Al II) chronous Rectification

- = (BBOOSTS A )
Ayeraged Buck Boost with Internal Inductor
with Internal (BOOST A II)
Inductor (BUCK _ - =
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Averaged Forward Converter With Active Clamp

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Example
* References
Description
This block represents the averaged model of the Forward with Active Clamp converter.
Top
Assumptions and Limitations

The model is valid for both conduction modes of operation. It accounts for conduction losses in
the switches. It automatically detects the change in the mode of operation. The model also
includes the clamp capacitor and the magnetizing inductance of the transformer referred to
primary.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FAC_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1, out-
p:= %2, ctr:= %3, outn:= %4 ( Fs:= @Fs, L:= @L, n1:= @n1, n2:= @n2, Diode_CH:= @Diode_
CH, Rsa:= @Rsa, Lm:=@Lm, Lm_IC:= @Lm_IC, Co:= @Co, Co_IC:= @Co_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp positive input pin Electrical terminal
inn negative input pin Electrical terminal
outp positive output pin Electrical terminal
outn negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unif]
Fs Switching Frequency real 100000 [Hz]
L Output Filter Inductance real 1e-4 [H]
n1 Primary Number of Turns real 1
n2 Secondary Number of Turns | real 1
Lm Magnetlzmg Inductance real 0.0001 [H]
(Primary)
Magnetizing Inductance Ini-
Lm_IC | tial Condition real | O[A]
Co Clamping Capacitance real 1e-4 [F]
Co_IC Clamp!ng Capacitor Initial real 0[V]
Condition
Rsa Active Switch ON Resistance | real 0.01 [Ohm]
DIODE_ Diode Characteristic real
CH
Top
Example

This example shows an averaged model of a Forward Converter with active clamp for use in tran-

sient, AC or DC analysis.

Fa_a

ExP1

AL

L.
1
|

=

-
i
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Figure 3. Application example of the Isolated Average Forward Converter with Active Clamp.

Table 3. System Parameters

Component Parameter Value [unit]
L 3e-005 [H]
n1 1

Isolated Averaged Forward Converter n2 1

with Active Clamp FAC_A1
Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
VT 0.035[V]

Exponential Function EXP1 ISAT 16-012 [A]
RR 100000

[Ohm]

Resistor R3 R 1.1 [Ohm]

Capacitor C2 C 5e-005 [F]

Inductor L2 L 3e-005 [H]

Voltage Source E1 EMF Value 0.5[V]

Voltage Source E2 EMF Value | 25[V]
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20.00 | Curve Info
| e -
| R
1 — 2V
15.00 R
=§ -
210.00 |
Ig -
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0.00 L L N I . .
0.00 o.0o 0.00 o.0o 0.00 0.00
H-fuis

Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).

Top
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Averaged Forward Converter With Active Clamp and Two
Outputs

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

]

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

* References
Description

This block represents the averaged model of the Forward with Active Clamp converter with two
outputs.

Top
Assumptions and Limitations

The model is valid for both conduction modes of operation. It accounts for conduction losses in
the switches. It automatically detects the change in the mode of operation. The model also
includes the clamp capacitor, the magnetizing inductance of the transformer referred to primary
and the output filter coupled inductors. This model is also valid for non coupled output filter
inductors setting the coupling coefficient, k12, to zero.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FAC20_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1,
ctr:= %2, out1_p:= %3, out1_n:= %4, out2_p:= %5, out2_n:= %6 ( Fs:= @Fs, np:= @np, ns1:=
@ns1, Diode_CH:= @Diode_CH, Rsa:= @Rsa, Lm:= @Lm, Lm_IC:= @Lm_IC, Co:= @Co,
Co_IC:=@Co_IC, ns2:=@ns2, L1:=@L1,L2:= @L2, k12:= @k12, L1_IC:=@L1_IC, L2_IC:=
@L2_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp positive input pin Electrical terminal
inn negative input pin Electrical terminal
outl p positive output 1 pin Electrical terminal
outl n negative output 1 pin Electrical terminal
out2 p positive output 2 pin Electrical terminal
out2 n negative output 2 pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Description Data Default
P Type | Value [Unit]
Fs Switching Frequency real 100000 [HZ]
L1 Output Filter 1 Inductance real 1e-5[H]
L2 Output Filter 2 Inductance real 1e-5[H]
Output Filter 1 Inductance Ini-
L1_Ic tial Condition real | O[Al
Output Filter 2 Inductance Ini-
L2_1C" | {ial Condition real | O[A]
K12 Qutput F|I_te_r Inductances Coup- real 0.99999
ling Coefficient
np Primary Number of Turns real 1
ns1 Secondary 1 Number of Turns | real 1
ns2 Secondary 2 Number of Turns | real 1
Lm Magnetlzmg Inductance real 0.0001 [H]
(Primary)
Lm_IC Magn_e_tlzmg Inductance Initial real 0[A]
Condition
Co Clamping Capacitance real 1e-4 [F]
Co_IC Clamp!ng Capacitor Initial real 0[V]
Condition
Rsa Active Switch ON Resistance real 0.01 [Ohm]
DIODE_ Diode Characteristic real
CH
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Lf1_| Output Filter 1 Current[A] | Output real
Lf2_| Output Filter 2 Current[A] | Output real
Top
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Example

This example shows an averaged model of a Forward Converter with active clamp and two out-
puts for use in transient, AC or DC analysis.

FACZo_fi l

F.' Y

T

EXP1

¥

Rz

Figure 3. Application example of the Isolated Average Forward Converter with Active Clamp and

two outputs.

Table 4. System Parameters

Component Parameter Value [unit]
np 1
ns1 1
ns2 0.5

Isolated Averaged Forward Converter

with Active Clamp and two outputs

FAC20 A2 Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
Co IC 25[V]
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L1 0.0001 [H]

L2 2.5e-005 [H]

k12 0

L1 IC 0.1

L2_IC 0.1

VT 0.035 [V]
Exponential Function EXP1 ISAT 10-012 [A]

RR 100000

[Ohm]

Resistor R1 R 1 [Ohm]
Resistor R2 R 0.5 [Ohm]
Capacitor C1 C 5e-005 [F]
Capacitor C2 C 0.0002 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Default
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Figure 4. Simulation results-Output currents (FAC20_A2.Lf1_Il, FAC20_A2.Lf2_l) and Output

Voltages (C1.V, C2.V).
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Averaged Flyback Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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i
4 =gl
o]
< =nl
cir
E_—

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Example
* References
Description
This block represents the averaged model of the Flyback converter.
Top
Assumptions and Limitations

The model is valid for both conduction modes of operation. It accounts for conduction losses in
the switches. It automatically detects the change in the mode of operation. The model also
includes the magnetizing inductance of the transformer.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

SMPS Library 1-407
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: SMPS

T !
T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FLYBACK_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) pp:= %0, pn:=
%1, sp1:= %2, sn1:= %3, ctr:=%4 (Fs:= @Fs, L:=@L, L_IC:= @L_IC, Diode_CH:= @Diode_
CH, Rsa:= @Rsa, np:= @np, ns1:= @ns1) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
pp positive input pin Electrical terminal
pn negative input pin Electrical terminal
sp1 positive output pin Electrical terminal
sn1 negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal
Top
Parameters
Table 2
Name Description Data Deff'ault Value
Type [Unit]
Fs Switching Frequency real 100000 [HZ]
np Primary Number of Turns real 1
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ns1 Secondary Number of Turns | real 1
L Magnetlzmg Inductance real 0.0001 [H]
(Primary)
Magnetizing Inductance Ini-
L_IC tial Condition real 1 0.001[A]
Rsa Active Switch ON Resistance | real 0.01 [Ohm]
DIODE_ Diode Characteristic real
CH
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Imag Magnetizing Current [A] Output real
Top
Example

This example shows an averaged model of a Flyback Converter for use in transient, AC or DC

analysis.

FLYBACK _A1 l ExP1

iy

E1 = ] &
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Figure 3. Application example of the Isolated Average Flyback Converter.

Table 4. System Parameters

Component Parameter Value [unit]

L 3e-005 [H]

L IC 0.001 [A]
Isolated Averaged Flyback Converter Diode_CH EXPTVAL
FLYBACK_A1 Rsa 0.01 [Ohm]

np 2

ns1 1

VT 0.025[V]
Exponential Function EXP1 ISAT 1e-012 [A]

RR 100000

[Ohm]

Resistor R3 R 2 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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i Curve Info
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Figure 4. Simulation results-Magnetizing current (FLYBACK_A1.Imag) and Output Voltage (C2.V).
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Averaged Forward Converter

Library: SMPS Modeling Language: SML 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
* Example
* References
Description
This block represents the averaged model of the Forward converter.
Top
Assumptions and Limitations

The model is valid for both conduction modes of operation. It accounts for conduction losses in
the switches. It automatically detects the change in the mode of operation. The model assumes
demagnetization of the magnetizing inductance through some mechanism that does not affect
its dynamics. It is not necessary to add any external demagnetizing circuit.

Top

SMPS Library 1-412
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FORWARD_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:=
%1, outp:= %2, ctr:= %3, outn:= %4 ( Fs:= @Fs, L:= @L, n1:= @n1, n2:= @n2, Diode_CH:=
@Diode_CH, Rsa:= @Rsa) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp positive input pin Electrical terminal
inn negative input pin Electrical terminal
outp positive output pin Electrical terminal
outn negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
Fs Switching Frequency real 100000 [HZz]
L Output Filter Inductance | real 1e-4 [H]
n1 Primary Number of Turns | real 1
n2 Secondary Number of real 1
Turns
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
DIODE_ Diode Characteristic real
CH
Top
Example

This example shows an averaged model of a Forward Converter for use in transient, AC or DC

analysis.

FORVARD_&1 ‘

E1 EZ

N

ExP1

n1=10 o o

R3
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Figure 3. Application example of the Isolated Average Forward Converter.

Table 3. System Parameters

Component Parameter Value [unit]
L 0.0001 [H]
n1 10
Diode_CH EXP1.VAL
Isolated Averaged Forward Converter
FORWARD_A1
Rsa 0.01 [Ohm]
n2 1
F3 100000 [Hz]
VT 0.035[V]
Exponential Function EXP1 ISAT 1e-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.1 [Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L2 L 0.0001 [H]
Voltage Source E1 EMF Value 0.25[V]
Voltage Source E2 EMF Value | 400 [V]
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Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).
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Averaged Full-Bridge Converter

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description
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Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents the averaged model of the Full Bridge converter.

Top

Assumptions and Limitations

The model accounts for conduction losses in the switches, assuming that all of them have the
same ON Resistance (Rsa).

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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T !
T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL Full_Bridge ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1,
outp:= %2, ctra:= %3, outn:= %4, ctrb:= %5 ( Rsa:= @Rsa) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description {;l/?)’gjre/Data
: e : Electrical ter-
inp positive input pin minal
inn negative input pin Electrical ter-
minal
o . Electrical ter-
outp positive output pin minal
. . Electrical ter-
outn negative output pin .
minal
control pin: input for the duty cycle of Electrical ter-
ctra .
leg A minal
cirb control pin: input for the duty cycle of Electrical ter-
leg B minal

Top
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Parameters
Table 2
Moo Descrintion Data Default Value
p Type [Unit]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance

Top
Example

This example shows an averaged model of a Full Bridge Converter for use in transient, AC or DC

analysis.

El

T4

T4

||}—«

Full_Bridge2

Figure 3. Application example of the Isolated Average Full Bridge Converter.

Table 3. System Parameters

Component

Value

Parameter [unit]
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Isolated Averaged Full Bridge Converter Rsa 0.01
Full Bridge2 [Ohm]
. R 1.1
Resistor R3 [Ohm]
Capacitor C2 N 5e-005
[F]
L 3e-005
Inductor L2
[H]
Voltage Source E1 EMF Value | 0.75[V]
Voltage Source E3 EMF Value | 0.25[V]
Voltage Source E2 EMF Value 25[V]
20.00 . Curve Info
3 — L2
17.50 ™
] —_ c2V
] TR
15.00 -
12.50
E 10.00 —
= ]
7.50
5.00 -
2.50
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¥-Axis
Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).
Top
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Averaged Half-Bridge Converter with Complementary Con-
trol

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Dll:\d: ZH

s

Figure 1. Component symbol

UJ

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

This block represents the averaged model of the Half Bridge with Complementary Control con-
verter.

Top
Assumptions and Limitations

The model is valid for both conduction modes of operation. It accounts for conduction losses in
the switches. It automatically detects the change in the mode of operation. It is assumed that the
duty cycle is referred to the lower switch. The other switch is operated in a complementary way.
The model also includes magnetizing inductance of the transformer referred to primary.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL HBCC_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) p:= %0, sp:= %1,
sn:= %2, a:= %3, cc:= %4, ctr:= %5 (Rsa:= @Rsa, L:= @L, r1:= @r1, r2:= @r2, Rsp:= @Rsp,
Diode_CH:= @Diode_CH, Fs:= @Fs, Lm:= @Lm, Lm_IC:= @Lm_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
p positive input pin Electrical terminal
cc middle input pin Electrical terminal
a negative input pin Electrical terminal
sp positive output pin Electrical terminal
sn negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Description Data Default
P Type | Value [Unif]
Fs Switching Frequency real 100000 [Hz]
Rsa Prlmary High Side Switch ON real 0.01 [Ohm]
Resistance
L Output Filter Inductance real 0.0001 [H]
Transformation Ratio of upper
r1 . real 1
secondary/primary
Transformation Ratio of lower
r2 X real 1
secondary/primary
Rsp Prlmary Low Side Switch ON real 0.01 [Ohm]
Resistance
g':de— Diode Characteristic real
Lm Magnetlzmg Inductance real 0.0001 [H]
(Primary)
Lm_IC Magn_e_tlzmg Inductance Initial real 0[A]
Condition
Top
Example

This example shows an averaged model of a Half Bridge Converter with Complementary Control
for use in transient, AC or DC analysis.
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plementary Control.

Table 3. System Parameters

Figure 3. Application example of the Isolated Average Half Bridge Converter with Com-

Component Parameter Value [unit]
Rsa 0.01 [Ohm]
Isolated Averaged Half Bridge Con- | I 0.3
verter with Complementary Control
HBCC_A2 r2 0.3
Diode_CH EQUL1.VAL
VF 0.6 [V]
Equivalent Line EQUL1 RB 0.001 [Ohm]
RR 100000 [Ohm]
Resistor R1 R 1000 [Ohm]
Resistor R2 R 0.1 [Ohm]
Resistor R3 R 1 [Ohm]
Resistor R4 R 0.01 [Ohm]
Capacitor C1 C 3e-005 [F]
Capacitor C2 C 3e-005 [F]
Capacitor C3 C 0.0001 [F]
Inductor L1 L 3e-005 [H]
Voltage Source E1 EMF Value 0.45[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Output current (L1.1) and Output Voltage (C3.V).
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Averaged Synchronous Half-Bridge Converter with Com-
plementary Control

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

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

This block represents the averaged model of the Half Bridge with Complementary Control con-
verter with synchronous rectification.

Top
Assumptions and Limitations

The model accounts for conduction losses in the switches. It is assumed that the duty cycle is
referred to the lower switch. The other switch is operated in a complementary way. The model
also includes magnetizing inductance of the transformer referred to primary.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL HBCCS_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) p:= %0, sp:= %1,
sn:= %2, a:= %3, cc:= %4, ctr:= %5 ( Rsa:= @Rsa, Lm:= @Lm, r1:= @r1, r2:= @r2, Rsp:=
@Rsp, Rsync:= @Rsync, Lm_IC:= @Lm_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
p positive input pin Electrical terminal
cc middle input pin Electrical terminal
a negative input pin Electrical terminal
sp positive output pin Electrical terminal
sn negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Description Data Default
P Type | Value [Unit]
Rsa ;rlmary High Side Switch ON real 0.01 [Ohm]
esistance
Synchronous Rectification
Rsync Switches ON Resistance real 0.01[Ohm]
Turns Ratio of Upper sec-
r1 ) real 1
ondary/primary
Turns Ratio of Lower sec-
r2 . real 1
ondary/primary
Rsp Erlmary Low Side Switch ON real 0.01 [Ohm]
esistance
Lm Magnetizing Inductance (Primary) | real 0.0001 [H]
Lm_IC Magn_e_tlzmg Inductance Initial real 0[A]
Condition

Top

Example

This example shows an averaged model of a Half Bridge Converter with Complementary Control
and Synchronous Rectification for use in transient, AC or DC analysis.
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Figure 3. Application example of the Isolated Average Half Bridge Converter with Com-
plementary Control and Synchronous Rectification.

Table 3. System Parameters

Component Parameter VaI_ue
[unit]
Rsa 0.01
[Ohm]
Isolated Averaged Half Bridge Converter
with Complementary Control and Syn- » 03
chronous Rectification HBCCS_A1 .
r2 0.3
. R 1000
Resistor R1 [Ohm]
. R 0.1
Resistor R2 [Ohm]
Resistor R3 R 1 [Ohm]
Resistor R4 R 0.01
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[Ohm]
Capacitor C1 C 3e-005
[F]
Capacitor C2 C 3e-005
[F]
Capacitor C3 C 0.0001
[F]
L 3e-005
Inductor L1
[H]
Voltage Source E1 EMF Value 0.45[V]
Voltage Source E2 EMF Value 25[V]
7.50 i Curve Info
. — L1.l
625
5.00 —
ES.?&—:
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250
125
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H-Axis
Figure 4. Simulation results-Output current (L1.1) and Output Voltage (C3.V).
Top

SMPS Library 1-432
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: SMPS

References

SMPS Library 1-433
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: SMPS

Averaged Half Bridge Current Doubler Rectifier

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

This block represents the averaged model of the Half Bridge with Current Doubler Rectifier Con-
verter.

Top
Assumptions and Limitations

The model accounts for conduction losses in the switches primary switches. This model is valid
only for Continuous Conduction Mode of operation. The model also includes magnetizing induct-
ance of the transformer referred to primary, the input capacitors and the current doubler rectifier
of the output.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
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¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL HBCDR_A ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1,
outp:= %2, outn:= %3, ctr1:= %4, ctr2:= %5 (n1:= @n1, n2:= @n2, Rsa:= @Rsa, Fs:= @Fs,
Lm:=@Lm, Lm_IC:= @Lm_IC, Co:= @Co, Co_IC:=@Co_IC, L1:=@L1,L1_IC:=@L1_IC,
L2:=@L2,L2_IC:=@L2_IC,C1:=@C1, C2:=@C2,C1_IC:=@C1_IC, C2_IC:=@C2_IC)
SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description glggjre/Data
. e . Electrical ter-
inp positive input pin minal
inn negative input pin Electrical ter-
minal
out ositive output pin Electrical ter-
P P butp minal
. . Electrical ter-
outn negative output pin .
minal
ctrl control pin 1: duty cycle for the upper Electrical ter-
switch minal
otr2 control pin 2: duty cycle for the lower Electrical ter-
switch minal
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Top
Parameters
Table 2
Name Description Data Default
P Type | Value [Unif]
Fs Switching Frequency real 100000 [HZ]
n1 Primary Number of Turns real 1
n2 Secondary Number of Turns real 1
Rsa Primary Side Switch ON Resist- real 0.01 [Ohm]
ance
Lm Magnehzmg Inductance real 0.0001 [H]
(Primary)
Lm_IC Magn.e.tlzmg Inductance Initial real 0[A]
Condition
Co Output Capacitor Value real 0.0001 [F]
Co_IC Output Capacitor Initial Condition | real 0[V]
L1 Secondary Upper Filter Inductor | real 1e-5[H]
L1.1C Sggondary 'L{pper Filter Inductor real 0[A]
Initial Condition
L2 Secondary Lower Filter Inductor | real 1e-5[H]
L2.IC Sggondary !__ower Filter Inductor real 0[A]
Initial Condition
C1 Primary Upper Side Capacitor real 16-5 [F]
Value
c1.IC F"rlmary Qpper Side Capacitor Ini- real 0[V]
tial Condition
c2 Primary Lower Side Capacitor real 16-5 [F]
Value
c2.IC F_’rlmary ITgwer Side Capacitor Ini- real 0[V]
tial Condition
Top
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Input/Output Quantities
Table 3
Name | Description [Unit] Direction | Data Type
| Lm {\'gl‘?gnetizing Current (Primary) Output real
| L1 Output 1 Inductor Current [A] Output real
| L2 Output 2 Inductor Current [A] Output real
Top
Example

This example shows an averaged model of a Half Bridge Converter with Current Doubler Rec-
tifier for use in transient, AC or DC analysis.

HB_COR

WY

*

|_

* c2

B HBCOR_Al

Figure 3. Application example of the Isolated Average Half Bridge Converter with Current Dou-
bler Rectifier .

Table 4. System Parameters

Component Parameter Valy ©
[unit]
n1/n2 1

Isolated Averaged Half Bridge Converter
with Current Doubler Rectifier HBCDR_A1

SMPS Library 1-437
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: SMPS

L1

0.0001
L2 0.0001
. R 0.001
Resistor R1 [Ohm]
. R 1.1
Resistor R3 [Ohm]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
10.00 i Curve Info
i — R3V
i TR
i — R1l
3.00 — R
6.00 —
5 ]
o
= ]
4.00 —
2.00 —
mm+—————7—————7————7— T T —T1 T
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K-Axis
Figure 4. Simulation results-Input current (R1.1) and Output Voltage (R3.V).
Top
References
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Power Converters

Averaged Power Converters

Non-Isolated >

Isolated Ideal Non-Isolated > Non-ldeal

Forward with Act- > With External .

ive Clamp (FAC_A) Inductor > With External Inductor
: Averaged Buck-

Forward with Act- | gt With Averaged Buck-Boost with

ive Clamp - Two

External Inductor | External Inductor
%’tp“ts (FAC20_ | BgoOST Al | (BBOOST A XIy*
XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E)ljtcc:akrr?zgllnlﬁxg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A XI)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_ XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor e
(BOOST Al II) chronous Rectification

- = (BBOOSTS A )
Ayeraged Buck Boost with Internal Inductor
with Internal (BOOST A II)
Inductor (BUCK _ - =
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Power Converters

Averaged Power Converters

Non-Isolated >

Isolated Ideal Non-Isolated > Non-ldeal
Forward with Act- > With External .
ive Clamp (FAC A) Inductor > With External Inductor
. Averaged Buck-
Ezng;r:qwltq_xgt- Boost with Averaged Buck-Boost with
Outouts (pFAC20 External Inductor | External Inductor
P — | (BBOOST Al | (BBOOST A_XI)*
A) Xly*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ Eit"eﬁf;’lnlﬁxgor Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS_AIl XI)

Averaged Buck with
External Inductor (BUCK _
A Xh*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS_
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with

Internal Inductor | Internal Inductor

(BBOOST_Al_ (BBOOST_A_I*

I)*

Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor chronous Rectification

(BOOST_ALI) | BROOSTS A II)

Ayeraged Buck Boost with Internal Inductor

with Internal BOOST A ||

Inductor (BUCK_ | { A
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

> With External

> With External Inducto

-

ive Clamp (FAC _A) Inductor
: Averaged Buck-
Eznggrsqwitq.xgt_ Boost with Averaged Buck-Boost with
Outputs (pFAC20 External Inductor | External Inductor
P — | (BBOOST_Al_ (BBOOST_A XI)*
Boost with Averaged Buck-Boost with
Flyback E External Inductor and Syn-
xternal Inductor e
(FLYBACK) (BOOST Al XI) chronous Rectification
- = (BBOOSTS_A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E;’::ekrr?aylnlf\xg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS_ Al Xl)

Averaged Buck with
External Inductor (BUCK _
A X)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS_
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor P
(BOOST Al II) chronous Rectification

- = (BBOOSTS A II)
Ayeraged Buck Boost with Internal Inductor
with Internal BOOST A ||
Inductor (BUCK_ | { A
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Ideal Averaged Buck-Boost Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

cir

.

(e

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

* References
Description

This block represents the averaged model of the Buck-Boost converter. It does not have an
internal inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The model is valid for both conduction modes of operation. It auto-
matically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOST_AI_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:=
%1, c:= %2, ctr:= %3 ( Fs:= @Fs, L_EXT:= @L_EXT) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
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L_EXT Inductance real 1e-5[H]
Fs Switching Frequency | real 100000 [HZ]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current[A] Output real
Top
Example

This example shows an averaged model of an Ideal Buck-Boost Converter for transient, AC, or
DC analysis.

BROOST_AI_XN
E1 L
<

Lo : 1.3

Figure 3. Application example of Ideal Averaged Buck-Boost Converter.

Table 4. System Parameters

Value

Component Parameter [unit]
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Fs 100000
[Hz]
Ideal Averaged Buck-Boost Converter
BBOOST_AIl_XI1
-7 L_EXT 1e-005
[H]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5¢-005
[F]
L 1e-005
Inductor L1
[H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value 25[V]
&0.00 Curve Info
T - CZY¥
] TR
60.00 — = BBOOST_AIXIIL
. TR
4{I.{I{I—:
:::'z 20,00 -
& ]
{l.{l{l—_
-E{I.{I{I—-
00+ . )
0.00 0.00 0.00 0.00 ﬂ.lﬂlﬂ 0.00
H-Rods

Figure 4. Simulation results-Output current (BBOOST_AI_XI1.IL) and Output Voltage (C2.V).

Top

References
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Ideal Averaged Boost Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Pl

{1

mﬂ
P

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

* References
Description

This block represents the averaged model of the Boost converter. This component does not
have an internal inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The model is valid for both conduction modes of operation. It auto-
matically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BOOST_AI_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:= %2, ctr:= %3 ( Fs:= @Fs, L_EXT:= @L_EXT) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
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L_EXT Inductance real 1e-4 [H]
Fs Switching Frequency | real 100000 [HZ]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current[A] Output real
Top
Example

This example shows an averaged model of an Ideal Boost Converter for transient, AC, or DC
analysis.

BOOST Al X1

= o Pl ’
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Figure 3. Application example of Ideal Averaged Boost Converter.

Table 4. System Parameters

Component Parameter Val_u ©
[unit]
Fs 100000
[Hz]
Ideal Averaged Boost Converter
BOOST_AIl_XI1
- L EXT 0.0001
[H]
Resistor R3 R 11 [Ohm]
Capacitor C2 ¢ 5e-005
[F]
L 0.0001
Inductor L1
[H]
Voltage Source E1 EMF Value [ 0.5[V]
Voltage Source E2 EMF Value | 25[V]
87.50 i Curve Info
N —_— 2V
75.00 ™
T — BOOST_AI_XI1.IL
N TR
62.50
_ 5000 —
I
8 37.50
25.00
12.50
0.00 +¥—
0.00
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Figure 4. Simulation results-Output current (BOOST_AI_XI1.IL) and Output Voltage (C2.V).

Top
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Ideal Averaged Buck Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

cir

[f]o
e

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

* References
Description

This block represents the averaged model of the Buck converter. It does not have an internal
inductance.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The model is valid for both conduction modes of operation. It auto-
matically detects the change in the mode of operation.

Top

SMPS Library 1-456
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: SMPS

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

Top
Netlist Syntax

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation

MODEL BUCK_AI_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:= %2, ctr:= %3 ( Fs:= @Fs, L_EXT:= @L_EXT) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1

Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
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L_EXT Inductance real 1e-4 [H]
Fs Switching Frequency | real 100000 [HZ]

Top

Example

This example shows an averaged model of an Ideal Buck Converter for transient, AC, or DC ana-
lysis.

L BLICK_AI_A1
T i

Figure 3. Application example of Ideal Averaged Buck Converter.

Table 3. System Parameters

Component Parameter Val_ue
[unit]

Fs 100000
Averaged Ideal Buck Converter BUCK _ [HZ]
Al_XI1

L EXT 3e-005 [H]
Resistor R3 R 1.5 [Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L2 L 3e-005 [H]
Voltage Source E1 EMF Value | 0.5[V]
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Voltage Source E2 | EMF Value | 25[V] |

Curve Info

— L2
17.50 TR

4 —_— 2V
] TR

000 00O @O0 000 000 000
X-Axis

Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).

Top

References
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Ideal Averaged Buck Sync Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

a [
&F— 5

h

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

This block represents the averaged model of the Buck converter with synchronous rectification.
It does not have an internal inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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4
ki
~ |

T !
T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCKS_AI_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:=%3 () SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description glggjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle El_e ctrical ter-
minal
Top
Example

This example shows an averaged model of an Ideal Synchronous Buck Converter for transient,
AC, or DC analysis.
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E1 1
EZX & 4

BUCKS Al X1

-

Figure 3. Application example of Ideal Averaged Synchronous Buck Converter.

Table 2. System Parameters

Component Parameter Value [unit]
Resistor R3 R 1.5 [Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L2 L 3e-005 [H]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value 25[V]
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20.00 Curve Info
—_— 2.1
] TR
— 2
] TR
15.00 |
E 4
£10.00
) |
5.00 -
0.00 | . |
0.00 0.00 0.00 0.00 0.00 0.00
¥-Axis

Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).
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PWM-Switch

Library: SMPS

* Description

Modeling Language: SML Version Number: Twin Builder 2024.2
ctr
ctr
=| c
[—pg, cr—+&l

P

d

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

* Conservative Pins
* Parameters

* Example

» References

Description

This block represents the averaged model of a PWM Switch.

Top

Assumptions and Limitations

It assumes that the switches are ideal in the sense that the voltage drop across them when they
are on is zero. The model is valid for both conduction modes of operation. It automatically
detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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4
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL PWMS_AI_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ctr:= %0, a:=
%1, p:= %2, c:=%3 (L_EXT:= @L_EXT, Fs:= @Fs) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description glggjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Data Default
Name Description Tvbe Value
YPe | [Unit]
L Equivalent inductance (usuglly con- | .al 1e-5 [H]
nected to the common terminal)
Fs Switching Frequency real 100000
[Hz]
Top
Example

This example shows a model of a PWM Switch applied to model a Buck Converter for transient,

AC, or DC analysis.

| ctr
Ef
Y
- a ¢ a2
A p & &
AT _ A %
p— . 2 R3
Figure 3. Application example of PWM Switch.
Table 3. System Parameters

Component Parameter Value [unit]

Fs 100000 [HZ]
PWM Switch PWMS_Al_XI1

L EXT 1e-005 [H]
Resistor R3 R 5[Ohm]
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Capacitor C2 C 5e-005 [F]
Inductor L2 L 3e-005 [H]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value 25[V]
2250 . Curve Info
] — 121
20.00 — TR
] — C2V
1750 =
15.00
= 12,50 -
B =
8 10.00
750
5.00 —
250
0.00 .
0.00 0.00 0.00 _ 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).

Top

References
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

> With External

> With External Inducto

-

ive Clamp (FAC _A) Inductor
: Averaged Buck-
Eznggrsqwitq.xgt_ Boost with Averaged Buck-Boost with
Outputs (pFAC20 External Inductor | External Inductor
P — | (BBOOST_Al_ (BBOOST_A XI)*
Boost with Averaged Buck-Boost with
Flyback E External Inductor and Syn-
xternal Inductor e
(FLYBACK) (BOOST Al XI) chronous Rectification
- = (BBOOSTS_A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E;’::ekrr?aylnlf\xg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS_ Al Xl)

Averaged Buck with
External Inductor (BUCK _
A X)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS_
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor P
(BOOST Al II) chronous Rectification

- = (BBOOSTS A II)
Ayeraged Buck Boost with Internal Inductor
with Internal BOOST A ||
Inductor (BUCK_ | { A
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Ideal Averaged Buck-Boost Converter With Internal Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

cir

P

[

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

* References
Description

This block represents the averaged model of the Buck-Boost converter. This model includes an
internal inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The model is valid for both conduction modes of operation. It auto-
matically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOST_AI_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:=
%1, c:= %2, ctr:= %3 (Fs:= @Fs, L:=@L, L_IC:= @L_IC) SRC: DB(Lib:=@ModelLibraryName)

Top

Conservative Pins

Table 1
Name Port/Terminal description Rllz‘gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle E:ﬁg{ ical ter-

Top

SMPS Library 1-471
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: SMPS

Parameters
Table 2
Name Description Data Type | Default Value [Unit]
L Filter Inductance real 1e-5[H]
Fs Switching Frequency | real 100000 [HZ]
L IC Inductor Initial Current | real 0[A]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current[A] Output real
Top
Example

This example shows an averaged model of an Ideal Buck-Boost Converter with Internal Inductor
for transient, AC, or DC analysis.

BEOOST Al

E2 ] g

Bl

Fa

Figure 3. Application example of Ideal Averaged Buck-Boost Converter.

Table 4. System Parameters

Component Parameter Value
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[unit]
L 1e-005
H
Ideal Averaged Buck-Boost Converter ]
BBOOST_AlL_II1
L_IC 0.001
[A]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5e-005
[F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value 25[V]
80.00 Curve Info
1 -_— 2N
i TR
£0.00 ] ? BEOOST_AL_II1.IL
40,00 —
E zn.m—:
D -
0.00 -
20.00 —
A0.00 1 T T T T T
0.00 0.00 0.00 0.00 0.00
Hododis
Figure 4. Simulation results-Output current (BBOOST_AI_II1.IL) and Output Voltage (C2.V).
Top
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Ideal Averaged Boost Converter With Internal Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

B ren P&

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

* References
Description

This block represents the averaged model of the Boost converter. This model includes an
internal inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The model is valid for both conduction modes of operation. It auto-
matically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-

ing period) (see Figure 2).

T
duty=—
-

Top
Netlist Syntax

MODEL BOOST_AI_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:=%3 (Fs:= @Fs, L:=@L, L_IC:= @L_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation

Table 1
Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
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L Filter Inductance real 1e-4 [H]
Fs Switching Frequency real 100000 [HZ]
L IC Inductor Initial Current | real 0.001 [A]

Top
Input/Output Quantities
Table 3

Name Description [Unit] Direction Data Type
IL Inductor Current[A] Output real

Top

Example

This example shows an averaged model of an Ideal Boost Converter with Internal Inductor for
transient, AC, or DC analysis.

E1 BOOST_AIl_I

ey
\

. C2

EZ2

R3

T ..
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Figure 3. Application example of Ideal Averaged Boost Converter.

Table 4. System Parameters

87.50

67.50

4750

Default

27.50

7.50

Component Parameter Val_ue
[unit]
L 0.0001
Ideal Averaged Boost Converter BOOST _ [H]
Al_llM
L IC 0.001 [A]
Resistor R3 R 11 [Ohm]
Capacitor C2 c 5e-005
[F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25[V]
i Curve Info
- — c2v
- TR
7 —— BOOST_ALIIM.IL
. TR
0.00 0.00 000 000 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (BOOST_AI_IlI1.IL) and Output Voltage (C2.V).
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Top

References
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Ideal Averaged Buck Converter With Internal Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

B— g

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

* References
Description

This block represents the averaged model of the Buck converter. This model includes an internal
inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero. The model is valid for both conduction modes of operation. It auto-
matically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCK_AI_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:=%3 (Fs:= @Fs, L:=@L, L_IC:= @L_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
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L Filter Inductance real 1e-4 [H]
Fs Switching Frequency real 100000 [HZ]
L IC Inductor Initial Current | real 0[A]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Ideal Buck Converter with Internal Inductor for
transient, AC, or DC analysis.

BUCK_Al {11
E1
- o
® E2 ? .
— ™ Co R3
&
Figure 3. Application example of Ideal Averaged Buck Converter.
Table 4. System Parameters
Component Parameter Va[ue
[unit]
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Fs 100000
Ideal Averaged Buck Converter BUCK_ [Hz]
Al_ll1
L 3e-005 [H]
Resistor R3 R 1.5 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25[V]
20.00 b Curve Info
h — 2V
17.50 R
] —— BUCK_AI_lIIL
15.00 =
12.50
Em.nn —:
a ]
7.50
5.00
250
om4$S———————————
0.00 0.00 0.00 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (BUCK_AI_IlI1.IL) and Output Voltage (C2.V).

Top

References

SMPS Library 1-483
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: SMPS

Ideal Averaged Buck Sync Converter With Internal Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

o [
3 g YO

ctr

th

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

This block represents the averaged model of the Buck converter with synchronous rectification.
This model includes an internal inductor.

Top
Assumptions and Limitations

This model assumes that the switches are ideal in the sense that the voltage drop across them
when they are on is zero.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCKS_AI_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:i=%3 (L:=@L, L_IC:=@L_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description glggjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle El_e ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Type | Default Value [Unit]
L Filter Inductance real 1e-4 [H]
L IC Inductor Initial Current | real 0[A]
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Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Ideal Synchronous Buck Converter with Internal

Inductor for transient, AC, or DC analysis.

E1

BUCKS_ Al Il
P o &>
-
. Z2
. 4

Figure 3. Application example of Ideal Averaged Synchronous Buck Converter.

R
T

Table 4. System Parameters

Component Parameter Valy ©
[unit]
L 3e-005
Ideal Averaged Buck Sync Converter [H]
BUCKS_Al_II1
L IC 01[A]
Resistor R3 R 1.5
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[Ohm]
Capacitor C2 C 5e-005
[F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25][V]
20.00 | Curve Info
i — C2.V
i TR
i —— BUCKS_ALIN.IL
15.00 — TR
% .
= 10.00
[ak]
2 i
5.00 —
u.un_..............,....,....
0.00 0.00 0.00 0.00 0.00 0.00

H-Axis

Figure 4. Simulation results-Output current (BUCKS_AI_II1.IL) and Output Voltage (C2.V).

Top
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Power Converters

Averaged Power Converters

Non-Isolated >

Isolated Ideal Non-Isolated > Non-ldeal
Forward with Act- > With External .
ive Clamp (FAC A) Inductor > With External Inductor
. Averaged Buck-
Ezng;r:qwltq_xgt- Boost with Averaged Buck-Boost with
Outouts (pFAC20 External Inductor | External Inductor
P — | (BBOOST Al | (BBOOST A_XI)*
A) Xly*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ Eit"eﬁf;’lnlﬁxgor Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS_AIl XI)

Averaged Buck with
External Inductor (BUCK _
A Xh*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS_
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with

Internal Inductor | Internal Inductor

(BBOOST_Al_ (BBOOST_A_I*

I)*

Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor chronous Rectification

(BOOST_ALI) | BROOSTS A II)

Ayeraged Buck Boost with Internal Inductor

with Internal BOOST A ||

Inductor (BUCK_ | { A
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

> With External

> With External Inducto

-

ive Clamp (FAC _A) Inductor
: Averaged Buck-
Eznggrsqwitq.xgt_ Boost with Averaged Buck-Boost with
Outputs (pFAC20 External Inductor | External Inductor
P — | (BBOOST_Al_ (BBOOST_A XI)*
Boost with Averaged Buck-Boost with
Flyback E External Inductor and Syn-
xternal Inductor e
(FLYBACK) (BOOST Al XI) chronous Rectification
- = (BBOOSTS_A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E;’::ekrr?aylnlf\xg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS_ Al Xl)

Averaged Buck with
External Inductor (BUCK _
A X)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS_
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor P
(BOOST Al II) chronous Rectification

- = (BBOOSTS A II)
Ayeraged Buck Boost with Internal Inductor
with Internal BOOST A ||
Inductor (BUCK_ | { A
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Non-ldeal Averaged Buck-Boost Converter

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

ctr Diode CH
kil

q—5

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

» References

Description

This block represents the averaged model of the Buck-Boost converter. It does not have an

internal inductor.

Top

Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

SMPS Library 1-492

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: SMPS

4
ki
~ |

T !
T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOST_A_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:=
%1, c:= %2, ctri=%3 (Fs:= @Fs, L_EXT:= @L_EXT, Diode_CH:= @Diode_CH, Rsa:= @Rsa)
SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
L_EXT Inductance real 1e-5[H]
Fs Switching Frequency real 100000 [HZ]
Rsa Active Switch On Resist- real 0.01 [Ohm]
ance
g:_?DE— Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Buck-Boost Converter for transient,
AC, or DC analysis.
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El

p—

- E2
BBOOST A XN
— " *
L1

Figure 3. Application example of Non-ldeal Averaged Buck-Boost Converter.

Table 4. System Parameters

Component Parameter Value [unit]
L EXT 1e-005 [H]
Non-ldeal Averaged Buck-Boost Con-
verter BBOOST_A_XI1
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L1 L 1e-005 [H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]

R3
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: Curve Info
6250 ] m——
] — BBOOST_A_XI1.IL
] TR
42 50 -
£ 2250
o i
T ]
[ i
250 -]
17.50 -
3750 ] | | | | ]
0.00 0.00 0.00 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (BBOOST_A_XI1.IL) and Output Voltage (C2.V).

Top
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Non-ldeal Averaged Buck-Boost Converter with Syn-
chronous Rectification

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

ctr

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

This block represents the averaged model of the Buck-Boost converter with synchronous rec-
tification. It does not have an internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOSTS_A_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:=
%1, c:= %2, ctr:= %3 ( Rsa:= @Rsa, Rsp:= @Rsp) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
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Rsa Active Switch On Resist- real 0.01 [Ohm]
ance
Rsp Passive Switch On Resist- real 0.01 [Ohm]
ance
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Buck-Boost Converter with Syn-
chronous Rectification for transient, AC, or DC analysis.

E1

! EEQOSTS A XN
. .
+ ™~ EZ
— _ o ®| og
[ ] pr— %
2

Figure 3. Application example of Non-ldeal Averaged Buck-Boost Converter with Synchronous
Rectification.

Table 4. System Parameters
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Component Parameter Va[ue
[unit]
Rsa 0.01
Non-ldeal Averaged Buck-Boost Converter [Ohm]
with Synchronous Rectification
BBOOSTS_A_XI1 Rsp 0.01
[Ohm]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5e-005
[F]
L 1e-005
Inductor L1
[H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value 25[V]
75.00 ] Curve Info
. — Cc2Vv
62.50 7 TR
- — BBOOSTS_A_XI1.IL
] TR
4250 —
= 2250
B i
D -
2,50
17.50 -
37.50 ! ! ! -
0.00 0.00 0 _ 0.00 0.60 0.00
X-Axis
Figure 4. Simulation results-Output current (BBOOSTS_A_XI1.IL) and Output Voltage (C2.V).
Top
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Non-ldeal Averaged Boost Converter

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2
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Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

» References

Description

This block represents the averaged model of the Boost converter. This component does not
have an internal inductor.

Top

Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BOOST_A_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:i=%3 (Fs:= @Fs, L_EXT:= @L_EXT, Rsa:= @Rsa, Diode_CH:= @Diode_CH) SRC:
DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Name Description Data Def:ault Value
Type [Unit]
L_EXT Inductance real 1e-4 [H]
Fs Switching Frequency real 100000 [Hz]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
g:_?DE— Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Boost Converter for transient, AC, or
DC analysis.
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L1 BOOST A 1
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Figure 3. Application example of Non-ldeal Averaged Boost Converter.

Table 4. System Parameters

Component Parameter Value [unit]
L EXT 0.0001 [H]
Non-ldeal Averaged Boost Converter
BOOST_A_XI1
- Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 11 [Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L1 L 0.0001 [H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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87.50 ] Curve Info
] —_ v
75.00 - "
. — BOOST_A_XI1.IL
i TR
62.50
. 50.00 -
3 .
£ i
B 37 50
25.00
12.50 -
m
0.00 ; |
0.00 0.00 0.00 000 0.0 o.0o 0.00
H-Mxis

Figure 4. Simulation results-Output current (BOOST_A_XI1.IL) and Output Voltage (C2.V).
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Non-ldeal Averaged Boost Converter wir Synchronous Rec-
tification

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

3
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Figure 1. Component symbol
* Description
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» Mathematical Description
* Netlist Syntax
* Conservative Pins
* Parameters
* Example
* References
Description

This block represents the averaged model of the Boost converter with synchronous rectification.
This component does not have an internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BOOSTS_A_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:=
%1, c:= %2, ctr:= %3 ( Rsa:= @Rsa, Rsp:= @Rsp) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/z:)‘nge/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
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Rsa gN. Resistance, Low Side real 0.01 [Ohm]
witch
Rsp gxitlzﬁsistance, High Side real 0.01 [Ohm]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-Ideal Boost Converter with Synchronous
Rectification for transient, AC, or DC analysis.

E1
L1

E2 -

BOOSTS_ A X1

. 4 &

Figure 3. Application example of Non-ldeal Averaged Boost Converter with Synchronous Rec-
tification.

Table 4. System Parameters

Value

Component Parameter [unit]
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RSA 0.01
Non-ldeal Averaged Boost Converter with [Ohm]
Synchronous Rectification BOOSTS_A
X1 Rsp 0.01
[Ohm]
. R 11
Resistor R3 [Ohm]
Capacitor C2 C 5e-005
[F]
L 1e-005
Inductor L1
[H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value 25[V]
Curve Info
— C2V
TR
—— BOOSTS_A_XI.IL
TR
5
8
[2k]
&
‘000 000 000 0.00 0.00 0.00

H-Axis

Figure 4. Simulation results-Output current (BOOSTS_A_XI1.IL) with negative current through
inductor, and Output Voltage (C2.V).
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Non-ldeal Averaged Buck Converter

Library: SMPS

Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

» References

Description

This block represents the averaged model of the Buck converter. It does not have an internal

inductance.

Top

Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCK_A_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:i=%3 (Fs:= @Fs, L_EXT:= @L_EXT, DIODE_CH:= @DIODE_CH, Rsa:= @Rsa)
SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Name Description Data Default Value
P Type | [Unit]
L_EXT Inductance real 1e-4 [H]
Fs Switching Frequency real 100000 [HZ]
Rsa éctlye Switch Conduction real 0.01 [Ohm]
esistance
DIODE_ Diode Characteristics real
CH
Top
Example

This example shows an averaged model of an Non-ldeal Buck Converter for transient, AC, or
DC analysis.

EA J’ BUCK_&_%I1
. T B

Figure 3. Application example of Non-ldeal Averaged Buck Converter.

Table 3. System Parameters

Component Parameter Value [unit]

L EXT 3e-005 [H]

Non-ldeal Averaged Buck Converter
BUCK_A X1

Diode_CH EXP1.VAL
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VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.5[Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L2 L 3e-005 [H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
17.50 4 Curve Info
] — L2
15.00 — " cav
] TR '
12.50
_10.00
= -
3 ]
8 7.50
5.00
2.50
0.00 . — —— :
0.00 0.00 0.00 0.00 0.00 0.00
X-Axis
Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).
Top
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Non-ldeal Averaged Buck Sync Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
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» Mathematical Description
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* Example
* References
Description

This block represents the averaged model of the Buck converter with synchronous rectification.
It does not have an internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

SMPS Library 1-517
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: SMPS

T !
T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCKS_A_XI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:= %3 ( Rsp:= @Rsp, Rsa:= @Rsa) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description glggjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]

On-Resistance, Low Side

Rsp Switch real 0.01 [Ohm]

Rsa OnTReS|stance, High Side real 0.01 [Ohm]
Switch

Top

Example

This example shows an averaged model of an Non-ldeal Synchronous Buck Converter for tran-
sient, AC, or DC analysis.

BUCKS_A_X|1

E1
Y ¥ -

T

Figure 3. Application example of Non-ldeal Averaged Synchronous Buck Converter.

Table 3. System Parameters

Component Parameter Val_ue
[unit]
Rsp 0.01
Non-ldeal Averaged Buck Sync Converter [Ohm]
BUCKS_A_XI1
Rsa 0.01
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[Ohm]
. R 1.5
Resistor R3 [Ohm]
Capacitor C2 C 5e-005
[F]
L 3e-005
Inductor L2
[H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value 25[V]
20.00 ] Curve Info
. — 2]
17.50 H TR
. — C2V
TR
15.00 H
12.50
£10.00 3
= ]
o ]
7.50 5
5.00
250
0.00 . — — —— —
0.00 0.00 0.00 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

> With External

> With External Inducto

-

ive Clamp (FAC _A) Inductor
: Averaged Buck-
Eznggrsqwitq.xgt_ Boost with Averaged Buck-Boost with
Outputs (pFAC20 External Inductor | External Inductor
P — | (BBOOST_Al_ (BBOOST_A XI)*
Boost with Averaged Buck-Boost with
Flyback E External Inductor and Syn-
xternal Inductor e
(FLYBACK) (BOOST Al XI) chronous Rectification
- = (BBOOSTS_A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E;’::ekrr?aylnlf\xg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS_ Al Xl)

Averaged Buck with
External Inductor (BUCK _
A X)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS_
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_I*
I)*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor P
(BOOST Al II) chronous Rectification

- = (BBOOSTS A II)
Ayeraged Buck Boost with Internal Inductor
with Internal BOOST A ||
Inductor (BUCK_ | { A
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ALl
F;]l:g:(nim]%‘ggtgr Boost Sync with Internal
(BUCKS_ Al Il Inductor (BOOSTS_A _1I)

Averaged Buck with
Internal Inductor (BUCK _
A _I)*

Buck Sync with Internal
Inductor (BUCKS_A_II)
CUK with Internal Inductor
(CUK_A )

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Non-ldeal Averaged Buck-Boost Converter With Internal
Inductor

Library: SMPS Modeling Language: SML 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
* Example

* References
Description

This block represents the averaged model of the Buck-Boost converter. This model includes an
internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOST_A_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:=%3 (Fs:= @Fs, L:=@L, L_IC:= @L_IC, Diode_CH:= @Diode_CH, Rsa:= @Rsa)
SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rllz‘gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Default Value
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Type [Unit]
L Filter Inductance real 1e-5[H]
Fs Switching Frequency real 100000 [HZ]
L_IC Inductor Initial Current real 0.001 [A]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
g:_?DE— Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Buck-Boost Converter with Internal
Inductor for transient, AC, or DC analysis.

ExF1

E1

P

EZ .
EEOOST_A Il
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Figure 3. Application example of Non-ldeal Averaged Buck-Boost Converter with Internal

Inductor.

Table 4. System Parameters

Component Parameter Value [unit]
L 1e-005 [H]
Non-ldeal Averaged Buck-Boost Con-
verter with Internal Inductor BBOOST_ | L IC 0.01[A]
A 1
Diode_CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 1e-012[A]
RR 100000
[Ohm]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Curve Info

-_— G2V
TR

—— BBOOST_A_IM.IL
R

H-Axis

Figure 4. Simulation results-Output current (BBOOST_A_lI1.IL), and Output Voltage (C2.V).
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Non-ldeal Averaged Buck-Boost Converter With Syn-
chronous Rectification and Internal Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

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

This block represents the averaged model of the Buck-Boost converter with synchronous rec-
tification. This model includes an internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOSTS_A_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:=
%1, c:= %2, ctr:=%3 (L:= @L, L_IC:= @L_IC, Rsa:= @Rsa, Rsp:= @Rsp) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rllz‘gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Default Value
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Type [Unit]
L Filter Inductance real 1e-5[H]
L IC Inductor Initial Current real 0.001 [A]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
Rsp Passive Switch ON Resist- real 0.01 [Ohm]
ance
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-Ideal Buck-Boost Converter with Internal
Inductor and Synchronous Rectification for transient, AC, or DC analysis.

BEOOSTS_ A Il

o T

E1

é .. o2
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Figure 3.

Application example of Non-ldeal Averaged Buck-Boost Converter with Internal
Inductor and Synchronous Rectification.

Table 4. System Parameters

Component Parameter Val_ue
[unit]
L 1e-005
[H]
Non-ldeal Averaged Buck-Boost Converter L IC 0.001
with Internal Inductor and Sync Rec- - [A]
tification BBOOSTS_A_II1
Rsa/Rsp 0.01
[Ohm]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5e-005
[F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
75.00 i Curve Info
1 — C2V
62.50 7 TR
- —— BBOOSTS_A_II1.IL
i TR
42.50
£ 2250
m -
B i
o i
2.50 -
17.50 —
05k 0.00 04 0.00 " 0.0 0.00

K-Axis
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Figure 4. Simulation results-Output current (BBOOSTS_A_lI1.IL), and Output Voltage (C2.V).
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Non-ldeal Averaged Boost Converter With Internal Inductor

Library: SMPS Modeling Language: SML 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
* Example
* References
Description

This block represents the averaged model of the Boost converter. This model includes an
internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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T !
T
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BOOST_A_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:i=%3 (Fs:=@Fs, L:=@L, L_IC:=@L_IC, Rsa:= @Rsa, Diode_CH:= @Diode_CH)
SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a . . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle El_e ctrical ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
L Filter Inductance real 1e-4 [H]
Fs Switching Frequency real 100000 [HZ]
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L IC Inductor Initial Current real 0.0001 [A]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
g:_?DE— Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Boost Converter with Internal Inductor
for transient, AC, or DC analysis.

BEOOST_A I

- YL

ExF1

\

rélf
H_

Figure 3. Application example of Non-ldeal Averaged Boost Converter with Internal Inductor.

Table 4. System Parameters
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Default

Component Parameter Value [unit]
L 0.0001 [H]
Non-ldeal Averaged Boost Converter
with Internal Inductor BOOST_A_II1 LIC 0.001[A]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 11 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
Curve Info
-_— 2V
TR

— BOOST_A_lI1IL
TR
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Figure 4. Simulation results-Output current (BOOST_A_II1.IL), and Output Voltage (C2.V).
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Non-ldeal Averaged Boost Converter With Internal Inductor

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

o

2

Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

» References

Description

This block represents the averaged model of the Boost converter with synchronous rectification.
This model includes an internal inductor.

Top

Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BOOSTS_A_lII ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:= %3 (Rsa:= @Rsa, Rsp:= @Rsp, L:=@L, L_IC:=@L_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
L Filter Inductance real 1e-5[H]
L IC Inductor Initial Current real 0.001 [A]
Rsa ON. Resistance, Low Side real 0.01 [Ohm]
Switch
ON Resistance, High Side
Rsp Switch real 0.01 [Ohm]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Boost Converter with Internal Inductor
and Synchronous Rectification for transient, AC, or DC analysis.

E1

S B
BOOSTS_A I

EZ
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Figure 3. Application example of Non-ldeal Averaged Boost Converter with Internal Inductor and
Synchronous Rectification .

Table 4. System Parameters

Component Parameter Val_ue
[unit]
L 1e-005
[H]
Non-ldeal Averaged Boost Converter with L IC 0.001

Internal Inductor and Synchronous Rec- - Al
tification BOOSTS_A_I1

RSA/RSP 0.01

[Ohm]
. R 11
Resistor R3 [Ohm]
Capacitor C2 C 5e-005
[F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Curve Info
_— 2V
80.00 ™"
— BOOSTS_A_IIM.IL
TR
50.00 —
40.00 —
5
.,E 20.00
=
0.00
-20.00
-40.00 U
-ﬁﬂm T T T T T T
0.00 0.00 0.00 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (BOOSTS_A_II1.IL) which may be negative, and Out-
put Voltage (C2.V).
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Non-ldeal Averaged Buck Converter With Internal Inductor

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description
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Figure 1. Component symbol

* Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

» References

Description

This block represents the averaged model of the Buck converter. This model includes an internal

inductor.

Top

Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

SMPS Library 1-543

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: SMPS

T !
T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCK_A_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:i=%3 (Fs:=@Fs,L:=@L,L_IC:=@L_IC, DIODE_CH:= @DIODE_CH, Rsa:=
@Rsa) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a . . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle El_e ctrical ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
L Filter Inductance real 1e-4 [H]
Fs Switching Frequency real 100000 [HZ]
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L IC Inductor Initial Current real 0[A]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
DIODE_ Diode Characteristic real
CH
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Buck Converter with Internal Inductor

for transient, AC, or DC analysis.

Figure 3. Application example of Non-ldeal Averaged Buck Converter with Internal Inductor.

BUCK_A_II1

Y

A

ExP1

N

2

zF{S

Table 4. System Parameters

Component

Parameter

Value [unit]

Non-ldeal Averaged Buck Converter

3e-005 [H]
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with Internal Inductor BUCK_A_1I1
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 1e-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.5 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25[V]
17.50 _ Curve Info
i — c2V
N TR
15.00 — —— BUCK_A_lI1.IL
. TR
1250
_10.00 ]
= .
2 750
5.00 —
250
0.00 . ; )
0.00 0.00 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (BUCK_A_IlI1.IL), and Output Voltage (C2.V).
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Non-ldeal Averaged Buck Sync Converter With Internal
Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
* Description
* Assumptions and Limitations
* Mathematical Description
* Netlist Syntax
 Conservative Pins
* Example
* References
Description

This block represents the averaged model of the Buck converter with synchronous rectification.
This model includes an internal inductor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCKS_A_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:= %3 (Rsp:= @Rsp, Rsa:= @Rsa, L:=@L, L_IC:= @L_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle EJI?](:{ ical ter-

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
L Filter Inductance real 1e-5[H]
L IC Inductor Initial Current real 0.01[A]
ON Resistance, Low Side
Rsp Switch real 0.01 [Ohm]
Rsa ON. Resistance, High Side real 0.01 [Ohm]
Switch
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows an averaged model of an Non-ldeal Synchronous Buck Converter with
Internal Inductor for transient, AC, or DC analysis.

BUCKS_A_II1
-~ VL
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Figure 3. Application example of Non-ldeal Averaged Synchronous Buck Converter with Internal
Inductor.

Table 4. System Parameters

Component Parameter E{Janlil:]e
L 3e-005
Non-Ildeal Averaged Synchronous Buck [H]
Converter with Internal Inductor BUCKS _
A 1
B L IC 0.01 [A]
. R 1.5
Resistor R3 [Ohm]
Capacitor C2 C 5e-005
[F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25[V]
20.00 ] Curve Info
. — c2V
17.50 TR
] —— BUCKS_A_IIM.IL
] TR
15.00
12.50
5. ]
810,00 H
= ]
=] ]
7.50
5.00
250
D.UD:........................
0.00 0.00 0.00 0.00 0.00 0.00
X-Axis

Figure 4. Simulation results-Output current (BUCKS_A_lI1.IL), and Output Voltage (C2.V).
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Non-ldeal Averaged Cuk Converter With Internal Inductor

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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Figure 1. Component symbol
* Description
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Description

This block represents the averaged model of the Cuk converter. The model also includes the
inductors of the Cuk converter and the capacitor.

Top
Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top
Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL CUK_A_II ?InstanceName(@InstanceName):(@(Refbase)@(ID)) in:= %0, out:= %1,
common:= %2, ctr:= %3 ( Fs:= @Fs, L1:= @L1, L1_IC:= @L1_IC, Diode_CH:= @Diode_CH,
Rsa:= @Rsa, L2:= @L2,L2_IC:=@L2_IC,C1:=@C1, C1_IC:=@C1_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/?)’glre/Data
. input pin (corresponding to the node Electrical ter-
in . .
connected to the input voltage) minal
common pin (corresponding to the Electrical ter-
common . .
node connected to common terminal) minal
output pin (corresponding to the node Electrical ter-
out .
connected to the output load) minal
ctr control pin: input for the duty cycle El_ectncal ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
Fs Switching Frequency real 100000 [HZ]
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L1 Inductance 1 real 1e-5[H]

L2 Inductance 2 real 1e-5[H]

L1 IC Inductor 1 Initial Current | real 0.001 [A]

L2_IC Inductor 2 Initial Current | real 0.001 [A]

C1 Capacitance real 1e-4 [F]

c1IC g:r?amtor Initial Condi- real 0[V]

Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance

8:_?DE— Diode Characteristic real

Top
Input/Output Quantities

Table 3
Name Description [Unit] Direction Data Type
IL1 Inductor 1 Current [A] Output real
IL2 Inductor 2 Current [A] Output real
VC1 Capacitor Voltage [V] Output real

Top

Example

This example shows an averaged model of an Non-ldeal CUK Converter with Internal Inductor
for transient, AC, or DC analysis.
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Figure 3. Application example of Non-ldeal Averaged CUK Converter with Internal Inductor.

Table 4. System Parameters

Component Parameter Value [unit]
L 1e-005 [H]
Non-ldeal Averaged CUK Converter
with Internal Inductor CUK_A_ 111 LIC 0.001 [A]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.1 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Inductor currents (CUK_A_II1.IL1, CUK_A_lII1.IL2), Capacitor Voltage
(CUK_A_lI1.VC1) and Output Voltage (C2.V).

Top

References
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Non-ldeal Averaged Sepic Converter With Internal Inductor

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2
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* Netlist Syntax
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» Parameters
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* References

Description

This block represents the averaged model of the Sepic converter. The model also includes the

inductors of the Sepic converter and the capacitor.

Top

Assumptions and Limitations

This model accounts for conduction losses in the switches. The model is valid for both con-
duction modes of operation. It automatically detects the change in the mode of operation.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL SEPIC_A_llI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) in:= %0, out:= %1,
common:= %2, ctr:= %3 ( Fs:= @Fs, L1:= @L1, L1_IC:= @L1_IC, Diode_CH:= @Diode_CH,
Rsa:= @Rsa, L2:= @L2,L2_IC:=@L2_IC,C1:=@C1, C1_IC:=@C1_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rl/?)’glre/Data
. input pin (corresponding to the node Electrical ter-
in . .
connected to the input voltage) minal
common pin (corresponding to the Electrical ter-
common . .
node connected to common terminal) minal
output pin (corresponding to the node Electrical ter-
out .
connected to the output load) minal
ctr control pin: input for the duty cycle El_ectncal ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
Fs Switching Frequency real 100000 [HZ]
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L1 Inductance 1 real 1e-5[H]

L2 Inductance 2 real 1e-5[H]

L1 IC Inductor 1 Initial Current | real 0.001 [A]

L2_IC Inductor 2 Initial Current | real 0.001 [A]

C1 Capacitance real 1e-4 [F]

c1IC g:r?amtor Initial Condi- real 0[V]

Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance

8:_?DE— Diode Characteristic real

Top
Input/Output Quantities

Table 3
Name Description [Unit] Direction Data Type
IL1 Inductor 1 Current [A] Output real
IL2 Inductor 2 Current [A] Output real
VC1 Capacitor Voltage [V] Output real

Top

Example

This example shows an averaged model of an Non-ldeal SEPIC Converter with Internal Inductor
for transient, AC, or DC analysis.
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Figure 3. Application example of Non-ldeal Averaged SEPIC Converter with Internal Inductor.

Table 4. System Parameters

Component

Parameter Value [unit]

Non-ldeal Averaged SEPIC Converter
with Internal Inductor SEPIC _A_111

L 1e-005 [H]

L IC 0.001 [A]

Diode_CH EXP1.VAL

VT 0.035[V]
Exponential Function EXP1 ISAT 1e-012 [A]

RR 100000

[Ohm]

Resistor R3 R 1.1 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Inductor currents (SEPIC_A_II1.IL1, SEPIC_A_II1.IL2), Capacitor

Top

References

Voltage (SEPIC_A_IlI1.VC1) and Output Voltage (C2.V).
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Power Converters

Averaged Power Converters

Non-Isolated >

Isolated Ideal Non-Isolated > Non-ldeal
Forward with Act- > With External .
ive Clamp (FAC_A) Inductor > With External Inductor
. Averaged Buck-
E/angriwith‘gt' Boost with Averaged Buck-Boost with
Outputs (pFAC20 External Inductor | External Inductor
P ~ | (BBOOST Al | (BBOOST A_XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor External Inductor and Syn-
(FLYBACK) chronous Rectification
(BOOST_ALXD) | BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E)‘:fe‘fglr}ﬁé"l’;gt‘or Boost Sync with External
Bridge) (BUCKS_Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC_A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A X*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR_

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with

Internal Inductor | Internal Inductor

(BBOOST_AI_ (BBOOST_A_IN*

I)*

Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor chronous Rectification

(BOOST_ALI | gRo0oSTS A II)

Averaged Buck Boost with Internal Inductor

with Internal (BOOST_A_1I)
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Inductor (BUCK _
Al_1H*
(BUCKS._ Al Il Inductor (BOOSTS_A _II)

Averaged Buck with
Internal Inductor (BUCK _
A_ll)*

Buck Sync with Internal
Inductor (BUCKS A _II)
CUK with Internal Inductor
(CUK_A_II)

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

ive Clamp (FAC_A)

> With External
Inductor

> With External Inductor

Forward with Act-
ive Clamp - Two

Averaged Buck-
Boost with

Averaged Buck-Boost with

External Inductor | External Inductor
%’tp“ts (FAC20_ | BgoOST Al | (BBOOST A XIy*
XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E)ljtcc:akrr?zgllnlﬁxg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A XI)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_ XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
Inductor

> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_IH*
In*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor e
(BOOST Al II) chronous Rectification

- = (BBOOSTS A lI)
Averaged Buck Boost with Internal Inductor
with Internal (BOOST_A_lI)
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Inductor (BUCK _
Al_1H*
(BUCKS._ Al Il Inductor (BOOSTS_A _II)

Averaged Buck with
Internal Inductor (BUCK _
A_ll)*

Buck Sync with Internal
Inductor (BUCKS A _II)
CUK with Internal Inductor
(CUK_A_II)

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)
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Switch Level Two Output FORWARD Converter with Active
Clamp and Output Filter

Library: SMPS Modeling Language: SML 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
* Example

* References
Description

This block represents the switch level model of the Forward with Active Clamp converter with
two outputs.

Top
Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques. The model also includes the clamp capacitor, the magnetizing induct-
ance of the transformer referred to primary and the output filter coupled inductors. This model is
also valid for non coupled output filter inductors setting the coupling coefficient, k12, to zero.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FAC_2out_Lf SW ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0,
inn:= %1, out1p:= %2, ctr:= %3, out1n:= %4, out2p:= %5, out2n:= %6 ( Fs:= @Fs, np:= @np,
ns1:= @ns1, Diode_CH:= @Diode_CH, Rsa:= @Rsa, Lm:= @Lm, Lm_IC:= @Lm_IC, Co:=
@Co, Co_IC:=@Co_IC,ns2:=@ns2, L1:=@L1, L2:=@L2, k12:= @k12, L1_IC:=@L1_IC, L2_
IC:= @L2_IC) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp Positive input pin Electrical terminal
inn Negative input pin Electrical terminal
outl p Positive output 1 pin Electrical terminal
outl n Negative output 1 pin Electrical terminal
out2 p Positive output 2 pin Electrical terminal
out2 n Negative output 2 pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Description Data Default
P Type | Value [Unit]
Fs Switching Frequency real 100000 [Hz]
Rsa Primary Switch ON Resistance | real 0.01 [Ohm]
np Primary Number of Turns real 1
ns1 Secondary 1 Number of Turns | real 1
ns2 Secondary 2 Number of Turns | real 1
[C):_?DE— Diode Characteristic real
Lm Ma_gnehzmg Inductance real 0.0001 [H]
(Primary)
Lm_IC Magn.eltlzmg Inductance Initial real 0[A]
Condition
Co Clamping Capacitor Value real 0.0001 [F]
Co_IC Clamp!ng Capacitor Initial real 0[V]
Condition
L1 Output Filter 1 Inductor Value | real 1e-5[H]
L2 Output Filter 2 Inductor Value | real 1e-5[H]
L1.1C Outplljt.FllteM Inductor Initial real 0.001 [A]
Condition
L2.IC Outlelt.FllterZ Inductor Initial real 0.001 [A]
Condition
K12 _Output Flllte:r Inductors Coup- real 0
ling Coefficient
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
IL1 %]Jtput Filter 1 Inductor Current | Output real
IL2 [C')AL]Jtput Filter 2 Inductor Current | Output real

Top
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Example

This example shows a device level model of a 2 Output Forward Converter with active clamp
and output filter for use in transient analysis.
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Figure 3. Application example of the Isolated 2 Output Forward Converter with Active Clamp and
Output Filter.

Table 3. System Parameters

Component Parameter Value [unit]
np 1
n1 1
Isolated 2 Output Forward Converter
with Active Clampand Output Filter n2 1
FAC 2out LF_SW1
Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R1 R 1 [Ohm]
Resistor R2 R 10 [Ohm]
Capacitor C1 C 5e-005 [F]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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37.50 Curve Info
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Figure 4. Simulation results-Output currents (FAC_2out_LF_SW1.IL1, FAC_2out_LF_SW1.IL2)
and Output Voltages (C1.V, C2.V).

Top

References
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Switch Level FORWARD Converter with Active Clamp

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents the switch level model of the Forward with Active Clamp converter.

Top

Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques. The model also includes the clamp capacitor and the magnetizing

inductance of the transformer referred to primary.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FAC_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1, out-
p:= %2, ctr:= %3, outn:= %4 ( Fs:= @Fs, n1:= @n1, n2:= @n2, Diode_CH:= @Diode_CH, Rsa:=
@Rsa, Lm:=@Lm, Lm_IC:=@Lm_IC, Co:= @Co, Co_IC:= @Co_IC) SRC: DB(Lib:-
:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp Positive input pin Electrical terminal
inn Negative input pin Electrical terminal
outp Positive output pin Electrical terminal
outn Negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Unif]
Fs Switching Frequency real 100000 [Hz]
Rsa Primary Switch ON Resist- real 0.01 [Ohm]
ance
n1 Primary Number of Turns real 1
n2 Secondary Number of Turns | real 1
g:_?DE— Diode Characteristic real
Lm Ma_gnehzmg Inductance real 0.0001 [H]
(Primary)
Magnetizing Inductance Ini-
Lm_IC tial Condition real | OIAl
Co Clamping Capacitor Value real 0.0001 [F]
Co_IC Clamp!ng Capacitor Initial real 0[V]
Condition
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data
Type
VCo Clamping Capacitor Voltage [V] Output real
ILm Magnetlzmg Inductance Current Output real
(Primary) [A]
Top
Example

This example shows a switch level model of a Forward Converter with active clamp for use in
transient analysis.
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Figure 3. Application example of the Isolated Forward Converter with Active Clamp.

Table 4. System Parameters

Component Parameter Value [unit]
n1 1
n2 1
Isolated Forward Converter with Active
Clamp FAC_S1
Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.1 [Ohm]
Capacitor C1 C 5e-005 [F]
Inductor L2 L 3e-005 [H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C1.V).

Top
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Switch Level Two Output FORWARD Converter with Active
Clamp

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

rez ort
H1

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

This block represents the switch level model of the Forward with Active Clamp converter with
two outputs.

Top
Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques. The model also includes the clamp capacitor, the magnetizing induct-
ance of the transformer referred to primary.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

L J

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FAC20_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1,
out1p:= %2, ctr:= %3, out1n:= %4, out2p:= %5, out2n:= %6 ( Fs:= @Fs, np:= @np, ns1:= @ns1,
Diode_CH:= @Diode_CH, Rsa:= @Rsa, Lm:= @Lm, Lm_IC:= @Lm_IC, Co:= @Co, Co_IC:=
@Co_IC, ns2:= @ns2) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp Positive input pin Electrical terminal
inn Negative input pin Electrical terminal
outl p Positive output 1 pin Electrical terminal
outl n Negative output 1 pin Electrical terminal
out2 p Positive output 2 pin Electrical terminal
out2 n Negative output 2 pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Description Data Default Value
P Type | [Unit]
Fs Switching Frequency real 100000 [Hz]
Rsa Primary Switch ON Resist- real 0.01 [Ohm]
ance
np Primary Number of Turns real 1
ns1 Secondary 1 Number of real 1
Turns
Secondary 2 Number of
ns2 real 1
Turns
g:fDE— Diode Characteristic real
Lm Magnetlzmg Inductance real 0.0001 [H]
(Primary)
Magnetizing Inductance Ini-
Lm_IC | {ial Condition real | O[A]
Co Clamping Capacitor Value real 0.0001 [F]
Co_IC Clamp!ng Capacitor Initial real 0[V]
Condition
Top
Example

This example shows a switch level model of a 2 Output Forward Converter with active clamp for
use in transient analysis.
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Figure 3. Application example of the Isolated 2 Output Forward Converter with Active Clamp.

Table 3. System Parameters

Component Parameter Value [unit]
np 1
n1 1
Isolated 2 Output Forward Converter n2 1
with Active Clamp FAC20_S1
Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R1 R 1 [Ohm]
Resistor R2 R 10 [Ohm]
Capacitor C1 C 5e-005 [F]
Capacitor C2 C 5e-005 [F]
Inductor L1/L2 L 0.0001 [H]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Output currents (L1.1, L2.I) and Output Voltages (C1.V, C2.V).
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Switch Level FLYBACK Converter

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

T

L

Dil:ldﬁ_CH

Flyback_Sw

Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents the switch level model of the Flyback converter.

Top

Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques. The model also includes the magnetizing inductance of the transformer.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FLYBACK_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) pp:= %0, pn:=
%1, sp1:= %2, ctr:=%3, sn1:= %4 (Fs:= @Fs, L:=@L, L_IC:= @L_IC, Diode_CH:= @Diode_
CH, Rsa:= @Rsa, np:= @np, ns1:= @ns1) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
pp Positive input pin Electrical terminal
pn Negative input pin Electrical terminal
sp1 Positive output pin Electrical terminal
sn1 Negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type | [Uni]
Fs Switching Frequency real 100000 [Hz]
L Magnetizing Inductance real 1e-5[H]
LIC Magnehzmg Inductance Ini- real 0[A]
tial Current
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
np Primary Number of Turns real 1
ns1 Secondary Number of Turns | real 1
8:_?DE— Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
isec Secondary Current [A] Output real
iprim Primary Current [A] Output real
Top
Example

This example shows a averaged model of a Flyback Converter for use in transient analysis.
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Figure 3. Application example of the Isolated FLYBACK Power Converter

Table 4. System Parameters

I

Component Parameter Value [unit]
L 0.0001 [H]
L IC 0 [A]
Isolated Flyback Converter
FLYBACK_S1
- Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
VT 0.025[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 11 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Primary current (FLYBACK_S1.iprim) and Output Voltage (C2.V).
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Switch Level FORWARD IDEAL Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

Diode CH
&

in outp

outn

ralz3

Fonmard_ S

.

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
» Parameters
* Example
* References
Description
This block represents the switch level model of the Forward converter.
Top
Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques. The model assumes demagnetization of the magnetizing inductance
through some mechanism that does not affect its dynamics. Itis not necessary to add any
external demagnetizing circuit.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL FORWARD_SI ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:=
%1, outp:= %2, ctr:= %3, outn:= %4 ( Fs:= @Fs, n1:= @n1, n2:= @n2, Diode_CH:= @Diode_
CH, Rsa:= @Rsa, Phase_DEG:= @Phase_DEG) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp Positive input pin Electrical terminal
inn Negative input pin Electrical terminal
outp Positive output pin Electrical terminal
outn Negative output pin Electrical terminal
ctr control pin: input for the duty cycle Electrical terminal

Top
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Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
Fs Switching Frequency real 100000 [Hz]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
n1 Primary Number of Turns | real 1
n2 Secondary Number of real y
Turns
(D::_?DE— Diode Characteristic real
Phase_
DEG Sawtooth Phase Delay real 0 [Deg]
Top
Example

This example shows a switch level model of a Forward Ideal Converter for use in transient ana-

lysis.

FORWARD_SN l:
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Figure 3. Application example of the Isolated Forward Ideal Power Converter

Table 3. System Parameters

Component

Parameter

Value [unit]
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n1

10
Isolated Forward Ideal Converter n2 1
FORWARD_SI1
Rsa 0.01 [Ohm]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.1 [Ohm]
Capacitor C2 C 5e-005 [F]
Inductor L2 L 0.0001 [H]
Voltage Source E1 EMF Value | 0.25[V]
Voltage Source E2 EMF Value | 400 [V]
12.50 ] Curve Info
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Figure 4. Simulation results-Output current (L2.1) and Output Voltage (C2.V).
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Power Converters

Averaged Power Converters

Isolated

Non-Isolated >
Ideal

Non-Isolated > Non-Ideal

Forward with Act-

ive Clamp (FAC_A)

> With External
Inductor

> With External Inductor

Forward with Act-
ive Clamp - Two

Averaged Buck-
Boost with

Averaged Buck-Boost with

External Inductor | External Inductor
%’tp“ts (FAC20_ | BgoOST Al | (BBOOST A XIy*
XI)*
Boost with Averaged Buck-Boost with
Flyback External Inductor and Syn-
External Inductor e
(FLYBACK) (BOOST Al_XI) chronous Rectification
- = (BBOOSTS A XI)
Averaged Buck
Forward with External Boost with External
(FORWARD_A) Inductor (BUCK_ | Inductor (BOOST_A_XI)
Al_XI)*
Full Bridge (Full_ E)ljtcc:akrr?zgllnlﬁxg’:or Boost Sync with External
Bridge) (BUCKS Al XI) Inductor (BOOSTS_A_XI)

Half-Bridge with
Complementary
Control (HBCC A)

PWM-Switch with
External Inductor
(PWMS Al Xl)

Averaged Buck with
External Inductor (BUCK _
A XI)*

Half-Bridge (Syn-
chronous) with
Complementary
Control (HBCCS _
A)

Buck Sync with External
Inductor (BUCKS_A_ XI)

Half-Bridge with
Current Doubler

Rectifier (HBCDR _

A)

> With Internal
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> With Internal Inductor

Averaged Buck-

Boost with Averaged Buck-Boost with
Internal Inductor | Internal Inductor
(BBOOST_AI_ (BBOOST_A_IH*
In*
Boost with Averaged Buck-Boost with
Internal Inductor and Syn-

Internal Inductor e
(BOOST Al II) chronous Rectification

- = (BBOOSTS A lI)
Averaged Buck Boost with Internal Inductor
with Internal (BOOST_A_lI)
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Inductor (BUCK _
Al_1H*
(BUCKS._ Al Il Inductor (BOOSTS_A _II)

Averaged Buck with
Internal Inductor (BUCK _
A_ll)*

Buck Sync with Internal
Inductor (BUCKS A _II)
CUK with Internal Inductor
(CUK_A_II)

SEPIC with Internal
Inductor (SEPIC_A 1)

*Valid for Continuous and Discontinuous Conduction Mode

Switch Level Power Converters

Isolated Non-Isolated

Forward with Active Clamp - Two Out- Buck-Boost (BBOOST _
puts with Filter (FAC_2out Lf SW) S)

Forward with Active Clamp (FAC_S) Boost (BOOST_S)

Forward with Active Clamp - Two Out-

outs (FAC20_S) Buck (BUCK_S)

Buck Synchronous

Flyback (FLYBACK_S) (BUCK_SYNC_1PH_
SW)
Forward Ideal (FORWARD_SI) CUK (CUK_S)

SEPIC (SEPIC_S)

SMPS Library 1-596
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: SMPS

Switch Level BUCK-BOOST Converter

Library: SMPS Modeling Language: SML 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
* Example
* References
Description
This block represents the switch level model of the Buck-Boost converter.
Top
Assumptions and Limitations

The model accounts for conduction losses in the switches. The duty cycle is controlled by the ctr
pin and the switching frequency is internally generated. It is possible to add a delay to the ramp
in order to facilitate the paralleling of this converter applying interleaving techniques. The model
also includes the inductor of the Buck-Boost converter.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BBOOST_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1,
c:=%2, ctr:i=%3 (Fs:=@Fs, L:=@L, L_IC:=@L_IC, Diode_CH:= @Diode_CH, Rsa:= @Rsa,
Phase_DEG:= @Phase_DEG) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rllz‘gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle Elg ctrical ter-
minal
Top
Parameters
Table 2
Name Description Data Default Value
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Type [Unit]
Fs Switching Frequency real 0[HZz]
L Inductance real 0[H]
L IC Inductor Initial Current real 0[A]
Rsa Active Switch ON Resist- real 0 [Ohm]
ance
Phase
DEG Sawtooth Phase Delay real 0 [Deq]
DIODE_ Diode Characteristic real
CH
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows a device level model of a Buck-Boost Converter for use in transient ana-

lysis.
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Figure 3. Application example of the Non-Isolated Buck-Boost Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
L 0.00001 [H]
L IC 0.01 [A]
gggggl_?\iesdfuck-Boost Converter Diode CH EXP1.VAL
Fs 100000 [Hz]
Rsa 0.01 [Ohm]
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Inductor current and Output Voltage.
Top
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Switch Level BOOST Converter

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description
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Figure 1. Component symbol

» Assumptions and Limitations

» Mathematical Description

* Netlist Syntax

» Conservative Pins

e Parameters
* Example

* References

Description

This block represents the switch level model of the Boost converter.

Top

Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques. The model also includes the inductor of the Boost converter.

Top

Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).
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Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BOOST_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1, c:=
%2, ctri=%3 (Fs:= @Fs, L:=@L, L_IC:=@L_IC, Diode_CH:= @Diode_CH, Rsa:= @Rsa,
Phase DEG:= @Phase_DEG) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gl/z’gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a . . .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle El_e ctrical ter-
minal
Top
Parameters
Table 2
Name Descriotion Data Default Value
P Type [Unit]
Fs Switching Frequency real 100000 [Hz]
L Inductance real 1e-5[H]

SMPS Library 1-603
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: SMPS

L IC Inductor Initial Current real 0[A]

Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance

Phase

DEG Sawtooth Phase Delay real 0 [Deq]

g:_(l)DE— Diode Characteristic real

Top
Input/Output Quantities

Table 3

Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real

Top

Example

This example shows a device level model of a Boost Converter for use in transient analysis.
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Figure 3. Application example of the Non-Isolated Boost Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
L 0.0001 [H]
L IC 0.001 [A]
Non-Isolated Boost Converter
BOOST_S1 .
Diode CH EXP1.VAL
Fs 100000 [HZ]
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 11 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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Figure 4. Simulation results-Inductor current and Output Voltage.
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Switch Level BUCK Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

ctr

=
M P

Diodg ¢
B
t

Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
 Conservative Pins
* Parameters
* Example
* References
Description
This block represents the switch level model of the Buck converter.
Top
Assumptions and Limitations

The model accounts for conduction losses in the switches. The duty cycle is controlled by the ctr
pin and the switching frequency is internally generated. It is possible to add a delay to the ramp
in order to facilitate the paralleling of this converter applying interleaving techniques.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCK_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:= %0, p:= %1, c:=
%2, ctr:=%3 (Fs:= @Fs, L:=@L, L_IC:=@L_IC, Diode_CH:= @Diode_CH, Rsa:= @Rsa,
Phase_DEG:= @Phase_DEG) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rllz‘gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle 0-1V E[ectncal ter-
minal
Top
Parameters
Table 2
Name Description Data Default Value
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Type [Unit]
Fs Switching Frequency real 100000 [Hz]
L Inductance real 1e-6 [H]
L IC Inductor Initial Current real 0[A]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
Phase
DEG Sawtooth Phase Delay real 0 [Deq]
DIODE_ Diode Characteristic real
CH
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL Inductor Current [A] Output real
Top
Example

This example shows a switch level model of a Buck Converter for use in transient analysis.

ExP1

| ¥
BUCK_s2

e

E1 E2 * . .
3
R3

T
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Figure 3. Application example of the Non-Isolated Buck Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
L 3e-005 [H]
L IC 0 [A]
ggn-lsolated Buck Converter Buck _ Diode_CH EXP1.VAL
Fs 100000 [Hz]
Rsa 0.01 [Ohm]
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.5 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value 25[V]

SMPS Library 1-610
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: SMPS
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Top

References

Figure 4. Simulation results-Inductor current and Output Voltage.
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Switch Level Synchronous BUCK Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2
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mn
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=
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Figure 1. Component symbol
* Description
» Assumptions and Limitations
» Mathematical Description
* Netlist Syntax
» Conservative Pins
* Parameters
* Example
* References
Description

This block represents the switch level model of the Buck converter with Synchronous rec-
tification.

Top
Assumptions and Limitations

The model accounts for conduction losses in the switches. The duty cycle is controlled by the ctr
pin and the switching frequency is internally generated. It is possible to add a delay to the ramp
in order to facilitate the paralleling of this converter applying interleaving techniques.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL BUCK_SYNC_1PH_SW ?InstanceName(@InstanceName):(@(Refbase)@(ID)) a:=
%0, p:= %1, c:= %2, ctr:=%3 (Fs:= @Fs, L:=@L, L_IC:= @L_IC, Rsa:= @Rsa, Phase_DEG:=
@Phase_DEG, Rw:= @Rw) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Rllz‘gjre/Data
active pin (corresponding to the node con- | Electrical ter-
a : : .
nected to the active switch) minal
c common pin (corresponding to the node Electrical ter-
connected to common terminal) minal
passive pin (corresponding to the node Electrical ter-
P connected to the passive switch) minal
ctr control pin: input for the duty cycle 0-1V E[ectncal ter-
minal
Top
Parameters
Table 2
Name Description Data Default Value
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Type [Unit]

Fs Switching Frequency real 100000 [Hz]

L Inductance real 1e-5[H]

L IC Inductor Initial Current real 0[A]

Rsa Active Switch ON Resist- real 0.01 [Ohm]

ance

Phase

DEG Sawtooth Phase Delay real 0 [Deq]

Rw Inductor Resistance real 0.001 [Ohm]
Top
Input/Output Quantities

Table 3

Name | Description [Unit] Direction [ Data Type

IL Inductor Current [A] Output real

M1 Mosfet 1 Current [A] Output real

| M2 Mosfet 2 Current [A] Output real

| DM1 | Antiparallel Diode 1 Current [A] | Output real

| DM2 | Antiparallel Diode 2 Current [A] | Output real
Top
Example

This example shows a switch level model of a Synchronous Buck Converter for use in transient
analysis.
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FrALT

E1 EQU

BUCK_SYNGC_1PH_Sii
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W
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c2 —/

Figure 3. Application example of the Non-Isolated Buck-Sync Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
L 3e-005 [H]
L IC 0.1[A]

Non-Isolated Synchronous Buck

Converter BUCK_SYNC_1PH_SW1

- - T Fs 100000 [Hz]

Rsa 0.01 [Ohm]
EQUO CTRMAX:=1
EQU1 CTRMIN:=0

Equation Block FMLA1
EQU2 dmax:=0.5
EQU3 dmin:=0

Resistor R3 R 11 [Ohm]

Capacitor C2 C 5e-005 [F]
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Voltage Source E1 EMF Value [ 0.5[V]
Voltage Source E2 EMF Value | 25[V]
40.00 i Curve Info
. — c2v
i ™=
30.00 — BUCHK_SYNG_1PH_SWi.i
] TR
20.00 —
2 10.00 -
& ]
0.00 —
10.00 —
20.00 —
0.00 0.00 0.00 0.00 0.00 0.00
X-Aois
Figure 4. Simulation results-Inductor current and Output Voltage.
Top
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Switch Level Cuk Converter

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

j

TE
-
:

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

* References
Description

This block represents a switch level model of the Cuk converter. The model also includes the
inductors of the Cuk converter and the capacitor.

Top
Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying
interleaving techniques.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

Top
Netlist Syntax

MODEL CUK_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) in:= %0, out:= %1, com-
mon:= %2, ctr:= %3 (Fs:= @Fs, L1:= @L1, L1_IC:= @L1_IC, Diode_CH:= @Diode_CH, Rsa:=
@Rsa, L2:=@L2,L2_IC:=@L2_IC, C1:=@C1, C1_IC:=@C1_IC, Phase_DEG:= @Phase_

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation

DEG) SRC: DB(Lib:=@ModelLibraryName) :

Top

Conservative Pins

Table 1

Name

Port/Terminal description

Nature/Data
type

in

input pin (corresponding to the node
connected to the input voltage)

Electrical ter-
minal

common

common pin (corresponding to the
node connected to common terminal)

Electrical ter-
minal

out

output pin (corresponding to the node
connected to the output load)

Electrical ter-
minal

ctr

control pin: input for the duty cycle

Electrical ter-
minal

Top
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Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
Fs Switching Frequency real 100000 [Hz]
L1 Inductance 1 real 1e-4 [H]
L2 Inductance 2 real 1e-5[H]
L1 IC Inductor 1 Initial Current | real 0[A]
L2_IC Inductor 2 Initial Current | real 0[A]
C1 Capacitance real 1e-4 [F]
c1IC E):npacnor Initial Condi- real 0[V]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
[P)réaGse_ Sawtooth Phase Delay real 0 [Deg]
g:_CI)DE_ Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL1 Inductor 1 Current [A] Output real
IL2 Inductor 2 Current [A] Output real
VC1 Capacitor Voltage [V] Output real
Top
Example

This example shows a device level model of a CUK Converter for use in transient analysis.
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Figure 3. Application example of the Non-Isolated CUK Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
L 1e-005 [H]
L1 IC 0.001 [A]
Non-Isolated CUK Converter CUK _
S2
L2 IC 0.001 [H]
Diode CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.1 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
Voltage Source E2 EMF Value | 25[V]
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200.00 ] Curve Info
i —_— (225
E TR

150.00 —
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. R
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Default
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Figure 4. Simulation results-Inductor currents (CUK_S2.IL1 and CUK_S2.IL2), Output Voltage
(CUK_S2.VC1) and capacitor voltage (C2.V*2.5).
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Switch Level Sepic Converter

Library: SMPS

Modeling Language: SML

Version Number: Twin Builder 2024.2

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Example

* References

Description

Figure 1. Component symbol

This block represents a switch level model of the Sepic converter. The model also includes the
inductors of the Sepic converter and the capacitor.

Top

Assumptions and Limitations

The duty cycle is controlled by the ctr pin and the switching frequency is internally generated. It is
possible to add a delay to the ramp in order to facilitate the paralleling of this converter applying

interleaving techniques.

Top
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Mathematical Description

The duty cycle is determined by the relation between T1 (on time of active switch) and T (switch-
ing period) (see Figure 2).

T
duty=—
-

T !
[l——| T

¥

Figure 2. Duty Cycle Calculation
Top
Netlist Syntax

MODEL SEPIC_S ?InstanceName(@InstanceName):(@(Refbase)@(ID)) in:= %0, out:= %1,
common:= %2, ctr:= %3 ( Fs:= @Fs, L1:=@L1, L1_IC:= @L1_IC, Diode_CH:= @Diode_CH,
Rsa:= @Rsa, L2:= @L2,L2_IC:=@L2_IC, C1:=@C1, C1_IC:=@C1_IC, Phase_DEG:=
@Phase_DEG) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description gllzgjre/Data
. input pin (corresponding to the node Electrical ter-
in . .
connected to the input voltage) minal
common pin (corresponding to the Electrical ter-
common . .
node connected to common terminal) minal
output pin (corresponding to the node Electrical ter-
out .
connected to the output load) minal
ctr control pin: input for the duty cycle ilﬁglncal ter-

Top
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Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
Fs Switching Frequency real 100000 [Hz]
L1 Inductance 1 real 1e-5[H]
L2 Inductance 2 real 1e-5[H]
L1 IC Inductor 1 Initial Current | real 0[A]
L2_IC Inductor 2 Initial Current | real 0[A]
C1 Capacitance real 1e-4 [F]
c1IC E):npacnor Initial Condi- real 0[V]
Rsa Active Switch ON Resist- real 0.01 [Ohm]
ance
[P)réaGse_ Sawtooth Phase Delay real 0 [Deg]
g:_CI)DE_ Diode Characteristic real
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
IL1 Inductor 1 Current [A] Output real
IL2 Inductor 2 Current [A] Output real
VC1 Capacitor Voltage [V] Output real
Top
Example

This example shows a device level model of a SEPIC Converter for use in transient analysis.
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:SMPS
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L

Figure 3. Application example of the Non-Isolated SEPIC Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
L1 0.0001 [H]
L1 IC 0.001 [A]
gl;r;—llcs:cilgtzed SEPIC Converter L2 0.0001 [H]
L2 IC 0.001 [H]
Diode_CH EXP1.VAL
VT 0.035[V]
Exponential Function EXP1 ISAT 16-012 [A]
RR 100000
[Ohm]
Resistor R3 R 1.1 [Ohm]
Capacitor C2 C 5e-005 [F]
Voltage Source E1 EMF Value | 0.5[V]
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Voltage Source E2 | EMF Value | 25[V] |

60.00 _ Curve Info
— c2V
50.00 TR
] — SEPIC_S2.VC1
] TR
40.00 -7 — SEPIC_S2.IL1
] TR
3000 SEPIC_S2.IL2
3 ]
kT ]
0 20.00 —
10.00
0.00
10,00 —+— ! P N - I N I —
0.00 0.00 0.00 0.00 0.00 0.00 0.00
¥-Axis

Figure 4. Simulation results-Inductor currents (SEPIC_S2.IL1 and SEPIC_S2.IL2), Output Voltage
(SEPIC_S2.VC1) and capacitor voltage (C2.V).

Top

References

SMPS Library 1-626
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: SMPS

SMPS Library 1-627
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: SMPS

Power Factor Correctors
* General Power Factor Corrector (PFC_GENERAL)
* Regulated Power Factor Corrector (PFC_REG)
* Regulated Power Factor Corrector THD (PFC_THD)
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General Power Factor Corrector

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

Figure 1. Component symbol

This block represents a power factor corrector block without feed forward network and without

output voltage control loop.

Top

Assumptions and Limitations

This block models a Power Factor Corrector (PFC) converter. The feed forward network and the
output voltage control loop are not included in order to be customized by the user.
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Top

Mathematical Description
Top

Netlist Syntax

MODEL PFC_GENERAL ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0,
inn:= %1, outp:= %2, outn:= %3, Vff:= %4, Vea:= %5 (VO_IC:= @V0_IC, C0:= @CO0, Km:=
@Km, EFFICIENCY:= @EFFICIENCY) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1

Name Port/Terminal description Nature/Data type

inp AC Side (input) Positive Node Electrical terminal
inn AC Side (input) Negative Node Electrical terminal
outp DC Side (output) Positive Node Electrical terminal
outn DC Side (output) Negative Node Electrical terminal
VIf Feed forward of the Input Voltage Electrical terminal
Vea Error Amplifier Voltage Electrical terminal

Top
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Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
Cco Output Filter Capacitance real 0.001 [F]
co_IC Ei)our:put Voltage Initial Condi- real 100 [V]
Km Conductance Constant real 1[A]
Eff Converter Efficiency real 100 [%]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
lin Input Current [A] Output real
Vout Output Voltage [V] Output real
Top
Example

This example illustrates a typical AC/DC converter with PFC (Power Factor Correction). The
PFC SMPS Library module provides the appropriate DC output voltage with PFC of the input cur-
rent. The General PFC module allows the user the connection of external voltage controller and
the feed forward network of the input voltage in order to define the input and output char-
acteristics. The schematic of the example is shown in Figure 2, system parameters are listed in
the table 4, and the simulation results are shown in Figure 3.
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Figure 2. Application example of the General PFC Power Converter

Quput Voltag

Table 4. System Parameters

Quput Voltage C

Component Parameter Value [unit]
Cco 3e-4 [F]

General Power Factor VO IC 200 [V]

Converter PFC_ —

GENERAL1 Km 0.014
Efficiency 95

Voltage Source (Sinus- | AMPL 100 [V]

oidal) E1 FREQ 50 [Hz]

Voltage Source (Partial

Derivation) E2 EMF VM1.V

Voltage Source (Partial "

Derivation) E3 EMF R1.V74/180

Voltage Source (Partial

Derivation) Vref EMF 41Vl

Voltage Meter VM1 Output Value | VM1.V
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Type Equiv Line
| \F/‘;Ir;’;g;d 0.8[V]

Diode D1/D2/D3/D4 S::g;ReSiSt_ 0.001 [Ohm]

EZ‘S’Z@?‘% 100000 [Ohm]
Resistor R1 Resistance DATAPAIRS1.VAL
Resistor Rv1 Resistance 562700[Ohm]
Resistor R11 Resistance 207310[Ohm]
Resistor Rff1/Rff2 Resistance 410000[Ohm]
Resistor Rff3 Resistance 20000[Ohm]
2DLookup Table TPERIO 0.71s]
DATAPAIRS1 ch file ExampIeGer_1eraIPFC_

— ssh_Datapairs1.mdx

Capacitor Cff1 Capacitance 4.37811e-008 [F]
Capacitor Cff2 Capacitance 4.70647e-007 [F]
Capacitor Cv1 Capacitance 1e-008 [F]

Default

L ===

015
X-Axis
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Figure 3. Simulation results — Input Current and Output Voltage of the general Power Factor Con-
verter PFC_GENERALA1.
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Regulated Power Factor Corrector

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

Figure 1. Component symbol

This block represents a Power Factor Correction block with regulation included.

Top

Assumptions and Limitations

In this converter, the output voltage control loop is calculated automatically in order to satisfy the
bandwidth requirements of the user. In these applications the output voltage bandwidth is
around 2/5 of the line frequency. The higher the bandwidth the faster the response of the voltage
loop but the higher the input current distortion (THD).

Feed forward Network
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The feed forward network consists on a second order filter that calculates the RMS value of the
input voltage and attenuates line frequency harmonics, as shown in the following figure.

Feedforarard Filter
=20

-40
1]
—E0

- 100

- 120
-1 10 . 100 10

Voltage loop

The voltage loop is calculated based on the linearization of the model of the PFC converter
around its operating point. The design is based on a worst case condition of constant output
power load and provides 45° phase margin at the desired cutoff frequency provided by the user
(Bandwidth).

Top

Mathematical Description
Top

Netlist Syntax

MODEL PFC_REG ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1,
outp:= %2, outn:= %3 ( PO:= @PO, V0:= @VO0, Fline:= @Fline, C0:= @CO0, Bandwidth:= @Band-
width, CO_IC:= @CO0_lIC, Eff:= @Eff) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp AC Side (input) Positive Node Electrical terminal
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inn AC Side (input) Negative Node Electrical terminal
outp DC Side (output) Positive Node Electrical terminal
outn DC Side (output) Negative Node Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
co 8{‘;225“” Capa- real 0.001 [F]
VO Output Voltage real 400 [V]
PO Output Power real 100 [W]
co_IC Quiput Voltage Inital | ez | 400(v]
Bandwidth Desired Bandwidth real 15 [Hz]
Eff Converter Efficiency real 100 [%]
Fline Line Frequency real 60 [Hz]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
lin Input Current [A] Output real
Vout Output Voltage [V] Output real
Top
Example

This example illustrates a typical AC/DC converter with PFC (Power Factor Correction). The
PFC SMPS Library module provides the appropriate DC output voltage with PFC of the input cur-
rent. The Regulated PFC module allows the user to define the bandwidth. The voltage controller
and the feed forward network are internally included in the PFC regulated element. The schem-
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atic of the example is shown in Figure 2, system parameters are listed in the table 4, and the sim-
ulation results are shown in Figure 3.

1o D2
/N 1
+
E1
T W
Ny T
* Zf D4 PFC_REG1 -

Figure 2. Application example of the Regulated PFC Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
Cco 6e-4 [F]
VO 180 [V]
General Power Factor | Bandwidth | 15[HZ]
Converter PFC_REG1 Efficiency 100
Fline 50 [Hz]
co_IC 180 [V]
Voltage Source (Sinus- | AMPL 100 [V]
oidal) E1 FREQ 50 [Hz]
Type Equiv Line
Forward
Diode D1/D2/D3/D4 Yoltage i
iode ist-
Bulk Resist 0.001 [Ohm]
ance
Roverse 100000 [Ohm]
esistance
Resistor R1 Resistance LOAD.VAL
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TPERIO 0.4 s]
2DLookup Table LOAD ch file ExampleRegulatedPFC
— ssh LOAD.mdx

130.00 | Curve Info

T = PFC_REG1.Vout

: TR
187 50 -
185.00 -
182 50
180.00 -
17750 -
1?500 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00
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Curve Info

— PFC_REG1.lin
TR

ooo +—+——++ 1+ 4+ L L 3 r )L
0.00 50.00 100.00 150.00

20000 25000 30000 35000  400.00

Figure 3. Simulation results — Output Voltage (PFC_REG1.Vout) and Input Current (PFC_
REG1.lin) of the regulated Power Factor Converter PFC_REGH1.
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Regulated Power Factor Corrector THD

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

* Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

* Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

Figure 1. Component symbol

This block represents a Power Factor Corrector block with Total Harmonic Distortion spe-

cifications.

Top

Assumptions and Limitations

In this converter the bandwidth of the output voltage control loop is calculated automatically in
order to satisfy the THD requirements of the input current. The lower requirements for the THD
(higher THD number) the faster the output voltage control loop.

Feed forward Network

The feed forward network consists on a second order filter that calculates the RMS value of the
input voltage and attenuates line frequency harmonics, as shown in the following figure.
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Feedforarard Filter
=20

—40

1]

1]

=100

- 120
-1 10 - 100 1+0

Voltage loop

The voltage loop is calculated based on the linearization of the model of the PFC converter
around its operating point. The design is based on a worst case condition of constant output
power load and provides 45° phase margin at the desired cutoff frequency that is function of the
THD of the input current.

Top

Mathematical Description
Top

Netlist Syntax

MODEL PFC_THD ?InstanceName(@InstanceName):(@(Refbase)@(ID)) inp:= %0, inn:= %1,
outp:= %2, outn:= %3 ( PO:= @PO, V0:= @VO0, Fline:= @Fline, C0:= @CO, THD:= @THD, CO_
IC:= @CO0_IC, Eff:= @Eff) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
inp AC Side (input) Positive Node Electrical terminal
inn AC Side (input) Negative Node Electrical terminal
outp DC Side (output) Positive Node Electrical terminal
outn DC Side (output) Negative Node Electrical terminal

Top
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Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
Cco Output Filter Capacitance real 0.001 [F]
VO Output Voltage real 400 [V]
PO Output Power real 100 [W]
Co_IC t(i)our;tput Voltage Initial Condi- real 400 [V]
Eff Converter Efficiency real 100 [%]
Fline Line Frequency real 60 [HZz]
THD Total Harmonic Distortion real 5[%]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
lin Input Current [A] Output real
Vout Output Voltage [V] Output real
Top
Example

This example illustrates a typical AC/DC converter with PFC (Power Factor Correction). The
PFC SMPS Library module provides the appropriate DC output voltage with PFC of the input cur-
rent. The Regulated THD PFC module allows the user the definition of the Total Harmonic Dis-
tortion(THD). The band width is automatically calculated. The voltage controller and the feed
forward network are internally included in the PFC Regulated element. The schematic of the
example is shown in Figure 2, system parameters are listed in the table 4, and the simulation res-
ults are shown in Figure 3.

SMPS Library 1-643
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: SMPS

E1

PFC_THD1

01 0z

A

+ Wl

03 il

Figure 2. Application example of the Regulated PFC_THD Power Converter

Table 4. System Parameters

Component Parameter Value [unit]
Co 0.0006 [F]
VO 180 [V]
Regulated PFC
THD PFC_THD1 co_ic 180 V]
THD 20 [%]
Fline 50 [Hz]
Voltage Source AMPL 100 [V]
(Sinusoidal) E1 FREQ 50 [Hz]
Type Equiv Line
Forward
Diode D1/D2/D3/D4 volage 2o
iode ist-
Bulk Resist 0.001 [Ohm]
ance
Rovorse 100000 [Ohm]
esistance
Resistor R1 Resistance DATAPAIRS1.VAL
2DLookup Table | 1 "ERIO 0.4 [s]
DATAPAIRS1 ch file ExampleRegulatedPFC THD_
— ssh_Datapairs1.mdx

DATAPAIRSA

i

il
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Curve Info

— PFC_THD1.lin
TR

0.00 50.00 " 100.00 15000 20000 25000  300.00

35000  400.00

Curve Info

— PFC_THD1.Vout
TR

000 5000 10000 15000 20000 25000 30000

35000 40000

Figure 3. Simulation results — Input Current and Output Voltage of the general Power Factor Con-

verter PFC_THD1.
Top
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System Modeling
- Batteries
* Power Load

» Solar Systems
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Batteries
* Alkaline N (ALKALINE_N)
» Generic Battery Cell (BATTCELL)
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ALKALINE_N Alkaline N Battery

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

ou,__ltp

ALEALINE| M

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

This block represent an Alkaline battery. The parameter SOC indicates the state of charge with 1
being CHARGED and 0 being DISCHARGED.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL ALKALINE_N ?InstanceName(@InstanceName):(@(Refbase)@(ID)) outp:= %0, out-
n:= %1 ( Trate:= @Trate, Capacity:= @Capacity, Rs:= @Rs, SOC_IC:= @SOC_IC) SRC: DB
(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
outp Positive Pin Electrical terminal
outn Negative Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
Trate ISr:;?]rtnal Time Con- real 10[s]
Capacity Nominal Capacity real 1 [A*hours]
Rs Series Resistance real 1 [Ohm]
SOC_IC Initial State of Charge | real 1
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
socC State of Charge Output real
I Battery current Output real
Y, Battery voltage Output real
SOC_EFF | Effective State of Charge | Output real
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Top

Example

Example of an Alkaline N Battery supplying a resistive load. The results show the battery
voltage, which drops as the battery is discharged.

ALKALINE M R %

| LKALINE_MN1

1

Figure 2. Application example of the Alkaline N Battery.

Table 4. System Parameters

Component Parameter Value [unit]
Trate 10 [s]
Capacity 1 [AHour]

Alkaline N Battery ALKALINE_N1 Rs 0.01 [Ohm]
SOC 1
SOC_IC 1

Resistor R1 R 10 [Ohm]
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Curve ima

1.50 —| ——  ALKALINE M1V
i =

000  10000.00 2000000 30000.00 4000000 50000.00
X-Aais

Figure 3. Simulation results-Output Voltage of Battery showing voltage drop as battery is dis-
charged through resistor R1.
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BATTCELL Generic Battery

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Input/Output Quantities

* Example

* References

Description

oLt LT

Ecell SCD

Elostrate rate
=]

Figure 1. Component symbol

This block represents a Generic battery. The parameter SOC indicates the state of charge with 1
being CHARGED and 0 being DISCHARGED.

Top

Assumptions and Limitations

Top
Mathematical Description

Top
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Netlist Syntax
MODEL BATTCELL ?InstanceName(@InstanceName):(@(Refbase)@(ID)) outp:= %0, outn:=

%1 ( Trate:= @Trate, Capacity:= @Capacity, Rs:= @Rs, SOC_IC:= @SOC_IC, Ecell_SOD:=
@Ecell_SOD, Elostrate_rate:= @Elostrate_rate) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
outp Positive Pin Electrical terminal
outn Negative Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defaut .
Type Value [Unit]
Trate Internal Time Constant real 10 [s]
Capacity Nominal Capacity real 1 [A*hours]
Rs Series Resistance real 0.1 [Ohm]
SOC_IC Initial State of Charge real 1
Lookup table of cell voltage vs
Ecell_SOD State of Discharge real !
Elostrate_ Lookup table of lost rate vs dis-
real 0
rate charge rate
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
socC State of Charge Output real
I Battery current Output real
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Y, Battery voltage Output real
SOC_EFF | Effective State of Charge | Output real

Top

Example

Example of a Generic Battery supplying a resistive load. The results show the battery voltage. It
can be seen how the voltage drops as the battery is discharged.

Ecell vs_ 500
E‘l’ }Qvt . BATTCELL1 .
g |
E_lostrate_ws_rate [+ *

FAof— <

Figure 2. Application example of the Generic Battery Cell.

Table 4. System Parameters

Component Parameter Value [unit]
Trate 10 [s]
Capacity 1 [AHour]
Generic Battery Rs 0.01 [Ohm]
BATTCELL1

Ecell SOD Ecell vs SOD.VAL

Elostrate

E lostrate vs rate.VAL
rate - — =
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Resistor R1 R 10 [Ohm]
2D LookupTable XY | CH_FILE ExampleGenericBatteryCell_
(Ecell_ vs SOD) SSH_Ecell vs SOD.mdx
(ZIIE:) Iﬂ)%?r;[szgle XY | CH_FILE ExampleGenericBatteryCell_
= - = SSH_E lostrate_vs_rate.mdx
rate)
160 i Curve Info
. — BATTCELL1V
1.40 ] TR
1.20
1.00 -
Eu.sn -
e ]
0.60 -
0.40 -
0.20
0.00 T T T T T T T T T T T T T T T
0.00 10000.00 20000.00 30000.00 40000.00 50000.00

K-Axis

Figure 3. Simulation results-Output Voltage of Battery showing voltage drop as battery is dis-

Top

References

charged through resistor R1.
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Power Load
« Power Load (POWER_L)
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POWER_L Power Load

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

i
v

]

M

Figure 1. Component symbol

* Description

» Assumptions and Limitations
» Mathematical Description

* Netlist Syntax

+ Conservative Pins

* Parameters

* Example

* References

Description

It acts as a load that demands as much power as indicated by power. It has a limitation on the
maximum current that it can sink.

Top

Assumptions and Limitations
Top

Mathematical Description

Top
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Netlist Syntax

MODEL POWER_L ?InstanceName(@InstanceName):(@(Refbase)@(ID)) p:= %0, n:= %1 (
Power:= @Power, Imax:= @Imax) SRC: DB(Lib:=@ModelLibraryName) ;

Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
p Positive Pin Electrical terminal
n Negative Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Defgult Value
Type [Unit]
Power Power Load (Must be > zero) | real 100 [W]
Imax Q/Iearél)mum Current (Must be > real 1000 [A]
Top
Example

Example of a Power Load demanding a constant power. There is a current limit of 100 Amps.
The results show the current and voltage.
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E
&
POWER_L1 V
Figure 2. Application example of the Power Load model.
Table 3. System Parameters

Component Parameter Value [unit]
Power 100 [W]

Power Load POWER_LA1
Imax 100 [A]
AMPL 20[V]

Voltage Source (Sinusoidal) E1 FREQ 50 [HZ]
Offset 30[V]
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N Curve Info
100.00 T_F-'. (WM1.V)=2
i — (WM1.I}*10
i TR
- — WM1P
280.00 — TR
= G0.00 —
=3
E i
5T i
(] .
40.00 —
20.00 —
0.00 0.01 0.01 0.01 0.02 0.03 0.03 0.04 0.04
X-Axis
Figure 3. Simulation results-Voltage (WM1.V*2), Current (WM1.1*10) and Power (WM1.P) meas-
ured by the power meter.
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Solar Systems

* Irradiance (Irradiance)

* Solar Cell (SOLARCELL)

SMPS Library 1-662
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: SMPS

Irradiance

Library: SMPS Modeling Language: SML

Version Number: Twin Builder 2024.2

\
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\

Figure 1. Component symbol

* Description
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* Netlist Syntax
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* Example

* References

Description

This block represents aa irradiance model.

Top

Assumptions and Limitations
Top

Mathematical Description
Top

Netlist Syntax

MODEL Irradiance ?InstanceName(@InstanceName):(@(Refbase)@(ID)) ( Irradiance:= @Ir-

radiance) SRC: DB(Lib:=@ModelLibraryName) ;
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Top
Parameters
Table 1
Name Description Data Type | Default Value [Unit]
Irradiance Irradiance input | real 1[W/m?]
Top
Input/Output Quantities
Table 2
Name Description [Unit] Direction Data Type
Iph VAL Irradiance output real

Top

Example

Example of a Solar Cell System excited with an Irradiance source. The results show the irra-
diance, the output voltage and output power.

Wt 1

R1

Irradiancel

SIEMEMNS_ST20
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Figure 2. Application example of the Solar Cell System.

Table 3. System Parameters

Default

Component Parameter Value [unit]
Ga Irradiance1.VAL
TEMP_AMB | 20 [cel]
Solar Cell SIEMENS_ST20 [Rs 0.01 [Ohm]
K2 0.03 [Km2/W]
Jo 0.001 [A/K]
Resistor R1 R 20 [Ohm]
Irradiance IRRADIANCE1 Irradiance 100+500*sin(Time)
1500.00 Curve Info
] —_— (R 1000
i — (WM 1.F)* 25000
TR
i —— Imadiancel VAL
1250.00 —
1000.00 —
750.00 —
500.00 , : , —— —— .
0.00 2.50 5.00 T.50 10.00 12.50 15.00
H-Axis
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Figure 3. Simulation results-Irradiance (Irradiance1.VAL), scaled Output Power (WM1.P*25000),
and scaled Output Voltage (R1.V*1000).
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SOLARCELL Basic Solarcell

Library: SMPS Modeling Language: SML Version Number: Twin Builder 2024.2

* Description
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* Input/Output Quantities

* Example

* References

Description

Figure 1. Component symbol

This block represents a basic solar cell model.

Top

Assumptions and Limitations

Top
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Mathematical Description

TR (Vo +Rs 1)
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’ A O outp
@ 7 D
& O outn

Top
Netlist Syntax

MODEL SOLARCELL ?InstanceName(@InstanceName):(@(Refbase)@(ID))

n:=%1 (Isat_0:= @lsat_0, A:== @A, TEMP_CELL_0:= @TEMP_CELL_0, Rs:=
AMB:= @TEMP_AMB, Rp:= @Rp, K1:= @K1, Jo:= @Jo, K2:= @K2, Ga:= @Ga) SRC: DB(Lib:-

:=@ModelLibraryName) ;

outp:= %0, out-
@Rs, TEMP_
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Top

Conservative Pins

Table 1
Name Port/Terminal description Nature/Data type
outp Positive Pin Electrical terminal
outn Negative Pin Electrical terminal
Top
Parameters
Table 2
Name Description Data Default
P Type | Value [Unif]
Diode saturation current
Isat_ O (@TEMP_CELL_0) real 1e-012 [A]
A Diode Shape factor real 1
TEMP_ o
CELL 0 Cell Temperature real 25[°C]
Rs Series Resistance real 0.01 [Ohm]
TEMP_ , o
AMB Ambient Temperature real 20[°C]
Rp Parallel Resistance real 10000 [Ohm]
K1 Irradlatlor) t.o Short-circuit cur- real 1 [A/(W/m2)]
rent coefficient
Jo Temperature coefficient real 0.001 [A/K]
0.03
K2 Thermal constant real [K*m2/W]
Ga Irradiance real 1 [W/m?]
Top
Input/Output Quantities
Table 3
Name Description [Unit] Direction Data Type
Iph Photocurrent Output real
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Top

Example

Example of a Solar Cell System excited with an Irradiance source. The results show the irra-
diance, the output voltage and output power.

N L/ |
— —_— b +
WAhi
TN . i
Irradiancel

i !

SIEMEME_ST20

Figure 2. Application example of the Solar Cell System.

Table 4. System Parameters

Component Parameter Value [unit]

Ga Irradiance1.VAL

TEMP_AMB | 20 [cel]

Solar Cell SIEMENS_ST20 Rs 0.01 [Ohm]

K2 0.03 [Km2/W]

Jo 0.001 [A/K]
Resistor R1 R 20 [Ohm]
Irradiance IRRADIANCE1 Irradiance 100+500*sin(Time)
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1500.00
Curve Info
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Figure 3. Simulation results-Irradiance (Irradiance1.VAL), scaled Output Power (WM1.P*25000),
and scaled Output Voltage (R1.V*1000).
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