Introduction to ControlBlock Library for PSpice and LTspice Control Library
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ControlBlock Library for PSpice and LTspice Control Library provide a set of control elements, that allows to
design the controller of a circuit by drawing a control block diagram and simulate the circuit and the
controller on PSpice/LTspice.

The libraries make it easier to design a complicated controller which is difficult to implement with the built-
in libraries of PSpice/LTspice. And it makes the circuit simulator more useful for circuit designers and
controller designers.

The libraries are designed to work fast. The automatic time step adjustment suitable for switching circuit is
the most distinctive feature related to the fast analysis.

The libraries have the interface similar to each other. LTspice Control Library can be used free. Therefore, it is
possible to try what you can do using the libraries with the free circuit simulator LTspice and the free library.

The libraries have a lot of examples which help you to get started. Some examples are shown later in this
document.




Feature 1. Automatic time step adjustment suitable for switching circuit
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Feature 1. Automatic time step adjustment suitable for switching circuit

Built-in library of PSpice

Buck Converter This is an example of buck converter control using the built-in
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accurate result but longer analysis time.

Reference Voltage . .
Modulation Ratio

Controller Comparator using built-in library (ABM)
can NOT adjust time step

Switching Pulse

Saw-tooth PWM Carrier
Output Voltage

Reference Voltage

8.0V 5.5V

Reference Voltage i

2.0V

0s 20ms 40ms £0ms 80ms 100ms 0s 20ms 40ms &0ms 8ilms 100ms

V(OUT) o V(V*) V{OUT) « V(V*)
Time Time
Maximum step size: null Maximum step size: 0.1us
Analysis result: inaccurate Analysis result: accurate
Analysis elapsed time: 2s Analysis elapsed time: 29s




Feature 2. Support for discrete-time modeling

PSpice

Buck Converter
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SR Flip-Flop
implemented with Previous element

Previous element included in ControlBlock Library for PSpice
outputs the value before 1 time step.
This is the primitive element of discrete-time modeling.

The libraries support discrete-time modeling such as latch and sample &
hold. Previous element included in Discrete group of the library is the
primitive element of discrete-time modeling. this element outputs the
value before 1 time step. It allows to design a complex discrete-time
modeling by combining Previous element with others.

This is an example of buck converter using peak current mode control
which has SR Flip-Flop implemented with Previous element.

PSpice has built-in digital elements (U elements), and SR Flip-Flop is
provided as the one of U elements. U elements are analyzed as a digital
signal system different from analog elements. If U elements are used
correctly, it is possible to simulate fast. But the usability of U elements is
unusual for users familiar with analog elements.



Feature 3. Motor models and motor control elements

The libraries make it easy to design a complicated controller such as vector control
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Feature 3. Motor models and motor control elements
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Examples

. Buck Converter Control (DC-DCConverter/BuckConverter)

. Boost Converter Control (DC-DCConverter/BoostConverter)

. CCM PFC Control (AC-DCConverter/CCM-PFC)

. CRM PFC Control (AC-DCConverter/CRM-PFC)

. 3-Phase Inverter Control (DC-ACConverter/3Phaselnverter)

. DC Motor Speed Control (MotorDrive/DCMotorSpeedControl)

. Brushless DC Motor Vector Control (MotorDrive/PMSMVectorControl)

. Brushless DC Motor 120 Degree Drive With Hall Sensors (MotorDirve/PMSM120DegreeDriveWithHallSensors)
. Solar Cell MPPT Using Perturb & Observe Method (SolarCell/SolarCellIMPPTUsingP&OMethod_Boost)
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Example 1. Buck Converter Control
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This is an example of buck converter which steps down
voltage from 10V input to 5V output.
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Example 2. Boost Converter Control

This is an example of boost converter which steps up voltage
from 10V input to 20V output.
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Example 3. CCM PFC Control
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This is an example of Continuous Conduction Mode Power
Factor Correction which controls voltage from AC 100V input
to DC 200V output.
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Example 4. CRM PFC Control
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This is an example of Critical Conduction Mode Power Factor
Correction which controls voltage from AC 100V input to DC

200V output.
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Example 5. 3-Phase Inverter Control
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This is an example of 3-phase inverter which controls active
current to 10v3 A and reactive current to 3vV3 A.
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Exa m ple 5 3_ P h ase | nve rte r Contr0| This is an example of 3-phase inverter which controls active

current to 10V3 A and reactive current to 3v3 A.

PSpice . .
Circult 3-phase Inverter
DC_P
3-phase System
51 $3 55 L
up WP Wip
E o x uk] a o5 [T R
T& o7 power_Dbrea'k_T& p power_DbE[& p— power_Dbreak 1mH
Rl WT = 0.4 WT =04V WT =04 L2 , U7
0 = 350 WH = 00 WH = 0L WH = 0 whmp = 00 sqr(z
A= C.) W Freq=50
TRAH =
1mH
sz 54 56 L
UN WM Wik
L e T b AT e e
T& o7 power_Dhrea'lF& p power_DbEh = power_DObreak 1mH
T = 0.4 WT =04V WT = 0.4
WH = 00 WH = 0w WH = 0
= 3-phase
Complementary PWM
Controller Coordinate Transformation .
wu” Ve m - y up ——
Output Current IiLty - : . | Un
S p o (—2 J]E-SI u e L L i P e I uJ j j o WP
ensing L oL P T L | e . wp
I(L3) T=S0u bt e T T e T v (=) -y PN WM
™ |—|K j jj wn [
o N TTs | w P P w ‘| . wp |
K=1 T v R miw®
T= &0u _@_1 '\# ”f } H o |00

Ui Ui ] ni=-1 Tdead= Tu
vp_d oc_p i i (:) Wnz=1  Tperiod = 100U
k= {1+1n}

K = fisqr(s K=2

System Voltage ?_, R

. [ L
Sensing 5 bl e BN g

R ke = {-pidi}
} ip* Q _ ve‘g.@ _@_xe“ Active Current Controller
P k=5 ; i
w Tz wp ac
T=2!

%}»—4 K va'p @ v | Reactive Current Controller
: k=5 i g i
]

= %=

)
1
k|
i
3

13



This is an example of 3-phase inverter which controls active

Exa m ple 5 . 3_P h ase | nve rte r CO ntr0| current to 10v3 A and reactive current to 3vV3 A.
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Motor Current Torque

Speed

Exa m ple 6 DC |\/|OtOI’ Speed Control This is an example of DC motor drive which controls motor

speed to 100 rad/s.
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Example 7. Brushless DC Motor Vector Control

LTspice

This is an example of brushless DC motor vector control
which controls motor speed to 100 rad/s.
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Example 7. Brushless DC Motor Vector Control

This is an example of brushless DC motor vector control
which controls motor speed to 100 rad/s.
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Example 7. Brushless DC Motor Vector Control

LTspice

PSpice

Current Current Load Torque

Speed

Current Current Load Torque

Speed

This is an example of brushless DC motor vector control
which controls motor speed to 100 rad/s.
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Example 8. Brushless DC Motor 120 Degree Drive With Hall Sensors

LTspice
. . 3-phse Inverter
Circuit P
DC P
1 1 1 Brushless DC Motor
uP, SW | D1 vPs SW D3 we- SW |D5
NEESRHO NG
s1 |P 53 | ss (D Hall Sensors
U Pmi={-?delay/Np}
u1 Np={Np}
vi L T KT Load Torque
Cj v v PMSM Vzdisturbance torque
100 W m PULSE(0 3 20m 100m)
| w Ra=0.1 Ld=1m Lg=1m Ke=0.1 Dm=0.1m Jm=0.1m Np={Np}
UN;- SWing VN5 SWing WN-- SW 1 g _param Np=3
Vs b _param Plead=pi/24 Pdelay=pi/-Plead
| 82 |D | s4 |D | S6 D
~ PulseTimer element
Controller This is used for time measurement between signal changes.

speed calcurator

.param Fclk=1Meg
A1l

Vhigh=1T Vlo
in+

out

Hall Sensor A .
Signals Tedge=1n Tidz{[edge} F={F¢Jiin-
{7
Tedge={Tedge}
hv- Ad
Tedge={Tedge} cycles=2"2
h i
Tedge={Tedge} CLK Phit

speed controller

om*

PCLK
S/H

Phi2 S Q

o
om_hs =

V4

PULSE(D 100)

antiwindup

Speed Controller

=0

120 Degree Drive
Pulse Distributor

120.degree drive
low side pwm

nhu
nh\crj j "

Estimated Speed
n om_hs

K={1/Np}
oe_hs
K={2*pil6*Fclk}

nhv- @ VP
hu={T}nhu  h
hv—@—nhv nh‘m
— hw={ }-nhw nr;l—wp
m* pwm an|1 uj N
u13

.param Tcarrier=100u

V1=0 V2=1 Tperiod={Tcarrier} tratio=1

This is an example of brushless DC motor 120
degree drive with hall sensors which controls
motor speed to 100 rad/s.
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Example 8. Brushless DC Motor 120 Degree Drive With Hall Sensors
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This is an example of brushless DC motor 120
degree drive with hall sensors which controls
motor speed to 100 rad/s.
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Example 8. Brushless DC Motor 120

Vitm)

LTspice

Degree Drive With Hall Sensors
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This is an example of brushless DC
motor 120 degree drive with hall
sensors which controls motor
speed to 100 rad/s.
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Example 9. Solar Cell MPPT Using Perturb & Observe Method

This is an example of maximum power point tracking of solar
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