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IIpexknpay, nuona, Tpancopmarop...
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Moaen npexkugada (HeIUHEApHH SJICMCHT)

Block Parameters: Breaker

MATLAB: Simscape Breaker (mask) (link)

Implements a circuit breaker with internal resistance Ron. Ron is

SimPowerSystems roquired by th

model and cannot be set to zero.

When the external control mode is selected, a Simulink logical signal
is used to
control the breaker operation. When the signal becomes greater
than zero the
o breaker closes instantaneously. When it becomes zero, the breaker
2 |a opens at the

next current zero-crossing.

Parameters

Breaker Breaker resistance Ron (Ohm):

001

Initial state ( O for 'open', 1 for 'closed' ):
0

Snubber resistance Rs (Ohms):

Breakeri

led

Snubber capacitance Cs (F):

D/ o
o Oo Switching times (s):

[1/80 5/80]

Breakerz | external contral of switching times

Measurements | Mone b

)

A series Hs-Cs snubber circuit is included in the model. It can be connected to the circuit breaker. If the Breaker hlock
happens to be in series with an inductive circuit, an open circuit or a current source, you must use a snubber.
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[ Ipumep en1. koma ca npexkugayem

=1
Breaker current .
L \ M ua)”(d control Scope MATLAB: Si mscape
. Breaker S I m POWG rsySte mS

Control

* 'Il - |
lload Breaker 0.1H | Y b

) 50V % 1 Ohm
60 Hz I
_I_ L

o
QL
[N
(4
L=y
@

e

2. >
(v

—

(On

U

ontinuous
Ideal Switch
No Snubber

powergul

<)\ Scope
20 a<waRE%H Ba 5 -
Breaker curent and control

This example illustrates use of the " Ideal Switching device " solution m
a circuit breaker without snubber and connected in series with an induc

Zoom on breaker current and note the "exact" zero current when the t
This solution technique introduced in R2008b is available with continuo

To enable this option, check the "Enable use of ideal switching devices
the powergui block.

= ] 0.m 0.02 0.03 0.04 0.05% 0.068 0.07 0.08 0.09 01

Switching an Inductive Circuit Using a Breaker With no

Time offset: 0
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MyaTumiaekcep/1emMyJaTHILIEKCeP

Mux

Demux

4

[=]Block Parameters: Mux I

— ks

Multiplex zcalar, vector, or matnx zsignals into a bus.

—Parameters

MHumnber of inputs:
2

Digplay optior: | bar

ok | Cancel |

E

4
=] Block Parameters: Demusx I

—Demus

Split either [a] wector zsignals into scalars or smaller vectors,

Check 'Bus Selection Mode' to split bus signals.

—Parameters

Murnber of outputs;
|2

Dizplay option: | bar

[ iBusz selection mode:

ok Cancel |

E! Simulink Library Browser

File Edit Yiew Help

=101 ]

DS 4 |

Demux: Split either [a) vector signalz into zcalars or smaller vectorz, or (b) bug signals
produced by the kuw block inta their congtituent scalar, wector, or matriv zsignals.

Check 'Bus Selection Mode' to zplit buz zignals.

b the Mux block into their constituent scalar, vector, ar matn

=1 Il Simulink

..... H| Commonly Used Blocks
----- m Continuous

----- m Discontinuities

..... 2 Discrete

----- P Logic and Bit Operations

- 2 Additional Math & Discrete

- W Aerospace Blockset

- § COMA Reference Blockset

. F Communications Blockset

----- B Control System Toolbox

[+#]-- EJ Dials & Gauges Blockset

[+#]-- EJ Embedded Target For Infineon C166E
[ EJ Embedded Target For Mokorola® HZ 1
] §| Embedded Target For Mokorola® MPC
£
[+
4

+...[=]...[+]
e ) i fnal

- | Embedded Target For OSEKMDE

R

Ready

- N Embedded Target for TI C2000 DSP vI
— »

Bus .

Bus| Buz Aszzignment
= zignal

i Bus Creator

Buz Selector

Z [rata Store Memony
E D ata Store Read
E Data Store Wite

I Demus
Sim

ot | Environment Contraller

[A] From

[A] Goto

e Goto Tag Visibility

Indes Yector

.

Manual Switch

| v

W EN
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Breaker current
and control

Block Parameters: Breaker
Breaker (mask) (link)

Breaker
Implements a circuit breaker with internal resistance Ron. Ron is
reguired by the CO ntr(:)l

madel and cannot be set to zero.

When the external control mode is selected, a Simulink logical signal
is used to

control the breaker operation. When the signal becomes greater
than zero the

breaker closes instantaneously. When it becomes zero, the breaker

opens at the Breaker

next current zero-crossing.

Source Block Parameters: Breaker Control

Stair Generator (mask) (link)

Parameters

Breaker resistance Ron (Ohm): Generate a signal changing at specified times. Output is kept at 0 until

0.01 the first specified transition time.
Initial state { 0 for 'open' , 1 for 'closed' ): Farameters
0 Time (s):
Snubber resistance Rs (Ohms): |[III 1.5/60 3fﬁﬂ]|
leb Amplitude:
Snubber capacitance Cs (F): [101]
inf Sample time:
External control of switching times 0
Measurements MNone =
Cancel Help Apply Cancel Help Apply
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Mogen auoae (HEIMHEAPHU CJICMEHT)

A L Vs MATLAB: Simscape
A Sug—vvw—fmil oK SimPowerSystems

m = Vak Block Parameters: Diode
o . G
. ]::i;gj::[ k |a Diode a Diode (mask) (link)
LCIQH_.: e— gk Implements a diode in parallel with a series RC snubber circuit.
In on-state the Diode model has an internal resistance (Ron) and

inductance (Lon).

For most applications the internal inductance should be set to zero.
o ~|—_E|:|rn The Diode impedance is infinite in off-state mode.

Farameters

Resistance Ron (Ohms) :

0.001
|:|—| )|—|:|
- Inductance Lon (H} :

0

Forward voltage Vf (V) :

0.8
lak Tnitial current Ic (A) :
A 0

Snubber resistance Rs (Ohms) :

slope = L/Ron
[::: | VK 500
lak

a Snubber capacitance Cs (F) :
anode cathode

2508-9
> Vak

"'u'rf Show measurement port
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[ Ipumep en. koja ca qruoaom

@Iﬁ gy Lt MATLAB: Simscape
B = SimPowerSystems

vicad " !
I—F =]
k I lak | .
1200 Wak s
80Hz Dramie cope
A [ Scope

Vicad S| s ORRE DS

¥

¥

’ Single pulse rectifier

—I— Continuous

POWWED U

o
(1
[xNO
Jd
l.-!‘
c

o

“") : “") N
(P

| —

(On

vz

0.04 0.08
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Block Parameters: Diode “
Diode (mask) (link)

Implements a diode in parallel with a series RC snubber circuit.

In on-state the Diode model has an internal resistance (Ron) and
inductance (Lon).

For most applications the internal inductance should be set to zero.
The Diode impedance is infinite in off-state mode.

Parameters Block Parameters: R L El
Resistance Ron (Ohms) : Series RLC Branch (mask) (link)
|[].[][]1 | Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the
Inductance Lon (H) : branch.
|U | Farameters
Forward voltage Vf (V) : Branch type: |RL - |
0.8
| | Resistance (Ohms):
Initial current Ic (A) : |1 |
0

Inductance (H):

Snubber resistance Rs (Ohms) :
20 |

1e-03 |

[] et the initial inductor current
Snubber capacitance Cs (F) :

4e-6 |

Measurements |N0ne *|

Show measurement port
| oK | | Cancel | | Help Apply

oK || Cancel || Help Apply
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JIMHeapHM HHAYKTUBHHU TPaHCchopMaTOp

- Moagen JIUT 3a EHepreTruky ca HOpMaJIu30BaHUM BPEAHOCTHMA

E] i ———

: : S B LU |
E3 7 illg

L3  R3
° B 0
HNneainu rpancpopmarop
MATLAB: Simscape R, 0 Ripu) = 2
SimPowerSystems o L)
I _ base Lpu) = i’
base a1, base

Modeling an Ideal Transformer
To implement an ideal transformer model, set the winding resistances and inductances to 0, and the magnetization
resistance and inductance (Em Lm) to inf.
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I Ipumep en. KoJia ca TMHEapHUM
WHIYKTUBHUM TpaHC(POpMaTOpOM

input
current

e 14400
B0 Hz o

1 o Linear Transfarmer

[ R

MATLAB: Simscape
. SimPowerSystems

75 KA

b

4

output
waltage
240w
20 k' 20 larar
niode 50

120w
20 K 10 kears

e

node S0

120w
20 K 10 kears
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gt iy Mutual Inductance

-

T o

- OcHoBHu mopes JIMT 3a Enepreruxky
= i
- L2-Lm R2-Bm
REl-Em Ll-Lm
Lm §' o

Block Parameters: Mutual Inductance1 R_l'ﬂ . )

Mutual Inductance (mask) (link) L3-Lm R3-Em
Implements inductances with mutual coupling. O B o
Parameters

T f mutual induct D T th indi ith | mutual t Ideal

ype of mutual inductance: | Two or three windings with equal mutual terms t['ﬂﬂﬁ-fﬂfﬂlﬂf

Winding 1 self impedance [R1{0hm) L1{H)]: L=1:1

[1.11.1e-03]

Winding 2 self impedance [R2(0hm) L2(H)]:

[ 1.1 1.1e-03]

L RI‘RE‘RH iRna

Three windings Mutual Inductance

Winding 3 self impedance [R3(0hm) L3(H)]: Ll‘ L?.‘ La # Lnl

[ 1.1 1.1e-03]

Mutual impedance [Rm{Ohm}) Lm(H)]:
[1.0 1.0e-03]

- MATLAB: Simscape
Cancel Help Apply Si m PowersyStemS
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[ Ipumep ei. koia ca mogenom JIA'T
Mutual Inductance

B

[ ]
hiutu al 12 mH
Inductance 2 Ohms
1 T
5L o

€

MATLAB: Simscape
SimPowerSystems
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Mutual Inductance

o o
| ] | ] 6 6
o -] Block Parameters: Mutual Inductor
Mutual Inductor
Models a mutual inductor. If winding 1 has voltage V1 across it and current I1 flowing into its + terminal, and
winding 2 has voltage V2 across it and current I2 flowing into its + terminal, then
",‘,’1 - L] dl'l + lld' dl2 V1 = L1*dI/dt + M*dI2/dt
dt dt V2 = L2*d12/dt + M*d11/dt
where parameters L1 and L2 are the winding self-inductances, and M is the mutual inductance. M is defined in
terms of the Coefficient of coupling k by M=k™sqrt(L1*L2). Hence k should be greater than zero and less than
one.
. odl2 dl'l
‘l' Z = L.ﬁ + lw The parameters Winding 1 initial current and Winding 2 initial current set the initial current through windings 1
df d.f and 2. Note that this value is not used if the solver configuration is set to Start simulation from steady state.
View source for Mutual Inductor
Parameters
I Inductance L1: |1| mH v
M =kyL1.L2
Inductance L2: 1 mH v
Coefficient of coupling: 0.9999
Winding 1 initial current: 0 A v
VI "u"(}ltage ACrOSS wmdmg 1 Winding 2 initial current: 0 A v
T oK Cancel Hel Apply
V2 Voltage across winding 2 Lok ][ conce = o
Il Current flowing into the + terminal of winding 1
Iz Current flowing into the + terminal of winding 2
Ll LZ2 Winding self-inductances MAT LAB Slmscape
M Mutual inductance Foundatlon lel’al’y
k Coefficient of coupling, 0 < kK <1

Time
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— ldeal Transformer

: : - Moaea ujaeajsHoOr TpaHcopmaropa

Block Parameters: ldeal Transformer

Ideal Transformer

Models an ideal power-conserving transformer satisfying V_1 = N*V_2 and L2 = N*1_1 where N is the
Winding ratio, V_1 and V_2 are the primary and secondary voltages, I_1 is the current flowing into the
primary + terminal, and I_2 is the current flowing out of the secondary + terminal.

V1 N.V2 This block can be used to represent either an AC transformer or a solid-state DC to DC converter. To
=¥+ maodel a transformer with inductance and mutual inductance terms, use the Mutual Inductor block.

Note that the two electrical networks connected to the primary and secondary windings must each have
their own Electrical Reference block.

[2=N-Il View source for Ideal Transformer
Parameters
Winding ratio: 1
Cancel Help Apply
Vi Primary voltage
V2 Secondary voltage
I1 Current flowing into the primary + terminal

12 Current flowing out of the secondary + terminal MATLAB: Simscape
N Winding ratio Foundation Library
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Ona3uB HA NMPOCTONEPUOJUYHY ITI0O0Y Iy

U =1V

i m:1 o =10°rad/s

+——| + L=0.1mH

) C =1uF
U, <> L u =1

5

u, (t) =U,, sin( ﬁt)h(t)
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3aJlaTak - MPOCTONEPUOJUYIHA MO0y I

(5) OppenutH jeIHAYHMHY OJI3UBa 3a HAIIOH U

€JIEKTPUYHOT KoJja ca ciinke. Bpeanoctu

eJIeMEHaTa U IapaMeTpu nodyje cy Mmo3HaTH,
1

e Hh(7).

Hewma cakynsbeHe eHepruje.

Uy (1) = Uy, sin(

(5) Onpenutu cTpyjy U3BOpA, i, U HAI[PTATH
rpaduK CTpyje U3BOpa.

(5) Kako rimace jeqHaunHe ctama KoJa?
Hanucaru ux y MaTpuuHOM OOJIHKY.
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MATLAB: Simulink

Sources

ES Simulink Library Browser

Simulink/Sources

S8 Simulink Library Browser - O
Enter search term v|&* ™| = l:?_;l
Simulink
»  Simulink
Commeonly Used Blocks fonY
Continuous :ﬂ ET
Dashboard =
D?s::onﬁnuities Commeonly Continuous Dashboard  Discontinuities
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables -
Math Operations ‘hl' ;'.: yef{u) : :
Model Verification S
Model-Wide Utilities em—— Logi i Loak e
isCr gic and Bi up El
Ports & Subsystems . .
Signal Attribustes Operations Tables Operations
Signal Routing
Sinks : ® ns# 2
in Misc W E
Sources @' & INT
User-Defined Functions
Additional Math & Discrete Model-Wide Maodel Ports & Signal
Aerospace Blockset Utilities Verification Subsystems Artributes
Audio System Toolbox
Communications System Toolbox e 'hl
e -l-\-
Communications System Toolbox HOL Sy LAY .f‘
Computer Vision System Toolbox
Control System Toolbox Signal Sinks Sources User-Defined
Data Acquisition Toolbox Routing —— Functions

DSP System Toolbox

Embedded Coder
Fuzzy Logic Toolbox
HOL Coder

DSP System Toolbox HDL Support

Additional Math

B Digreats

¥ Simulink Fill AN P

Commeanly Used Blocks
Continuous Counter Counter
Dashboard Free-Running Limited
Discontinuities
Logic and Bit Operations .
Lookup Tables Digital Clock Encl.lor::tr:r?:d
Math Operations
Model Verification m» untiled xlsx |
Model-Wide Utilities Sheet:Sheetl
Ppns B Su.bsystems From File From Spreadsheet
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Sinks =
Sources From Ground
User-Defined Functions Warkspace
Additional Math & Discrete

Aerospace Blockset Inussignali @ (D

Audio System Toolbox

Communications System Toolbox In Bus Element Inl

L4

Communications System Toolbox HDL Sy
Computer Vision System Toolbox
Control System Toolbox

Data Acquisition Toolbox

DSP System Toolbox

DSP System Toolbox HDL Support
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

HOL Verifier

Image Acquisition Toolbox
Instrument Control Toolbox
Medel Predictive Control Toolbox
Neural Network Toolbox

OPC Toolbax

Phased Array System Toolbox
Report Generator

RF Blockset

Robotics System Toolbox

Robust Control Toolbox
SimEvents

Simscape

Simulink 3D Animation

Simulink Coder

Simulink Control Design

Simulink Design Optimization
Simulink Design Verifier
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= O X P Library: fl_lib - Simulink

’i Library: simscape - Simulink p3

File Edit View Display Diagram Analysis Help File Edit View Display Diagram Analysis Help
Ul = > UE = .

-=-8 o = @~ E-=3-8 o = @

simscape fl_lib

= -
My eEgs = —C

View Displayf Diagram  Analysis  Help

i~ 38 L EEO-

'bi Library: fl_lib/Electrical/Electrical Elements - Simulink

(Ot

@ 1 4‘.:—__ El f
Foundati Utiliti Driveli Electroni F

e e rveEine setronies *2 Library: fl_lib/Electrical - Sigfllink

(=]

]

File Edit WView Display Diagram Analysis Help

-8 e & BE-O-

Electrical Elements
@ Electrical Elements | Electrical Sensors | ‘ Electrical Souwrces |

a -
@ _
18 |
IEI IE' apacitor -F
» (lei > |-
. Ready 100%
Ready 4
L]
Inductor
Ideal Transformer
:E Z Op-Amp
|
IE_EI Mutual Inductor
)} { - -




Voltage Sensor

MSPSpb— ]
\J > @ = R _@_\g-—; POBUDA

r
]

Sine Wave Simulink-PS
mulink-P Coniroled Voltage c —  Electrical Reference2
Source = - PSS oo
L —» ODZIV napon u(t)
| Ideal Transformer PS-Simulink

=

Electrical Reference Electrical Reference1

J__ Converter

f(x)=0

<

Solver

s Electrical Reference3 MAT LAB Si mscape
onfiguration c -
y . — | Foundation Library |

Source Block Parameters: Sine Wave
Sine Wave f e B
Output a sine wave: | Utl Itl eS
0(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in the S I I I | u I I n k

two types are related through:

Samples per peried = 2*pi { (Frequency * Sample time)

Number of offset les = Ph =S | d/ (2%

et of ofses samples = Fhase ™ Samples per peroc /(272D Block Parameters: Ideal Transformer
Use the sample-based sine type if numerical problems due to running for large
times (e.g. overflow in absolute time) occur. Ideal Transfarmer

Parameters Models an ideal power-conserving transformer satisfying V_1 = N*V_2 and I_2 = N*I_1 where N is the

Sine type: | Time based «| It Winding ratio, V_1 and V_2 are the primary and secondary voltages, I_1 is the current flowing into the
primary + terminal, and I_2 is the current flowing out of the secondary + terminal.

Time (t): |Use simulation time -

Amplitude: This block can be used to represent either an AC transformer or a solid-state DC to DC converter. To
1 model a transformer with inductance and mutual inductance terms, use the Mutual Inductor block.
Bias:

Mote that the two electrical networks connected to the primary and secondary windings must each have
0 their own Electrical Reference block.

Frequency (rad/sec): View source for Ideal Transformer

100000
Phase (rad): Parameters
0 - '
Winding ratio: 1
Sample time:

0
Interpret vector parameters as 1-D Cancel Help Apply

Cancel Help Apply
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jednacine:={ug = uC + uL :
] 1C:=ug ; MATLAB: MuPAD
uL=L * Du,
1 = C*DuC,

uL=m™*u}
{uL =mu, ug =uC +uL, i=C DuC, uL =Di L}

jednacinelzvoda:=groebner::eliminate(jednacine, {ul, u})
[(uC —ug+Di L, i — C DuC]

“assume(C>0 and L>0 and m>0 and Um>0 and t>=0)

jednacineStanja := solve(jednacinelzvoda, {Di, DuC})

. uC-—ug o
{[Dl—— I ,DUC—E]}

PromenljiveStanjalzvodi:={uC=uC(t), i=i(t), Di=D(i)(t), DuC=D(uC)(t)}
{i=i(t), uC =uC(z), Di =i'(¢), DuC = uC’(1)}

_pobuda = {ug=Um*sin(t/sqrt(L*C))*heaviside(t)}

= Um sin L caviside
{ug—U (\/E\/Z)h d(r)}
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 JS:=jednacineStanja | PromenljiveStanjalzvodi | pobuda

uC(#) — Umsin{ —=—— heaviside(t)
(e e |
op(op(JS))
uC(f) — Um sin( —= heaviside(7) .
/(t) = — (fﬁ) , uC’(t) = %

JSpocetveVrednosti:={op(op(JS)), uC(0)=0, i(0)=0}
uC(7) — Um sin(

§

\/Ef ) heaviside(?) }
L

{uc%ﬂzz%gyKO):oﬂxXO):o,fu):..

‘odziv := ode::solve(JSpocetve Vrednosti, {uC(t), i(t)})
Um o, Um o, sign(t) Umt o, Umt , sign(f) . Um ¢ o, Um ¢ &, sign(f)
e == /)

0 T avovD o aveyr =TTt T3

where

— t
o) = Sm(v’fv’f)

- COS( - ) MATLAB: MuPAD
Vo

=
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‘assume(t>0):(uC(t) | odziv) MATLAB: MuPAD

Um sin(ﬁ) . Umrcos(ﬁ)
2 2 /T VLI L

__zamena:Z{LZO. le-3, C=le-6, Un=1, m=1}
{L=10.0001, Umn=1, m=1, C=0.000001}

assume(t>0):(i(t) | odziv)

Um ¢ sin( —=—=
: (L\/E ‘/E) plot(u(t)|zamena, t=0..2¢-3, GridVisible = TRUE)
I
SL(t):=i(t) | odziv v
Umtsiﬂ(ﬁ) o] ] H
2L w0l y mﬂ
: o o e AL _
UL(t):Slmpllfy(L#:(dlff(]L(t),t))) 1 UE.HEJJ}.H H ".#H PE03| 1186103 | [1.56103 | [1.86103| 3.pp-03
' ; ; -20 I Y |.¢ v t
Um sm(—\/E \/E) . Um ¢ cos(ﬁﬁ) :z 1 | ﬂ’ Il
2 2 /T VL o] |

u(t):=m*uL(t)

(Umsin(\f"ﬁ) Umrcos(ﬁ))
m 5 + T JC VT
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O31B Ha €KCHOHEHIW]aJIHY HO0Yy Iy

R
N
—A\— 0
&
® ® L=1mH

+
U, <> L, L, U C=LF
R =1kO

T
A4

N L1o
U () =U e N(t) et e concmom

Ca CaBpUICHOM CIIpErom

U=1V, a=100
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3aJ1aTaK - eKCOHEHIIM)alIHA o0y 1a

* [lapamerpu Ko1a ca CIMKE Cy MO3HATH.
JIuHeapHU MHIYKTUBHHU TPAHCPOpPMATOD j€
CUMETPHUYAH Ca CaBPIIEHOM criperomM. Hema
CaKyIlJb€HE CHEPIH]e.

o OnpenuTu cTPyjy KoHaeH3aropa I(t) u

HAal|

On
HaIf

DTaTH HBEH I'pauK.

DeIUTH HAMoH cekyHaapa U(t) u

DTATH HETOB I'pa( UK.
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u, (t)=U e ™ h(t) =9 POBUDA
- —> >——-"> PSS
4_“ A —> STRUJA
PS-Simulink KONDEZATORA
/ p| e p{SPS|>— C Current Sensof Converter1 —: ]
. () b >
a L
Ramp Math  simulink-PS R . . T
Function  converter Controlled Voltage . ' + Voltage Sensor
Source
=8 l u=">2 >N l
—  Electrical Reference Mutual Inductor |- —  Electrical Reference2
—  Electrical Reference1
f(x)=0
PSS obDzIv t
Solver ) _’ . napon u(t)
Configuration | TpaHcdopmarop je cumeTpH4aH PS-Simulink
! ca caBpLIEHOM CHIPEroM ! Converter
Source Block Parameters: Ramp Block Parameters: Mutual Inductor
Ramp (mask) (link) Mutual Inductor L 1 H
. . . . odels a mutual inductor. Tf windin has voltage across it and curren flowing into its + terminal, and — I I l
OUtFILIt a ramp S|gnal star‘tlng at the SPECIﬂEd time. ‘Trlnd\ng 2 hats voltagecifz aIcross it Ealnld curren: Igzjﬂgimg into tn:s +termmatl,nthen gimo s+t

— e =
Parameters V1 = L1*dI1/dt + M*dI2/dt

V2 = 1 2*d12/dt + M*dI1/dt —
Slope: — H

where parameters L1 and L2 are the winding self-inductances, and M is the mutual inductance. M is defined in

m terms of the Coefficient of coupling k by M=k*sgrt(L1¥L2). Hence k should be greater than zero and less than
one.
Start time: The parameters Winding 1 initial current and Winding 2 initial current set the initial current through windings 1 R — 1 k! !
and 2. Mote that this value is not used if the solver configuration is set to Start simulation from steady state.
0 View source for Mutual Inductor
Initial output: Parameters
0 Inductance L1: 1] mH v M T L B -
Inductance L2: 1 mH v m /~\ Q S“ I IScape
Interpret vector parameters as 1-D = -
Coefficient of coupling: 0.9999 Foundatlon LI brary
‘Winding 1 initial current: 0 A v

Utilities

‘Winding 2 initial current: 0 A v

_OK Cancel Help Apply - o
Simulink

U=1V, a=100
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lassume( R>0 and C>0 and L1>0 and L2>0 and L12>0 and L>0 and U>0 and a>0)
'zamene := {L1=L, L2=L, L12=L}

{LI=L12=L L12=1} MATLAB: MuPAD

'pobuda:={ug=U*exp(-a*t)*heaviside(t)}
{ug = Ue_afheaviside(r)}

jednacine:={ug = uR +ulLl,
uR = R*IR,
ulLl = L1*DiL1 + L12*DiL2,
u=L2*DiL2 + L12*DiL1,
uC =ull -u,
1=C*DuC,
iIR=1+1LI,
i=il2}
{u=DiL2 L2 + DiL1 L12, uLl = DiL1 L1 + DiL2 L12, ug = uLl + uR, i = iL2, uC =uLl —«, i = C DuC, uR = RiR,
iR =i+iLl}
‘promenljive := {uL1, u, uR, iR, i}
{i, IR, u, uLl, uR}
L
jednacinelzvoda:=groebner::eliminate(jednacine, promenljive)

[RiL1 —ug+ RiL2 +DiL1 L1 + DiL2 L12, C DuC —iL2, uC - DiL1 L1 + DiL2 L2 + DiL1 L12 — DiL2 L12]
JednacinelzvodaZamene:=jednacinelzvoda | zamene

[RiL1 —ug+ RiL2 + DiL1 L + DiL2 L, C DuC —iL2, uC]

_Pmmenlj iveStanjalzvodi:={uC=uC(t), DuC=D(uC)(t), iL1=1L1(t), DiL1=D(L1)(t), iL2=1L2(t), DiL2=D(@1L2)(t)}
{iL1 =iL1(¢), iL2 = iL2(¢), uC = uC(#), DiL1 = iL1’(¢), DiL2 = iL2'(¢), DuC = uC’(¢)}
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JednacinePromenljiveStanja:=JednacinelzvodaZamene | PromenljiveStanjalzvodi | {pobuda}
[L iL1(f) + RAiL1(¢) + LiL2/(¢) + RiL2(f) — U e “" heaviside(¢), C uC’(¢) —iL2(¢), uC(r)}

[ promenljiveStanja:=[1L1(t), 1L2(t), uC(t)]

GL1(E), iL2(2), uC(t)] MATLAB: MuPAD

[novelJednacine, novePromenljive,
resenelJednacine,
konstantnePromenljive,
zamenjenePromenljive,
drugeJednacine
] := daetools::reduceRedundancies(JednacinePromenljiveStanja, promenljiveStanja)

Hc—“ (L ¢"iLI(t) + Re" " iL1(t) - U hcavisidc(r))} . [iLL(D]. [uC(2), —iL2(n)], [uC(r) =0, iL2(r) = 0], [], [ﬂ

L

'noveJednacine konstantnePromenljive

[e_at (L e’ iL1'(r)+ Re" t iL1(¢)-U heaviside(t))} WC(®) =0, iL2(#) = 0]

g zamenjenePromenljive
novePromenljive '
. []
[iL1(1)] :
. drugeJednacine
reseneJednacine i

[uC(r), —iL2(1)]
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L

‘noveJednacinePocetveVrednosti:={(op(noveJednacine)), iL1(0)=0}

{e“” (L L) + R LI - U heaviside(t)), iL1(0) = 0}

odziv := ode::solve(noveJednacinePocetveVrednosti, {iL1(t)})

Rt
X | U heaviside(tr) Ue” e ¢! heaviside(7)
— e —_—
R-La R—La
jiLl :=t--> op(odziv)
Ei t
~Z | Uheaviside(r) Ue® ¢ “ heaviside(¢)
I—> —¢ -
R-La R—La

u(t):=L12*diff(iL 1(t),t) | zamene

R—La R—La

I ( U d(1) U o e ¢! 3(1) Uao e ! heaviside(t) RU o e ¢! heaviside(t)
%2\ %L« R—La R—La L(R—La)

where

. —at ..
U heaviside(r) Uaoje heaviside(t)

L

MATLAB: MuPAD

)
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uz=t--> Simplify(u(t)) MATLAB: MuPAD

Rt
T at

U heaviside() (R e “"—Lae
R—La

I —

_Vred[l(}S’[iZ:{RZIGS, C=le-6, L=1¢-3, U=1, a=100 }
{R=1000.0, U =1, a =100, C =0.000001, L =0.001}

plot(u(t) | vrednosti, t=0..1e-5, GridVisible = TRUE)

y A
0.9 i
0.8 \
0.7 \
e \ limit(u(t) | vrednosti, t = 0, Right)
03 \ 1.0
0.4 - \ b
03- \\ limit(u(t) | vrednosti, t = 0, Left)
e L 0
o —

00600 20606 40806 60606 80806 1.0&.;5- rpaH]/I‘]Ha Bp@}]HOCT 3a
t

HanoH u(f) xax i—0
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Ugp u=ovr-1m  Om3uB Ha ClIOKEHY OOV
U

<

i -2
0 T-2Tt +"_ =Yy}

O ..

g R1:R2:R3:R

) R =1kQ ) i
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3aJarak - ClIOKeHa rmooynaa

* [lapameTpu KoJj1a ca CJIMKE Cy MO3HATH:
R;=R,=R;=R. Hema cakymsene
CHEPIH]e.

* [IppuMeHOM KOHBOJIYIIMOHOT UHTETpaJia
OJIpEUTH HAIMOH KOoHAeH3aTopa Ux(t), a
3aTUM U W3JIa3HU HaIoH U, (1) 1 HanpTatu
HEIOB I'pauK.

* HamoH reseparopa ce Memwa ca BpEMEHOM
Kao Ha auarpamy, rpu yemy je T = RC.
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MATLAB: Simulink

Sources

ES Simulink Library Browser

Simulink/Sources

S8 Simulink Library Browser - O
Enter search term v|&* ™| = l:?_;l
Simulink
»  Simulink
Commeonly Used Blocks fonY
Continuous :ﬂ ET
Dashboard =
D?s::onﬁnuities Commeonly Continuous Dashboard  Discontinuities
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables -
Math Operations ‘hl' ;'.: yef{u) : :
Model Verification S
Model-Wide Utilities em—— Logi i Loak e
isCr gic and Bi up El
Ports & Subsystems . .
Signal Attribustes Operations Tables Operations
Signal Routing
Sinks : ® ns# 2
in Misc W E
Sources @' & INT
User-Defined Functions
Additional Math & Discrete Model-Wide Maodel Ports & Signal
Aerospace Blockset Utilities Verification Subsystems Artributes
Audio System Toolbox
Communications System Toolbox e 'hl
e -l-\-
Communications System Toolbox HOL Sy LAY .f‘
Computer Vision System Toolbox
Control System Toolbox Signal Sinks Sources User-Defined
Data Acquisition Toolbox Routing —— Functions

DSP System Toolbox

Embedded Coder
Fuzzy Logic Toolbox
HOL Coder

DSP System Toolbox HDL Support

Additional Math

B Digreats

¥ Simulink Fill AN P

Commeanly Used Blocks
Continuous Counter Counter
Dashboard Free-Running Limited
Discontinuities
Logic and Bit Operations .
Lookup Tables Digital Clock Encl.lor::tr:r?:d
Math Operations
Model Verification m» untiled xlsx |
Model-Wide Utilities Sheet:Sheetl
Ppns B Su.bsystems From File From Spreadsheet
Signal Attributes
Sinks =
Sources From Ground
User-Defined Functions Warkspace
Additional Math & Discrete

Aerospace Blockset Inussignali @ (D

Audio System Toolbox

Communications System Toolbox In Bus Element Inl

L4

Communications System Toolbox HDL Sy
Computer Vision System Toolbox
Control System Toolbox

Data Acquisition Toolbox

DSP System Toolbox

DSP System Toolbox HDL Support
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

HOL Verifier

Image Acquisition Toolbox
Instrument Control Toolbox
Medel Predictive Control Toolbox
Neural Network Toolbox

OPC Toolbax

Phased Array System Toolbox
Report Generator

RF Blockset

Robotics System Toolbox

Robust Control Toolbox
SimEvents

Simscape

Simulink 3D Animation

Simulink Coder

Simulink Control Design

Simulink Design Optimization
Simulink Design Verifier

m
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POBUDA
A=
R3
_"L"_‘"_ Voltage Senso J_
Pobuda —  Electrical Reference2
E Pobuda »{ S PS> > C :[} i
Z 9 AN + N
Signal Builder Simulink-PS . Op-Amp
9 Converter Controlled Voltage R VW » |:|
S
Source R2 u 2 = 7 E, ODZIV napon u(t) >
fx)=0 PS-Simulink Scope
E— L —  Electrical Reference1 = Converter
Configuration — Electrical Reference
)| Signal Builder (slozenaPoduda_Fund/Signal Builder) - o
File Edit Grouy Signal Axes Help L]
SH| $BRC | oo |~ FRER > 0w | | E
Active Group: | Fobuda W @.
| = ¢
| I — U, =
pobuda. | | | s s 2 2
| | | l l ; ; ; l MATLAB: Simscape
0 0.5 1 1.5 2 2.5 3 35 4 45 5 - O
Time (sec) Foundation Library
e Left Point Right Paint mgm, =
Utilities
Index: 1 W o

Click to select, Shift+click to add

Pobuda (#1) [YMin YMax ]

Simulink
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. ...................... HaHOH uz(t) ____________________ _____________________________________________________________________________ __________________________ —
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MATLAB: MuPAD

'assume( R1>0 and R2>0 and R3>0 and R>0 and C>0 and U>0 and T>0)
jednacine:={ug = uR1 + uC,
uR1=R1%*il,
1C=C*DuC,
uR2=R2*iR2,
uR2=uC,
il = 1R2+1C,
12=11,
u=-R3*12}
{ug=uC +uRl, i2 =11, uR2 =uC, iC = C DuC, u = —R3 12, uRl = R1 il, uR2 = R2 iR2, il =iC +iR2}

jjednacinelzvoda:=groebner::eliminate(jednacine,{ il,1C, uR1, 1R2, uR2, 12, u})
[R1 uC + R2uC —R2 ug+ C DuC R1 R2]

jednacineStanje := solve(jednacinelzvoda, {DuC})

DuC — ~ RTuC+R2uC-R2ug
C R1 R2

' PromenljiveStanjalzvodi:={uC=uC(t), DuC=D(uC)(t)}
{uC =uC(z), DuC =uC’(¢)}

'zamene := {R1=R, R2=R, R3=R, T=R*C}

{R1=R,R2=R,R3=R, T=CR}
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obuda := {ug=heaviside(t)} :
plg ..................... ()} ...... ; MATLAB: MUIPAD
{ug = heaviside(¢)}
JS:=jednacineStanje | PromenljiveStanjalzvodi | {pobuda, zamene}
R heaviside(t) — 2 R uC
{ [ucf (t) = eaviside(?) : u (r)] } ‘ Mmyncin oxaus sa (i) |
C R || e e
: _ i g uC:=t --> simplify(diff(f uC(t).t)) :
JSpocetveVrednosti:={op(op(JS)), uC(0)=0} - ), PIEy(dIFHE_uC() |
is1 - e " heaviside(/
{uC’(I) J“i’hﬁ:a*s,»"lslde(1*)j 2R“C(”,u(:(0)0}; N = (¢)
CR L eeeeeeeeeesesesessasseress e ss s ss s nesasenseees
‘0dziv := ode::solve(JSpocetve Vrednosti, {uC(t)}) g [=t->U
' . . t > U
e °F heaviside(7) (eﬁ - l) ug 2:=t->-U*(t-2*T)/T
2 U(-2T)
e ‘ f— — =
[ uC(t):=(op(odziv)) ‘ Muanumnona gynkumja 3a ue(f) ’ :
|| 2t 21 _Ug_?)l: t->0
e " heaviside(¢) (em - l) t—>0
3 :
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- 3a HanoH Uq(t)3a0<t<T
ii 1 I(t):=(1/R)*(ug_1(t)-uC 1(t))|zamene:

12 1(t):=11 1(t):

w2 1(t):=-R*i2_1(t)

2t
U(e R—l)
—U-—

2

2

' Simplify(u2 1(t))

HamnoH U,() 3a 0 <t<T
MATLAB: MuPAD
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Lassume(¥T>=t > Tand T>0) s
;_ﬁlC_Z(t):zint(ug_l(Tau) * g_uC(t-Tau), Tau=0..T) + int(ug_2(Tau) * g_uC(t-Tau), Tau=T..t) :
----------- -_---';-E---------2--]:----------------------------------------------------------- IllIllIllllllllllllllllllllIllIlllill]:l_l’}l‘:llllllllIllIllllllllllllllllllllllll-

Ue CF (em B 1) . ( 2 _ 1) v (cmz;_cm _ CRe CR4(2T—CR})

2 CRT
Simplify(uC_2(t)|zamene) KOHBONYIIHOHY MHTErpal
2L , - 3a HamoH Uq(f)3aT <i<2T

SU Ue Ue ¢ Ut

4 2 4 " 2CR
iil_2(t):=( I/R)*(ug_2(t) -uC 2(t))|zamene: T <¥ S 2T|
12 2(t):=11 2(¢):
u2 2(t):=-R*i2_2(t)

; _2t-2CR
o=t 2 1 B 2p2, CR
Ue " (&=1) U(—% 1) U(CMJ co_cre ) U(-2CR)
2 A" /T > TTTCR
C R
Simplify(u2_2(t))
2L , -2 HamnoH u,(f) 3a T <t < 2T
ur Ue Uee 30U MATLAB: MuPAD
27CR 2 4 4
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[
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

‘assume(t > 2*T and T > 0):
uC 3(t):=imnt(ug_1(Tau) * g uC(t-Tau), Tau=0..T)+int(ug 2(Tau) * g uC(t-Tau), Tau=T..2*T)

. S—— _ 3! ........ ZT ET ..... _ 3! ......................................... IT .............................................................
e -1 Ue e ““\2T+CR-CRe“" H

2 4T KonBonynuonu uHTErpan
3a HanoH uq(f)3at>2T

Simplify(uC 3(t)|zamene)

Ue “° (ez+1) (62—2)
’ > 2T |

:il_3(t):=( 1/R)*(ug_3(t)-uC 3(t)) | zamene:

2 3(t)=il 3(b):
u2 3(t):=-R*i2_3(t)

bt

¢

*"(3CR-CR¢)
4CR

]

— ! —
o (ez—l) B Ueze

2
Simplify(u2_3(t))

2t

CK (ez+1) (62—2)
4

o]

Ue

Hanon Uy(f)3at>2T  MATLAB: MuPAD

Ue
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‘vrednosti:={R=1e3, C=1e-6, U=10, T=1e-3 }
{R=1000.0, U =10, C = 0.000001, T = 0.001}

MATLAB: MuPAD

_u2(t) = precewise([0 <t <=T | vrednosti, u2 I(t)],
[T <t<=2*T | vrednosti, u2 2(t)], [t > 2*T | vrednosti, u2 3(t)]) | vrednosti

( . . 7 9 .
5¢ 20 (72 1) +2500.0 ¢ ¢ """ (0.001 ¢ = 0.003) if 0.002 < ¢
X _5e M0 s if #<0.001
| 500007 -75&"7" 0 1570 (2 1) =75 if £ e (0.001, 0.002]

plot(u2(t) | zamene, tx=0..5e-3)

1 K
0 + + } + } ¥ } + -

]
T T T T
0.001 0.002 0.003 0.004 0.005
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Oa31B Ha TPOYTaOHHU UMIYIIC

[lapaMeTpu €IEKTPUYHOT KOJIa Ca CIIUKE CY
nosHaru. [ToOyna je nara Ha cimum, T =L/ R,
Ri=R,R,=2R, L, =L,L,=4L, k=1/2.
(5) Onpenut UHAULMOHY (PYHKIIU]Y 32 HAIOH
OTBOPEHOTI CeKyH1apa (0JICKOYHU OJI3UB).

(5) Onpenut HaMOH OTBOPEHOT CEKYHAapa U

(5) Haupratu meroB rpaduk. OdenexuTu oce
rpaduka, KOOpJIMHATHU MOYETaK, IPeceKe U
nonupe rpaduka ca ocama, M Tauke

CKCTPEMYMaA. Rl RZ
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‘assume( R1>0 and L1>0 and L2>0 and L12>0 and L>0 and U>0 and T>0 and t>=0)
zamene = {L1=L, L2=4*L, L12=(1/2)*sqrt(L*4*L), R1=R, R2=2*R, T=L/R}

{Rl:ai%:%J2:4LJm:2RJJ:1qu2:L}

jednacine:={ug = uR1 +ul,

ul =L1 *Dil ,
u2 =L12 * Dil,
uR1=R1*il}

{ug =ul +uRl, ul =Dil L1, u2 = Dil L12, uRl =R11il}
Jednacine:=jednacine | zamene
{ug =ul +uRl,ul =Dil L, u2 =Di1l L, uRl = R1l}

jednacinelzvoda:=groebner::eliminate(Jednacine, {ul, u2, uR1})
[Ril —ug+ D1l L]

jednacineStanja := solve(jednacinelzvoda, {Dil})

- :24])

_PrumenljiveStanjaIzmdi:={il=il(t), Dil=D(il)(t)} MATLAB: MuPAD
{il =il(z), Dil =1l'(z)} . IMIUF
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| {ug = heaviside(?) }

JS:=jednacineStanja | PromenljiveStanjalzvodi | pobuda

{ [il”(r) _ heaviside(z) — R il(r)] }

L
op(op(JS))
heaviside(?) — R11(¢)
L

fJ SpocetveVrednosti:={op(op(JS)), 11(0)=0}

{ir’( ) = ;

_UdZiV := ode::solve(JSpocetveVrednosti, {11(t)})

{ e_¥ heaviside(z) (e% — 1) }

R

i1(1) =

£ §1(t):=(op(odziv)) | Wnauunona QpyHkumja 3a cpyjy hy(k) I

e_% heaviside(?) (eg— 1) MATLAB: MuPAD
R
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g_il:=t --> simplify((diff{(f_i1(t).t)) | Ummyncun onzue 3a crpyjy i, (£) I
Ri
e " heaviside(r)

I —

) T) KOHBOJIYLIMOHHM MHTErpa
3a cTpyjy (1) 3a 0 <t<T

j assume(t>T): 11_2()=int((U"Tau/'T)"g_i1(t-Tau), Tau=0..T) <% :
LUe T v e@ (L-RT) KOHBOIYUHMOHH MHTErpall
RT RT 3a cTpyjy K (f)3at>T
u2 2(t):=simplify(L12*diff(il 2(t).t)|zamene)
_ye 7 imanonu()sat>T  MATLAB: MuPAD
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jvrednosti:={R=1000, L=le-3, T=1e-6, U=10}
{R=1000, U =10, L=0.001, 7 = 0.000001}

_:uZ(t) = piecewise([0 <t <= T|vrednosti, u2 1(t)], [t > T|vrednosti, u2 2(t)])[vrednosti
— 1000000.0 ¢

—-10¢ if 0.000001 < ¢
0000000 1 HaIoH U,(t) 3at>0
10-10e ~af t e (0, 0.000001]
plot(u2(t),t=0..5¢-6, GridVisible = TRUE)
A

y i
s
.1 // limit(u2(t), t = le-6, Left)
T 6.321205588
1 ;/ limit(u2(t), t = le-6, Right)
j { 10606 z.ufif;_,amm&f: E.m% —3.678794412
2] 7
o] /,/ I'paHu4Ha BPEIAHOCT 32

' HamoH U,(t) kag t—T=1 ps
MATLAB: MuPAD
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MATLAB: Simulink
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4| Signal Builder (untitled1/Signal Builder) * — O x
File Edit Group Signal Axes Help L]
w H | P BRRB| oo | — O SGFREE] o now 2| 4 [Fal| B
Active Group: | | Group 1 v || | = |
Signal %
O
| | | 1 | | | | |
0 0.5 1 15 25 3 3.5 4 4.5 5
Time (sec) =108
Left Point & Signal -
Name: |Signal T: 1e-06
Index: |1 w ¥: |10
w

Enter coordinates or use arrow kKeys to change points

Signal (#1) (Pt2) [ YMin YMax ]
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L untitled1 * - Simulink

File Edit Wiew
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Mutual Inductor

Medels a mutual inducter. If winding 1 has voltage V1 across it and current I1 flowing into its + terminal, and
winding 2 has voltage V2 across it and current 12 flowing into its + terminal, then

V1 = L1*dI1/dt + M*dIz/dt
V2 = L2*dI2/dt + M*dI1/dt

where parameters L1 and L2 are the winding self-inductances, and M is the mutual inductance. M is defined in
terms of the Coefficient of coupling k by M=k*sqrt(L1*L2). Hence k should be greater than zero and less than one.

Source code
Settings

Parameters Variables

Inductance L1: |1 | | mH v|

Inductance L2: |4 | | mH v|

Coefficient of coupling: 0.5 Block Parameters: Resistor >
Resistor

The voltage-current (V-I) relationship for a linear resistor is V=I*R, where R is the constant resistance in chms.

Block P eters: Resistor]
ok Pararmerers: Resistar The positive and negative terminals of the resistor are denoted by the + and - signs respectively. By convention,

Resistor the voltage across the resistor is given by V(+)-V(-), and the sign of the current is positive when flowing through

the device from the positive to the negative terminal. This convention ensures that the power absorbed by a
The voltage-current (V-I) relationship | resjstor is always positive.

The positive and negative terminals of Source code
the voltage across the resistor is given
the device from the positive to the neg
resistor is always positive.

Source code

Settings

Parameters Variables

Resistance: | 1 | | kohm o

Settings

Parameters Variables

Resistance: 2 | | kohm ~




4| Scope

File Tools View Simulation Help

@ - D@ P - Q- LRl 42

¥ ¥ Signal Statistics
Value Time

Max 6.321e+00 1.000e-06
Min -3.679e+00 1.000e-06
Peak to Peak 1.000e+01

Mean -1.700e-03

Median -2 586e-01

RMS 2 367e+00

Ready sample based |T=5e-06




