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D Cisas ¢ A3jlgie pohall A dgea ki e 4 @l ¢ gyl Al 5 Jadl el
ubline (el # ) gy ablilads o) ¢ Aplsie ekl 480 chls Culill Gl b
Al Aepudl Gut (A Asly Olysd Aoy ey (salls Adlsel) Bsadll DA e Bair-gap «slis
ASyma B8 Ciimgu Aglsel) Bsadll & Al Gadll Gl Laiey ¢ bl e dddaall aseal
.E air-gap lsall 3 4l jeS
e ce uadll (Sar siall WAl 3 4als U's a0 ol e Gubaddl sgall o Lydie) 13)
D Al agall

=

Us = E air-gap+( Rs + jws Ls) I (3.9)
sl Gy ¢ Adlgel) Beadll A& _whlindl Jisll pe e @ air-gap gl 136 b,

DAL hary Culil) lshal (e sk IS dadipall Jaalll
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¢ =¢ sin(w st) (3.10)
:oga Ciiaall dgall Glo (gl (il s
Eair — gap = Ns% (3.11)

ol ekl aaf il axe ¢ Ns

E air — gap = Nsws s ¢ * cos(wst) (3.12)
S ol Sy AT U8y

Eair — gap = KwF ¢ (3.13)

Do) and Anld) Adaled) (ge

1 Eair —gap
‘muEa‘rFﬂw\ e llila 13 ¢ culh il Gadl e dlad) (Sey @ o
s : 5
Dol i o oS Aailaall e agal) b Jlalys
Us = Eair — gap (3.15)

Us/Fsiwall sS8 of Gy i cohaline 385 e ddadladd) Jal e ail aad dagllys
e dgas ae Aaidice g die Jeall Alls d daase e ol ddphall s Gl ol ()
o ey Gl dailes A LAl o5 oo @l agadl lasa o) () agm canallse jaS dlgen
25 (g5 aiasi Eair-gap of s diesdsimia e opa¥) dsbeal) moai ML 5 Jage
Al seadl) & laliaall Jisd) b Galissl ) s

i) Al o dgall ety g sallall sda e il S

Ay 4i8lial iy Cagas ) gl o) Camy il laliaall () e Jailay (o snil 138 )

- omulaling oSl wyall ae consli Al il il e oanlad JS
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A pull Aed JS Jal (e adasia o3y (g3)g (Boosting Voltage) jjaill seay e aeall s )
ol dga A8 Jinte (an JSllniaha e 3D Lo DM (o sle e o
:v/f A8y asadl) 485k Gigieg Ll 3.2.1.1
Y
Liad)
CR T VPR URVE- PSVA (5 SOTCRN IRSWFL P
. daidie 44K g dlar @

cAdliall dalal) Cle Al A dle 3clS 0

D gand)
(s sl 5 3% 3y3lal) Alall) Ay Ayl @
Aaled) ikl 3 Capea o1l @
[1]. G sSas allas Al cilaglail] b s Y
ALY ELAD Juws 3.2.2
Space vector modulation (SVM):
Adladind aady + 2agiall LAl dage (il aadiigs ¢ dladill aje (8 aSaill dpe)jlsa g
- abe S Hlas e bypxie Gle sy shll AR Qliial) LAl GlS jas 3204
B sSnall i SSN) il (po 88 e a3ie ) eiusl Ll Jpmy ool zmaimsall iV

- sl D aajie Sl dae 53 o) Ser a2l Ll 1
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2l (sl el Jagll iilia (p pead i ()5S ) cang 4 e iplall o3a Ak (yai
3% 135 . Aasll Aaalll Ll 8 (ONJAlal) b saslsll Jall alibe SIS 5% o (SaY

Ollad e 13555 Ol DUpasly Ul (1555 gl i ¢ liall 8 Ailite cBls il

eilal) B g (3.1) Jsaa

Vector | A* B* C* A" | B~ C Vag Vac Vca

Vg = {000} OFF OFF OFF| ON |ON | ON| 0 | 0 | 0 |zerovector
V1 ={100}| ON OFF OFF OFF| ON | ON |+Vg: 0 -V active vector
V3 ={110}| ON  ON |OFF|OFF| OFF| ON | 0 |+Vgc -Vgc active vector
V3 = {010} OFF ON |OFF| ON |OFF| ON |-Vge +Vge 0 |active vector
V4= {011} OFF ON | ON | ON |OFF OFF | -Vgz 0 +Vg active vector
V5 = {001} OFF OFF ON | ON | ON |OFF| 0 | -Vgc +Vqgc active vector
Vg ={101}| ON OFF ON OFF| ON OFF +Vgc -Vge 0 |active vector
V7={111} ON ON | ON |OFF|OFF OFF| 0 | 0 | 0 |zerovector

skl &30 e lgtle Jgemnll (S LAY 038 ¢ daanje LIS die 33) &4y SVM 2]

o (el L ) O sat ladiiul ddlide duaa e

G 4aiag (el 4aiall e Joasll 2 glslate Glidads GULAS 73 Gayha e &
- Oleade ) aals

sinas Juiill cilagih 8 g pLagy) ol ¢ cleatiall caip LAY §liag) sae cllia

[2]. sl
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: Jlawd) ‘_,A Ry asall) 3.2.3

Field Oriented Control (FOC):

(VFD)alasinls (58 oSaill ¢ aagiall Hlill <l pma A Apaal) oSl 3yl gaal 5o

Diing aiasal) Ll Sy 8 aSatl) () (e Adplall o3y adl @l 8 aSanl) 3)S8 e la
C L s s el Ll CilSiae b oY g Tay 5 Jem
S5 yslae Jlabe AN jiladll Jisat e Jlaall b el St Ayl i
- lgale Saall 4 gllaall cilalladd) ety 0,9 46 jglae Ja, B 5ylsall gladd) Jysas
Dstaall il I oAl 5ye 2l A, slaall 3 clall e Aygllaall culallaall sl 2e;

[2]. 3.\33}93\ JLLAJ JQ)J\ Laay AA.DH\ FRY ‘_g u.uSLﬂ\ C); L..g).urﬁ.q abc

29



&l bl

Jeadl 48, by dakall)

30



-«

1dadiall

B0 s o5 Anapll U ghall 0 Al jamas PWM alpa g syl el iSO alasiul,

- ULl el Bayha e skl SOE Jall sl Aoy B oSaill

To Workspace3
powergul IE

To Workspece
™ m v
A >
R
N - B Frotor spe=- »
" & 8 e phis et
r cument is_a
e - L >
- Gan >
G L L — < - e (N
Three-Fhase — Scoped
Programma b\ Control Circuir (Drive) nduction Machain
Voltage So
=+ £

To Workspace2

time

Clock T Workspace 1

all daall Ay b aSadl) yla g ¢ (4.1 )84
D inl) daal) Ao pu B aSatl) il cilista 4.1
C skl D s e o
Apaall G g b Sal 350 @
) IS okl DA e @
: al) daall 4.1.1

J)LJ\ Lwﬂﬁdthn\ﬁyﬂ\@ﬁmm&uﬁu‘ﬂY\m&w

>Tm
o &
=}

a

Induction Machain

Sl adl) gy ¢ (4.2) JSi
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:olia) JEAIL e LS il cdlalas cilialge Janin
: dyaddl Clialye o

E Block Parameters: Induction Machain u

Asynchronous Machine (mask) (link) -
Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dq reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in wye to an
internal neutral point.
Configuration | Parameters | Advanced
Preset madel: |01: SHP 460 V 60Hz 1750 RPM -
Mechanical input: ’Torque Tm v]
Rotor type: Squirrel-cage b
Reference frame: [Rntor v]
Mask units: [SI v]
| 0K | [ Cancel l ’ Help ] ’ Apply

tl il CDlelas @

| BElock Parameters: Induction Machain |— s

Asynchronous Machine (mask) (link)

Implements a three-phase asynchronous machine (wwound rotorn sguirrel cage
or double squirrel cage) modeled in a selectable dq reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in vwye to an
internal neutral point.

Configuration | Parameters | Adwanced

Mominal powerer, voltage (line-line), and frequency [ Pn(wvAad. wn(wrms), fn{H=) 1:
[E730 460 607

Stator resistance and inductance[ Rs(ohm) Lis(H} 1=

[1.115 0.005973]

Rotor resistance and inductance [ Rr'{ohrm} LIir{H) 1=

[1.083 0.0059743]

rMutual inductance Lo (H):

o.2037

Inertia, friction factor, pole pairs [ J{kg.-rm-"~2) F[MN_.rm.s) (=2
[0.02 D.005752 2]

Initial conditions

[10000000]

I Ok I [ Cancel ] [ Help ] [ Apply ]

Sl dadl Ealea gy 1 (4.4) 0SS
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1750 « = — 1832674 41
= *— = 183.26 — .
W 60 sec (4.1)

rAlilaally oy @l 13g] o) a3all

B 5% 746 B
"~ 183.26

Tm

: (Drive) daall b asatl 5y 4.1.2

a Vabc

+ a|o PWM Generator
{7 m—sn B—— |
o

C|[#————=|C

Three-Phase Three-Phase
Programmable V-1 Measurement
‘Voltage Source

o 1 e @
P——1h
T [ B

full Bridge rectifier IGBT INVERTER

!
oL
T
I

_.;4@

Waoltage Measurementl Scopel

B Vdc

To Workspaced

O |

(Drive) dadll & oSaill 3505 ags : (4.5) JSa
(Drive) aall 8 asasl) 5yila wligga 4.1.2.1
@5 OSlall Adaulsy lag yaall hasiall 4ilsilly 22530 455 (Jo paall 3ol 3y Jass
skl
- skl D Sl e
- skl Rk 3l asia @

. PWM 2 o
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eyl Bl DRSS juaa e
L oshll D Gl Slen o

sl G Sl 1

C skl D ) elaall 3ol e U el a3 3 sazsiall Aslgdll iy

Universal bridge lial 5 58l aas dadad 48 A 3yadl) il g 5i<I) A0S (e

g
ala
B

33

IGBET INVERTER

Dol JSEIL page LS adlalas Cibasn Cua

| Block Parameters: IGET INVERTER ‘ 25—

This block implement a bridge of selected power electronics
devices. Series RC snubber circuits are connected in parallel with
each switch dewvice. Press Help for suggested snubber wvalues
wwhen the model is discretized. For most applications the internal
inductance Lon of diodes and thyristors should be set to zero

-

FParameters

Mumber of bridge arms: [3 -—]

Snubber resistance Rs (Ohms)
1lesS

Snubber capacitance Cs (F)

inf

1l

Powver Electronic dewvice []ZGEFI’ S Diodes v]

Ron (Ohms)
le-2

Forvward voltages [ Dewvice WiWw) , Diode wid(w)}]1
[ o0 ]

L TF({s). Tt (s) 1]
[ 1e-6, 1e-6 ]

[ O ] [ Cancel ] [ Help ] [ Apply ]

oshall D GSlad) Dlelae sy ¢ (4.7) S
- skl O (Slall el AU Byaianall AN i
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Universal bridge [Laal o3 83l alas = dlat 435S A 308l il g 5SI) (4

o
=

o
m

o|lC

full Bridge rectifier

J}H\ é)u'é)bﬁ e}s.q C._a.ay . (48) dS.CZu
tolial JSENL rase LS adlalas Cabasng

T Block Parameters: full Bm ﬂ

Universal Bridge (mask) (link) =
This block implement a bridge of selected powrer electronics

devices. Series RC snubber circuits are connected in parallel with

each switch device. Press Help for suggested snubber values
when the model is discretized. For most applications the internal
inductance Lon of diodes and thyristors should be set to zero
Farameters

Mumber of bridge arms: [3 v]
Snubber resistance Rs (Ohms) =
1les

Snubber capacitance Cs (F)

inf

FPowrer Electronic device [Diodes v]

Ron (Ohms)

le-3

Lon (H) B
i

Forward voltage W (V)

[ Ok ] [ Cancel ] [ Help ] Apply

bl D 5l o e Dl mams 1 (4.9) U8

3
Vdc = - * V2 * Vrms (4.3)

PWM 15s.3
- sl D (Slal) il a3l Byie il Al
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(Carrier Alalall HLEY) & J¥) ¢ )l med Aam PWM - e 8 Glianl) algin
o) 55L80 gd A0l )LV Lol L Llahy aadgy PWM alge oy 5 dgibidisignal)
S Wb oty el PWM alge dass o Ll LY o245 dpali(modulation signal)

g aSal) Ll 1Y s jaiae (e 4l lajiss

H_U_U___\_H_ILJL_II_H_JLJT_I_LI_LI—U_U_U_U_U_U_U_U
N T s A A
JuUuurrrrrrryye e e e reru
L 1 O I e
Jrrrnarryirrrrrryyyee et offg

PWM Mga (e giti Al Sliall gy 2 (4.10) IS
syl QB okl DG Al jaae e Jaaeill L3 b 5530 o2

PWM e L) &3 5yl alai dades 45K L Aualdll 45K (e

Signal(s] Pulses [

FWM Generator

PWM e zeamss = (4.11) s
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ol JSAIL priase LS aDlalas Jasa iy

E Function Block Parameters: PWM Generator g
FWM Generator (mask) (link)

This block generates pulses for carrier-based PWM (Fulse Width
Modulation), self-commutated 1GBTs,GTOs or FETs bridges.

Depending on the number of bridge arms selected in the "Generator
Mode" parameter, the block can be used either for single-phase or
three-phase PWM control.

Farameters

Generator Mode ’3—arm bridge (6 pulses)

Carrier frequency (Hz):
1080

[] Internal generation of modulating signal(s)

Ok ” Cancel H Help ] Apply

PWM s cDlalaa e ¢ (4.12) J<a
D dsapll QN ol DG Al juae.d
. PWM algal Jaasill ey Lil iy
sl Ul ol 2l Bpkia bl AAD A A Ml 0 Cam
L) a e 2355y bl A Al 3 alasid 5 el 52l B b
Al sl D0 Al jame LT 5 5508l o5 Ak A5Se S HuseS oliadl e

Ayl

@i
oy B|o

Z|o

Three-Phase
Programmable
“Voltage Sourcel
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sl JSaL e LS alalas Lavia g

ﬂ Block Parameters: Three-Phase Programmable Voltage Sourcel u

This block implements a three-phase zero-impedance voltage source.
The common node (neutral) of the three sources is accessible via input__
1 (M) of the block. Time variation for the amplitude, phase and
frequency of the fundamental can be pre-programmed. In addition, twc
harmonics can be superimposed on the fundamental.

Mote: For "Phasor simulation" , frequency variation and harmonic
injection are not allowed. Specify Order =1 and Seq=1,2 or 0 to injec
additional fundamendal components A and B in any sequence.

Farameters

Positive-sequence: [ Amplitude(\Vrms Ph-Ph) Phase(deg.) Freq. (Hz)

m

[460 0 20]
Time variation of: ’Frequenc'_.r -
Type of variation: ’Ramp -

Rate of change (pu/s, deg/s or Hz(s):
10

Variation timing (s) : [ Start End ]

[0 5]

["] Fundamental and/or Harmonic generation:

1| 1] | 3

[ OK H Cancel H Help ] Apply

Gyl QUaN ol D5 Al jaae CDlalas s ¢ (4. 14)JSS

. PWM Agal paxiall 225l Bl

o oghall SN Gl Hlea HLaal 3 gyadll s dada 23S @%\w
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a|ls Wabcp
labcp

o|lB HL
b |o

o|C cla

Three-Phase
W-I Measurement

Dol JSEIL i ge LS aDlalas Calaning

k| Block Parameters: Three-Phase W-I Measuremenl &I

Three-Phase Wi Measurement (mask) (link)

Ideal three-phase wvoltage and current measurements.

The block can ocoutput the wvoltages and currents in per unit values or in wvolts
and amperes.

Parameters

woltage measurement [phase—to—ground v]

] use a label

] woltages in pu, based on peak walue of nominal phase-to-ground woltage

Current measurarmnent [yes v]

] Use a label
[ Currents in pu

Cutput signals inc: Comples

[ ox J[ cancet |[ wmete |[ aAeply |

shall D6 Gl lea cDlelaa g ¢ (4.16) J<a

: @J,\.U dgm\ JJH‘ @'ﬂ :\:\ﬁjﬂ\ Jaa 4.2.3
A Al e G ¢ pshall O sl ) de g b aSal) 550 4daal aadiud

. J}H\‘;}dﬁuﬂ JUaal) 3 yaxlia ‘)}H\

cAaall QB skl S5 Al jaaelia) o8 5)all aa dades AiSe 8 Al abad) (e
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Three-Phase
Programmable
Yoltage Sourcel

Aaapll Q6 phal) G Al jame g ¢ (4.17) JSG

Sl JCL rmge LS 4lalas Jania

i | Block Parameters: Three-Phase Programmable Voltage Sourcel E |
Three-Phase Programmable Woltage Source (mask]) (link) ==

This block implements a three-phase zero-impedance woltage source.
The common node (newutral) of the three sources is accessible wia input
1 (M) of the block. Time wariation for the amplitude, phase and
frequency of the fundamental can be pre-programmed. In addition, twc
harmonics can be superimposed on the fundamental.

Mote: For "Phasor simulation" , frequency wvariation and harmonic
injection are not allovwed. Specify Order =1 and Seq=1.2 or 0 to injec
additional fundamendal components & and B in any sequence.

FParameters

]

Fositive-sequence: [ Amplitude(Wwrms Ph-Fh) FPhase(deg.}) Freq. (H=)
[139.25*3/pi 0 a0]|

L

Time wariation of: [Arnplitude

Type of variation: [Ramp

L

Rate of change (pu/s. deg/s or Hz/s)}:
o.5

“ariation timing (s) : [ Start End ] e
[ =

« | (1 | »

[ Ok J [ Cancel ] [ Help ] Apply

Gaapdl JUaN ol D5 Al jaae CDlalae gt (4.18) S
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: gl 5.1

DAl gl e Joanill 5 500 35 ey

aasig b jshllsa jshall G Ailedl JUae it w2 (5.2) 04




: oalls Aepuly 23505 Rl (s ADLA g (5.1) Jsos

T F Vrms Speed (rpm)
0 20 188.33 583.3

1 30 282.5 875

2 40 376.7 1166.7

3 50 470.83 1458.3

4 60 565 1750

5 70 659.2 2041.6

AR A_QJJ\ %) ‘:J.::\ &_11:-)».“4 d.\m.}.i” et T ‘)J‘)..,\SJ‘X.\ ‘_A.c (!A’-\j eA--aAj\ cﬂ‘);.d\ o
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: AadAl) 5.2

s slll D Jal) @ paal Ao b oSal Byl e el 5 il 138 DA (e
Al il A 2asiuly il dhaal) e ju b ASail OO galiy il 73 g aenss
12 Pla Gas ¢ danll (aje daed Alge Gk oo Adlide Gl Je Jaadl & 205l
Ay aral)l i e G 5 LS ¢ aagl) s o adiag depull i o (e Gl 5z 3 gal

3l AR o Al il o e

t&lbuagil) 5.3

Carmdl g el Jedil Jlaall 138 3 Al g
.l:AAQ é)j‘ﬂ\ J..)S.\:\}ez\maﬁ [ ]

el b 38 aSatl Jadil Al o3a & DLl (iany Aila) dglas @

Bl wSa5 ) s aSa (e aSail 30 Jygas

.4:\“& B;GSJ 4:\31.9 2\_3..3.1 :\M).\ﬂ ‘UAG 35333‘)3\3 ﬁ.po..a:\ L]
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D aalall 5.4

Apade (225l lall EY )ALl AN danil) o cpall elica.ae das e il [1]

.1889¢Jiasalle yially deLdall <Y Hla

e Aeliall cilig YN 0 208t pabil | <Rl pldield ¢ gapy dean T [2]

200664 5)) ¢ malidl

[3]Austin Hughes," Electric Motors and Drives", ELSEVIER, Third edition
2006 .

[4] b. K-Bose,” Modern power Electronics and Ac Driver', Prentice Hall

PTR,2002.
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