Regulisani elektromotorni
pogoni sa masinama za
jednosmernu struju

Osnovne karakteristike
Nacini realizacije (aktuatora)

Rad u 2 ili 4 kvadranta
Rad u prosirenom opsegu brzina
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Poredenje statickih
mehanickih karakteristika

Naponski izvor Strujni izvor
(naponsko napajanje) (strujno napajanje)

mm2 mml




Ukoliko je mehaniCka karakteristika
optereCenja nezavisna od brzine

Naponski izvor Strujni izvor
(naponsko napajanje) (strujno napajanje)
Aw m,,s Aw m,,s

Za m, nemamo
ustaljeno stanje
---& (nema radne tacke).




Naponsko napajanje:

sporiji odziv
M staticka stabilnost radne tacke

nema kontrole nad strujom (prevazilazi se
regulatorom struje)

Strujno napajanije:

M brzi odziv (!)

statiCka stabilnost radne tacke - prevazilazi se
regulatorom brzine

M neposredna kontrola nad strujom (momentom)



Regulisani pogon sa regulatorom
brzine sa jednosmernim motorom
napajanim iz strujnog izvora
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PraktiCna realizacija strujnoq izvora

Naponski izvor + regulator struje
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Podesavanje parametara regulatora
struje

Blok dijagram sistema

i: Reg uc ua I/Ra ia
+ % 1 > AU + % 1_|_ T ”
Za — p a
— Ka
e
I+p-T,
4 EMS
Merenje |

struje




Blok dijagram konture regulacije struje

e=0
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pT, 1+pT, 1+pT,

Zanemarili smo blok (senzor) za merenje struje, smatramo da je
idealan. Aktuator ima pojacCanje i kasnjenje (uprosc¢eno).

Zanemarili smo uticaj elektromotorne sile, poSto se sporo menja.
Smatramo da je to za konturu regulacije struje poremecaj, i u postupku
podeSavanja parametara vrednost je e=0



Funkcija prenosa konture regulacije struje
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Izbor parametara requlatora

K,-K,-(1/R,)

F.(p)=
«(P) K,-K,-(1/R)+p-T,+p*T-T,

a,=K,-K,-(1/R,); a=T; a=T-T

Primenjujemo definisan kriterijum
optimizacije modula funkcije prenosa
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Brzina promene brzine je znacajno manja od brzine promene
struje indukta i ,.

Pri promeni Ai ~Ai, vazi Aw=~0 i Aex0

Ukoliko vremenska konstanta 7, ima malu vrednost,
mozemo zanemariti kvadratni Clan.

1 1

l+p-2-T,+p* 2T l+p-2-T,
. ~~ JO
~0

A I, =5ms

A

Al

<|H
4>
> 1 Scope

2+xTe?s2+2«Tes+1

N

~,
Q
N

™~
\——/

Step

Bez zanemeranja Te”2

I S
2xTes+ 1

Zanemareno Te”2

|

\ 4
™~




Requlator brzine:
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Funkcija spregnutog prenosa brzinske petlje

B KC’O-(1+p-Tw)
cho(p)_pZ,Ta).Tm.(1+p-2-7;)+K6’0'(1+p'Ta))
F ()= K -(1+p-T))
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Primenom optimizacije: a;

gde je a=2(+1

C - zeljeni relativni faktor prigusenja zatvorene brzinske
petlje.
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Regulisani elektromotorni pogon
sa motorom jednosmerne struje -
osnovna struktura

VCC

Prilagodenje S
reference Zadavanje zeljenog
(soft-start) poloZaja (potenciometar)
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Regulisani elektromotorni pogon sa
motorom jednosmerne struje
bez regulacije polozaja

Zadavanje
zeljene
brzine . . . ;
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Realizacija bloka za prilagodenje reference
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soft starta
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Invertuje signal
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vremenskom
domenu
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Realizacija bloka za prilagodenje reference

D
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Realizacija bloka za prilagodenje reference
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pojacanja
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K Podesavanje Integrator
ubrzanja

soft starta




Realizacija bloka za prilagodenje reference

|:|
:l — Uticaj

promene limita
_’@_ 100 o > 1 na ubrzanje

Ulaz Izlaz

K Podesavanje Integrator
ubrzanja
soft starta

Limit = 0,75




Realizacija bloka za prilagodenje reference
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Simulacioni blok dijagram
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Fluks

Moment
opterecéenja

Napon i
Brzina

Inercija

e
w

Fluks

Ref Izl ‘f)—ye ka Izl > Gresk Izlaz ki » 1/Ra
+ el 1zlaz + reska zlaz + reska zlaz +
+ 'H— Vi.ref 'Q’ Tr-s+1 ua N Ta-s+1 i.a

3
5;?:;‘31 - Tiristorski most

Soft Start Reg. brzine Reg. struje Jedn. indukta
1 S
Zadata q
brzina 2
) Vi Kpi
< Tpi-s+1

Regulatori
brzine i struje
signali

Senzor i filter struje

Vw

Kpw

Struja

I
L

Soft start

1/Kpw
Regulatori
brzine i struje

(R

Pojacanje

odredjuje
ubrzanje i usporenje
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Senzor i filter brzine

Integralno
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Integrator ~ Zeleno - ispravno
Crveno - pogresno

1
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Unlimited
Integrator
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]

I1zlaz
integralno
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Regulator brzine

Regulator struje ima isti blok dijagram, ali

druge parametre: pojacanje (Ki), vremensku
konstantu integralnog dejstva (Ti) i limite
integralnog dejstva i izlaza (LIM_UC)



Parametri

Ra = 0.075;

% u relativnim jedinicama
PsiFn = 1-Ra;

Ta = 30e-3; % reg. struje
Tm = 1.92; Ti = Tay;
Mmn = PsiFn; Ki = Ta/ (2*Kt*Kpi* (1/Ra) *Te) ;
mm = Mmn/2; % reg. brzine
Tw = 4*Te2;
ktg = 0.05; Kw = (Tm*Kpi)/ (2*Te2*Kpw*PsiFn) ;
Kpw = ktg;
Tow = 52.8e-3; Vwrefl = 0.5; % * Kpw;
Kpi = 0.025; Vwref2 = 0.25; % * Kpw;
Tpli = 2.6e-3; LIM UC = 1;
Tt = 1.66e-3; LIM IA = 2 * Kpi;
Kt = 30; LIM SS = 0.5;
Te = Tt+Tpi;

Te2 = 2*Te+Tpw;



PocCetna
zadata brzina
je
05w,

U trenutku
t=3s zadaje se
brzina

0,75 w,,,,.

Opterecenje
pogona
polovinom
nominalnog
momenta je u
t = 65




Uticaj limita
momenta na
odziv
regulatora
brzine

Povecano je
zeljeno
ubrzanje u
bloku soft
starta. Zbog
ogranicenja
struje, ne
dostize se
zadata brzina u
toku soft-starta.




StatiCka karakteristika regulisanog pogona
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KOMBINOVANO UPRAVLJANJE

(PROMENOM NAPONA INDUKTA | PREKO POBUDE)
N ua ¢f

a

=

(ofnom Fii

e = const.

Napon, Fluks [p(w)]

—— Napon (i.a=1)
—— Napon (1.a=0)
— Fluks




Aktuatori

d Tiristorski ispravljaci
(mosne sprege, mrezna komutacija)

H Vise-kvadrantni rad

d Generator jednosmerne struje (Vard Leonard)
a Coperi

Uprosceni blok dijagram UproS¢ena prenosna funkcija
aktuatora aktuatora

u, u, a _ a
— ¥ { > U. (p) I+p-T,

T,="? zavisiod vrste aktuatora




Cetvoro- kvadratni rad sa preklopnikom

Regulacija brzine za male brzine reversal
LogiCko kolo: - promena stanja prekidaca samo kada je i, =0
- polozaj prekidaca u funkciji od znaka i *

Reg. brzine Reg. struje

om b

()

vy

0 Logi¢ko
. =0 kolo




Cetvoro-kvadratni rad sa dva anti-paralelna
Mosta (razdeljeno upravljanje)

Reg. brzine Reg. struje

Rl auvig] ey

) L

i,>0v i, <0y ;
i =0

Logicko
kolo




Logicko kolo

LogiCko kolo deluje na blokiranje impulsa mosta koji
ne treba da vodi.

la A
— L

“and” g “and”
, 8 o 3 1=ON
SN e _
y & 1 —q &
—» -|-| 1=ON

Pogoni sa razdeljenim upravljanjem mogu da ostvare brzu
promenu znaka struje nego pogoni sa preklopnikom.



DCS 800 struktura
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SIMOREG struktura (energetski deo)

3= copper busbar 20x 3

b = copper busbar 20 x §

¢ = Raycham 44A0311-20-9

Al cabies are Betatnerm 145 imm? unless otheralze tesignated
G (Gate) leads = yellow

K (cathode) leads — red

& Cables are designated a5 specfied at ends
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SIMOREG blok dijagram

Main —=
setpoint :’—I_‘

Nije za ispit

Legend :

Additional setpoint

before r-

Setpoint limiting Setpoint limiting Torque limits Armature
ramp-function generator speed controller current limits
- RAALE Additional ﬂu uu ﬂl_l Actual value
Additional Additional setpoint  setpoint speed Additional setpoint Additional Additional armature current
setpoint before r-f generator  controller limiting speed controller torque setpoint current setpoint controller
i i Wi U speea [} i
controller
Curmrent
s HOmm=O-0m Current contrgller
Setpoujt / / / setpoint /2 Armature |
processing /| / / generation gating unit
[G110-G130] Ramp-functiongenerator Ramp-function Setpoint [G151, G152] Torque limiting Current limiting [G162] [G163]
setpoint limiting generator limiting = G
[G135] [G136] [G136] [G160] [G161] recontro
Actual value
speed controller
Field current
limits
Additional setpoint Additional field | Field current
Additional setpoint EMF controller current setpoint actual value
before r-f generator
al s s Wi Hil
generator abed
u“ ”u s Analog input EMF controller Current
b ... Serial interface EMF coniioges ; ;
equals ; ) 1 Field gating
¢ ... Basic converter function setpoint i [FO=—> unit >
d ... Supplementary board generation
[G165] Current limiting [G166] [G166]
G165
Precontrol [ ] Precontrol
EMF
—O=0— = Parameterizable connection actual value \
/disconnection points generation




Nije za ispit

DCS 800 Blok dijagram - regulacija struje

Armature current control = Armalure current
MainsVoltActRel et measurement and Mains 11
motor dala voltage MainsvoltAct
intemnal scaling - measurement ConvNomValt
M == 10000 97.09 HMainsComp Converter ConvCurActRel
M pax = 325 * My Panel, DW. Time current ComvCurAct
max measurement
) DWL and ((4.05) convMNomCur
> CuRefUsed + ArmAlpha
@ - Scale 43.02 |- Cursel Current limitation Current controller Limiter Firing unit H+—1 Bridge Motor data
+
FluxRefFidWeak 5 CurRef311 L ! Language
CurRefExt _/ M1Nom¥olt
ARG
FexCurRef MICULmBrag! o MiNomCur
3.27 )| FluxReEnn WCLimae2 OperModeSel 2014 Amaighalax oDy M1BaseSpeed
ControlModeSel 2015 Y Amaiphabiin ol | NomMainsvo
A1KpAmMCur 43121 uk T 99 M1NomFid Cur
4317 MaxCurLimspeed MIDATmCY 43.T3 J] FringLimMode MiUsedFexType
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[43.18] ArmCurLimSpeed1
PwrSupplyRefExt
43.19 ArmCurlimSpeed2
internal scaling
43.20 ArmCurLimSpeed3 ot nom== 10000
43.21 ArmCurl imSpeedd Motcur 'max= 32 Vnainom Amature
43,22} amcuimspeeds current &
4 MotSpeed
ConvCurActRel
EMF VoltActRel ArmVoltAct  ArmVoltActRel
CAD—T e |11
MAmL
]
M1AmR
OperModeSel = FieldConv 43.10 ™
97.25 [~ EMF ActFitTime M
Moator 1
Motor 1 Field

EMF and flux control Field current control current measure

is Set 1o zero f ParChange
FIOCHMode (44.01) = Fix ment and mator internal scaling.
RevValtMargin CurCtristat! ) FldHeatSel data 10000
[ MiFlaReMode FldCuReM oo 1 fera ¢
EMF RefSel LGN R P EMF controlier Flux Opti 0ip (3304 _current controler fH— 500 Field Mot1FldCurRel
MainsWoltActRel H F FluxRefEMF Torque M1EldHeatRef [44.04 current
O P EMF Intemal VollRef2 Field @B% measurement  [——1-30)) Mot1Fidcur
VoltCorr Y [44.57] reversal M1FIdRefExt :
:?KRETEATG p— FluxCorr (group 45)
\ \
44.02 p=f M1KpFex W1 field data
MiNomVolt KpEMF
TIEMF 44.03 =y MITiFex 9511 1= M1NomFidCur
EMF CtriPosLim M1PosLimCiri !
e [ 45.02 99.12 |- M1UsedFexType
M leglim
FldCurFiux70
44.14H FiaCurFiuxs0

s st to maximum flux if

FldCtriMade (44.01) =Fix
MotSpesd
0> ———{ Fiux contol (324—
1 MiSpeedFbSel (50.03) = Extemal, FluxRefFldWeak

then MotSpeed (1.04) can be written to

99.04 H m1BaseSpeed
44.15 H FlaweakDyn
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Nije za ispit

DCS 800 Blok dijagram - upravljanje momentom

| Torque reference and torque selection

Gear backlash

Torque limiter

(2608 H GearstartTorg
GearTorqTime
26.10H GearTorqRamp

] =

TorqRefUsed

®

A+

TorgRef2 Torque selector
»
® —TZ@ L Panel, W, DWL and 209 Speed 1
orgRe TorqRefExt 0
H Torque 2
TERwASS Pt 5 e @ PO
TorqRefA2501 =05 "'é TorgRef! in3 456
Al1...AI6 ocad
[BozHToReiAFTg Lo2dShare
TorqRef8 [25.04}— Torque ramp 20.09 |- TorqMaxTref i
TorgMinTref
21D TorgMaxAll id 5
+
(@FD,
TorqRampUp TorgMinAll
TorqRampDown m 6.
TorgMux [26.:04 }—TorgMuxMode
INotUsed TorqSel [ZB0T}TorqSel2601 (0...6)
o1, ..., DI11 Speed/Torg (1 or 2)
IMCW Bit 11, ..., MCW Bit15 [Speed/Min (1 or 3)
JACW Bt 12, ..., ACW Bit 15 [Speed/Max (1 or 4)
SpeediLimit (1 or 6)
ABB Drive profile control
@.02> 7.03 7.01 {04
’ Hand/Auto[ 10.07 J-; Panel, DW, DWL
i H
AuxCtriWord AuxCtriWord MainCtrlWord Commandsel[10.01 }4 i UsedMCW
H
Bit0 RestartDatalog Bit0 reserved Bit0 On (Off1N) Bit0 On (Off1N)

Bit1 TrigDataLog
Bit2 RampBypass
Bit3 BalRampOut
Bit4 LimSpeedRef4
Bit5 reserved

Bit6 HoldSpeedCtrl
Bit7 WindowCtrl
Bit8 BalSpeedCtrl
Bit9 SyncCommand
Bit10 SyncDisable
Bit11 ResetSyncRdy
Bit12 aux. control
Bit13 aux. control
Bit14 aux. control
Bit15 aux. control

Bit1 reserved
Bit2 reserved
Bit3 reserved

Bit4 DisableBridge1
Bit5 DisableBridge2

Bit6 reserved
Bit7 reserved

Bit8 DriveDirection

Bit9 reserved

Bit10 DirectSpeedRef
Bit11 reserved

Bit12 ForceBrake
Bit13 reserved

Bit14 reserved

Bit15 ResetPIDCtrl

Bit1 Off2N (Coast Stop)
Bit2 Off3N (E-Stop)
Bit3 Run

Bit4 RampOutZero
Bit5 RampHold
Bit6 RamplInZero
Bit7 Reset

Bit8 Inching1

Bit9 Inching2

Bit10 RemoteCmd
Bit11...Bit15 aux. control

H
» 3 ‘

onoff1 [10.15 /.V Local (
i H

i
g :
or2[10.08 1~} "

i
€ stop[10.09 A
H !

of2
n

E Stop

Bit1 Off2N (Coast Stop)

Bit2 Off3N (E-Stop)

Startstop [ 10.16 7 /

Bit3 Run

Bit4 RampOutZero

Bit5 RampHold

Bit6 RampInZero

> >
Reset| 10.03 = Local =

Bit7 Reset

Bit8 Inching1

Bit9 Inching2

Bit10 RemoteCmd

Bit11...Bit15 aux. control

N
2

Mg
o
&

NEENE
sl allall=|lol
o (O|[H

3

Bit13 zero current
Bit14 DC-breaker trip cmd
Bit15 DC-breaker trip cmd

Bit13 reserved
Bit14 reserved
Bit15 reserved

TorqUsedMax TorqGenMax
—QCG22>—¢ TorgMaxAl
(2200 TorgMinAll
iy ToralimAct
-—-26 15 TorqCorrect —.—.2 14
— NotUsed TorqCorr
Al ..., Al
Max 5
TorqUsedMin TypeCode=2-Q
6.03 8.01 p
CurCtriStat1 MainStatWord AuxStatWord
Bit0 FansOn Cmd. Bit0 RdyOn Bit0 DataLogReady
Bit1 reserved Bit1 RdyRun Bit1 OutOfWindow
Bit2 reserved Bit2 RdyRef Bit2 E-StopCoast
Bit3 motor heating Bit3 Tripped Bit3 User1
Bit4 field direction Bit4 Off2NStatus Bit4 User2
Bit5 FieldOn Cmd. Bit5 Off3NStatus Bit5 SyncRdy
Bit6 dynamic braking Bit6é Oninhibited Bit6 Fex1Act
Bit7 MainContactorOn Cmd | Bit7 Alarm Bit7 Fex2Ack
Bit8 DynamicBrakingOn Cmd | Bit8 AtSetpoint Bit8 BrakeCmd
Bit9 drive generating Bit9 Remote Bit9 Limiting
Bit10 reserved Bit10 AboveLimit Bit10 TorqCtrl
Bit11 firing pulses Bit11 reserved Bit11 ZeroSpeed
Bit12 continuous current |Bit12 reserved Bit12 EMFSpeed

Bit13 FaultOrAlarm
Bit14 DriveDirectionNeg
Bit15 AutoReclosing
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Nije za ispit

DCS 800 Blok dijagram - regulacija brzine

Pulse encoder 1
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M1TachaVolt1000

Pulse encoder 2

SpeedActEnc2
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M1SpeedFbSel

-
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—CaD
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laizDirect+ i SpeedEnfFilt
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2 DecTimed
rmermm e S WinWidthPos ACW B6 HHoldSpeedCtr
RampTimeScale [23.09H winwidthneq 24 11 H8alRet
E StopRamy r
A 2312H windowCtitode ACW B8 i
MCW Bit11...8it15) ShapeTime TorqRef1 .
ACW Bit12... Bit1S g et
VarSlopeRate Torque selector = Add
2.19H Torq
alRampOut Acceleration
BalRampRef
11.06 H Refzsel RampBypass CZ20H rorgMinan
t
[Z80THc,ccomera01 s KpS o pepar
23 13 HAuxSpeedref 0= open 2 KpSMin
[ait...a18 = KpShin
23.02 HFixedSpeed? SpesdRefEx 24 14 HAccCompDerTime KpSWeakp
23.03 HFixedSpeed2 KeSWeakpFilT TerqRef2 (2.09)
MotPot 24.15 M accCompFitTme ek KpSweskp
lA12-A13 : =
la2ears i TorgAcccompRet [ 2.07 TS | ppart, i-part
A H 23.02 HFixedspeedi = TiSinitvalue fhsel
plach AU H FixedSpeed? || KpSTi KeS
ncode H
i
i 22.12 HJoghccTime KpSTi s
: KpSVaMinSpaed
RefiMux Looooaoold
22.13 [{JogDecTime TisValMinSpeed Tisval
Invert1102 PR3 MinSpeed|
(Open dv_dt DerivTime
B . oie DerivEiltTime ResTevmepeed S
MCW Bit11..Bit15 KpSTiSMinSpeed
facw Bit12...Bit 15
Speed actual selection N
internal scaling
SpeedScaleAct (2.29) == 20000
WinderScale
Speed measurement ( et MotSpeed ProcSpeed

Legend
Signal
Parameter

24 13 Parameter is usually written to by Adaptive Program,
application program or overriding control
Attention:
The firmware structure diagrams show the standard firmware
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Cetvoro-kvadrantni rad sa kruZznom strujom




Cetvoro-kvadrantni rad sa kruZznom strujom
(saglasno upravljanje)

Koristi se za ostvarivanje brzih reversa
(promene znaka) momenta.
Q
A
C,—ISP. | C, - ISP.
C,—INV. | C, — INW.

a, +a, =180°

> m,

C,—INV. |C, = INV.
C,—ISP. |C,—ISP.




Dijagram trenutnih vrednosti napona

|UC1(051)| = |Uc2 (052)| U, (t) # uc,(t) <— kruzna struja

samo za a. =0, =90° = u., (1) =u.,(?)
o Oy =45° | | Q. =45°

m %W\]\J\\J\Vf\iﬁwi\iﬁ\lw\ L

_aC2 =135° %1 —135
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Reg. brzine
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Generator referentnih struja i * i i,*

I, — cirkulaciona (kruzna) struja

Po vrednosti, kruzna struja bi trebalo da bude minimalna, ali da se
tiristori odgovarajuceg mosta odrzavaju u provodnom stanju.




Vard Leonardova grupa

Harry Ward Leonar: d
1861-1915.
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Vard Leonardova grupa

(blok dijagram)

karakteristika
magnecenja
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Vard Leonardova grupa
Regulator: Pl + PID

Regulator Regulator
brzine o struje i,
T+ % l: + Vc
—> —>
(—1 Pl %_ AF PID
Kw,1+p-Tm o (+pT)(1+p-T,)
Pt I pr(1+p 1)
0, l

a

REG i, (T =1, 1, =Ta):> |F(jo) drugog reda.
REG w: = |F(jw)  treceg reda.



Vard Leonardova grupa
regulator (Pl + Pl + PI)

Regulator Regulator Regulator
brzine w struje i, struje i,
: Wi, W) i,
Q) a S V
O~ Pl 2O~ Pl gy 2O~ PIL
7 +x 2
Ka)l_l_pTa) Ka (1+p]-;1a) Kf1+p]-;1f
pTa) p]—;m p]-;flf
@ L, Ly

REG i; (Tnf :Tf):> F(jw)| drugog reda.
REG i (T, =T,)=|F(jo) drugog reda.
REG w: = |F(jw)| treceg reda.




Vard Leonardova grupa
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Vard Leonardova grupa

Ramp-function Armature Armature Generator Generator
enable setpoint efl-eralor Current Limit Current Field Current Field Current
x174 P . Speed contraller  P1ED Controller Limit Limit Generatar
A G— P Us08 2171 Field Current
Speed Reference AD —L 3 cB114 S - Contraller GATING
B e [ [/‘ U484.01 = 134 PB01.03
0| .-I C—i— = 9254
| | U4B0.01= 15 I | =0 [
| Pr25=K |
Run 1 enable from Mx1 P200 =np Fia1
F864.01= 0355 PB62.01 = 0350 P226=Tn U488 =K ! P155=Kp POTE =1
U494 =Tn usio P72 P156=Tn PITE=5
F153=3
. i sa3=4 enable: US00 = 104
= FBLD Y
Xlﬁ-g & E-Di Feadback _
From Isclator AD generator voltage | 0 EPED‘D =9210
Generator Voltage g KOD17 0*1_
90— 1-;
Uz40.02 =
40: Pulse Generator
13: Analog Tacho .
X174 003 9120: Actual EMF switch over to actual speed
B G S Uz41 = 9380
From Isclator f
I = !
Armature Current | A D KODO15
HiB4 , 005 EMF Motar EMF absclutz 'Eal‘:dc""c‘“’r
Al g— Ka1z20 Koig1 = urrent )
From Isclator i U120.01 =18 FEG1 FO81 Pi02 Switch over to
Motor Voltage A/D — = EMF controlier T -1 Standstill Field
41 @ u12002=0 U163 = 8120 Fg18 = 9161 I
T IDD&_‘JU 1 /’_ o Reference for
U120.03 = 8150 ) o A S| Moter Field
FBSO U164 = 1' 1 T © | KO268 to Peer to Peer
W150.01 = 15 FB20 1 Word 1
Motor Current C F815 = 402 P275=Kp * POE1 =1 1
P402 EMF reference O P276=Tn T Eag F103 [
U150.02 = 401 " i
R Motor P40 ———0—0 Ke1s0 weakening  Minimum Motor|  PE22.B OR on
-"\‘__' Field Current Main Contactor
actual speed
absoclute KD168 P257
Standstill field

EMF precontrol



Cetvoro-kvadrantni oper

Oznacavanje
tranzistora moze biti i
drugacije:

Q1 Q3
Q2 Q4
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Duty cycle  pWiT Generator
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b

Mogu se Koristiti i drugi

nacini upravljanja
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Ideal Switch
No Snubber
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model MJS

V=100V, e = 40V
R, =1Q, L, =10mH
T,=0,002s F,=500Hz



Coper klase E
Rezim rada sa neprekidnom strujom
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Blok dijagram regulacione petlje po struiji
indukta sa Pl regulatorom

T Ki+T;-s+K
| el S /O T

Ref. struja indukta [V 4 gismax
-Kpi*Imax
Limit struje

A

Pl regulator struje:

KIZ

s+ K. B

T -s 2

1

K,; — pojaCanje senzora struje

—> /> A ~15e
Tos+1  |ua T,-s+1
+uc max
Regulator struje -uc max Aktuator - Coper Kolo indukta
Limit
komandnog
napona e]
ems
Merena struja indukta Via [V] Kp;‘ P Struja indukta [A]
-
Tpi S+ ]. L
Senzori
filter struje

P [ia]

Struja indukta

T, — vremenska konstanta filtera u povratnoj vezi




Struktura regulatora sa
histerezisnim regulatorom struje indukta

Reg.w "
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Upravljanje motorom kod regulacije brzine u
prosirenom opsegu brzina (sa slablienjem polja)

oK ia mm
P , [
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Merenje elektromotorne sile nije moguce.
|lzraCunava se na osnovu merenja dostupnih veliCina.

Prvi nacin: merenjem struje i napona indukta

u, + ><A} >0

j —T> R
a a
d Nepotrebno ako se Koristi
> Cl’t < La usrednjeni signal struje indukta

Drugi nacin: merenjem struje pobude i brzine

if—) A > @




Blok dijagram sistema pri brzini
vecoj od nominalne
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