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)
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Ukoliko je mehaniCka karakteristika
opterecCenja nezavisna od brzine

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

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

sporiji odziv
M staticka stabilnost radne tacke

nema kontrole nad strujom (prevazilazi se
regulatorom struje)

Strujno napajanje:
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
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Blok dijagram konture regulacije struje

e=0
i; + u ua l_ ia
e T e O e
T K, 1/R,
" pT 1+p-T, 1+p-T,
1 -T. K 1/R
Fm(p)=Ki' P < 2 T.>T

p-T 1+p-T, 1+p-T,

Zanemarili smo blok (senzor) za merenje struje, smatramo da je
idealan. Aktuator ima pojaCanje i kasnjenje (upros$ceno).

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



Funkcija prenosa konture regulacije struje
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lzbor Qarametara regUIatora
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Brzina promene brzine je znacajno manja od brzine promene
struje indukta i, .

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

Ukoliko vremenska konstanta T, ima malu vrednost,
mozemo zanemariti kvadratni Clan.
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Reqgulator brzine:
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Funkcija spregnutog prenosa 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)

GND
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Regulisani elektromotorni pogon sa
motorom jednosmerne struje
bez reqgulacije polozaja

Zadavanje
zeljene J
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Realizacija bloka za prilagodenje reference
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Realizacija bloka za prilagodenje reference
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Realizacija bloka za prilagodenje reference
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Realizacija bloka za prilagodenje reference
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Realizacija bloka za prilagodenje reference
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Simulacioni blok dijagram

|

Moment

Napon i
Brzina

opterec¢enja
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Izlaz
integralno
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Regulator brzine

Regulator struje ima isti blok dijagram, ali

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



Parametri

Ra = 0.075;

% u relativnim Jjedilnicama
PsiFn = 1-Ra;

Ta = 30e-3; % reg. struje
Tm = 1.92; Ti = Ta;
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; 5 * Kpw;
Tpi = 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
0,5 &,y

U trenutku
t=3s zadaje se
brzina

0,75

a)nom'

Opterecenje
pogona
polovinom
nominalnog
momenta je u
t = 6s




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)
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—— Napon (i.a=1)
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Aktuatori

J Tiristorski ispravljaci
(mosne sprege, mrezna komutacija)

EI ViSe-kvadrantni rad

4 Generator jednosmerne struje (Vard Leonard)
a Coperi

Uprosceni blok dijagram UprosS¢ena prenosna funkcija
aktuatora aktuatora

K

a

u u —a =
C—» L —a> Uc(p) 1+p'Tak

T, =7 zavisi od vrste aktuatora




Cetvoro- kvadratni rad sa preklopnikom

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

Reg. brzine Reg. struje

omb b

()

vy

0 Logicko
a =0 kolo




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

Reg. brzine

s,

Reg. struje

i +
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u
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Logicko kolo

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

a
— ft

uandu E uandu
. \ 2 Q 2 1=ON
i — g =
fH, —
& 1 —Q &
BN X 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)
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SIMOREG blok dijagram

Setpoint limiting

ramp-function generator

Setpoint limiting
speed controller

Additional

Additional "T~ additional setpoint  setpoint speed

itl

Additional setpoint

Torque limits

Additional

il
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Armature
current limits

Actual value

controller

armature current

setpoint before r-f generator  controller limiting speed controller torque setpoint current setpoint
i Wi Wi I speed Il
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Current
i i / { =00 f Current contrglier
Manj ::I» Setpoupt setpoint = An_'nature_
setpoint == processing /| /| / generation gating unit
[G110-G130] Ramp-functiongenerator Ramp-function Setpoint [G151, G152] Torque limiting Current limiting [G162] [G163]
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Actual value
speed controller
Field current
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uu “u a.. Analog input EMF controller Cutrrre'm
b ... Serial interface EMF controller ) .
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d ... Supplementary board generation
[G165] Current limiting [G166] [G166]
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Precontrol Precontrol
EMF
—O=0— = Parameterizable connection actual value k
/disconnection points generation




DCS 800 Blok dijagram - regulacija struje

Armature current control
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DCS 800 Blok dijagram - upravljanje momentom

| Torque reference and torque selection

] =

TorgRef2 Torque selector
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® —TZ@ L Panel, W, DWL and 209 Speed 1
orgRe TorqRefExt 0
H Torque 2
TERwASS Pt 5 e @ PO
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+
(@FD,
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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

Bit1 reserved
Bit2 reserved
Bit3 reserved

Bit10 SyncDisable
Bit11 ResetSyncRdy
Bit12 aux. control
Bit13 aux. control
Bit14 aux. control
Bit15 aux. control

Bit4 LimSpeedRef4 Bit4 DisableBridge1
Bit5 reserved Bit5 DisableBridge2
Bit6 HoldSpeedCtrl Bit6 reserved

Bit7 WindowCtrl Bit7 reserved

Bit8 BalSpeedCtrl Bit8 DriveDirection
Bit9 SyncCommand 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
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E Stop
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Startstop [ 10.16 7 /

Bit3 Run

Bit4 RampOutZero

Bit5 RampHold

Bit6 RampInZero
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Reset| 10.03 = Local =

Bit7 Reset
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Bit10 RemoteCmd
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Max 5
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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 zero current Bit13 reserved Bit13 FaultOrAlarm
Bit14 DC-breaker trip cmd Bit14 reserved Bit14 DriveDirectionNeg
Bit15 DC-breaker trip cmd Bit15 reserved Bit15 AutoReclosing

DCS800_Fw_structure_diagram_rev_e.dsf



DCS 800 Blok dijagram - regulacija brzine
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ACW Bit12... Bit1S - ector = Add =ree}
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BalRampRef
11.06 H Refzsel RampBypass CZ20H rorgMinan
t
[ZE0T -, ccarerot — e kos [ or
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23.02 HFixedSpeed? peedReftx / 2414 HaccCompDerTime KpSWeakp TorqRez (28]
23,03 HFixedSpeed2
otpot 2315 HacccompFitTme KpSWeakpFilTime KpSWeakp.
lA12-A13 : =
la2sar3 : TorgAccCompRef (2.0 TS | ppart, ipart
A H 23.02 HFixedspeedi = TiSinitvalue fhsel
in. i
'g"“‘f‘;‘“ i FixedSpeed2 — KpSTH Kes
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i
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RefiMux Looooaoold
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Invert1102 PR3 MinSpeed|
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B . oie DerivEiltTime ResTivmcpeed e
MCW Bit11..Bit15 KpSTiSMinSpeed
facw Bit12...Bit 15
Speed actual selection N
internal scaling
SpeedScaleAct (2.29) == 20000 inderse
inderScale
" Speed measurement < et MotSpeed ProcSpeed
1.02 —CaD
Pulse encoder 1 <
SpeedActEnc b
M1EncMeasMode SpeedFitTime

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 kruznom strujom




Cetvoro-kvadrantni rad sa kruznom strujom
(saglasno upravljanje)

Koristi se za ostvarivanje brzih reversa
(promene znaka) momenta.

N o, +a, =180°

C,—ISP. | C, —ISP.
C,—INV. | C, — INV.

> M,
C,—INV. | C; = INW.
C,—ISP. |C,—-ISP.




Dijagram trenutnih vrednosti hapona

|U c1 (a1)| = |Ucz (az)| Ue, (1) # U, (t) «<— kruZna struja
Samo za ., =, =90° = U, (t) =u,,(t)
Oy =45 | | 1, = 45°

U ek N | Oy =gy =90°
‘“:W\]\]\\V{\VI\VI\VNA\W y
AN \N\I\N\

a, =135%: ac1 = 135
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Kontrola kruzne struje

s
o—illR
I Reg. struje u, i i i il
-y 6
%’é” — L :Xl,> ) Gl TP dis Cl . ] .
- i =i, —,
7 N W )
Genera torl\ 1 | 1 Lg
refer *
Reg. struje u,, i i i DB
6
IA:Q;» , — 1L jxl> 1™ g a3 C2 @
X & & Ll
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Generator referentnih struja 1,* 1 1,*

| —cirkulaciona (kruzna) struja

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




Vard Leonardova grupa

Harry Ward Leonard
1861-1915.
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Vard Leonardova grupa

(blok dijagram)

karakteristika
magnecenja
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Vard Leonardova grupa
Regulator: Pl + PID

a

Regulator Regulator
brzine w struje i,
T+ ‘% i; + Vc
—> —>
(O—1 Pl 5~ PID
K APl « A+pT)(+pT)
P-T, T op T, (1"' p'Tg)

REG i; (Tn =T, T, =Ta):>\F(ja))\ drugog reda.

REG w: :>|F(ja))|

treCeg reda.



Vard Leonardova grupa
regulator (Pl + Pl + PI)

Regulator Regulator Regulator
brzine w struje i struje I;
2O PL O Pl O PLS
> >
+ 7+ ] +
- 1+pT - 1+p-T 1+ p T
K, P L Ka( P na) K. Py
pTa’ p'Tna p'Tnf

@ i I
REG i (Tnf =T ):>\F(ja))\ drugog reda.
REG i, (Ta=T.)=|F(j®)| drugog reda.

REG w: =|F(jow)| 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
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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
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Struktura regulatora

A
Reg.w i+ komparator
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_I_)O > Z +>© > (.
T e @
o, L,
p U
udc— ----a -----
Trenutne vrednosti
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Upravljanje motorom kod regulacije brzine u
prosirenom opsegu brzina (sa slabljenjem polja)

C()* v __) Reg Reg S L;H
+ 0] ia AKT A : y W 1+ pTa N p-I-m
e
i Wy
e A — oot .
| Vs (if )
eran AL I
nom {')— | Reg. | &1 AKT ¥ | 1 i
' =1 7 R MOTOR
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Merenje elektromotorne sile nije moguce.
|lzraCunava se na osnovu merenja dostupnih veliCina.

Prvi nacin: merenjem struje i napona indukta
+ A
Ua ’@ ’CA} > e
| —— R J

dt i

Drugi naCin: merenjem struje pobude i brzine

if_)k RAINN , 6




Blok dijagram sistema pri brzini
vecoj od nominalne
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