2. Scheme bloc structurale
2.1. Preliminarii
Modelul matematic:

Analiza — Se imparte sistemul in elemente simple;
urmeaza studiul lor separat,
descrierea matematica Si
evidentierea cauzelor si efectelor.

Se asociaza fiecarui element o schema bloc
partiala.

Sinteza - Cf. conexiunilor intre elem. sist., se nlantuie

schemele bloc partiale si se obtine
schema bloc structurald a sistemului.
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Exemplul 2.1.

Motor electric de cc

Fenomene: electrice,
electromagnetice,
electromecanice.

Analiza _

A |
(a) Circuitul rotoric: u=Ri+ L&+e
(b) Circuitul rotoric (tcem): €= kw

Fig. 11.10

(c) Rotorul (misc. rotatie): J—=m,—nM —m
(d) Rotorul (cuplul elmag.): My, = k2i
(e) Rotorul (cuplul de frec.): Mg =Kaw , ki, ks, ks— constante

* Se expliciteaza relatia de cauzalitate.

* Se aplica transformarea Laplace.
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ECUATII CAUZA® EFECT INTRARE - IESIRE

u=R +19 ¢ u—ewi (9= le+ UCR=CIC
S—— we e E(s) = k,Q(s) (b)

rr]rn_
J‘(‘jfzn%_m n {mf —} »w QO =Jls MM, 9-M©]©
m

My =k > m, Min(9) = ko1 (5)()
m =k W = Ty M ¢ (s) = ksQ(s)(e).
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INTRARE » IESIRE SCHEME BLOC PARTIALE
1 u(s TG
9= JUs-Esl@ a?* O
E (9
W(s) E (9
B9 =k (), e
M (s)
1 M, () + W(s)
Q9= MM @-MGJo = [
M ()
() Mm (9)
Min() =ko! (8)(@). - k[~
W(s) Mt (9
M (9 =S -~k

M. Voicu, IA (Il) C3 (34) 4




1
19 :LTH:Z[U@_E@]@ H9=k(X9 (O 9= Jls [M(9-M; (9-M©)]©
Min(S) = k2! (5)(d) M (8) = ks(X(s)(®)-

U T i EO WE My (9 1 |we
u? Ls+R - ko B [
=€) Fig. I1.11

I(s) Mpm (9 M (s) W(s)
— ok = - L |—
Sinteza
U (9 1 (9
+ Ls+ R Ky
E(s)
I(l
Fig. 11.12
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Actionari electrice cu turatie reglabila: um=w, mm w

U I I W9
) Ls+ R o
E () <
I(l
u, w

t t
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2.2. Conexiuni elementare

1° Conexiunea «serie»

U(s) Xy(S) XA(S) Xna(9) Y(s)
— GuS) [ o9 [ —> G [
Xi(® =G (9X 49, izﬁ, (2.1)
Xo(9=U(9, X(9=Y(9. (2.2)

Y(9=GEU(. G=[],G(©. (23)

Functia de transfer echivalenta = produsul functiilor de transfer.
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2° Conexiunea «paralel»

—[co
U—(S)>—> G,(9) el iy
i X (S
—> Gy(9)
X{(®=G(U@©, i=1n, (2.4)
Y(9) =2, X (9 (2.5)

Y(9=G(9U(9), G9=D.,G(9 (26)

Functia de transfer echivalenta = suma functiilor de transfer.
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3° Conexiunea «cu reactie»

Y(s)
|

Gy(s)

O —

— reactie negativa
+ reactie pozitiva
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CALEA DIRECTA Xw)f X,(s)  (2.7)

U X9 o MCH Y(s) =G1(9) X1(s) ’ (2.8)
* X2(8) =G (9)Y(9). (2.9)
DESCHISA IN Y(9)=G,(9[U(9 FG,(9Y(9)],
GAs) | [1£G1(9G2(9V(5) = Gy (YU (9), (2.11)

CALEA DE REACTIE . -
+ pentru reactie negativa,

— pentru reactie pozitiva.
G(9
Y(S)=GU(S) &&= ~75 (2.10
11 G969  ¥19
Functia de transfer echivalenta = raportul dintre functia

de transfer a caii directe si 1 + functia de transfer a buclei

deschise in punctul 2.
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2.3. Transfigurarea schemelor bloc structurale
* Analiza si sinteza sistemelor dinamice reclama
determinarea relatiilor dintre doua sau mai
multe marimi ale schemei bloc structurale.
* Prin operatii de transfigurare se obtin
rezultatele cautate.
* Ele se executa conform unor

identitati de transfigurare.
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Fig. Il. 17. Identitati de transfigurare

4° Deplasarea unui sumator de la intrarea la iesirea unui bloc

a (schema initiala) b (schema finala)

9 L ——1Y3) Ui Ye©
—»

A:Q» G(s) —> G(s) -:Q—D
A Uy(9) Ao

(2.12) (2.13)

Y(8) = G(9[Uy(8) £ Uy(5)]  Y(8) = G(g)U,(8) = G(s)Uy(s)

M. Voicu, 1A (Il) C3(34) 12




Fig. Il. 17. Identitati de transfigurare (continuare)

5° Deplasarea unui sumator de la iesirea la intrarea unui bloc

a (schema initiald) b (schema finala)
e D e

Uy(9) Y(s)
> G(9 ﬂ?—» t G >
=£TUy(9 * Us(s)

G (s [¢—

(2.14) (2.15)
Y(S) =G(9)Uy(9) £ Uy(s)  Y(5) = G(5)[U4(S) £ GH9U,(9)]
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Fig. . 17. Identita{i de transfigurare (continuare)

6° Deplasarea unui punct de ramificare de la intrare la iesire

a (schema initiald) b (schema finald)

U h(
s R, B

| U(s) | 519 U

(2.16) (2.17)
Y(s) = G(s)U(s), Y(s) = G(s)U(s),
U(s) = U(s) U(s) = GY(9)G(s)U(s)
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Fig. Il. 17. Identitati de transfigurare (continuare)

7° Deplasarea unui punct de ramificare de la iesire la intrare

a (schema initiald) b (schema finald)
U (s)fG(s)\w(s)> U@ -~ AS
<Y © i(i) G(9)
(2.18) (2.19)
Y(s) = G(s)U(s), Y(s) = G(s)U(s),
Y(s) = Y(9) Y(s) = G(s)U(s)
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Fig. Il. 17. Identitati de transfigurare (continuare)

8° Comutativitatea sumatoarelor

a (schema initiald) b (schema finald)
Uy(9 Uy(9) Us(9 Us(9)
2 2
+ +
Us(9) Y9 Uy Y(9)

(2.20) (2.21)

Y(8) = [Uy(8) £ Uy(5)] £ Us(s)  Y(8) = [Uy(S) £ Uy(S)] £ Uy(s)
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Fig. Il. 17. Identitati de transfigurare (continuare)

9° Deplasarea sumatorului din interiorul conexiunii <<cu reactie>> la iesire

a (schema initiala)

X (S o UZ(S) X1(S) = Ul(s) ¥ Xz(s)
Uy (9 <! + X Y05 —
ﬂ% & X5(9) = Go(9Y(s).
Xy L2 Y(9) = G9X 49 £U o9

Y(9) = G(9[U (9 T GY(9] £U 5(9)

[1+ G GAI]Y(9) = GYU (9 U 9)

Y8-mosa S traaag s
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9° Deplasarea sumatorului (continuare)

. U,(9)
Uy(9) + A Y(9)
+ Gy(9)
+
a (schema initiala) G,(9)

_ Gl 1
Y9 126080 “IEages

Uy(s) 1

1+ Gy(9G,(9) ‘
+
U,(s) + X Y(9)
-
+
b (schema final3) -

Gy(s) &
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Fig. Il. 17. Identita{i de transfigurare (continuare)

10° Deplasarea sumatorului de la iesire Tn interiorul conexiunii <<cu reactie>>

a (schema initiald) b (schema finald)
U
2(2) U0 I G,(9G,9
U,(9) + Y(s) +
= G,(9 U,(9) + A Y(S)
* n Gy(9)
G,(9) +

G,(9)

YO~ Tra g Uio U,

YO -rra s U e haE it COCHIVAS.
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Exemplul 2.2. Motor electric de cc (continuare)

«serie» M(s)

ol L[y A
2 Ls+ R 2 Js -

E(9 k3 a—]

k, =
K, 1, __k
Ls+R Ls+R 2 Ls+R
U(s) W(s)
E(s) .|
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10



Exemplul 2.2. Motor electric de cc

U(s)
E(9)
U(s)
E(9)
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Exemplul 2.2. Motor electric de cc (continuare)
M cu reactie»
W(s)
1
Js _ %
1 Js+Kkj
1+ Jsk3
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Exemplul 2.3.
Motor electric de cc

W(s)

-

Fig. 11.16
M@©| Ls+tR
U(s) K, W(s)
— >
(Ls+R)(Istky)
Ky |
M. Voicu, IA (1) C3(34) 23
'\ﬁsa Ls+R Fig. 11.19
k2
u(s) e Ay K W(s) Exemplul 2.3.

-2 Motor electric de cc
+ 5 (Ls+R)(JIstkg) (continuare)
k1 1

Q(s) = Gy (S)U () = Gom ()M (9),

Kz
(Ls+ R)(Is+k3) k,
Go(s) = %z = 2
o 1K2 LJs® + (RJ + Lk3)s+ Rk3 + kik,
(Ls+ R)(Js+k3)
ko
Ls+R (Ls+R)(Js+kg) Ls+R -
GOm(S) = k k k = .
2 1. ako LIS + (RJ + Lkg) s+ Rkg + ki
(Ls+ R)(Js+kg)
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Pasi de transfigurare:

- a) Se echivaleaza conexiunile «serie».

- b) Se echivaleaza conexiunile «paralel».

- ¢) Se echivaleaza conexiunile «cu reactie».

- d) Se deplaseaza punctele de ramificare si/sau
sumatoarele conform identitatilor 4°— 8 °.

- e) Se repeta operatiile de la pasii a — d pana se obtine

rezultatul dorit.
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2.4. O schema bloc operationala asociata
unei functii de transfer

Y9 - h“Serb””Sm;lJr"'Jrh’U(s),
as' +a,,S  +.+g

(1.10)

G(s)
Observatia 1.2 (v. 1.4)

Numaratorul modeleaza operatii de amplificare si derivare;
are efect de anticipare.

Numitorul modeleaza operatii bazate pe integrare;
are efect de intarziere.
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O schema bazata numai pe integratoare

Exemplu
G(s)
3 2
Y =b35+bZS +bis+by : i cel putinun b, =0.

Se elimina numitorul  as®+a,s*+as+a,.

(as>+as*+as+a)Y(9 = (bs> +bs? +bs+b)UE, x—L

(1+ 221,41, ﬂijY(S) = ($+ b1, b1, ELJU(S)-

az;S azs? ass’ a; azS ags? azsd
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Y6 -2 + 22U - 2w +

a8

b1 Bty Pl a1
+a382U(s) a3szv(9+a233U© = =Y(9.

S
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Y9 - 2u +1{2ue -2 )+

a3

+é(%U($—%Y($)+é(%U(3 —Z—g@)

Y9 - 2Ug +4 20 - 2V )+
b
+3{Bug-2ve + Y Bug -2vg))
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1)1 A vig . 10
Y 2 - 2vs + 4 2ug - v
Y9 - 2U9 + 1 2u9-22vg +
4 2ue-2ve+1{Bug -2 )
M. Voicu, 1A (Il) C3(34) %0
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Y-+ U2+ Rug - v L 2us-2vs ).

ue 4 v v v
by b, b, by
as as az az
§ Ry 1] 1 aéf(f)

S S S
v

89 a a
az ag as

vt v v f «
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Cazul general

bs" +brklsm1+ +by | b, %0.
Y= asta ST+, +aOU($ a,=0 sicelputinun

(as"+a, S +...+ag) Y9 =(bs"+b,, ST AU X 1

as"

\CE HU@+ g-%U(s ESACE

2 g -2 v+ 2 iug -2 dves.
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by v 2(Bn 3y
Y(s)_aHU(s)+S(anU(s)—a:v(gj+...+
+-LBug-2vg+ (bOU(s) 2vg)
Y(Q:%:U(3+—§(%1U(s)—%lY(s)+...+

A Bug-2ve+ Y Bug-2vs)...
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Y9-Dug L Boug-avg.+ 4 Bug-2vg+ Y 2ug- v (sj ]

ue | I v
by b by, b,
an an an an
+¢ 1 + ) 1 + y 1 + +i Y(S)
= = —> - --- = —>
S S S
A 4
) a dnq
an an n
Yot MoK Yo 1 .
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