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Block Schemes for Linear Time-Invariant Systems

Motivations:

Block schemes are useful because they allow:

* representing — in a natural way — complex interconnected
dynamic systems in terms of sub-systems interacting with each
other.

e emphasising — in a graphical way — the interactions among the
sub-systems

 determining — in an easy and systematic way — the overall
(possibly complex) transfer function on the basis of the simpler

transfer functions of the sub-systems
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Basic Components of Block Schemes

e Block

u(t) y(?)
1 G(s) » Y(s) =G(s)U(s)

 Algebraic Summation

u(t) —Q— y(t Y (s) = U(s) + V(s)
_|_

v(t)

* Interconnection Points

u(t) [ » u(t)
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Example: Level Control of a Multi-Tank Hydraulic System @gmggg@muswm
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Example: Level Control of a Multi-Tank Hydraulic System (contd,) (i) UNIVERSITA DEGLI STUD!

g N Consider an ideal electrically controlled valve
| O—— U1 such that:
I
—— 0 (t) = oo (1)
e /' v 41
L vi(t) q1(t)
> 8% > Ql(S) — OéVl(S)
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Example: Level Control of a Multi-Tank Hydraulic System (contd,) il UNIVERSITA DEGLI STUDI
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____ 1 By the usual assumptions, the upper
tank is modelled as:

| R ———

[ Arhy = q — khy
\
q2 = khy L @2 = khy
b G ( C(sI —A) 'B+D=Fk(A1s+ k)= i
1 A18—|— k
q1(t) q2(t)
> (;1(5) >
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Example: Level Control of a Multi-Tank Hydraulic System (conta) (i) UNVERsITA DEGLISTUDI
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By the usual assumptions, the lower
tank is modelled as:

Azhz = (g2 — W

Y

q “equivalent” input

J/

‘_______‘

GQ(S)Q(S)
2 ] ha
ga(1) +;Q q(t) » Cals) (f)
w(t)
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Example: Level Control of a Multi-Tank Hydraulic System (contd, (M) SN vERSITA DEGLISTUD!

I:’““E‘\ Vo Consider an ideal electrically controlled
: ! pump such that:

| — P v

o ) w(t) = yv2(t)
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Example: Level Control of a Multi-Tank Hydraulic System (contd,

{ — N Consider a proportional controller:
| |
V1 « ! » ! ho 5
anin N 01 (t) = p [hS(t) — ha ()]
‘\ ______ A /’ — o _J
e(t
1 he ()
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Example: Level Control of a Multi-Tank Hydraulic System (contd,

Hence, the original logical/functional scheme can be represented by

the block scheme: 02@)1
~
he (t) vi(t) (1) qz(t)vl—v(t) hia (1)
2(1) +_07A Y, M LN PV AN G1<5)__'|_O | G2 (s)
ho(t)

The availability of the block scheme makes it easy to compute all
kinds of transfer functions and input/output trajectories such as:

« T.F. from the input h5(t) to the output ho(t)
e T.F. from the input v2(t) to the output ho(t)
« T.F. from the input v2(¢) to the output e(?)
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Block Schemes - Series Interconnections
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Block Schemes - Parallel Interconnections

/ U1 (t\
> Gl (S) ﬁ

1 Gals) J
G(s)

b Y(s) =Yi(s)+ Ya(s)/= G1(s)U(s) + Ga(s)U(s)

:[[Gl(s) + G2(5)]]U(3)

Of course, if, for example, y(t) = y1(t) — y2(t) then G(s) = G1(s) — Ga(s) and
analogous results can be obtained in other similar cases

- y(1)

S
=
!
>O4

_|_
_|_
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Block Schemes - Feedback Interconnections (@) UNIVERSITA DEGLISTUD!

s

 Negative feedback case

u(t) ——Q——| Gi(s) —— y(t)
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Block Schemes - Feedback Interconnections

 Positive feedback case

. )
u(t) —iQﬂ G1(s) y
_I_
y2(?) G (s)

Y(s) = Gl(s)E(s) = G1(s) [U(s

Ly 1-Gi(s

b v ={1
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Example: Level Control of a Multi-Tank Hydraulic System (contd,

Ug(t)l
v
- q (t)w(t)
hs (1) +©6t)’ 1 Ul(t)= o Q1(t)=G1(3)i_'|_O " Gao(s)
ha(t)

« The T.F. Fi(s) from the input h5(t) to the output ho(t) can be
computed by setting the other inputs to zero (in this case v2 = 0 ):

_ Hy(s) _ paGi(s)Ga(s)
H3(s) 1+ paGi(s)Ga(s)
e The T.F. Fy(s) from the input v2(t) to the output ho(t) can be

Fl(S)

computed by setting the other inputs to zero (in this case h; =0 ):

FQ(S) _ HQ(S) _7G2(8)
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Example: Level Control of a Multi-Tank Hydraulic System (contd,) (W) Sh\rvERSITA DEGLISTUDI

LmREY

Due to linearity, the interconnected system:

Ug(t)l
y
RO (1) v1(t) (2) %(@vzﬁ(t) ho(t)
2 (1) +:Oe | ! Qv n 1 G1(s) _:|-O | G2(5)
ha(t)
IS equivalent to:
h3(t) —{ F1(s) [ N
O— ha(t)
| +
va (1) Fa(s)—
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Example: Level Control of a Multi-Tank Hydraulic System (contd,

B
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Substituting the expressions of G1(s), Ga(s):

Gi(9) = o Gals) =
we obtain: ok
Fu(s) — naGi(s)Ga(s) _ sAx(Ais+ k) apk
1 + paGi(s)Ga(s) | afik (sAs(Ars + k) + auk]
sAx(Ars + k)
__T
Fa(s) = —7Ga(s) _ sAg _ v(A1s + k)
1 + paGi(s)Ga(s) . afik (sAs(Ays + k) + auk |
sAx(Ars + k)

The fact that the denominators of Fi(s), F»(s) are the same is general and
always holds except (possibly) in the presence of common factors
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/‘ M (s) \
Rl(S) -+ RQ(S) | fg)(s)
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Another Example (conta,)

Hence, the T.F. from the inputs «(t),w(t) and the output y(¢) are:

v M)+ Rl fg;)
) =g = — ()
L [Ra(s) + Ra(o)] - gors M
Y (s) H(s)
FQ(S) — — S
W (s) 1 —[R1(s) + Ra(s)] 1 f(st) M (s)
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A Systematic Block-Scheme Reduction Procedure ¢} UNIVERSITA DEGLI STUDI
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« There are cases where it is not immediate (or it is not possible) to
use the series, parallel, and feedback equivalent transfer functions
to reduce an interconnected scheme into an equivalent simpler one

+ A systematic procedure can be used in these cases

For example:

_I_
_'Qi’ ® > ® >
- No evidence of series, parallel
&= Or feedback interconnections can
be singled out in this
+ 1 interconnected system
)  ——

C
_|_Ak
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Example of Systematic Block-Scheme Reduction Procedure

u(t) iﬁ» G1(s) Z'('t) | Ga(s) * y(t)

h(t) +] w(t)
O Gs(s)
_|_
(E=U-H E=U-Z-W=U-G,E—G3Y
Z = G\E
H=2+W E=—1 (U—Gy
\ W = GsY b 14+ Gy ( s )
G1G
Y = —G3Y
b 1+ Gy (U= GY)
b v O U

T 14+ G1(s) + G1(5)Ga(5)G3(s)
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