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Further introduction in control theory

What is a feedback system?
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Further introduction in control theory

Block scheme representations

X(s) _ 1

H(S):F(s)_Ms2 +ds +k

Laplace domain representation
in block scheme:

F(s) X(s)
— H (S) —>

l

Input signal System Output signal
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Further introduction in control theory

Block scheme representations

Summing joint: X, (s) 4 e(s) e(s) = X,(S) - %,(S)
X,(S)
Signal split: X(s) X(s)
X(s)
mputoutput 10 e [ x9) =HOFO)
Pl Centre for Technial Traig (CT1) Pl Gt o ndstra Technlogy (CF1) U PTG Gertvan Schotorst .

Further introduction in control theory

Block scheme representations

Cascade connection:

F(s) X4(S) X,(S)
— Hi(s) 2| His) —

X5(S) = Hy(8)X4(S) = Hy(s)-Hy(s)-F(s)

PO ) e S e = Hs) i)
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Further introduction in control theory

Block scheme representations

Parallel connection:

> H,(s) X4(S)
F(s) F(s) + x(s)
9 —>
S X2(S) | = x(s) = X,(S)-%x(S)
Fo| M = [Hy(9)-Hy(9)] F(S)
F
(S_,) H(s) ﬁ) H(s) = Hy(s)-H,(s)

Philips Centre for Technical Training (CTT) / Philips Centre for Industrial Technology (CFT) / HvU PTGroep — Gert van Schothorst

Further introduction in control theory

Block scheme representations

Feedback connection:

Xs+ e X

—>T_—> C(s) H(s)

x(s) = C(s)-H(s)-e(s)
= C(8)H(s)[xs(s)-x(s)]
= C(5)H(5) %,(s) - C(s)-H(S)X(s)
\_/Y
x(s) _ _C(s)H(s)
[L+C(S)HEIX(S) = C(S) HS)X(S) ()™ 1+C(s)-H(S)

Philips Centre for Technical Training (CTT) / Philips Centre for Industrial Technology (CFT) / HvU PTGroep — Gert van Schothorst

Y

Y




Further introduction in control theory

Block scheme representations

Feedback connection:

X—S;LT% ) ] He H
X x X(s) __C(s)H(s)

H(s) — HL5)=

x(5) " T+C(S)H(s)
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Further introduction in control theory

Why feedback?

Open loop:

X X

— H(s) —— X# X
Feedforward:

Xs . X
—  C(s) > H(s) ——>

x=x, if: C(s)=H?s)
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Further introduction in control theory

Why feedback?
Open loop with disturbances:
d, d,
X X
= n i H(s) —>+i+—> X# X

Feedforward with disturbances:

d, d,
LN sy G S5 v G .

X#Xs if: C(s) = H(s)
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Further introduction in control theory

Why feedback?

Feedback with disturbances:

d; d,
X—>T—>S+? C(s) —>i—>+ * sl H(s) —>L+ L
C(s)-H(s)

- _X(s) _
Recall: Hc(s)= x,(s) ~ 1+C(s)-H(s)

So: x=x, If: C(s)-H(s)>>1

S
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Further introduction in control theory

Why feedback?

The aim of feedback is...

Disturbance
Suppression
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Further introduction in control theory

Four important transfer functions

I:d
X—S;?% C(s) ?i+—> H(s) FT—>
Open Loop: H, (S)=é =C(s)H(s)
Closed Loop: H, (S):Z(S):ﬁg()sl_)llss(?s)

Sensitivity: S(s) =% (S)zm

Process Sensitivity: H"S(S):é(s):ﬁc?s(;—)l(s)
d

Philips Centre for Technical Training (CTT) / Philips Centre for Industrial Technology (CFT) / HvU PTGroep — Gert van Schothorst 14




Further introduction in control theory

Further block scheme manipulation

X,(S) /\

Shift over summing joint:

> Hy(s)
F(s) F(s) + X(s)
— —>{ Hy(s) [——
> X(S) | -
F(SS Z(S)

N

X = Hy[X;-X,] = Hy'[Hy-H,]-F = [Hy-H;- HyH,|-F
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Further introduction in control theory

Further block scheme manipulation

Shift over summing joint:

N X1(S)
> Hi(s) Hy(s)
Fs) | FO) +X(9)
— 9 —
X,(S) -
2| He) T He®)

X = Hy[X;-X,] = Hy:[Hy-H,]-F = [Hy-H;- HyH,|-F
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Further introduction in control theory

Further block scheme manipulation

Partial shift over summing joint:

> Hy(s) &b

F(s) F(S’) + X(s)
—9 —

Xy(S) | -

F(S\S HZ(S)

X = [X-X,] = [Hy-H,]-F
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Further introduction in control theory

Further block scheme manipulation

Partial shift over summing joint:

—

F(s) F(s) + X(s)
—e —> Hy(s) [—>

X(S) | -
F(S\S HZ(S) -
\/Inverse!!

X = [X;=Xo] = [Hy-H,]-F = Hy-[1-Hy/H,]-F
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Further introduction in control theory

Further block scheme manipulation

Partial shift over summing joint:

F(s) * X(s)
— — H(s) [

H,(s) -
H,(s)

Y

X = [X-X,] = [Hy-H,]-F = H - [1-H,/H,]-F
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Further introduction in control theory
Exercise: block scheme manipulation
Fd
Xg t € + X
- H =
=1 C(9) _’i_’& . :
G, |«
1. Hy(s)=......
2. Hy(s) =%(s)=
C XS ------
e
3. S(s) 273(8)2 ......
4. Hy(s)=f ()= ......
d
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Further introduction in control theory

Exercise: block scheme manipulation

XS H
—{ 16, So0—=> G,C(s) —)iJr—) H, :

Y

2. H(s) =%S(s)= ......
3. S(s) =x.(8)=......

4. HpS(S)Zfd(S)Z ......
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Further introduction in control theory

Summary

* Block schemes:

— Summing joint / signal split

— Series / Parallel / Feedback connection
» Feedback: disturbance suppression
» Block scheme manipulation:

— Shifting blocks

— Computation of transfer functions
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