
Class 28

Block Diagram Algebra



Review
• Prob 11.11

– Valve model:  Step response y(t) = KM (1-exp(-t/tau))

• t = 1 tau = 0.63

• t = 2 tau = 0.86

• t = 3 tau = 0.95

• t = 4 tau = 0.98

• t = 5 tau = 0.9933

• All variables on the block diagram are in

– Deviation variables

– Laplace coordinates

• PDC textbook always puts the comparator in mA

– Not the case with digital systems



Offset
• Offset = Ysp – Y as t → ∞

• Using final value theorem:

• For step change M, Laplace if (M/s)

• Assume first order process
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• If not first order



Example Problem #11.5

11.5: A control system has the following transfer functions:

Gc = 1

Gv = 2

Gp = 2/(s(s+1))

Gd = 2/(s(s+1))

Gm = 1



Solution a)



Solution b)



Solutions c and d)



Solution e)



Solution f)

( ) 5/5/41

15/1

5/4
1lim

)(

15/1

5/4
1)(lim

)))()(((lim

15/1

5/4

)(

)(

0

0

0

MMoffset

s
Moffset

s

M
sYsubstitute

s
ssYoffset

sYsYsoffset

ssY

sY
G

s

sp

sp
s

sp
s

sp

CL

=−=


















+
−=

=


















+
−=

−=

+
==

>−

>−

>−



Example Problem #2

11.5: A control system has the following transfer functions:

Gc = 1

Gv = 2

Gp = 2/(s+1)

Gm = 1

Compute the steady-state offset (ysp-y)



Example Problem #3
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Inner Loop
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Outer Loop
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Substitute & Rearrange
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