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Proportional element (P-gain) x,(t) =k * x.(t)

Integral element (I-gain)

Differential element (D-gain)

Dead-time element (T;-gain)

xq(t) = [x.(t)dt

dx.(t)

xq(t) = at
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Further Laplace transforms: Papula p.358

Laplace inverse

= The inverse Laplace transformation is the reverse transformation from the image
function to the time function.
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1) The analysis of dynamic systems usually starts with differential equations
which describe the behaviour of a control system.

2) The original differential equations are transformed into image functions, then
integral and differential calculations can be performed as algebraic calculations.

3) When the final result in the image function is found, it can be transformed back
to time domain (original form) using the inverse Laplace transformation.
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Poles and stability
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Conjugated Poles
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Transfer functions
The Laplace-Transformation of a step function with

amplitude %, is: X.(s)="2¢

Thus, the Laplace of the output is: X,(s) = G(s)X.(s) = G(S)i—"
According to the final value theorem of Laplace
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For a transfer function given by: G(s) =
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Static gain:

Proportional behaviour (P-element):

a, # 0 und b, # 0: K =2
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Integral behaviour (I-element):
ao = 0und b, # 0: K, =
Differential behaviour (D-element):
ap = 0und by =0: K;=0

Series functions

The series connection of “n” PT1 elements is called PTn element.
The next figure shows the block diagram for a PT3 element, each block
contains one PT1 element.

Ksi, Ti Ks2, T2 Ks3, T3

Xe(t) Xa(t)
—> —>

Each PT1-element has the same time constant, as result the new system
has T, = iz?;l T; also known as the mean time constant.

G(s) = Kis1E R sz K s B s,
(Tys+1) (Tas+1) (T3s+1) (Tips+1)7




Step response of PTn Systems Mean time constant Im 3. Determine the order of the system:
0-7 T T T T T T T T T

: ' There are two methods to find T, : ‘
-1/l
Tangent at turning point |- o Method of the tangent at turning point 0.6 = holan
o Method of the time-percentage characteristic value
+ No Overshoot Tangent at turning point 05
* Tangent at turning point Reading data from the previous page:
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Block Diagram algebra

Series connection —
>> G=G1l*G2

Parallel connection
>> G=Gl+G2

* Feedback
>> G=Gl/ (1+G1*G2)
>> G=feedback (G1,G2)

1+ GG

= Similar rules as in normal algebra can be used in blocks:

G(s) = Gy(s) * Go(s) * G3(s) T G1(8) ¥ Go(s) [ Gy(s) >

= If G,(s) is unknown and everything else is known, then:

_ G(s)
EO) = 5 6



