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Any, more or less complex systems (objects) can be presented as a
connection of some appropriate basic dynamic elements

Input Output
» System .

1. Proportional (noninertial):

a) Differential equation: d) Frequency response:

y(t) = k *u(t) P(w) = k Q(w) =0

b) Transfer function:
Lm(w)=20logk Q(w)=0

G(s) = k
e) Example: R2
c) Step response: R1 |t§
Input —
] Opt
H(s) = k/s h(t) = k1(1 BB, "
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2. Inertial (1st order): c) Step response:
a) Differential equation: H(s) = 1 & h(t) = k(l - e_;tj
s Ts+1

T ¥(t)+ y(t) = k- u(?)

b) Transfer function:

d) Frequency response:

™

k koT
P(w) = O(w)=-
22
G(s) = o) __k e et
U(s) TIs+1
a) ) c)
Qo) @
N N
h{t) 201og(K)
o K2 k ] N
F T ppanalt P |
hit)=k(1-e*") AR - ] : »
. 1 w=1/1 \ 1g({w)
0 (0;1/'1‘ L)
i t [s] 3
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2. Inertial:

e) Example:

£ dy(t)

o - RC—— + y(t) = u(t)
‘ dt
u(yT C T V(?)

G(S)_Uz(s): Y(S) . 1

"~ U/s) U(s) RCs+1




4 h

BASIC DYNAMIC ELEMENTS

3. Oscilator (2nd order): , c) Step response:
d
. . - 1 7 (e
a) Differential equation: h(e) = k| 1- e sin 1Td (+0
T -W+2d-T -B+y=k-u 1-d "
P 2
b) Transfer function: 0 = arctg V1-d T =T*27—undumped period
d
Y(s) k
G(s)= ~ 22 d)F nse:
U(s) T?s>+2d-Ts+1 ) Frequency response:
a) b) Q(w) €) L.(w0) [AB]  ¢e0.4
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3. Oscilator (2nd order):
e) Example1: damped harmonic oscillator

y(t)
‘ d*y - Ay i
m— — ‘L' o—
l. spring ceofficient dz d.f

e B 1
mass ! %
damping ceofficient )
ms* +bs+k E52+és+1
k k

u(t) external force
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3. Oscilator (2nd order):

+ w(f) - L

e) Example 2: RLC circuit
+ R +vi(l) - +
u(f) C T ¥
- i’('t) =

| u()=i(t)R+L d;f;) + y(¢)

. dy(t) 1
y=(C—= -
L l( ) dt G(s) LCs* + RCs +1
2
1c YD L g0
dt dt

+ (1) = u(t)

NS
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4. |ntegrat0r (ideal integrator): C) Step response:
a) Differential equation: H(s)= 11 h(t)= it
1 e sTs I
ﬂaszmmh

b) Transfer function:

_Y(s) 1
UGs) Ts Lo(w)=-20l0gwTi  @(w)=-T1/2

d) Frequency response:

P(@)=0 O(@)=-—

G(s)

e) Example: (water flow g to the tank with water level area C» ):

-«— Flow

o) =— [ o
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5. Real integrator (with inertia): c) Step response:
a) Differential equation: H(s)= 1 1 h(t) = it _ iT(l _ e_;tj
dy(t) 1 ¢ s T.s(Ts+1) T T
T +9(t) = — j u(t)dt
dt 1.7 d) Frequency response:
b) Transfer function:
P@) = Q@)=
Gis)= Y& _ 1 na+o’T)  C T Ta(+ o)
U(s) Ts(Ts+1)
2) b) O:(LD) ) L.(w) [dB]
RN
h{t)=kT-kT(1-e"") o T :Mm ;@) 0 ol g
| : Ige)
0 fALln > ;g
: _ ) | Tote

—135°1
K —1807
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e) Example: DC motor
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5. Real integrator (with inertia):

Cu(@) =i R+co(t) M, =ki)

<M(t) M, Jdac;ft) w()_dagt)

JR da’(1) doc(t)_u(t) ,_JR 1

Kk df | dt " ke ¢

do’(t) da(t) do(r) o
=+ —=ku) = T,— +oc(t)—k£ u(t)dt
B k

\_ Gls) = s(T s +1) )
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6. Differentiator (ideal): c) Step response:
a) Differential equation: H(s)=T ht)=T 5(;)
N0 ‘ d
4 ¢ d) Frequency response:
b) Transfer function:
P(w)=0 O(w) =T,
Y d
G(s)= () =T1,s
U(s)

A
a(1)
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6. Differentiator (ideal)

e) Example: Ideal capasitor

Ly

u@  cx

G(s)=28) _sc
dt U(s)
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/. Real differentiator (with inertia): c) Step response:

: : . T
a) Differential equation: G(s) = —4 h(t) = Qe_%z
dy(t) du(t) Ts+1 T
r +y() =1,
dt dt d) Frequency response:

b) Transfer function:

T,s
Ts+1

G(s)=

ki2T

>
h{)=k/T e‘" Ig{m)

»
Ig(m)




e
BASIC DYNAMIC ELEMENTS

/. Real differentiator (with inertia):

e

S\

0

RCPD L iy = R

NS

u(t) = %ji(r)dt +Ri(f)

) Example: RC circuit
o

O

u(?)

O-

()
I
|
R

2

V(1)

y(t) = Ri(?)

1C jy(t)dr () = u(t)

du(t)
dt dt

G(s)=

O

RCs
RCs +1
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8. Delay
a) Differential equation:
y(t)=k-u(t-T,)
b) Transfer function:

G(s) = 5 ((‘; )) = ke ™"

A\

-]
—_-
“,

b)

c) Step response:

1

H(s)=—ke™"
s

h(t)=kl(t—T,)
d) Frequency response:

P(w) =k cos(wT})

Q(w) L..(c) [dB]
A A

0(w) = —ksin(aT,)

™
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8. Delay

e) Example: conveyor (transporter)

Unloading Loading










