
a) 1st order : ⊖ = ⑦◦ + 7¥ = ~¥ = 1¥ = 0,9

TET,
+ ¥ = 5+0,9=5,9

I
6in ( s) =

§, as + , ,

"

2nd order :(Already 2nd order)
I

61,2 (5) =

(5s + 1)(1,85+1)

b) 1st order : ⊖ = ⊖
. -1%2+13=1%+0,8--1,7

TI = T
, -72-2--5+0,9=5,9

62,1 (s) = g.gl
, , ,
e-
""

2nd order : keep largest factor, ⊖ -

- ⊖. + ~¥ = 0*2=0,4
TI = 72++3-2=1,8+0,4--2,2

I

62,2 (s) = (5s+ 1)(2,2s + 1) e-
°'"



C) 1st order : ⑦ = ⑦ -1¥ + Is + T, = 0+09+0,8+015=2,2

(-0,55-11) ≈ e-
0,5's

41=7
, -1%2=5+0,9--5,9

I
63.1 ( s) = g.gg , ,

e-
212s

2nd order : keep 5¥ ,
⊖

◦
+¥ = 0,5-1%1=0,9

TI = Tz + ¥ = 1,8 -10¥ = 2,2

I
63,2 ( s) =

(5s + 1)(2,2s + 1)
'

""

d) 1st order : ⊖ = ⑦◦ + ¥ + 2.≈, = 0,5+0,9+2.018=3

TI = T , -1%-2--5+0,9=5,9

Gu
, , (5) = g.gs/

+ ,
e-
3s

2nd order : D- = ⑦◦ + ¥2 + T} = 0,5+0,4+0,8=117

TI = Tz -1+3-2 = 1,8+0,4--2,2

I
64,2 ( s ) -15s + 1)(2,25+1)

É
""



T

e) If § is approximated by Tst ,
1-→•

, then T is the highest time constant

⇒ & is
"

kept" instead of the other terms

1st order : ⊖ = ⑦◦ + % + ⇐ 0+1,5+1--2,5

T±=T -1%2
,

if 1- →oo To = 1- = so

65,1 G) = } e-
2.5s

2nd order : F- 0-0-1%2=1-2--0,5
~↳=T , -1%-2=3+1-2--3,5

I
e-
015s

65,2 (5) =
s (3,55+1)

Gi

1st order

\
- 2nd order

,
and exact



63

1st

2nd%

-
exact



1-direct pathTransfer function for closed loop : Ii
I-itentieb.io

Inserting parameters into gls) and cts )

gls)= 0,5%+1

Cls)= 8¥, (0,55+1)=1510,55+1 )

4
C.9=0,5*1 § .com#-- %

1. Tdir ' C'9 ⇒ 1- (g) = Cg =

% ≤

I -1cg
I -141s

•

¥
Tloop -

- Cg
Tls )= 0,2%+1

2. Tdir=g 4
s4

.

4

Tloop=cg } ⇒ M (5) = 015s -11
=

I + 41s 1%+1/(0155-11)Is
M(5) = (0,55+1)/0,255+1)

3. Tdir -_ 1

Trooping } Sls)=
, !% . ¥

,

Sls)=
0,25s

0,25s -11



Setting series -_ Ideal :

tÉs(T±T☐5+lT±+T☐)s .it/--Ki(~4='~4is2+TIs-1 )T±'s

KiKekc~lps-ilkc.tk"" )+≈±g = Kitts's + Kite
,'sII

This means that : Kiki - Key
,
⇒ To'=¥iT☐

Kc '=K, +
Keto

TI

Ki
=

Ke
⇒ ≈;=T± . 1¥

,Ii TI

Immediately : Kc'=Kc( I -1T¥ )

Inserting into :TÉ=T±tT☐

14
Inserting into : T.io's# 1,2¥)

• XD =

%

1M¥
,

=

XD

THE 1



a) ⊖ = ⊖
,
+¥ = 3+4-2=5

TI = 71 + ¥ = 10+4-2=12

4e-
5s

g. (5) ≈ 125+1

b) Using tight control, Tc
T1 I 12

Kc = £ '

nee , ⊖
=

-4
•

2. g-
= 0,3

TI = min (12,415+51)=12

⇒ 14--0,3 , TI = 12

c) Using the
"

exact " transfer function , with Tio :

Kit > 2%3=15-2

TI = min (10,4-(2-3))=10

To = 4

⇒ 14=15-2
, II -- 10,75-4

d) Using the equations from a ) :
Ki -- kill + ¥

. )= :( 1+81=7-2
TI = If + To = 10+4=14
I XD 4

TD =
Tyre
,

I
=

% + 1
=¥

⇒ Kc! 172
,
TÉ = 14

,
T
,
! 2¥


