
a) The characteristic equation is :

I + loop = 0

I + c. ¥,p = 0

I + Ke ' 4¥13 = 0

(Stl )
>

+ Kc = 0

53+35+3 s + I + Kc = 0

5+35 + 3s + (1-114)=0

Test 1 : Coefficients , all coefficient must have the same sign
⇒ As 1,313>0

, then I + Kc > 0

Kc > -1

Test 2 : set up Routh
array

:



We have n =3 ⇒ 4 rows
,
with a }

--1
,
az=a, =3 , ao = Ke -11

b. =
Aza' -939

= 9-1%-1-1=8-34-1Az

I 3
b
,

=

a" ° -9.0=0
3 Kc -11 as

8-34-1 O C ,
=

bi • ao - A2 'b2
=bijao-sa.be

Kc -11

If all values in the left column are positive , then the system is
stable ⇒ 14+1>0 ⇒ Kc > - I

8-1¥ > 0 ⇒ Kc< 8

⇒ - I < Kc < 8

a) The characteristic polynomial is :

I + loop = 0

/ + K
,

/ +TIS

TIS
' ¥13 =D

T.IS (Stl)
"

-1*4=5+14--0

TIS
"
-137-+53+3-4=52-1%-5 + Kites -1 Kc

TIS
" -13%53-13%-5 + (T±+KcT±)s + Kc
¥ 7 has hair has



Test 1 : all coefficients > 0

⇒ % > 0

3T, > 0 = > T± > 0

HI + KcT± ) > 0

Kc >0

Test 2 : setting up
routh array , n'

4=>5 rows

b
,

= Azaz - Ata,
=

3%-3-4--4=(17-+1424)

93 3T£
To 3T£ Kc

9T
,
- 4- + KCTI

=

(8- Kc)TI
=

3T± T±+KcT± 3 3

(8-143)-4 Kc by = A> ao - at -0 a}

As

= -9390=90--14
8¥t↳tKT±) -314

o b
,
=
as-0 - ai - 0

a}

=D
8¥

Kc c , =
b. ai - asbz =8¥¥~↳+kcT±) - 3¥14

b
, 83kt#

Then
,
all elements in the left column > 0

g. =O
p

% > O V
d. = G. ba-bicz.GL#.bz=Kc

3T, >
"e9-ⁿᵈ

"

e
,

(8-143)%-1>0 ,
as ≈, >0=>8 - Kc > 0=>1418

V

8%-1-4=+1%1-314
> ☐ ←solving for re, 0<1448

8¥

Kc > o u
3%Ég
8-134--4=(1+14)-314 > 0

914
% > 4+1418 - Kc)



b) See plot under d)

c) The transfer function is g-- ¥3

Using the half rules for SIMC :

Ti = Tio + ¥0 = 1+1-2=1,5

⑦ = ⊖
, -1%0-+730=1-2+1--1,5

g≈;÷
Using SIMC rules : Kc = 'T • ¥¥ = y!; = 0,5

% = min (15,4/1,5+1,51)=45
Kc = 0,5

,
% = 1,5

d) The plot for b) and d) :

stable region

found by iteration

↓

e) SIMC is in the stable region . Keeping % constant
,
046<3,36

Keeping Kc costant
, To> 0,83



1. a) There is one zero : -2
,
=3

And 3 poles :

a
? he two solutions to 5+43+5=0 , using the quadratic equation :
13 = -2 + i

B- 2 - i

MBM-%Ba.ah.ii.im'

:



2 a) Inserting 5- jw :

1+2 jw To get rid of complexnumbering
"

1+10jw denominator
, multiply with conjugate

/ + 2jw
.

I - lojw
= It lojw I - lojw

=

I - 8jw -120Wh

I + 100Wh

=

I -120W - 8W

I -1100W
+

/ + brows
→ j

w w
Re 1m

Then
, /gljwk-Reljwi.im/jwYLgljw1=arctan(Yze4jHw-)



b)
Asymptotes

0

-1
O

O O

-98

I -12s

gls)= 1+105

Gain Phase

W=£=Q5 +1 +90

W=¥=0 , / - I - 90

c)

W=0 W=0

a



↑

hegatir
feedback

t

1. We have a negative feedback loop with an actuator preventing u from being larger
than Umax or less than Umin

2. The transfer function to u
'

is :

Kp ' e 1st + Uls) .
ng ! , , = n' ( s)

setting Msk oils ) gives :

Kp . els) -1 u
'
. ¥+1 " U

"

Kp - eld = ( I - ¥+1) u'

Kp . els) = ( 4-SHY7-5-11 ) u '

Kp . els) = TIS

TIS-11
h
'

U' = Kp
TIS -1 I

q.se (s)
⇒ (6) = Kp - ᵗ¥¥



3
.
Now, we have :

n' ( s) = Kp ' e 1st '
ng ! +1 Umax

I
⇒ ( ( s) = Kp , Db) = % s + I

1. The transfer function to u' is :

U' = kp.e-ilu-UY.tv
,

+ ¥
, e) • §

If u=u'

,
then

n' = Kp . e +10 . &
,
+ ¥
,
e) - §

= Kp . et !¥se
u

'

= Kp .

"
e ⇒ Cls)=Kp. 7¥51



2. Inserting Umax gives :

a' = kp.e-ikumax-UY.tn
,
-1¥
, e) • §

TIS -11U' = Kp . ng.ge +

Um" u
'

TTS
-

Tts

Umaxa' (1-1*3)=14 . -1¥; ' et Es

Umaxcities
,
;

' )=Kp - ¥! e '
tis

I
U
'

= kp.TT/TIs-il)TI(TTS-1) 'e +

rigg , ,
- Uma✗

⇒ ((s) = Kp .

Titis -11 )
TI /Tts -11 )

'
D(5) =

+ ,

From the expressions above , we see that they are equal when u=um
"


