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-  "#C)%&&"'D/1"#/5"-1"E'2D/'k@'-F%#+-,"/#%'%))/)%'ek ! Emax'
-  "#C)%&&"'&"#+&/"0-1"E')"D)/0+,"/#%'/'-F%#+-,"/#%'|e(t)| ! Emax''
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- 0"&$+)B"'3/&$-#2E'-&$-2&5/'/'-F%#+-,"/#%'|ez(t)| ! Ez,max''
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• "5($1(%#%1'3/#$)/11/)%'C(s)E'
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ts ˆ s " B3 Mr " # t m$
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)"&D/&$-'
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G-#%11/'-D%)$/I'
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- C(s)'3/5D1%&&"L-'$-1%'3J%'F(j!) = P(j!) C(j!)/Kd'-BB"-'1%'
0%&"0%)-$%'!t %'m"''
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ts ˆ s " B3 Mr "
)"&D/&$-'
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Rant (s) =
1+"as

1+ ("a ma ) s
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Ratt (s) =
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;"#(%
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)$37,(%
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! 

Rant (s) =
1+"as

1+ ("a ma ) s
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'-+5%#$-'1-'D+1&-,"/#%'0"'$-C1"/'!'!

'-+5%#$-'1-'L%1/3"$K'0"')"&D/&$-'
'-+5%#$-'1/'&(/),/'0"'3/#$)/11/'
'D"N'&%#&"B"1%'-"')+5/)"'
'==='%'-11%'0"#-5"3J%'L%1/3"'#/#'5/0%11-$%'

+=+>%3+,,"%*+2+%"<+17"2*(-+%9,"0:%

')"0+3%'1-'D+1&-,"/#%'0"'$-C1"/'!''
')"0+3%'1-'L%1/3"$K'0"')"&D/&$-'
')"0+3%'1/'&(/),/'0"'3/#$)/11/'
'D/3/'&%#&"B"1%'-"')+5/)"'
'==='%'-11%'0"#-5"3J%'L%1/3"'#/#'5/0%11-$%'! 

Ratt (s) =
1+ (" i mi) s
1+" is

! 

Ratt (s) =
Vu(s)
Vi(s)

vi 

R1 
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! 

Rant (s) =
R1

R1 + R2
Vu(s)
Vi(s)
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ˆ " t = 30

! 

ˆ m " =15°

"#","-1"' ! 

" t # 30

! 

m" = 40°
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30 30 

"18-(!"2*(-+%
3/#'3")3-'A8Y''
0"')%3+D%)/'

-+5%#$/''
5-)C"#%'0"'(-&%''

-'D-)"$K''
0"'D+1&-,"/#%''

0"'-F)-L%)&-5%#$/'

40° 

15° 

G+#-'D-)$%'&"'
D%)0%)K'D%)'1/'
Z&J"[\'"#'-L-#2'

0%11-'!$'I'
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" t # ˆ " t

! 

m" > ˆ m "

ma = 4 
D%)'-L%)%'A8Y''
-BB/#0-#2''

D%)'"1')%3+D%)/'

+&-$-'L"3"#/'-1''
G-'&"#"&$)-'0%1I'

D"33/'

! 

" t# a $1

3%#$)-$-'^'

! 

" t = 30

! 

"a =1 30⇒'

V'A'0W'
^!t'

!t'&"'&D/&$%)K''
G0"'D/3/I'L%)&/'+#-'
()%*+%#,-'D"N'-1$-'===''

!'# =1 
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Rant (s) =
1+" as

1+ (" a ma ) s

=
1+ (1 30) s
1+ (1 120) s

= 4# s+ 30
s+120
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" t = 40
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0"'-F)-L%)&-5%#$/'

! 

ˆ " t = 30

! 

ˆ m " =15°

&$%&&"'L-1/)"'
"#","-1"'0"'a'9'

! 

" t # ˆ " t

! 

m" = 40°

#+/L"'L-1/)"''
0%&"0%)-2'

*+-#$/'B-&$-'D%)'
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! 

" t #12
0/L%'1-'(-&%'b'

-BB/#0-#$%'G:8YI'
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12 dB 

40° 

30 

15° 
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! 

" t # ˆ " t

! 

m" > ˆ m "

mi = 4 
D%)'-L%)%'"'

#%3%&&-)"';97'0W''
0"'-F%#+-,"/#%'

+&-$-'L%)&/''
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! 

" t# i $ 20

3%#$)-$-'^'

! 

" t =12

! 

" i = 20 12 =1.6 ⇒'
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-12 dB 
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C+-0-C#-$/'===''
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Ratt (s) =
1+ (" i mi) s
1+" is

=
1+ (5 12) s
1+ (20 12) s

= 0.25 # s+ 2.4
s+ 0.6

! 

" t =12

! 

m" = 42°

L-1/)"'P#-1"'/F%#+2'
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V''
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! 

" t > ˆ " t

! 

m" # ˆ m "

ma = 16 
D%)'-L%)%'"'<8Y''

#%3%&&-)"'
0"')%3+D%)/'

+&-$-'#%1'
D"33/'

! 

" t# a $ 4

3%#$)-$-'^'

! 

" t =10

! 

"a = 4 10 = 0.4⇒'

V'97'0W'^!t 
G*+"'-"+$-#/OI'
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K "Rant (s) = K " 1+#as
1+ (#a ma ) s

= 2.81" 1+ 0.4s
1+ (0.4 /16)s
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! 
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! 

" t# i $ 40
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! 

" t = 4

! 
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! 

" t < ˆ " t
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! 
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=
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#
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Rant (s)"Ratt (s) =

=
1+ 0.5s
1+ 0.125s

"
1+ 0.625s
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A$,75($1+%@%C%

! 

" t # 4
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• 5/$/)%'"#'ss'-1"5%#$-$/'&+11-'3/))%#$%'0\-)5-$+)-''
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•  D)/3%&&/'

! 

P(s) =
1

s(1+ s)(1+ 0.005s)

C(s) 

! 

KA

1+"As
KM 

! 

1
Js+ F

! 

1
s

H(s) 

+ 

– 

U(s) 
3/#$)/11/)%' -5D1"P3-$/)%' 5/$/)%' 3-)"3/'

$)-&0+F/)%'

Y(s) $(s) Cm(s) I(s) M(s) 

KA =10 [A/V]                 !A =10 [ms] 
KM = 0.1 [Nm/A] 

J =1 [kgm2/rad]             F =1 [Nm/(rad/s)] 

H(s) = 1/Kd = 1 [V/rad] 
G)%$)/-,"/#%'+#"$-)"-I'

P(s) 

•  &$)+F+)-'0%1'3/#$)/11/)%'

! 

C(s) =
KC

sh
R(s)
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•  &D%3"P3J%'-')%C"5%'D%)5-#%#$%'

-  %))/)%'#%11-')"&D/&$-'-')-5D-'+#"$-)"-E'e1 " 0.1 T)-0U'

•  &D%3"P3J%'&+1'$)-#&"$/)"/'G&+11-')"&D/&$-'"#0"3"-1%I'
-  &/L)-%1/#C-,"/#%E'" '" 0.1 

-  $%5D/'0"'&-1"$-E'0+%'&D%3"P3J%'-1$%)#-2L%'

-I'ts'" 2'T&U'

BI'ts'" 0.2 T&U'

&"&$%5-'0"'3/#$)/11/'C"K'0"'2D/'9''⇒''h = 0  G#%&&+#'D/1/'-CC"+#$/'"#'&'S'8I'

'KP = 1, Kd = 1''⇒''''''''''''''''''''''''''''''''''''''''''''''''⇒''

! 

e1 =
Kd
2

KG

=
Kd
2

KCKP

=
1
KC

! 

KC =
1
e1
"
1
0.1

=10

! 

1+ ˆ s =1.1" 0.85 Mr ⇒''

! 

Mr = 20log10
1.1
0.85

" 2.2 dB

! 

m" # 60° $ 6Mr dB
% 47° G(/)5+1-'%5D")"3-I'''/DD+)%' G3-)$-'0"'m"3J/1&I'

! 

m" # 45°

! 

B3 " ts # 3

! 

B3 "1.5 [rad/s] = 0.2 [Hz] ⇒''

! 

" t # 0.7 ÷1.4 [rad/s]

! 

" t =1[rad/s]⇒''

! 

B3 "15 [rad/s]

! 

" t =10 [rad/s]⇒''
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"#'t0 ='8=9'&'
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ts = 0.65 T&U'
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&D%3"P3J%'3-&/'-I''!t,des = 1 T)-0t&U@'''m$,des # 47°'

L-1/)"'-F+-1"'D%)'10 P(s):  !t = 3 T)-0t&U@'''m$ = 15°'

L-1/)"'^$-)C%$E'u10 P(j!t,des )|= 17 0W@ ∠P(j!t,des ) = -135°'! 

10 " P(s)=10 " 1
s 1+ s( ) 1+ 0.005s( )

D)/3%&&/'3/))%F/'D%)'&D%3"P3J%'-')%C"5%'GKc =10IE''

-17 3F% mi = 7 

!# = 100 # = 100 % !!t = 1 % !# = 100 
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! 

Ratt (s)=
1+ (100 /7)s
1+100s'

⇒'''''-F%#+-$)"3%''
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! 

C(s)=10" 1+ (100 /7)s
1+100s

|10 P(j!)| 

|Ratt(j!)| 

|C(j!)P(j!)| 

∠Ratt(j!) 

∠10 P(j!) 

∠C(j!)P(j!) 
J180I%

0%3F% !t  = !t,des = 1 T)-0t&U'

m$ = 42°'
(m$,des # 47°)'
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Mr = 3 L&. 2.2 [0WU'

B3 = 1.5 L&. 1.5 T)-0t&U'
3-&/'-I'

#(#2+)"%"3%"1+,,$%-/(7#$%
5/0+1/'0%11-'

)"&D/&$-'-)5/#"3-'
3/#'C(s) = KC Ratt(s)%

! 

C(s)=10" 1+ (100 /7)s
1+100s

|W(j!)| 

B3 = 1.5 

-3 dB'

!r ! 1 

%r = 3 dB 
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3/#'C(s) = KC Ratt(s)%
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ts = 1.7 L&. 2 T&U'
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D"33/'"#","-1%'
)"0/F/'
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&D%3"P3J%'3-&/'BI''!t,des = 10 T)-0t&U@'''m$,des # 47°'

L-1/)"'-F+-1"'D%)'10 P(s):  !t = 3 T)-0t&U@'''m$ = 15°'

L-1/)"'^$-)C%$E'u10 P(j!t,des )|= -20 0W@ ∠P(j!t,des ) = -180°'! 

10 " P(s)=10 " 1
s 1+ s( ) 1+ 0.005s( )

D)/3%&&/'3/))%F/'D%)'&D%3"P3J%'-')%C"5%'GKc =10IE''

+ 60°% ma = 14 

# = 5/7 

%

!!t = 7 

%

! 

Rant (s)=
1+ (5 /7)s
1+ (5 /98)s'

⇒''C)-#0%'-#23"D-$)"3%''
''''''GL"3"#/'-1'D"33/I'

()"*+",,)!(&%%&!+&-!".-/)0"'+)/)!

!# = 5 !# = 5 
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|C(j!)P(j!)| 

∠Rant(j!) 

∠10 P(j!) 

∠C(j!)P(j!) 

J180I%

0%3F%
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G!t,des = 10 T)-0t&UI'
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(m$,des # 47°)'
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C(s)=10" 1+ (5 /7)s
1+ (5 /98)s
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B3 = 11 L&. 15 T)-0t&U'
3-&/'-I'

#(#2+)"%"3%"1+,,$%-/(7#$%
5/0+1/'0%11-'

)"&D/&$-'-)5/#"3-'
3/#'C(s) = KC Rant(s)%

|W(j!)| 

B3 = 11 

-3 dB'

!r ! 2.8 

%r < 0.5 dB 
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