
































































frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[m

]

0

0.02

0.04

0.06

0.08

m
1
 = 0.05

m
1
 = 0.1

m
1
 = 0.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[r

ad
]

0

0.5

1

1.5
m

1
 = 0.05

m
1
 = 0.1

m
1
 = 0.5



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[m

]

0

0.02

0.04

0.06

0.08
c = 10

c = 50

c = 100

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[r

a
d]

0

0.2

0.4

0.6

0.8

1
c = 10

c = 50

c = 100



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[m

]

0

0.02

0.04

0.06

0.08

0.1
k = 500

k = 1000

k = 2000

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[r

ad
]

0

0.2

0.4

0.6

0.8

1
k = 500

k = 1000

k = 2000



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[m

]

0

0.02

0.04

0.06

0.08

k
t
 = 1.5

k
t
 = 2

k
t
 = 2.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[r

ad
]

0

0.5

1

1.5

k
t
 = 1.5

k
t
 = 2

k
t
 = 2.5



velocidade [m/s]
-1 -0.5 0 0.5 1

F
or

ça
  [

N
]

-20

-10

0

10

20

c
n
 = 0 (Linear)

c
n
 = 5

c
n
 = 10

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[m

]

0

0.02

0.04

0.06

0.08

c
n
 = 0

c
n
 = 5

c
n
 = 10

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[r

ad
]

0

0.2

0.4

0.6

0.8

1

c
n
 = 0

c
n
 = 5

c
n
 = 10



displacement [m]
-0.05 0 0.05

F
or

ce
  [

N
]

-150

-100

-50

0

50

100

150
k

n
 = 0 (linear)

k
n
 = 104

k
n
 = 105

k
n
 = 5.105

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[m

]

0

0.02

0.04

0.06

0.08

0.1

k
n
 = 0

k
n
 = 5.104

k
n
 = 5.105

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
en

t  
[r

ad
]

0

0.2

0.4

0.6

0.8

1

k
n
 = 0

k
n
 = 5.104

k
n
 = 5.105



deslocamento [rad]
-0.1 -0.05 0 0.05 0.1

to
rq

ue
 [N

.m
]

-0.4

-0.2

0

0.2

0.4

k
tn

 = 0

k
tn

 = 10

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

k
tn

 = 0

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
0 10 20 30 40 50

d
is

pl
ac

em
en

t  
[r

ad
]

0

0.2

0.4

0.6

0.8

1

k
tn

 = 0

k
tn

 = 100

k
tn

 = 200





frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

m = 0.05
m = 0.1
m = 0.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 m = 0.05
m = 0.1
m = 0.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 m = 0.05
m = 0.1
m = 0.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

m = 0.05
m = 0.1
m = 0.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 m = 0.05
m = 0.1
m = 0.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 m = 0.05
m = 0.1
m = 0.5



frequency  [rad/s]
5 6 7 8 9

di
sp

la
ce

m
e

nt
  [

m
]

0.01

0.012

0.014

0.016

0.018

m=0.5 kg

frequency  [rad/s]
5 6 7 8 9

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

m=0.5 kg

frequency  [rad/s]
5 6 7 8 9

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

m=0.5 kg

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08
c = 10
c = 50
c = 100

frequency  [rad/s]
6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8
c = 10
c = 50
c = 100

frequency  [rad/s]
6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8
c = 10
c = 50
c = 100

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08
c = 10
c = 50
c = 100

frequency  [rad/s]
6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8
c = 10
c = 50
c = 100

frequency  [rad/s]
6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8
c = 10
c = 50
c = 100



frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

m
]

0.01

0.012

0.014

0.016

0.018

0.02
c = 10
c = 50
c = 100

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1
c = 10
c = 50
c = 100

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1
c = 10
c = 50
c = 100



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

0.1 k = 500
k = 1000
k = 2000

frequency  [rad/s]
0 5 10 15

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 k = 2000
k = 1000
k = 500

frequency  [rad/s]
0 5 10 15

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 k = 2000
k = 1000
k = 500

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

0.1 k = 500
k = 1000
k = 2000

frequency  [rad/s]
0 5 10 15

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 k = 2000
k = 1000
k = 500

frequency  [rad/s]
0 5 10 15

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1 k = 2000
k = 1000
k = 500



frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

m
]

0.01

0.02

0.03

0.04

0.05

0.06
k = 2000
k = 1000
k = 500

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1
k = 2000
k = 1000
k = 500

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1
k = 2000
k = 1000
k = 500

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

k
t
 = 1.5

k
t
 = 2.0

k
t
 = 2.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1

1.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1

1.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

k
t
 = 1.5

k
t
 = 2.0

k
t
 = 2.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1

1.5

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.5

1

1.5



frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

m
]

0.01

0.012

0.014

0.016

0.018

0.02

kt = 2.0

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1
kt = 2.0

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1
kt = 2.0



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

c
n
 = 10

c
n
 = 5

c
n
 = 0

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

c
n
 = 10

c
n
 = 5

c
n
 = 0

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

c
n
 = 10

c
n
 = 5

c
n
 = 0

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

c
n
 = 10

c
n
 = 5

c
n
 = 0

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

c
n
 = 10

c
n
 = 5

c
n
 = 0

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

c
n
 = 10

c
n
 = 5

c
n
 = 0



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

0.1

k
n
 = 0

k
n
 = 5.104

k
n
 = 105

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

frequency  [rad/s]
6.8 7 7.2 7.4

di
sp

la
ce

m
e

nt
  [

ra
d]

0.75

0.8

0.85

0.9

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

0.1

k
n
 = 0

k
n
 = 5.104

k
n
 = 105

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

frequency  [rad/s]
6.8 7 7.2 7.4

di
sp

la
ce

m
e

nt
  [

ra
d]

0.75

0.8

0.85

0.9



frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

m
]

0.01

0.012

0.014

0.016

0.018

0.02

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

k
n
 = 105

k
n
 = 5.104

k
n
 = 0

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

k
n
 = 105

k
n
 = 5.104

k
n
 = 0

frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

k
tn

 = 0

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
4 6 8 10 12 14

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8 k
tn

 = 0

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
4 6 8 10 12 14

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8 k
tn

 = 0

k
tn

 = 100

k
tn

 = 200



frequency  [rad/s]
0 10 20 30 40 50

di
sp

la
ce

m
e

nt
  [

m
]

0

0.02

0.04

0.06

0.08

k
tn

 = 0

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
4 6 8 10 12 14

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8 k
tn

 = 0

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
4 6 8 10 12 14

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8 k
tn

 = 0

k
tn

 = 100

k
tn

 = 200

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

m
]

0.012

0.014

0.016

0.018

0.02

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

k
tn

 = 0

k
n
 = 100

k
n
 = 200

frequency  [rad/s]
5 6 7 8 9 10

di
sp

la
ce

m
e

nt
  [

ra
d]

0

0.2

0.4

0.6

0.8

1

k
tn

 = 0

k
n
 = 100

k
n
 = 200






























