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(a) fast (d) fast switch-on (g) contact

(h) tangential(e) slow switch-off(b) slow

(c) intermediate (f) hydrodynamic (i) rotational

1

1

1

1

12

M

21

>1

2

=1

2

fx

2

Mfx

Mfx Mfx

Mfx
MAx

Msx
MAx

Msx
MAx

Msx

MAx

MAx

M

<1

Msx
<1

Ax MAx MAx

Msx

>1

<1 <1
=1

=

>1

=1

>1

= MAx>1

<1 =1

<1

>1

=

= M Ax

#







-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$
(a) #=0o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(b) #=8o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(c) #=16o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$
(d) #=20o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

3 2

4

1
2

1

1
2

3=4

4
3

2
1



-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(a) #=0o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(b) #=1o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(c) #=3o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(d) #=10o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

1

1

243

1

2

43

1

2

3=4

2



-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$
(a) #=0o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(b) #=10o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$

(c) #=0o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
By

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

$
(d) #=10o

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

1

2

2

1

2

2

1

1





x1 -1

(b) (c)(a)

t

1

t

x x

1

0
-1 -11

1

u

-1

1

0



(a)

-1 0 1
u

0.0

0.5

f(u
)

(b)

-1 0 1
u

-1

1

f ’
(u

)



1

(c)

u

1

1-1 x
-1

(b)

tt

x

1

0
-1

(a)

x

1

0
-1 1

(a)

-1 0 1
u

-0.333

0.333

f(u
)

(b)

-1 0 1
u

0

1
f ’

(u
)

u*

*

p

p

l





-2 -1 0 1
u

-1.5

-1.0

-0.5

0.0

0.5
f(u

)

3

1

2

(c) 2-3

x

(a) 2-1

x x

t

(b) 3-1








