
������ � � ��	
�
�� � �
��
��
�������� �������� ����������   ��!�"��#��� ����"��!� � ���!��! �� �$%����$��� &����$�� ' (��"� )��$��� ����&��

ik * ' + !�"� � ,����- . / ����#��0��� ����� 1 �,����� 2%,� ��$� ' ����3�!# ��� ����� $ �����0 ��������� .4��!� ���3���� �,�� �,� ��"�����0
ϕ̈1

���
t = 0

. ����!�3��"�5 6���,�5���$�!� �!#  7����
T = (ϕ̇2/2)(A+ B sin2 ϕ)

���
T = (ϕ̇2/2)(A + B cos2 ϕ)) �����!� ����3��� 8*9:; <=>?@ A BC B DEFEGHIJ K LEMNEOIPEQJRS TEURHIJRVWXY Z[Y \ ] \ ^ \ _`Z`aaXbc \de \f g^he]ij^ik lmmn \ o pnq r \ st \pmu \v

wRxRPR yzKzK {>|; }}@ {~ }�<=>|; � =<:~�}@:�

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�
MDz

= M0 − kω3z , Mnz
= −µω4z

k
M0 = 11 �� k

k = 11 ��r k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.11

c

k
µ = 12 ��r k I1 = 11 ���2

k
m2 = 17 ��k m3 = 35 ��km4 = 27 ��k
m5 = 60 ��k R1 = 34

t� k
r1 = 23

t� k
R3 = 24

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 16

t� k
r5 = 16

t� \
wRxRPR yzK� K � �; |� �?@ � ��; �:��?; ?@:�

Mn �
�6�

-
Fn �

-
A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.3

k
ω1z ,0 = 0.21

c

k
M0 = 11 �� k

k = 12 ��r k
ν = 30�rV� k

µ = 13 ��r k
I1 = 12 ���2

k
m2 = 16 ��k m3 = 34 ��k

m4 = 26 ��k R1 = 35
t� k

r1 = 24
t� k

R3 = 25
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 15
t� \

wRxRPR yzKy K 9 =~=�>:�?@ {~ }�<=>|; �~=|:� :; ?@:�

Mn �
�6

�
-
Fn �

-
A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.21

c

k
M0 = 7 �� k

k = 12 ��r k
ν = 8��rV� k

µ = 15 ��r k
I1 = 4 ���2

k
m2 = 14 ��k m3 = 32 ��k

m4 = 24 ��k R1 = 35
t� k

r1 = 24
t� k

R3 = 25
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 13
t� \

wRxRPR yzK� K A =; �}>�? �:� ?�}� {~ }�<}}@:�

Mn �
�6�

-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.3

k
ω1z ,0 = 0.11

c

k
M0 = 10 �� k

k = 11 ��r k
ν = 20�rV� k

µ = 13 ��r k
I1 = 9 ���2

k
m2 = 16 ��k m3 = 34 ��k

m4 = 26 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 15
t� \

�� ������ ¡¢ £¤ ¥¤��¤¢ ¦�§� ¨¤�¦© �� £¦� ª«�¬���¡ ­



wRxRPR yzK® K A =¯>}@ {>|; }� ° �:�; :}@:�

Mn �
�6�

-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�
MDz

= M0 − kω3z , Mnz
= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.41

c

k
M0 = 11 �� k

k = 14 ��r k
ν = 8��rV� k

µ = 11 ��r k
I1 = 11 ���2

k
m2 = 17 ��k m3 = 35 ��k

m4 = 27 ��k R1 = 37
t� k

r1 = 26
t� k

R3 = 27
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 16
t� \

wRxRPR yzK± K ²|:>³?@ C:�:�= ´ �?; }@:�

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�
MDz

= M0 − kω3z , Mnz
= −µω4z

k
M0 = 9 �� k

k = 13 ��r k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.31

c

k
µ = 15 ��r k I1 = 6 ���2

k
m2 = 14 ��k m3 = 32 ��km4 = 24 ��k
m5 = 40 ��k R1 = 36

t� k
r1 = 25

t� k
R3 = 26

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 13

t� k
r5 = 16

t� \
wRxRPR yzKµK ²��:> ° � :�; :� ²~ }�?@:�

Mn �
�6�

-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.5

k
ω1z ,0 = 0.11

c

k
M0 = 12 �� k

k = 11 ��r k
ν = 8��rV� k

µ = 10 ��r k
I1 = 13 ���2

k
m2 = 18 ��k m3 = 36 ��k

m4 = 28 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 17
t� \

wRxRPR yzK¶ K � =@~ ?@ A =�<:� {~ }�<=>|; ?@:�
Mn �
�6

-
A

O

ϕ1
+

�
MD

�
�

�

� MDz
= M0 − kω3z , Mnz

= −µω4z

k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.51

c

k
M0 = 11 �� k

k = 15 ��r k
µ = 11 ��r k
I1 = 11 ���2

k
m2 = 17 ��k m3 = 35 ��k

m4 = 27 ��k R1 = 38
t� k

r1 = 27
t� k

R3 = 28
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 16
t� \

wRxRPR yzK· K � =~ =��:> � =@}~ ¸ @�}>�}@:�
Mn �
�6

-
A

O

ϕ1
+

MD

�
�

� MDz
= M0 − kω1z , Mnz

= −µω4z

k
ϕ1,0 = 1.3

k
ω1z ,0 = 0.21

c

k
M0 = 12 �� k

k = 12 ��r k
µ = 13 ��r k
I1 = 15 ���2

k
m2 = 16 ��k m3 = 34 ��k

m4 = 26 ��k R1 = 35
t� k

r1 = 24
t� k

R3 = 25
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 15
t� \



wRxRPR yzKz¹ K º?� =>?@ C :�:�= {>|; }}@:�

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�
MDz

= M0 − kω3z , Mnz
= −µω4z

k
M0 = 13 �� k

k = 14 ��r k
ϕ1,0 = 1.5

k
ω1z ,0 = 0.41

c

k
µ = 11 ��r k I1 = 18 ���2

k
m2 = 18 ��k m3 = 36 ��km4 = 28 ��k
m5 = 80 ��k R1 = 37

t� k
r1 = 26

t� k
R3 = 27

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 17

t� k
r5 = 16

t� \
wRxRPR yzKzzK »¼� {>=<�=<:½ �~=|:� :; ?@>=

Mn �
�6�

-
Fn �

-
A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.5

k
ω1z ,0 = 0.31

c

k
M0 = 11 �� k

k = 13 ��r k
ν = 20�rV� k

µ = 11 ��r k
I1 = 8 ���2

k
m2 = 18 ��k m3 = 36 ��k

m4 = 28 ��k R1 = 36
t� k

r1 = 25
t� k

R3 = 26
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 17
t� \

wRxRPR yzKz� K ¾}|?; ?@ �~=|:<~ =@ {>�?>?@:�

Mn �
�6

�
-
Fn

�
-

A

O

ϕ1+

MD

�
�

MDz
= M0 − kω1z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.3

k
ω1z ,0 = 0.11

c

k
M0 = 12 �� k

k = 11 ��r k
ν = 20�rV� k

µ = 13 ��r k
I1 = 15 ���2

k
m2 = 16 ��k m3 = 34 ��k

m4 = 26 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 15
t� \

wRxRPR yzKzy K ¿ =� �;=|?@ A =�?� }| � =¯:�?@:�

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
M0 = 12 �� k

k = 11 ��r k
ϕ1,0 = 1.5

k
ω1z ,0 = 0.11

c

k
µ = 10 ��r k I1 = 13 ���2

k
m2 = 18 ��k m3 = 36 ��km4 = 28 ��k
m5 = 60 ��k R1 = 34

t� k
r1 = 23

t� k
R3 = 24

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 17

t� k
r5 = 16

t� \
wRxRPR yzKz� K ¿ ?~?<�?@= {; :>= {~ }�<}}@>=

Mn �
�6

�
-
Fn

�
-

A

O

ϕ1+

MD

�
�

MDz
= M0 − kω1z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.51

c

k
M0 = 13 �� k

k = 15 ��r k
ν = 8��rV� k

µ = 12 ��r k
I1 = 19 ���2

k
m2 = 17 ��k m3 = 35 ��k

m4 = 27 ��k R1 = 38
t� k

r1 = 27
t� k

R3 = 28
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 16
t� \



wRxRPR yzKz® K À}Á?�=; � ¸ @�}>:� ¸ @�}>�}@:�

Mn �
�6�

-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.2

k
ω1z ,0 = 0.31

c

k
M0 = 9 �� k

k = 13 ��r k
ν = 8��rV� k

µ = 13 ��r k
I1 = 7 ���2

k
m2 = 15 ��k m3 = 33 ��k

m4 = 25 ��k R1 = 36
t� k

r1 = 25
t� k

R3 = 26
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 14
t� \

wRxRPR yzKz± K À}; >:�}>�? {~ }�<=>|; {~ }�<=>|; ?@:�
Mn �
�6

�
-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.11

c

k
M0 = 7 �� k

k = 11 ��r k
ν = 55�rV� k

µ = 14 ��r k
I1 = 4 ���2

k
m2 = 14 ��k m3 = 32 ��k

m4 = 24 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 13
t� \

wRxRPR yzKzµK Â :~�:> {~ }�<}� ° � :�; :}@:�

Mn �
�6

�
-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.11

c

k
M0 = 8 �� k

k = 11 ��r k
ν = 8��rV� k

µ = 14 ��r k
I1 = 5 ���2

k
m2 = 14 ��k m3 = 32 ��k

m4 = 24 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 13
t� \

wRxRPR yzKz¶ K Ã |:³�:� ´~�½ ¸ @�}>�}@:�

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
M0 = 11 �� k

k = 13 ��r k
ϕ1,0 = 1.3

k
ω1z ,0 = 0.31

c

k
µ = 12 ��r k I1 = 12 ���2

k
m2 = 16 ��k m3 = 34 ��km4 = 26 ��k
m5 = 50 ��k R1 = 36

t� k
r1 = 25

t� k
R3 = 26

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 15

t� k
r5 = 16

t� \


