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

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 yz{|K|K }?~>:�?@ � �?; �

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
M0 = 10 �� k

k = 15 ��r k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.51

c

k
µ = 12 ��r k I1 = 7 ���2

k
m2 = 17 ��k m3 = 35 ��km4 = 27 ��k
m5 = 5 ��k R1 = 38

t� k
r1 = 27

t� k
R3 = 28

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 16

t� k
r5 = 10

t� \
wRxRPR yz{|K� K ��<�>?@= � =; @=;=

Mn �
�6

-
A

O

ϕ1
+

�
MD

�
�

�

� MDz
= M0 − kω3z , Mnz

= −µω4z

k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.51

c

k
M0 = 7 �� k

k = 15 ��r k
µ = 14 ��r k
I1 = 4 ���2

k
m2 = 14 ��k m3 = 32 ��k

m4 = 24 ��k R1 = 38
t� k

r1 = 27
t� k

R3 = 28
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 13
t� \

wRxRPR yz{|K{ K � ��=��@ � � :~; :�

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 = 12 �� k

k = 13 ��r k
ν = 10�rV� k

µ = 10 ��r k
I1 = 13 ���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 yz{|K� K �:��=~���:> � �>:<

Mn �
�6

5

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
M0 = 11 �� k

k = 15 ��r k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.51

c

k
µ = 11 ��r k I1 = 11 ���2

k
m2 = 17 ��k m3 = 35 ��km4 = 27 ��k
m5 = 5 ��k R1 = 38

t� k
r1 = 27

t� k
R3 = 28

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 16

t� k
r5 = 11

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



wRxRPR yz{|K¯ K � �=�@= ��~=�:>=

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 = 8��rV� k

µ = 10 ��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 yz{|K° K A �<�:� ?@ �±� �²
Mn �
�6

5

-
A

O

ϕ1
+

�
MD

�
�

�

�
MDz

= M0 − kω3z , Mnz
= −µω4z

k
M0 = 7 �� k

k = 14 ��r k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.41

c

k
µ = 15 ��r k I1 = 4 ���2

k
m2 = 14 ��k m3 = 32 ��km4 = 24 ��k
m5 = 2 ��k R1 = 37

t� k
r1 = 26

t� k
R3 = 27

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 13

t� k
r5 = 10

t� \
wRxRPR yz{|K³K � �?>�>�? �; :�?; :�

Mn �
�6

�
-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.11

c

k
M0 = 11 �� k

k = 11 ��r k
ν = 8��rV� k

µ = 12 ��r k
I1 = 11 ���2

k
m2 = 17 ��k m3 = 35 ��k

m4 = 27 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 16
t� \

wRxRPR yz{|K´ K }:@=�?@<�:� �� ��<=>²;

Mn �
�6

5

�
-

A

O

ϕ1+

MD

�
�

MDz
= M0 − kω1z , Mnz

= −µω4z

k
M0 = 10 �� k

k = 11 ��r k
ϕ1,0 = 1.1

k
ω1z ,0 = 0.11

c

k
µ = 14 ��r k I1 = 7 ���2

k
m2 = 14 ��k m3 = 32 ��km4 = 24 ��k
m5 = 40 ��k R1 = 34

t� k
r1 = 23

t� k
R3 = 24

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 13

t� k
r5 = 16

t� \
wRxRPR yz{|Kµ K ¶; ��@ � @=>

Mn �
�6

-
A

O

ϕ1
+

�
MD

�
�

�

� MDz
= M0 − kω3z , Mnz

= −µω4z

k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.31

c

k
M0 = 11 �� k

k = 13 ��r k
µ = 11 ��r k
I1 = 11 ���2

k
m2 = 17 ��k m3 = 35 ��k

m4 = 27 ��k R1 = 36
t� k

r1 = 25
t� k

R3 = 26
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 16
t� \



wRxRPR yz{|K|· K � ?>?@ � � :~; :�
Mn �
�6

�
-
Fn

�
-

A

O

ϕ1+

�
MD

�
�

�

MDz
= M0 − kω3z , Mnz

= −µω4z

k
Fnx

= −νv5x
k
ϕ1,0 = 1.4

k
ω1z ,0 = 0.11

c

k
M0 = 12 �� k

k = 11 ��r k
ν = 8��rV� k

µ = 12 ��r k
I1 = 15 ���2

k
m2 = 17 ��k m3 = 35 ��k

m4 = 27 ��k R1 = 34
t� k

r1 = 23
t� k

R3 = 24
t� k

R4 = 20
t� k

r4 = 12
t� k

i4 = 16
t� \

wRxRPR yz{|K||K ����¸>?@ �� ��<=>²;
Mn �
�6

5

-
A

O

ϕ1
+

�
MD

�
�

�

�
MDz

= M0 − kω3z , Mnz
= −µω4z

k
M0 = 9 �� k

k = 14 ��r k
ϕ1,0 = 1.2

k
ω1z ,0 = 0.41

c

k
µ = 14 ��r k I1 = 7 ���2

k
m2 = 15 ��k m3 = 33 ��km4 = 25 ��k
m5 = 4 ��k R1 = 37

t� k
r1 = 26

t� k
R3 = 27

t� k
R4 = 20

t� k
r4 = 12

t� k
i4 = 14

t� k
r5 = 11

t� \
¹ºp »¼½¾¿½À Á

ÂÃÄÅÆÇ Á ÈÉÇ¾Ê¿ÊÅ¿ ËÇÌÉÇÊÍÇ ml \»l \lm »q
A B Q ε B2 B4 B5 QF QM QD QTÎ Ï ÐÑÒÓ Ò ÐÑÔÕ Ö×Ô ÐØÕÏ ÖÒ ÐÕÔÏ ÎÐÒÔ ÎÐÒÙ Ø ÐØÑ Ø ÐØØ Ö ÎØ ÐÙÒ ÖÒÓ Ð×Ï × ÐÏÒ ÚXÛÜ`�Xb ^�XZÝÒÞ Ù Ð× ÎØ ÎÐÏÏ× ÖÑÏ ÐÎÕ Î ÖÕ ÐÓÓÙ ÎÐØÒ Ø ÐÏÓ Ø ÐØØ Ø ÐØØ Ö ÎÐØ× ÖÒ× Ð× Î Ö×Ô ÐÕÔ ]�t[ÜXbc ßcZbcZc× ÎÑ Ð××× ÎÏ ÐÏÙÑ ÖÒÔ ÐÙÓÙ ÖØ ÐÓØÑ ÎÐÎ× ÎÕ ÐÕÔ Ø ÐØØ ÖÔ ÐÙÙ ÖÒÏ ÐÎÑ Ï ÐÎÔ Ø ÐØØ jàácâ[b ã�`ÛZ`äÔ Î× ÐÑÒÓ Ñ ÐÎÎÕ Ö ÎÑ ÐØÔÏ ÖØ ÐÕÒÑ ÎÐÒÔ × ÐÑØ Ø Ð×Õ Ø ÐØØ ÖÒÓ ÐØÔ ÎÐÎÎ ÎØ ÐÕÕ å`ææcÛàaa`Ü ã [Ü`tÑ ÎØ Ð××× Ò Ð×ØÒ Ö×× ÐÕÑÕ ÖÒ ÐÙÕ× ÎÐÎ× ÎÐÎÕ Ø ÐØØ ÖÏ Ð×× Ö ÎÐÕÒ ÖÒÒ ÐÓÎ Ø ÐØØ ]�c[bc ]äÛca`ÜcÙÞ Ù ÐÎÏØ ÎÐÙÑØ Ö×Ó ÐÙÏÕ ÖÑ ÐÓÑÓ Ø ÐÏÑ Ø ÐÙÏ Ø ÐØÒ Ø ÐØØ ÖÒ ÐØÏ ÖÒØ ÐÎÎ Ö ÎÑ ÐÑØ eàta`�Xb ]ç�[YÓ Î× ÐØÒ× ÎÐÔÕÑ ÎÎÐ×ÔÓ Ø ÐÓÕÔ Ø ÐÏØ Ø ÐÑÏ Ø ÐØØ Ö ÎÐÙÔ ÖØ Ð×Ï Î× Ð×Õ Ø ÐØØ j[XÜ[Ü�X åZ`�XZ`äÕ Õ ÐÕÑØ Ô Ð×ÔÓ ÖÒÎÐÏÏÙ Ö ÎÐÓÕÏ Ø ÐÓÔ ÎÐÔÏ Ò ÐÎÒ Ø ÐØØ ÖÔ ÐØÕ Õ ÐÏØ ÖÒÙ ÐÕ Î Ú`bc�Xbt�`ä ]a[�tcÜYZÏÞ Î× ÐÒÙÕ Ò ÐÎÔÔ ÖÙ ÐÔ ÒÑ ÖØ ÐÔÕØ ÎÐØÙ ÎÐØÕ Ø ÐØØ Ø ÐØØ ÖØ ÐØÙ Ó ÐÓÑ Ö ÎÔ ÐÎÒ èZÝ[b ^bcÜÎØ ÎÓ ÐØÒ× ÎÐÔÕÑ ÖÒÎÐÒ×Ó Ö ÎÐÎÑØ Ø ÐÏØ Ø ÐÑÏ Ø ÐØØ Ö ÎÐÙÔ ÖØ Ð×Ï Ö ÎÏ ÐÒÎ Ø ÐØØ ^XÜXb ã�`ÛZ`äÎÎÞ Ï ÐÒÑÏ ÎÐÕÓÏ Ö ÎÒ ÐÎÕØ Ö ÎÐÒÓÎ ÎÐØ Î Ø ÐÕ× Ø ÐØÔ Ø ÐØØ Ö ÎÐÒÔ ÎÐÕÒ Ö ÎÒ ÐÓÑ jà�ÝéÜXb ]a[�tcÜYZê ëìí îïðñ ò× Îóóôõ


