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ma ?##

c

a

c

a

c

a
a zyx g
m

+
= ,, # # # # B=D#

E)#")>K#

0vSa !=m ## # # # # B<D#

L1$+-#&'),/$&"7# 0vS! #>+#"++*#$)#*+$+-(&"+#$%+#(/7"&$9*+#)1#S ?#M%&'#(/7"&$9*+ S #

*+")$+'#$%+#"9(2+-#)1#-+5),9$&)"'#.+-#'+0)"*#)1#$%+#2/'+2/,,?##

N"+#$%+)-+(#)1#0-)''#.-)*90$'#'$/$+'K#

"sinbaba =!      (4) 

# O'&"7#$%&'#$%+)-+(#>+#*+-&5+#/#09'$)(&6+*#+;9/$&)"#1)-#)9-#5/-&/2,+'K#

"sin0vSa =m # # # # BAD#

# J+#")>#'),5+#1)-#$%+#(/7"&$9*+#)1#$%+#'.&"# S K#
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!sin0v

a
S

m
=       (6)!

! "#$!%&'&!()'#!(#)*#!($!&+$!(,+-)./!/)0$!12!.,!0&31$!4,+!! 5!'#$!&./3$!6$'($$.!'#$!27).!

&.%!).)')&3!0$3,*)'8!0$*',+29!:$!#&0$!',!%$*)%$!,.!2,;$!0&31$!,4!!! !'#&'!($!*&.!-$$7!*,.2'&.'!

'#+,1/#,1'!,1+!*&3*13&'),.2!4,+!6,'#!7)'*#$2!',!%$'$+;).$!&!2)/.)4)*&.'!27).!0&31$9!<).*$!($!#&0$!

0&31$2!4,+!
m
a !&.%! 0v 5!;&-)./!! !=>!%$/+$$2!;&?);)@$2!'#$!%$.,;).&',+!A 190sin = B!&.%!

'#$+$4,+$!;).);)@$2!'#$!27).!0&31$9! 

"#+,1/#!$;73,8;$.'!,4!'#$!%$4).$%!;,%$3!&.%!$?'+&*'$%!%&'&!4+,;!CDE9*,;F2!G&;$%&8!

&773)*&'),.5!&!4&2'6&33!&.%!&!*1+0$6&33!*&.!.,(!6$!2$.2)638!*,;7&+$%9!G&;$%&8!)2!&.!,.3).$!

4$&'1+$!'#&'!'+&*-2!&.%!+$*,+%2!3)0$!%&'&!,.!$0$+8!7)'*#!).!&.8!C&H,+!D$&/1$!E&2$6&33!/&;$9!"#)2!

%&'&!).*31%$2!'#$!7,2)'),.5!0$3,*)'85!&.%!&**$3$+&'),.!,4!'#$!7)'*#$2!&2!($33!&2!&!0&+)$'8!,4!,'#$+!

).4,+;&'),.9!I.38!2,;$!,4!'#$!%&'&!&773)$2!',!,1+!+$2$&+*#5!2,!($!$;73,8!,.38!'#$!.$$%$%!

).4,+;&'),.9!!

:#&'!).!'#$!%&'&!%)2')./1)2#$2!&!4&2'6&33!4+,;!&!*1+0$6&33J!K!*1+0$6&33!&3(&82!#&2!&.!

&**$3$+&'),.!;&/.)'1%$!).!'#$! z !%)+$*'),.!/+$&'$+!'#&.!'#$!&**$3$+&'),.!%1$!',!/+&0)'8!&3,.$!

6$*&12$!,4!'#$!%)+$*'),.!,4!'#$!27).!*&12$2!'#$!6&2$6&33!',!&**$3$+&'$!%,(.(&+%9!K!4&2'6&33!&3(&82!

#&2!&.!&**$3$+&'),.!;&/.)'1%$!).!'#$! z !%)+$*'),.!3$22!'#&.!'#$!&**$3$+&'),.!%1$!',!/+&0)'8!6$*&12$!

,4!'#$!27).!%)+$*'),.5!(#)*#!*&12$2!'#$!6&2$6&33!',!&**$3$+&'$!).!'#$!17(&+%!%)+$*'),.9!K.,'#$+!

%$'$+;).)./!4&*',+!)2!'#$!).)')&3!27$$%!,4!'#$!7)'*#$29!K!'87)*&3!*1+0$6&33!#&2!&!27$$%!1.%$+!L>!;7#5!

(#$+$&2!&!4&2'6&33!)2!*,.0$.'),.&338!&'!27$$%2!).!$?*$22!,4!LM!;7#9!!!!

"#$!2$3$*'$%!7)'*#$+2!&+$!E+,.2,.!K++,8,!,4!'#$!N).*)..&')!O$%2!4,+!#)2!*1+0$6&33!&.%!P,2#!
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>!!=<

>!=<

211.1,446.98,295.5

315.36,498.19,384.4

0
v

a
!

! "#!$%#&!'(&)!$%#!*+)('(#)!,--#.#/,$(+&!01!23(&4!$%#!5/+-#33!5/#6(+23.1!)#3-/(0#)7!

>!=< 0.863,6.3899,8.876
m
a !

! 8#9$!:#!'(&)!$%#!*,4&($2)#!+'!$%#!6#.+-($1;!
0
v ;!,&)!$%#!*,4&($2)#!+'!$%#!*+)('(#)!

,--#.#/,$(+&;!
m
a <!

ft/sec595732.98=
0
v !

2
ft/sec0619.4089=

m
a !

! =&3#/$(&4!$%#3#!6,.2#3!(&$+!$%#!-23$+*(>#)!#?2,$(+&!1(#.)3!$%#!*(&(*2*!35(&!*,4&($2)#!'+/!

$%(3!5($-%7!

rev/sec4730.41
90sin5957.98

0619.4089
min ==S !

! @1!#6,.2,$(&4!+$%#/!5($-%#3!6(,!$%#!3,*#!5/+-#33!$%#3#!*(&(*2*!35(&!*,4&($2)#3!,/#!

+0$,(&#)7!

!

!

!

!

!

 
Min S  (rev/sec) 

1 41.473011 

2 46.179763 

3 50.823846 

4 44.156804 

5 45.669365 

6 42.458440 

7 47.258479 

8 50.928479 

9 45.373656 

10 49.326510 

AVG. 46.364806 
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"#-%=!/#$!8&//$)7%!P-$%/.*0!.%!&0%N$)$,>!Q$M/!/.'$!#$!N.11!60*N!/*!'*)$!+1*%$12!N&/+#!/#$!%(.0!*3!

/#$!(./+#!.3!#$!N.%#$%!/*!9$/!&!#./>!

 
Min S (rev/sec) 

1 69.299733 

2 68.061145 

3 64.815963 

4 63.128792 

5 62.859936 

6 67.919915 

7 60.606146 

8 60.791572 

9 67.507436 

10 68.120090 

AVG. 65.311073 
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