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p$ z: {)3
NP= Oi

Nf:i;: b

L1NHQ : sin a = NH = YN
NQ b

L1NKP: cos n = NK = xN
NP a

sin 2 a + cos 2 a =1
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n = 4 , f 1= 4(~~) , f 2= 0

F = 3(4 - 1)- 2 x 4 = 9 - 8 = 1

® n = 4 , f1= 3(~~) + 1(o~.;.1)=4 , f2= 0

F=3(4-1)-2x4=9-8=1

n = 4 ,f1= 2(~~) + 2(o~.;.1)= 4, f2= 0

F = 3(4 - 1)- 2 x 4 = 9 - 8 = 1

n=5,f1=5(~~),f2=O

F = 3(5-1)- 2x5 = 12-10 = 2
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n = 6 , f[ = 7 , f2 = 0

F =3(6 - 1)- 2 x 7 =1
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n =5 , f 1 =6 , f2 =0

F=3(S-I)-2x6=12-12=O (~Ojl.J)

n =6 , f l =8 , f2 =0

F = 3(6-1)- 2x8 = IS -16 = -1 (~J~~)~~) ~l,j Ojl.J
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n =5 , f 1 =7 , f 2 =0

F =3(S-1)- 2x6 =0 (~1~~)
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n = 5 , f 1 = 6 , f2 = 0

F = 3(5-1)- 2x6 = 0 (~15)
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n =3 , f 1 =2 (~~) , f2 =1 (~.;J L oly-oJb~)

F == 3(3- 1)- 2 x 2 - 1=1
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n =5 ,f1 =5(~~), f2 = 1

F == 3(5-1)- 2x5 -1 = 12 -10 -1 = 1

~)~ ,5 ~ 0~.9}1 ~ .9 o~~ l5~ljl ~)~ ~. l51)~ l51~ )~ )l)~jL.,
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F==I+3-2-1=1
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n =3 f =2(~ -f) f = 1 ( :.:. jLa.JI), 1 ry , 2 ~~.

F=3(n-l)-2x2-1=1
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n = 3, fl.= 2(~~), f2= l(~~~~. JLa.;·I) = 2

F =3(n -1)- 2x 2- 2xl =6- 4- 2 =0
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:) ..:;......,1 ...::...)~ (XYZ) e-yo ~ (xyz) ~y ...::...~ O~.:l ).:l l.A>~r ~I) <..S'"~ ".b~

VXYZ = Vxyz +(ffixyz xr) + Va

:,)).:l ss
(VAbs. Jl.ho~r 4) XYZ o~.:l ~~ p <I.h.Q.;~r :VXYZ

(VRel. ~~r 4)xyz o~.:l ~ ~P <I.h.Q.;~r :Vxyz

(VTrans. ~I..O.:;,,;I ~r ~)xyz...::...~ o~.:l l~ ~r :Vo

(VRot ~JA ~r 4)~~ ~r :ooxyz xi



::>~~ xyz ~ XYZ o~~~::> y1b ~ ~ roxi ?r:; ~r ~ ::>~~ xyz o~::> ~ ~ Vo ~l.Q:.;1 ~r

:::>~~ o..l.ilr-> 4.lS~ ~r~.~~r '~r ~~~.l ~ ~ o~~

VT. =Vo + O)xyz x r
_1_- ~ "-.J Lol ,o~ J ~ J I~ u~ '-L, cS ~ .. I L a...JS' l~ ,ltb~ ~~l.Lo::> cS~b ~ .. ~Lf'~ . ~ ~ ~ . .r" O" (..s!. ~)... ..) r) . ~ ...

:~~~ f'~ ,~ ~,.>~ ~ ~~ cS ::>~ 15ltb~r 15~I) ,ltb~0~~

ds­
V =Ve t =-e tdt
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lSltb~ lSl~ (0) s..:::;~ oj:'.l~ ~)k ) ~ f'~ 15ltb~ 151~ ( "j) ~)lc ) ~ ~ ~~~ )~)"! 15\.:.....,I) ~ ..b~r ~l)

.~ ~l,.> o~~l J~

:~ ~l,.> ~~ j:'.j~ ~ 151~ ul).r lSI)"! ltb~r ~~ ~~1.Jt...O ~.l)"!~

o~ o~ o~ ~~ ~~
--+ ----+ - --

v XYZ = V xyz + ill xyz X r + Vo

.~l f'~ 0 115l:.-,1) ~ o~~ ~~ e.-S.r~~ OJ )~~ ~l lSl~ e.-S.r 0~ ­

.~l f'~~ ~ ~~ 15l:.-,I) 0~~ f'~ ~ ~~ ~ Jlho 15~~r 15~I) -

.~ j.> ~1.9~ u)~~.l~)~,~~ f'~ ~.~~ Vo ~r)~ ~ ~l) ­

)~ ,Jlho ~r )~) J~ ~ lSl)~ ,~l 15~ ~~l.LO ~~ J~l.Lo '151~ e.-S.r )::> cS J~ 15)~~ o.J~l.Lo JI.> ~.l ~

~J~ ) ~. 01':;~ waG> ~I.> ~~ ) o~~l L.~l j.> ~LS~ ~ o~~ (~~ o~~ 151~.~lj ~r )~ ~~ ~r

.~~ j.> 1) o~Lo~~ J~~~ -oJ~l.Lo~~ ~ o~~ ~~ 1)

~}A o~~ ~~ P~ ,olf01,.)~ ~ n~ ) ~l.:...o ~ ~. 15~) ~ , xyz ~~u~ o~~ as~)~ )~

:~~ 01':;~ ~. ,~~~ ~~ J~ ~. ~ o~ ~ ~l~ V xyz ~~r ~~ ~ o~~ c..S.r ~lS xyz

0"; ~I 0"; .,;.,;.,;.,;

VXYZ = ""YZ + ffi xyz Xr + Vo

o

Vp = Vo + ron xOP
n n



o-V -v -v 0--1 -V-V
-----+ -----+ - --

V C = V B + 0) n X BC
n n

o-V- -
VCn/Bn =VCn -VBn =O)nxBC

VCn/Bn ~~ ~ ~) ~.1)1 .~)~ B, cJajij ~}A a..:~~)~ p)1 ~ o~~ ~~~ Cn ~ Bn loUt; ~~ ~r

:~~~ o~l~ 0L..;

o-V -v--1 o-V
- --+

VCn = V n, + V c, /s,

~~ ron )~./I ~ o~~ ~y> ~)~ ~ Be .r! ~~ VCn/Bn 1S~1) ~ 0'~~ ,OOn x BC y~~l.> a..: ~~ ~

1t - _
Oln ~)':> 2" o)'.lil ~ Be ).:>Yo~ J-:>R) ~) ~ ~ o.:>~ (BC)wn (BC)WnYoIYo ~ ~r 0-I.1 ) ..lA.o ,~~

:~~~~l.>

~r ~ C cJajij ~r' 2 ~ 1S1~.~lj ~r 0~~ ~~ a..: ~~~ .~~~ ci./ p)~ lS'~)~)S~jl.J~. ,J~ 01~ a..:

:~)~I ~~a..: 01~~ I) 4 ~ 3 1Sl.tb~ 1S1~.~lj

o-V -V -V 0--1
--+ --+ -----+

V C3 = V B3 + V C
3

/ B
3

VB3 =VB2 =~X02B:(02B)~, .1(02B) , ?

VC3 / B3 : .1(BC) (..::....,I.)~ BC k> Yo VC3 / B3 .:>~~ ~r)

VC4 : .1(04C)

L ~ o~ o~1..i ~r y.b.9 ~) o'~~ cJajij ~. )1 VB 3 )~.r! ~) )1 ~.

cJajij )1 ~ BC .r! ~~ ..h> ~. VB )~.r-! 1S~1 )1 ,(~~~ o~l~ 0L..; Ov

cJajij ,~ ..h> ~~ ~).l; ~ .~~~ ~) 04C .r-! ~~ h> ~. Ov
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.( ro l =(04) .~I o)~~ 151~1).) 01151d..:'.~lj~r ~I~ }:.Jt~ ~r '15)lS' o)~.) ylb 0~.4.)~.9 o~~ )})"!

~ o~~ y~ I)~~~ ~t~ "-! S.r--o ).9~ 4S ~01) <S~ 15j}l '~.9Ui.o)~ ,.))}-O 0-!.I).) ,IWol<IWd-'
.~~.~ ~.I}I ~.I.) ~t~ ~r '15)lS' et>~ ylb )~ ~ o~~ 004>001 as ~1 0-!.1 0 1~

~. (01=(04 as ~~ ~. ~~.) ~l.> .9 o~~ ~~ ,o~.) ~. )~.4. ~ J.)~ .).?)lS 151~ r~ ~ J~I .))~ 4S ~I ~.~

Lal ,~I~ 151~.~lj ~r ,o~.) 15)lS" et>~ ~. ~ )~ ~yfl ~ ~I o~~ .)ySlo.c 151~ ~b 0-:'.ri ,~~ Wo=Wi

151~ 01':;~ ~b 0-!.1 )~ '~~\S'" r~1 I) .),> 15)lS 15~~~ '15.9~ LSUb0 Loj ).) ~ o~~ (Periodic)LSlo).9.) o~~ ~.r

I)~r ul~ ~ ~~ ~.~ (Average Speed) ~,:..a ~~ ~r ~ (Nominal Speed) ~L; ~r: ~r ~. o~.)

.~~ .. ~ ·1tA.J~... ~ r~...

0-!.1 j~ o~.9~ ,~4 L5i1~ 151)~ 0 1 LSl~..91j ~r '15)lS' ~~ ylb ).).9 o.)~ LSlo).9.) u)~ ~ o~~ ~~ ~r olfylb

,~ .. 14S ~... . .. ,~A~ ~ wI '" ~ . ·1 4\.J ~1 ul .... 1 ·1·e:L., oS .. _t( ~ .. L ,wl '"....r::' 4.X. ~~~ ..r r ~ ...~ u . .9 ~ ~. u~ r-'... ~ ..~. ~

." 1~.... 4\.J·l· L )'L ~ ~.,. .~ .. 1 ..... .

.~ ~~r .'u ~.... .9(.$.. .9 ~~r). ~~~

OOmax - Olmin
c=-~---

ro
(Coefficient of Fluctuation)



L. (Average Angular Velocity).b....,~ (.$1~.~lj ~r ill ~ ..;Jt~ (.$1~.~lj ~.r" J$1.l> ~ rsl.l> ~; ~ O)min ~ O)max

:) ..::.........1 u)~ cSl~ )~ 0i )...I..li.<> ~ ..::.........1 (Nominal) LS"L; (.$1~.~lj ~r:

00= ~ roxlt

(~lej .b....,~)

co= ~ rOOdS

(~ts:.".b....,~)

4. .b....,~ ~r~ 0:'.I)~ lei •..::.........1 (.$)l5' ~~ ~)~ ..;Jt~ .b....,~ o~ o~~ ~.~lj e ~ oK:....,~ (.$)l5' ~~l.:.:i o)~~ T

:~~LS" ci; p)~ (.$1~.~lj ~r J$1.l> ~ rsl.l>~~u)~ 4: '($"L; ~r:

2( OOmax - OOmin)
c=------'-

(OOmax + oomin)

c _ c)_
OOmax =(l +-)00, OOmin =(l~- 00

2 2
(2-c)

ro... = 00
mm (2+c) max

~.;SJI (.$~)~I;;)~ 0.002 ~ (.$Y!.~\.i., (.$I)~ '01..,........l..:..o ~'?)l5' (.$Iy! •..;Jt~ ) o~l.Q:;...,1 tY ~ ~ .~r ul~ '-:-'!.~

~ts:." (.S""'~ e-r (.$~~l;S ) 01~LS" I) <J"l:> )l5' Y' ..,........l..:..o Y!.~\.i., oS .~4LS" (Crasher)~~(.$~~le )~ 0.2 lJ

:..::.........1 o~ ~I~I~~ ~~) Y!.j J~..>.::'" ~~ Jl;;.., (.$Iy! .~)~i ..::.........~4:

C=0.006

C=O.OI~ 0.02

C=0.03

C=0.05

~ 04.r.- sl.lb)~I}) sl.lb)~,... sl.r.

~J..:.94, ~~) SI.lb~L. sl.lb)~,... sl.r.

}j!1 SI.lb~L. sl.lb)~,... sl.r.

s..i)'L:S sl.lb~L. sl.lb)~,... sl.r.

(N = 1000 rpm)

AN::; 3 rpm

3 ::;AN::; 12 rpm

12 ::; AN ::; 50 rpm

50 s AN s 200 rpm

AN::; 200 rpm

C::; 0.003

0.003::; C::; 0.012

0.012::; C s 0.05

0.05::; C::; 0.2

0.2::;C

-::">I~ )l.:-: sl.lb~ r sir.

..b...,,:.o ";>I~ 4sl.lb~.r" sl.r.

<$..r ul~ 4sl.lb~r sir.

..b...,,:.o ul~ 4sl.lb~.r" sl.r.

~4..i ul~ 4sl.lb~r sl.r.

lJ o~ ~~ N=1000 rpm LS"L; ~r: (.$Iy! AN Y!.~\.i., J~ J~~ )~ . ~N =Nmax - Nmin =eN :<1.5',) ~ ~~4

.~~ <....r'L:>1 ~I)~~ ~r ..:...L;L,~ ~~.l>

:~}! ...ut>lp rsl.l> ~ J$1.l>~~ (.$;;1 •..::.........1 rsl.l> ~ J$1.l> (.$1~~lj ~r <1.5' dl.h:>J )~ 1..,1

1 2
(EK)min = - IOOmin

2



:.::..........1 )~ ,~ ~I ~L;i; .~ IS:)}1-:;.,I~,)~ ~;~ ,

1 2 2
max(AEK ) =(E K ) max - (E K )min =- I(IDmax - IDmin)

2

=!I(IDmax - IDmin)(ffimax + IDmin) =! I(Cro)(2ffi) =Clro2

2 2

..l.iLo;,1;..;;.f ~)':;-.5"" •.;.Jtr.;- -.5""li ~r' 1S;l5' o;,~ ~ ~;~~ IS:)} I ..::...I~ 01~ ;Sl.l> ~b 4 •....,...;;; Lr..1 ~

'1SIo~ ~~ jI o~,...l.=o;~ ISI"-!.,lj~.r, o~}! ol~~ ojl..l.il ~~.r ..::...I~ ~.;-::. 4S ,~~~ IS~ "-! 1;.;.Jtr.;­

....,.L...;~

jI (>~ 0~~ ;,~ 4....,...;;; Lr..1 "-! 4S ~':"-.5"" o~lA;;...,1 (arm) )~0.J? (rim) oj,b ~ 4. , .J?':; ~~ ~. jI •.;.J~ 1S1y; ~~

.~~ ..s..'T":"4S~ o~Lo J.r"'" ;~ , o~~ ~4.j I; I )~ 0':;-.5"" '01;,~ ;Y"-"

. . -
(J\.~U'y

JIob"

( - ,
YVpt,-f\-Pf>

(ac..m- o-{)

- \ .
I"JO(j~):

:.:...;;,; 0 1':;-.5"".R tlA..::. 4'0' ~,b ~~),; IS,; <I.hii.i~~ ,~.~ p;~ I;.;.J~ oj,b jI~<I.hii.i~.}'l Jb

Vmax =ROlmax , Vmin =R<Omin , Y=Roo

.J::-i V , .::..S;> 6.>r; J,b;~ .;.J~ oj,b ~~ ;l:i J:,LQ.; -# ~r J91.l> , .fS1.l> ....,...;;.; "-! Vmin , V max ~~lA.o 4S

•.::..........1 J:,LQ.; Lr..1 h...,,~ ~ ~.r

I
)~ jI..::...}-:~ , meff. = R 2 4S ..::...;~ ~I "-! ,~~ ~.~ I; ~tr.;- (Effective Mass) };..o (>r:- (>li ~~ 0 1,:;(S" Jb

1= (meff)R2 :~~ ~I,.;.J~ ..l.iLo;,1;..;;.f y;1y; 0' ..l.iLo;,1;..;;.f .~,:.. jS~ oj,b ~~;l:i IS,; }'14S .:........1 (S"r:­

:..::......:,,; 01,:;'-5"" ~Iy;~



~r:; t~ L5')b,~)~ ~h ~Lo )'~ )~ )~ d.5 j.:-i ~.~ , UbO~. , O~~ jS~ 0' ~,b )~ ~~ f'r:-~~ )~

,~~~ ci./ P )~ );.0 f'r:- f,\· ~I~ ~,b ~r:- ,~ ~.1 J> L51~ .~ ~I~ R 4 d.5.~ (Gyration Radius)

:~;~.'~

mrim = 0.9m ef f .

,o~.1~ cb.A.o~~~~ .~~ ~~ ,) ~,b cb.A.o~ 0'~~ '01 o~Lo tY , ~,b ..b,~ t~ 0~~ ~,Lr-o 4,
." 1 . L '1_"_
'~~ ..~yA'~

m,
m· =pV· =p(21tRA) => A=-!!!!L

nm nm 2nRp

~1~ o~Lo ,~ ~.1 o~., f'r:- d.5 '~4~ 0~ ~. ~'1~ ~ )1~~ , ~, ~t~ ~,b )~ ci) )l) ~ o~Lo o~., ~r:- ' P d.5

:4~'

3
Psteel =7830 (kg / m )

3
Pcast iron =7090 (kg / III )

~~

~-]~t'

~.

~~t.?b
~.. ' .. ~.!__..J ..
~.

A ::.IlOlb

:)1 ~, W)~~ cb~ ~~~ ,

~

V20aJ:b
! ....o. ... 1

11 s:..<2Jb

,~~~ j;L; ~.~ j' d.5 ~~~ ~), jSyA)1 j-!../~ L5'~ UbO~.,~,b wl)~ ~ ,~1~.r: Jb- )~ ~t~ lAS~~

'~~r L5lo~.1~ ~ L5')~ ~tr:; w')~ d.50' L5'~ ~~ w)~ ~ .~~ ~ 'o~, ~~~ ~,~ L5Ub,~ ~~ ~.4

L5Ub,~ 0~ o~ ~ )l) ~.1 d.5 ,~,W J~ ..6J'~~ )1 ,) Ub0' ;:..Sr ~ lAS ~~ ~), ~.,~ Ub0' ~ ~4

~) ~,~ ,) w')~ ~~ ~.L;'~ ~.~ ~,~ L5Ub,~ ,.xS'~ ~I)' ~t~ ~~ ~r d.5 d)~)~ .~1 ~,~

~~. 4~~.I)~ .~~./~~)~~ ~t~ ,(0) ;I}~ ~.~ ~,~)1 o~ ~~.1 L5llb~ ~.~ w)~

r _
:~"';'1.5" l..S'"'J.r. ,.::..,j./ p J~ (R «1) Sjl,;)~ IJ 0 101~1.5" j o~ .c..>L.... ~J~ ":'J~~ ~ .)l>~ <I.ii..b ,o~L,

~) q w~ L o~··~···~ .~~ L~ lAS ~_t_ '1 S>-< ~ . 0...J. .r--~). ~) ... ,..,) ...~ ..

...;~ L5llb~ )~ .~~~ ci./ P )~ ,~)~ )} (jSyA j' j-!../ L5'~

p )~ 0'~~ d.5 ~~. ~1.9 ~lS:..o ~~ ,s:::,s~ ~.1 O~),>

:~~~ ~), ~ ~~ )G ~ U'"'~ lAS ~, p~L5'~ ,~./



." :. . 1 ~ ~I~I ~ ~ . J~Lu ~~~ .I" Jl.>.~~)~ ) ~~ uJJ~

Lfk =0 =? q(Rd8)-2P(sin d
28)

=0

. de de
Sln-~- => p=qR

2 2

P qR
=>0' =-=­

C A A

.~I d..Q.b. .I..... ~ - -.1........ A ~ _~ I..... - - :.. " (j ~
~ c~ y::-' ~ ..r ~~ c .

:~4 jSyA ) ~.~ <.S:1~ ) ~~ ,q ~~ o~~ LS:1~ -s~~~ ~} Jl.>

dm = pdV dV = Ads = ARd8 => dm = pARdS

2 2 dfk 2dfk = (dm)Rro = pAROl ds q = - = pARro
ds

.~ :. ~I~& ~ ~ ~L ~·I· ~ 4\3- I_ "bl.Q.j I..... --=- ~ ,~lo..;..j' bt;.~ :·····1 1..... _- :.••• oS· 1,l'"1 ~'" 1~
~ :1 ... ~C:.r.: ~ ~ r.. ):1.). ~)~~ I.,..)"!. '-='~ ••• r I.,..)"!. •

:~)~~~t~ ).) o~~1 ~)!JA o~lo ~ 'j~ ~ ~r ;Sl.l.>

Vu=f(O'u.t., P ,n)

Cast iron:

Steel:

Vu=30 (m/sec)

Vu=40 (m/sec)
p=7090 (kg/rrr')

p=7830 (kg/rrr')

[:::>O'p=6.4 (MN/m2
) ]

[:::>O'p=12.5 (MN/m2
) ]



'(') ....;.>R' )~ l:; f'r <lL19 )~ f'r '-;-'~ j..:>l> ) ..:........,1 ..::..)~ :)S,)A jl ~)l;. ~. )~ jl [)l:> r~ )I.).i.o-

~19 L. .....J...<, s..,,..1 (.\ <I.i s..,~.. 1_·1 ,. L.) ..::.. lA; J~W".61 ,. ~bl ·1 ..:........,1 ..::.. L.....: c ·':\;w,1 . ~~)'I .:; -_. .. ~ - <..:>.r. U . .. .r ~.r.. ~ (..S! ..r: ...) ) . ~ '"" .r

) [}.> f'r (,j~.? ;;.S ~)~l::.....,1 .l> ~. ) ~. '0~L.) J91.l> ~) 0~.r. ~ ) ,J.!.yb ) ,-::....;1.:; ....;.>r.; JY"-'" s..,. J~ ..;.:>r.;

....;->r.; )~

~j) 1$~)~l::...1J' ~ ~~~ (0~.? ;;.S ~)..).jl::.....,l.l> ~) ~. 0~L.) J91.l> ~) -.9.i::> ) ..::..........1 ..::..)~~ :~~.~ tS~jl;J­

.l> ~. ) ~. '0~L.) J91.l> ~) 0~.r. ~ ) ,J.!.yb ) ,~G )~ ~. J~ 01.>R'~~ ~. l$~olS"~ )~ o~ ~~.I

.....;.>r.; )Y'V' ) [)I.> f'r (0~.?y..S ~)~l::.....,1

~. ~l::.....,I) I$~); ~.l~ l:; ,~~.J (o~~}1 0\ ~ ~) ~l5' 01.>r.;~~ ) ..l..,>.~ oS ..:........,1 lS"r :~<Ujl,.., r~ -
~ ,. ---Q,1.il . l>.....J...<, (<: -\..;.,~

• ,...., I~ .r: U r.;. ~ ~ ..

<I.i ,""L..; ~b U ( <: .L.,~ L. c ~l::.....,l) .c~·1 .. ~ 1~l::.....,1.61 ,. ~.......:>,.\ ~ 1_ oS..:........,1 1_·1 ,. :.~~)·I':;~"; -
• <..:».. ~ ) .r: ~.. ..~ ,-,,).r) ..r) I~··~· u ~ ~. r \,,7 .r r

n

•..:........,1 I == I ~l>,y...o.ys)~:~,;
i=l



:..::....:.,; ~"l,;lS" "~4 ~~ ~ ec ~.,Ij'::":":; r, J..>~ eta...::. )~ m, f y:- 0~,)1 4

IMx = mgrcos G-e m.gr, cosec = g(mrcOSe+mcfc cosec)=0

1t2" J..>~ ~,lj ~ 'J,.9 0l.>~ fly:-I~~ ,),h.:.-o .:xl ~ ,..>..:.4 J~L, ~4 ~ ~~ ~ J..>~ ~,Ij yIb~ J,.9 ~l)

LMx = mgrcos(9+ ~ )+mc grc cos(9c + ~) =0

~ ghnrsin e + mcfc sin ec) = 0

~ {mrsin e+ mcfc sin ec = 0
mrcOSe+mcfc cosec = 0



LS1.r. ~~.,:, LS~;l;.,:,,.>.b~ 0-!.I.r.~ ,.,:,~~ ~;l; LS~.":' LS'y.;, 4.m 01>R f'.y:" )l.r. o~ .,:,~.l ~)) LS'y.;, 0~

:.,:,)..>,.; .,:,~, 01

(w:;t:O.b'·<\,»r: .

(w:;t:°d)4)

:..::........1 .r..) L~ ~ LS~ .u.,:,la... ,.,:, ~ ..k~ ..H1.9 'LSJb.r. .u.,:,la... -Xl

{
mr Sin e + mere sin ee = 0

mrcos e + mere cos ee = 0

..::.....,1· L..S., ~ "l:....I.r-.l.;...:,·I·· .,:,\':""1.61 ,. L ~ -l.;.,.,:, .r-.l.;...:,·1 • .,:,\':""1.61 .'. .::.....,1 « "l:....I.r-.l.;...:,·\· .,..\<'1.> ..:..)'.,:,la... . Lo.", 45u . c.s"="' '-" ) r . .. ...r'.~ .. '-" J r . .. ..r' , c.s"="' '-" ).r '-" .r. ~ u

:~(~.- \.:...

:($~jl~.),:> ~I~­

1t
:- 0'1..>,.;\ <\.> ~ . .:.>.> L2 J .• J.T -- U"-- F" •



{
m t f t Sin 8 ) +m2f2sin82 =0

:::::> tg8 1 = tg8 2
nl)r) cos O, + m2f2 cos G, = 0

{
el =82 :::::> m2f 2 = -m1fl

81 = 82 + IT => m 2f2 =m1fl => m 1~ = -m2s
0~); 4~~ ~ ~ L53)a.:~) ~ (mlfl =m2f 2) o~~ ~I~ jSy-o) ~)l> fr-,~./I, ~I ~~ J,I.b~ as

.~I I~ « ·:l:~J.J
).rX~

.~I (":\'::'-"1 ~·I ..~ . .bl t. J~Lt.o as
~ <.S ).7 ~ ..r

1t - -
.:>1-.4.01 ).:> 2 0 )..;;1 ~ ,) ? r:~ ' X ),=0 .r. .:>~ L5)':>.r. y1b ).:> '0' <..5::-» '-:-'~ ~ o.:>Yo x ),=0 .:>1-.4.01 ).:> ~. ),:>.r. ,e x

:~~ I.)fi~ ~ ~I~ L5)~)""! ~~Gt..o )~ <.S~h ~.lx~ ,~~~ (~~ )I) ? y:::; )~ ~~ )~ JoG olf ytb) ~./~L,

-
Xlffilfl +X2ffi2r2 =0

)~ 4~~~);~~o~ ~~.I ~j) <.S~)'~ \.:; ~~ ~I, x )~ X ~~ ~ ~. )~ ~.~ 0l>y:::; f'r- ,~ ,~.lx~

:W)~~.l~

Xl * x2 => x]m;~ -X2ml~ =(x] -X2)m]~*0
)~ ~ ol~ as '~.L,...i~ ~~.l ,?y:::; )~ , f'r:- ,~ ) o~)~~ x ~~ ~j} <.S'~ ~,j ~. jSyo ) ~)l> f'r:- ,~

.~ ~I~ d..C~ j) f'r:- jSyo J~ )~~.r:: uL::,L,u) ~~.l ~ , o~.r:: '~g

~ jl ,oLob~j) <.S'-~~ ~,j 45 ~~.! ~ <.SloLoL9 )~ ,~ 0~ )~ XIX jSr ) ~)l> f r- ,~ ~.~ 010~~ ~)} <.SIx

.~~ ~,10l>.r:: f'~ ,~~j) <.S'~ ~,j ~ J)l>. )~, xlx)~

:~ ('?'... c..

<.S~);'.b~ ~.~ ~ o~~ ~l) ~·l:-JI <.S~)} '~.r::)~ x ~~ .i:'.~ ~,~)~ 0l>y:::; f'r:-,~ <.S~)} <.SIx

.~~ )I}x ~~.~

(":~I ~·I·· {= < -L,~ ~·I··
~ <.S).7 ~" <.S ).7



J
Xj =x i =1,2, .. , n

"M =o=> "rn.gf'COSe. =0L.J x L.J I I . I

"rn.gf' sin e· =0L.J I I I

m·~w2.
j j

1t
;- o·I.).j1 e,., o.=o.!:.:>..:> L2) . ):r -- V-- I" •

{

" rn.f. sin O, =0L.J I I I

=>
Lrnjfj cos O, =0

( « ·:L....,I ~'I"~' -61 ,.)
~ t.5 )J' J> ...r>

{

L in;fi sin O, +in,f, sine, ~o

Lrnjfj cos O, +rncfc cosec - 0

=> {in'" sine, ~~L inirisin e i

rncfc cosec - Lffilfl cos O,

e
sin e ctg c =--=-­
cosec

- ~m.r, sin e·L..J I I I

- ~rn'f' cos G.L..J 11 1



,,- - ,,- 2 - ,,-­
LJFS =0 ~ LJmiriffi =0 ~ LJmiri = 0

..;......,1 ~l;;...,1 i$~)1~ i$~ ~.)~~.) 0 w J.)~ 'i$)br. .u.)~ ~14S

L - - 2 -
x·e Xffior·O) =01 XII

:~.) u)~ ~ ,.;......,1 ~lS" ~l;;...,1 i$~jl~ ,~~ 0l>r; f'1.r.-1i$~)1~ i$1y.

(' :l;;...,1 "..~·I .. ¢::> (' .t;.,.) ."'~'I ..
~ I.;> )Y ~ .. I.;> )Y

•.;......,1 j~ ./"-.i)l}'4 jS.r' )I <:Jl> f'.r.- ~. ~ JSI..>..> ,~~ 0l>r; f'1.r.-1)I i$1~~ ~~..) 4. ~l;;...,1 i$~)1~ i$1y.

..;......,1~~ 0l>r; f'1.r.-1..:.Jl> ..l.,;.jl.o :cS..\.\.o)ljS..),> ~.I~­

..;......,1~~ 0l>r; f'1.r.-1..:.Jl> ..l.,;.jl.o :.,$<U)I~ r~ ul.A."~'o-

.c...,1~~ 0l>~ /"Ip.-I x.i\.. :~)) cS~'~ cS..\.\.o)ljS..),> ~.I~­

:~)) cS~.J,I.;.~.e cS..\.\.o)ljS..),> ~I~-

L - - 2 -x.e x m.ntn =0I X 1 I ~ "x·m·; =0LJ 1 11

{

" x.m.r. sin B, =0LJ 1 11 1

"x·m·r· cosG, = 0LJ 1 11 1



.s; yIb )...lJi.o 4S ,,)~ ~j'fi oly..!,)~ ,,) ),) '15)"" 1.S,y.; ,,) ~ ,)'filS'" I) mi fi jSyA ) [)l> f'?' yIb jSyA ) :r...J 1.S,y.;

:jI ...::..........1 .::.,)~ jSyA ) [;l> f'1?,1 )

/ / b
m·r· =--m·r·

11 a+b 11

" " am·r· =--m·f·
11 a+b 11

4S ,..I.:...:J~lS'" oly..!,)~ ,,) ),)~~ 0l>R f'1?,1 0,.1 ,,) .::.,)~ ~ ~j'fi -Y.~ ,~~y.;. 0l>R f'1?,1 0'.1 ~. (,:.)"!.I.r.~

jSyA ) [;l> f'.?' ~ ~ J91.l>,~~ 0l>R f'1?,1 ) ~~ yIb 4S0\ ~ ~'fi~ .~,f~ .::.,~ ,.;-::>1 .::.,~ ~

1.S1y' ~; -:r..1~ .~ ~I,> ~); jSyA) [)l> f'.?' ,,) ~ J91.l>,~~y.;. 0l>R f'1.?'1 ) ~~ yIb ,..>..i~lS'" ~);

:..:.....;;,,.; 0 1'fi lS'",~~y.:i;. 0l>R f'1?,') 1.S1~~ 1.S~); ~lr:o

I{LmifiSin8i +mafasin8a +mbfbsin8b =0

Lmifi cos O, + mafa cos O, + mbfb cos8b = 0

II{~>'ffi'" sin O, +X,ffia' , sin B, +xbffib'b sin B], =_0

LXimifi cos O, + xamafa cos G, + xbmbfb cos8b - 0

, '~j) I.SlA),l;;..;;$' 1.S~); ~ ..b}!yA II .::.,')f,)L...o , o,)}! ~j) I.SlA,y.; 1.S~); .J,:-i , ~l::......II.S~); ~ ..bJ-lyA I .::.,')f,)L...o

....::..........1 ~~.,) 1.S~); ~ ..b}!yA II, I .::.,')f,)L...o~~

:jI.l.:.:i)~ .::.,')f~ 0\),) 4S

mafa ,8a ,xa a .J<l..ijl,... f'.?''::''~

mbfb ,8b ,xb :b .J<l..i),... f'~"::"~



5 Xa) ~..::...~ ~~ S/~ 4S ~~ yGwI!.S)l,;..:>1 ~.~ J~ 5.) ,~)~ J~~ 'J~ .u.)L...,)~ 4S() ~ ~i~

1(' -, <ll ..::...')}.)L..., o~ x =0~ ... I <ll') ,. I~"" .A ..~ <ll"::"'~ o~.) yoz~ o~ ,-,Gwl (x
~ . 5 a •.. .1' <.Y!. • r-'I.$"~ ~. 5 . b

..) ., ".

. r-' I.$" ~.1' r..)

I{L mjfj sin Sj + mafa sin Sa + mbfb sin Sb = 0

Lmjfj cos O, + mafa cos O, + mbfb cos O, = 0

{

L Xjm jfj sin O, + xbmbfb sinSb = 0

II

LXjmjfj cos O, +xbmbfbcosSb =0

(-2: Xi illifj sin 8j)
2) illbfb = .

xb sin 8b

sin 8 -(2: illjfj sin B, +illbfbsin8b)
3) tag8

a
= __a == _=--:. _

cos O, -(2:illjfi cos O, +illbfb cos8b)

..)~ yGwI ..,......,L.:..., C!) ).) ,cos Sb 5 sin 8 b r-!.)k ~ ~i ~ Sa ~.5Ij 4S .)~ ~i

(-2: illjfj sin 8j + illbfb sin 8b)
4) illafa == .

sin O,

:~ (".-• - c..

:~.~ u)~ ~ '.)r..~. ..::...)~ h~.~ !.S~}; ~.~ 5 'O~~ ~l5" ~L..,I!.S~}; '~ro-D'~ ul.>.r.;- 1"1.r.-1!.S~}; !.SIr.

(' ·:L..,I ,"'~'I .. ¢:= (' .L.~ ,"'~'I •
~ '-" ).1' ~ .. '-" ).1'

...:.........\ j~ jSyo) c;» I".r.- 5~ ~ JSI..l> 'h~.~ !.S~}; !.Sly! 5 ~. ~ JSI..l> ,~L..,\ !.S~); !.SIr. ..::.JI..:> 01.\ )~

<i)

~- ­- -L-
(.2) (3)

(It)

....



{
miri = mr i = 1,2,3,4

xi -Xi-I =a

{
81 = 0, 82 = 1[;, 83 = 1t ,

X I = 0, X2 = a, x 3 = 2a ,

{

L miri Sin 8i =rnrLsin8i =mr(4xO)=0

Lmiricos8i =mrLcos8j =mr(l-l-l+l)=O

{

L Ximiri sin O, = mrLXi sin O, = mr(0+axO+2axO+3axO)=0

LXimirj cos O, = mrLXi cos O, = mr(O+ ax-l + 2ax-l + 3ax+l) = 0

...::......,1 .,),.;.0'1 ..~..> <: ..L..,~ « ·:L...,I 1.:.:·1 .<",i., J:.J I ... 1 L..,).r T ~ .. 5~ .r--)),., ....r.:-'" v-'. Y. .

-s1A~J'" ~I.>..o.J 5 O~~ 0~. 1AJ:.J ~I.>..o.J ~J'" y1b )~ 5 o~.~yf~ y.ly.~ n ~ J:.J~ -s1AJ:.J .h....,~ ,21t <l.J.5Ij yfl

:~~yf ~15 ~ ..A.il~~ y..j ~15) ,~4 k ) ~ (-s};:> -s1A~J'" ...,..L:;,;.I 05~) 1AJ:.J -S1~.5Ij

~ .. (.2kJt) 0
~sm 1-- =
i=l n

n>k :Q.)J.b~ ~

n (2kJt)
LCOS i-- =0
i=1 n

.b~ Q.) ,..::......,1 n = 2 5 k = 1 J~ Jl;;... -Sly. ·~4~ 21t )~ 1AJ:.J .h....,~ o~ J~1 -s1~.51j -s1A~¥, ~I.>..o.J n ~15) ~.I )~

.~4~ )}y. n > k

y =r cos G

z = rsin 8

~.4;1$. 4 ..::......,1~~y.:i. 0l:>.r.: ('Iy.--I ) -sl~~ ~15 )~ ,..::......,1 ~J'" ) ~l; Q.) p U"'~ ('.r-- 4 .c.......}::-';.~ ~.

0\ JL:-;~ ~ 5 O~? o~l..Q;;...,l, Iv ~ -S5) JI~I ~W jI L ~ ~W ) o~l..Q;;...,ll.S~ ~ ,..::.Jb ~.1 )~ .s.::;-~ )~ ('.r-­

.~~~ o~.r. )5~ dm =pdv ('.r-- 5r- ,J.:..9 ..:...-.....9 )~ j...:>b ~15) )~ m,~ (".r- I.S~ ~



j
IvrcosePdv =Iv ypdv =YIv Pdv =My =0 =? Y=0

Iv rsinBpdv =Iv zpdv =zIv pdv =Mz =0 =? z=0

( cosec ~ sinec &!.':>k <I.: ~~4 ,..,........L.o C!) )~ ,ec <I.:.~lj yL:;.;.;1 )

..::....1 ~t::....,Il.S~);~,.> ~.Iy-:;. ..I,.;..jlo :~j) ($L1b,~ ($.wjl~.),> ~I~­

:~j) ($L1bJ,'H4 f ($.wjl,>J.),> ~I~-

1
Iv xrcosBpdv =Iv xypdv =r., =a

Iv xrsinepdV =Iv xzpdv =Ixz =0

,.f..!.~ ..:..)~ <I.: ~ ~ o~~ ~ •..,..L>~x)~ JoL::. ..I.ilo l.Sl..:byr"j..>l> 4S.::....1 \) ~j) l.S1..:b)~l.:;..;;S' l.S~);~"> ..by-:;.

·~4 ..,..L>~~I~ ~. x )~



:~ ('?'... \:..

...:......1 jl::-i :fyo ) ~)I.> f'r- ,~ ~ J91..l.> ,~~~ LS~}; LSI.r. , ~ ~ J91..l.> ,~t......1 LS~}; LSI.r. ..:Jl> 0!.' )~
·..>...::,4 c9l, .;:..>r; )~ LS') f'r- :fyo oS ..:......1 0\ ~t......1 LS..M..o); ..by':>

·J.,.;J4 ~I )~ ~. .;:..>r; )~ '0,3 ..by':> .r.0i)l& oS ..:......1 0\ ~~.~ LS..M..o); ..by':>

:~,.::.~ ~).r. r..j 01.>r; LSUz,<l,jI~1 LS~); ..6.t1r> ,JI;;.... LSIr.

, l.S~jl;il; t';
~<l,jjl~ fll~' ~'...uJ J.il~

(l.S~jl;il; Jol&)

~ ~e ..:......I~}; -
C

0

=1 r-=
~t......1 ~·I··l.i.. LS))"'

:f 6..> ...s:.
eC (~j) LSUz"r,-i)

f'r- yo LS,) .') f'r- -

/">: ~L~ ~·I··l.i_ _ LS ))"'
.r.1.r. f'r- ,~

~
(~j) LS'r,-i~)

r-: 0- - ~t......1 ~·I-l.i

<: - - LS))"'

(~j) LSUz,),t"· "of , Uz"r,-i)
.r.1.r.l.i f'r- ,~



jSyo '.)'::'I.S" Q.J ;hi ).) C f'.r:- jSyo 4 (')~ <I.bi..; ~ ~.~i ~ ~ f'r'Y') 0 ~ ).) 1$1o~ '}~ ..,.L~ (' ...At~­

.0 olS'~ Jo...JI~ .),::, .)), 01 ~ F ...?):> jSr::....o l$'y.; olS'.fl' oS •..:.........1 OC .)lx..ol ).) c9l, •..,.L~ ) 1$1~ P ~~

:~~ 01,;1.S" o~ o.)b 0L:...i ..,.L~ -sly! .~b .lD:>1p. OC .)lx..ol ).) -slo..AJ~ ~

--- --- C(c

Pcosc e-R; = mae

Fcosa(CP) = lea

ae =(CO) a

R, Jo...JI~ -s,y.; 0.)1.))} yU -s~Lo 4

{

Fcos ex = m(co) ex

Fcos ex (CP ) = I e ex

~ m (co)(CP) a = lea = mkta ~ kt = epe0



..J:.;31~. )~ jS~ t.?"~~ .<l..;~ jS.7" •..)~ ...:;.9./ yb )..) --:S.7" ..J:.;31~. .:)~ <l..; J~ ..,.L~ 01$ J'" (r ~.~ ­

J:» ( 6° jI ;.5..:;,,s 0L~ <l..;.3Ij 4)~ ·..J:.;31 .::.Sy> •..::.Jl:> 3..) J'" )..) ...)~ ~I~ --:S.7" &31 Y3LJ 0)3..) 0W, 4 0..)L.

:..)~lS"

Ts = 2.~ (0;) .0[.. Je,l y,8 .,,'

Tc = 2. ~ J~:) ,.sr Je,i y,8 .,,'

2

TS =TC => (OP) =(~~) => k6 =(OC)(Op)

k6 =k2+(OC)2 => k2 =(OC)(Op)_(OC)2 =(OC)(Op-OC)

=> k2 =(CO)(CP) => k2 ={pi0

{
, ,

me =mR +mp

m~.€R =m~.€p
, 2 , 2 2

mR.€R +mp.€p =mekc

..::......1 (m~ , m~) J~ 3..) 3 o.blLo 6...J oS

m~.€~ + m~.€~ = (m~.€ R)'€ R + (mp.€ p).€ p

= (mp.€p).€R +(m~.€R).€p =.€R.€p(mp +m~)

= (me).€p.€R = mck~ ~ k~ = .€P.€R

o.bi.i~.•~4 <l..;~ o..)j.o.blA; 't.?" jS.7" <l..;~ .1.:>.4 (C) 0~ <.S~~ jS.7" 3 (B) ...{J <.S~~ jS.7".blA; .~...) ..::..)~ <l..;

·~4 B ~31 o.bi.i 4 <l..;~ jS.7'" C o.bi.i 3 C .i-!.31o.bi.i 4~~ jS.7" • B

.r.--" 3 (B o.bi.i) o~b~. .r.--" oS '..)~lS" <l..;.~ t.?" 3..) ~ .::......16 tJ..:::-)..) ~~. 0 1.r.--" oS 0YL:;, t.?" ~.; ~I ~

...::........1 .::......1) .b.> (C o.bi.i) <.S~..)

~.I~ <.S)}.r. )::-i 3 1..b0YL:;, 3 1..b...{J 0..)}! 0~. .b~ ~ .(m~ +mRJ·s:..:.J <.S~~ ?.7" <.S3) .r. jS~ <.Sl..btr;­

0~ <.S~~ jS.7" <.S3) .r. jS~ <.Sl..bt.?" 3 ..I.i}.).j 0..).? ...l..:.4j1; <l..; <.SjW 3 .o..)~ ...l..:.4j1';..)~ •...{J~ <.S...l..:.4)';,,)~

j;..o <.Slo~ ~ <.S1..b)S3jL. 4 I) 1..b0101~ <.S...l..:.4).;..),> ("~ "::")3"'"")") 4. 3~4 ...l..:.4).;..),>.::......1~ .(mp + mp)

...)~ ...l..:.4)';~ )S3jL.

'" II
(ml? t- rn f?)

G
n1f:



" r
fiR =-fiR (B o.b.O.; )~ ~ ? yo:;.-o f~)

R

tS'J~ ?r tSj) ~ oS 0~L. f~.>' ~ j 0~ f~.>' ~L; ~j) tS~j~ 0~.? ~}; .~ 0:'.I)~ ~I cJ.L.....o

J..:..>.e' ." ,., .>....>1.> ~ ~~ <I.> ...>...::,1.. ...>...::, I~··· ..•. ..r u~ Y'Y' f F· 'F-- f F· j r-r-.-- .' .1.5".0 ~u~·

c

s~I~----------J

H = L sin q> = R sin 8 - £

cos q> = ~1- sin 2 q>
L

S = Rcos8+Lcosq>

. Rsin8-£
smq>=----

1-(
R sinL8 - £)2=> S = R cos 8 + L

S~RcosS+L 1-(~sinsr

:~"..; pJ~ ~ ~ f~ .u.o.::- jl 01~1.5'" ~ ~ 0~}! ~. .>' jj~~ j (Isin 81 ~ 1) sin 8 ~l; 0~}! ).~l.? ~ ~~4

~S =L+RcosS- ~(~ sins)' ~L+R(cosS-~ Sin'S)

=> V ~ Ro{-sin8- ~ sin8cos8) = Ro{-sin8-~ sin 28)

=> A ~ -Rro2(cos8+ ~ cos 28)



.w I '" I ..
.. ' ~).1' (,$,y.:J

R _
.y,1 ~j} (..H~ L 0\ ~b ,~ "-t,.;li ~j) (,$,pi y,1..;,j 0),,;;, ·~4(.5'" "-t,.;li , .y,1 ~j) (,$,pi ,,;;, ~~ ...HIS ~

:.::.......1~ ~.,Ij ) ~y)l.ib ~[j l.:b01 )...l.i.o , o.:>Yo 0~. .::..S.r ,;;,I~I )':> o)yJb l.:b,pi 0:'.1 (,$l.:;.....I) ':>"':;' ~ii ..::.......1

- , 2Fp = (mp + fip )Rro cosfl

_ , R 2 ro 2

FS =(mp + mp) cos29
L

~ ,l.:b01 ) ~L; ~j} ($l.:b),~ ~1)'! ~ , <l..!.,.;li , 4,1 ~j} (,$l.:b,pi ~.1)'! ~.4 ,,) f'1.r.--1 ) (,$I~~ (,$..l,..;..o))" (,$I)'!

..~4~ ,~ 01#.:> "-t,lj yJb (,$1)

'::"s.r (,$l.:;.....I) ,(e = 0)0~ JI~I) )O.;Jro 4 , o';;'Yo ~b d1r>1 (,$l.:b)iiy 0:'.}"J,I~ ,~ )~ ~ (,$l.ib)iiy

, 9j ,y )~ 4i o)w~ "-t,lj~~)}"" )';;' .o..l..i).:> )}~~ )':>~ '~J::..o J..>.r: )~ , l.:b0~ ($'1,J jS.T"

:o..l..i"':;' 0~L; Xj ,..;.,~ o~.:> i~ <l..!~ ,i o)w~ .h..., (,$)p.o~y

(,$l.:b~IP ) , o.:>Yo 0L..S:.,.. ~l5" 'f'.r.-- jS.T" JJ> f'.r.-- C;l.jii , f'.?" ,<l.....>~ )0.; ) ,l.ib~ , l.:b0iiL:. ,l.:b0~ ~ ':>"::'(.5'" uD)

:.:>"':;'(.5'" ~,.;~ l.:b01

mpi =mp

m~i =m~

R, =R

L, =L

:~,I ~j~ cSlA,~ cS.).O,ojl,J3 ~I~­

L Fpj =6 ~ L [m, + fi~)j Rjro2cos9j =(fip+m~) Rro2L cos9 j =0

~ Lcos9j =0 :(0)*0 uD)4)



~~ sin 8
1
, = 0 :1t 0 'I~l ct>~ I. A • .::..:>..:> L

~ 2)' ~ V-- F,,, . .9

:~,~.~ '1" c:lJ~ At_a.."U u~~. ),.-.

Lcos2Si =0 :(O):;t 0 uO} 4)

Lsin2Si =0 :: o).j.jl <t; .s..:..J~ 0..l.il>~ 4 ~

:4.J,1 1··.1 .~~ ,'.. I.~ .~~·I .. J:ul ... _•• ~.J~ u,) u,) jJ •• .)JtN

I(MPi)O =0 ~ IxieX x(mp +m~)i Riolcos8jez =0

~ -(mp +m~) Rro2LxjcosSje
y =0

~ LXi cos O, =0 :(O):;t 0 ~) 4)

~ I Xi sin Sj =0 :~ 0 )..l.il <t;~~ J..>~ 4

:clIAoili ••• i .1 .~~ ".;,~.~ .~~·I .. J:ul 1._
~ ~,~u,) u,)jJ_.)JtN

:~,~ .~ .,.. d..J~ At_c:lJ
U u~~. ),.-.

LXi cos2S i =0 :(O):;t 0 ~) 4)

L Xi sin 2Si = 0 :: o)..l.il <t; ~J.:..o 0..l.il>~ 4

~.'~ L L};;".r::; J:;JJ.:..o ~~~ ~ ~~, l5~)I} ~.'~ olf0 1,~4 0~. ~ts' ~~ SUbJ:J cS d)~ )~ -

<._~~ L:..:·, !.lb'\ ~ 1.- cS !.lb" ~., lJ o~ .L-S:., Ub·'· cW 1 .... ) Ub ~ Ub . ~'I"
~ .. .r---) u ~ (S!.)~~) ~. ~ ..9 .9"? u .. u~· .. .9 ~) lS).9 .9~;-::-J S ) .r

'~.9"? ~I,> ~)I}~,>,~ lJb0~. ~.';G .9 ~~I ~j) SUb.9~ ,~4 ~)I}~,.>

151~..9lj 15Ub~¥, ~I...uu .9 o~.9"? 0~. lJb~ ~,~ ,~¥, ytb )~ .9 o~.~yf~~I~ ~ n ~ Ub~ ~,; ,2n ~.~Ij yfl ­

:~4~ ~jI;~,> ~~I ~j) l5lJb~~ u)~ 0\)~ ,~4~.)I ~ (S)yS:; l5Ub~~ y~' 0~~) Ub&J

(k =1)

151~.9lj 15Ub~¥, ~I...uu .9 o~.9"? 0~ UbJ:J ~I~ ,~~ ytb )~'.9 o~~yf~~1~ ~ n ~ Ub~ ~,; ,2n ~~Ij yfl ­

:~4~ ~jl}~,> '\l.yG~j) l5Ub~~ u)~ 01)~ ,~4 ~~ )I~ (s)yS:; SUb~~y~1 0~~) Ub~

n>2 (k= 2)

.~. ·~··d..J·I··. ~ ~.) . .. .r . u ~~



81 =0, 82 =1t ,

Xl =0, X 2 = a ,

8 =1t , 84 =03

X3 = 2a , X 4 = 3a

.~~~ ~).J~'> ~,I ~j) lSllb),~ ,~,~~. ,~I ~).J~'> ,~~ 0~­

~jI~~r> ~,I ~j) lSllb,~ ~. 'o~ ~ ~I~ ~ ,~ ~ 2rc ~,Ij 0~ ­

~~ ~)~ ~.~ ~.~G ~j) lSllb,y:-i lS~); lol (k=l, n=2 )~~~

: (k=2 , n=20~)

Lsin 28 i =sin 0+ sin 2n + sin 2n+ sin 0 =0

L cos 28i = cos 0 + cos 2n + cos 2n + cos 0 = 4 *" 0

:~~~)} ~)~ ~)~ ~.~li ~j) <.S~)'~ Jb­

L xi sin 28i = Ox sin 0 + ax sin 2n + 2a x sin 2n+ 3ax sin 0 = 0

LXi cos 28i =OxcosO + a x cos 2n + 2axcos 2n + 3ax coso =6a

'~L ·~·I··~~··d.-J t~ ····),c~ ~. .~ ).r T ~ ..~ ~) ~ ),

_ , R20)2 _

I(Msi)O =-6a(mp +mp )-L-cos28Iey

,(~I J,I~ ~.,Ij 81 ) ~~ cos281 ,~yJb ~~)llb C'!\.:; 'O~~ ~.~li ,~yJb o~l>~4 ~j) lS~)'~ ,~,~ as ~01)
:~I X ~~)~ ~.";G ~j) <.s,~ .s: ~. ~ ~.~ ~1.9 ')'~ , ,~ ~~ ~.1 ,~4~ ~~ ~ ~

.~~~ ~);~ ~loj)~ )~ )~ )}J'~, ~~ ~1~ ~~1 ~1.9~ )lS,jL.,) o~~l ~ yol ~1 oS

:~~~ Q.! p)~~ 4.Jloj)~')~ 6 )}J'~ ,~,~ ~~ 01~ ~

{
8 t : ~6 =0, ~~=84 =120

0
, 9 2 =85 =240

0

xi - (1-1) a 1-1 , ..., 6

281 = 286 = 0 , 283 = 28 4 = 240 0



"1" I........;·· :153624l,jy> ... .7'

Icosei = 1+(- ~)+(-~)+(-~)+(-~)+1 = 0



~tl~l ~ ,...s::..b~ ~ U""W e;h-> a p), ,~L,~, ,) a ,,) ~ ,::.Sp- a p) l..b,X"i. :IA,~ e.'';'
:..>..i~~ ~ y.;; .s~,~,~~ '(,H)'!.b ~~)

J I
p



« .t..,.~ «s:« »
~ ~ ~,~

« .l.N. <"-:1:' »
~ "c.s--'~

~~. )~ 3 ~I ~I~ ~ \Y"W o)"!.l~?r 'lS~)"!.b ~ ~~ ~~.)~ ~ ,~4 ~.l~ ~. ~1 ~I ~ ,J~~ )S3j~

o~~ s.ol~4 L ~~. \Y"W~ 0W ,~.~ ~~. )~ ,~I ~1 ~ o~~ ~~. \Y"W )~ ~ lS~1 ? r 'lS~)"!.b~~

,~~~~. lSl;-! ,~L;~ ~l!"~ I) s.ol~4 lS~) ;-! ~lf ~ c.Sr ~ ~ ~~~ 0L:::t..; p L I) ~l!" ~ .~I ~1 ,

.~I s.ol~~~ 0W ,~lf~

.~~~ o~l~ ~~ '0b-.r:; ~b~ ~~ £ =0 .!I .~L;~ J~

J,Jo )~ .~~~ o~l,.> ~l!" 0)"!.l~ ~I ~~ ~l!" ~ ;-! 4S ~~ ~I~~ ~.r:; ? .r' ~ 0 )"!.l~ LJ-!.;0..:::;:;S :rtr D~.I.) ­

.~~~ 0)"!.b ~), olf~ , Q.! )} 0 1~)b- )~ ~. 0)"!.l~ lS~) ~lf ~ o)~ ,s.ol~4 c.,S.r b.r:;

\Y"):;S .~L;~ \Y"):;S o)"!.b I) ~I ~~ ~l!" ~ ;-? 4S ~~ ~I~~ ~.r:; ?.r' ~ o~.l~ LJ-!.}\..$)j-! :~),s D~I.) ­

:~~~ ~b (Rmin) ~lf 0.nl~ t~ ~ (Rmaj ) ~~:;S o)"!.l~ t~ ~lQj jl (L) ,~.

L =R maj. - R min .

•~L;~ ~.4. o)"!.b I) ~I ~lo-o ~1~4 ~;-? 4S~~ ~1~4 ~.r:; ? yo ~ o)"!.l~ LJ-!.;0..:::;:;S :~.~. D~.I.)-



~. ~~L.., ,~ ~1~ ~ ~ [L] 01 <.S..:>~I ~I) ,~ l..5-'.l.::-~l.::- ,y ~~ ,~) ~~. )..:> ~ o~ o..:>b J:-!.W y ~ ~.r.? ~~

jSyo ~ flS' <I.bA; ~ 0-I.;;~...:>} ...:>..:>.Jl.5" 0~ 0~...:>1) ~I~ ~ ~ o..:>Yo ~ 0~~ ,~L..,~ ~.r.? )..:> ~~ ...:>~l.5" 0~ ~~

u-'~ y=O 1~ .h> ,~~ 01..:>r.; ...s:..ol..:>~ )..:> cS ..:>~l.5" ci.J yh;)..:> ~~. ~3"" <.S.x?0)I~I 1~ 01~ ~ ,...s:..ob~ ...;.:>r.;

:..:........1 flS' 0)'!.b )'!

~ ..:........1 0~...:>1) 01~I~ ~ o..:>Yo ~ 0~~ ,o~ o..:>b J..!.W 8 ~ 01..:>.r: ...s:..ob~ )..:> cS ~~l.5" s:..b~ ~3"") l..5'"-?l:i '~~. ~3""

<.SI)'! ..,...;;;; 0-1.' ~ ...:>~l.5" 0~ ~~ ~. ~~L.., ,~ ~I~ ~ ~ [L] 01 <.S..:>~l ~I) ,o~ o..:>b J..!.W x ~ ~) ...s:..ob~ )..:>

..:..........:>~ I) ~~. 0lS:.; ~ yl::...:, '~r 0 1yl.5" '0L.j ~ ~ y )I ~~. <.S.x?~ ~ .y=f(8):..::....::,~ 0 1yl.5" 01.>.r: ...s:..ob~

...s:..o1..:>L~ Q.,..::...........y·1 L."r.~· ..··, ,~L"'S:"ObL.b...,··L.· '·Lo.....o~·1 I~ .. ",r e .... ,. ·lcS·l,rl ...:> i, .. 3"".. ) ~ •... '-"r.-'~ . . y u ) <...rI.•., T - ) ~ '-"x:-'~ <j!. u '-")'! )~

:..:>~ ~b I) 0L.j ~~ <.SlA,~ 01yl.5" '<.Sy.::::Uj 0~l3 ) 0..:>~1 ~ ~ ci;S ..::..)~ (8)

. dy
y=­

dt
, dy

y = de '

y = f(e)
y= y'S

y= y"S2 + y'S

y = y"'S3 + 3y"SS + y'8

a=O~a=O

~.

L

~.

. ,
y=yffi

Y= y"co2 + y'a

y = y"'co3 + 3y"coa + y'a

. ,
y=yffi

.. "2y=y co
... ", 3y e y ro

~) lS'..la 0lS:.; ~ (0~...:>1) )~~ )'!~ ~I~ ~) <.S'"'..la yl::...:, '(0~...:>1) )'!~ ~I~ L) <.S'"'..la ~.r" ..,...;;;; ~ s" ~ s" ,y' ~

...:........1 [L] <\...J y1b <.S..:>~I ~I) ~ o~ ~ (0~...:>1)~ ..J'!~ "'\'>I~



y=An9
n + ...+A29

2 +AI9+AO

y=AI9+AO

y=A29
2 +AI9+AO

Y= A39
3 + A29

2 + A19+ Ao

y=A59
5 +A49

4 +A39
3

Y= Age
g
+A79

7 +A69
6 +As9

s +A39
3 (A 4 =0)

y = A cos(a9)+ C

y = Asin(a9)+C

y = A cos(a9) + B9+C

y = Asin(a9)+B9+C

~I;; ~r C!lJ

.;...,I;; ...... t::...:. lJ.. C!

~ tS1jI ~ 9.r.1. Jots" c...5.;>~ jI ~l;;.., ,~ )"' oS ,..:.......1 J,s "'}..l..il::....1 .:.:..S;> ~ jI~.J '1r.? Jots" .:.:..S.f> ~ SJ~

:..:.......1 o~ o",b 0L;;.; ,.:.:..S.f>~~;.i ..::..)~ ~ ..s:...b4 J.:>.r: )9"'

d /
c u~ D

l ---

L' })I;'\...

/'""

Gr ~
0

~. f3~ 13:, f3 f f3.5
----,,-

:·Ix.:;~.:.:..S~~.cltb~·1",oS) ) . .r: I..;> ...,.--.(.))

f31 0 jI..I.il ~ ..s:...b4 J..:>.r: tS1jI ~ '"''> U"),5" <I.bA..i cr..;.i~4 )"' 9x.-? 0,s:..... ­
f32 "-:'.9Ij ojl..l.il ~ ..s:...b4 J..:>.r: tljl ~ ,L' ojl..l.il ~ 9.r.1. .:.:..S.f> 'J~I }) ~­

f33 ~91j 0 jI..I.il ~ ..s:...b4 J..:>.r: tS1jI ~ , (L-L') 0 jI..I.il ~ ~.r-? .:.:..S.f> '(>9"' jI)~ ­

f3 4 0 jI..I.il ~ ..s:...b4 J..:>.r: tS1jI ~ '"''> U"),s <I.bA..i 01..;')'4 )"' ~x.-? 0,s:..... ­
f35 ~~Ij 0 jI..I.il ~ -..s:.ob4 J..:>.r: tS1jI ~ ,(-L) 0 jI..I.il ~ 9.r-? .:.:..S.f> ,.;)~} (>w -



~.; ~ ~ 0lS:.o1oX> J~ ..l,>.~ .r..j ~.I~ ,.,Ij~<.S" j..:>~ ~.~. ~ 0~lQ.:;.., C!\i ~ 0l).r cS E ~ D , C , B , A ..l,;..jL" ~\..Q.j J~

:~~ )}..r. '::""'.,J~I

.~~ ~~. ..l,>.~ ~r.; ~,.. C!t (\

.(~~ .r..~ ~ l~ ~¥' C!t ~.~ 0J~~) ~~ ~~. ..l,>.~ ~r.; ~r' C!t (r

.(~~ .r..~. ~ ~r.; ~r' C!t ~.~ 0J~ ~~) ~~ ~~ ..l,>.~ ~r.;..,...W C!t ('I"

...l.JL.; I ~L.; ~ .,Ijl· . ts:; te.~· ~ <U. ··'lJ·l· ~ .i.. •.. ,. ~ ~l) W tr . ~ ~•• I..S'~ • ~ ~<.S" '0 C! .rr: '-'J. .~ fJ 0 0 y..r.. "&-" ~ 0 Y. IS ~r.; Y C! 0 Y. ~

.~~ ~~l$. '~r.; ~¥' ) ISlo..b.Q.j~ lSI) ~

fb"" ~ cS ~~ ISI<l,jy~ 1A,011Sjr ..b\..Q.j ~\~ ..:.......\ ~ ,.,Ij~(.S"" o~lA:;...,\ ~).,Ijt....,1 0 J }"" ~ ~r.; ~¥' C!li 0~ SJ~

<l1.>r J~ ~ ~~. ~r' J~I <l1.>r J~ 'lSjr ..b\..Q.j J~ cS ~~<.S" ~ 0lS:.o\ oX> J~ 'J,h.:-o 0:'.1 ~ .~~~ J~~ IA,)~~.

.~~ ~ ..r.'..r. ~r.; ..,...W ~

{

y = Acos(a8)+ C, y' = -Aasin(a8) ,

8 = 0~ y = 0 ,y' = 0 ,

8 = ~ ~ y = L y' = 0

:~~<.S" ci.J yk; J~ ,.s:a~ )} fW .:;,S;>~ ,Ji;.o 01~ ~

y" = -Aa2 cos(a8)

y" = 0

y" = 0

1t
a=-

~

:~~(.S"" J~I ~r: ~ ~¥' ISjr ~.\~ ,~)~ ~~~ J~ c........ .hA.9 0~

(8=0~y=0) ~ C=-A ~ y=C[1-cos(a8)]

(8 =0~ y' =0) ":"""'\)}..r. ~~~~

(8=~~y=L) ~ L=C[l-cos(a~)]

(8 = ~ ~ y' = 0) ~ 0 = -Ca sin]a~) ~ a~ = 1t ~

~L=C[l-(-l)] ~ C=L
2

(r8=0 " L 1t
~ y =2 j3 =1=0

(r8=~
" L 1t

~ y =-2 j3 =1=0



.~~ yL.::. c$jyA .bli> jI ...s::,.~ );) .6

:) ..::........1 u)~ .rs'1.>..:>- yL.::. .9 ..::..&.r' .~¥, ).ll.o

Ymax. =L

IYmax.! =~U~)00= ~C~)( 2:~J =L~~2 (8 = %);))

IYmoxl= ~(~ro2 =~(~n2:r =~~~;: (e=~,9=O ,'J

"::"""";)cI..! I) ..s:...,b4 c$lcI..!..9lj ~¥'~r. .9.r.:; ~¥' C!1.J ,:h>(.S" .JD cI..! o..:::-iJ 4 .9 o;)}! l..b.9.r.:; .9 ..s:...,b4 .:r..}J.9r-" jI ~.

:;)).91

-r ~ ~
J

(1=0 %

e~e

RPlPj.

<,
1- --- ---"

oc.=e

Y= e - e cos 8 = e (1- cos 8)

R min . =R-e

R maj. =R+e

L =R maj. - R min . =2e

Y= e(l- cos 8)

{

Y' = esin 8 ,y = emsin 8

y"=ecos8 , y=e(ro2cos8+asin8)

Y'" = -esin 8 , Y= e[(- co3 + a)sin 8+ 3coacos8]
{

y = erosin8

OJ=~u ~ y = ero2 cos8

y = -eco3 sin 8



VP2 =VP3 ~ RzO)z =-R30)3

1 1
~ - IDZZ0)2 = -- IDz 30)3

2 2



®
VP2 = VP3 ~ R 20)2 =R 30)3

1 1
~ - rnz 20)2 =- rnz 30)3

2 2

•••

Rio =(00 =(On =~x ...x·~ X~ =(- ZN-I Jx ...x(-~J(-~J =(-It-I(~J=(-lt-I (~J
<OJ <OJ (On_1 ~ (01 ZN Zc ZB ZN ZO

~ Rio = 0)0 = (-l)n-I(~J (..;........1 Ur.o..l.i,:,t.r.:-~~ <.SUr.),:><-o ,:,I~ n)
O)i Zo

<.S':'~)~ o..l.i,:,t.r.:- ~ <?'~;> o..l.i,:,t.r.:- <.SUr.<l.iI..l.i,:, ,:,I~ ~~ xix <.S':',)~ ~ <?'~;> ),:><-0 <.SI~.~I) ~.r'~ ..,...;;.; 0-1.1~

...;........1~ ~.d- ,~~ ~~) }'I ~ ,~ ~ <?'~;> ~ <.S':'~)~ J.>.r.:- ,~~ ,:,) ltll),:><-o ,:,I~ }'I ...;........1

....

. .~ ,:, o..l.i':'?-.> s...·1 ,. <>=0 s... .t' 1.1..1.>
~ .r.:" ) ,-,., .. ) ~)7~' .. '-"~) u-

,:,1..L.A..,.j ~ C ~ B o..l.i':'t.r.:- ~,:, S2 ),:><-0 <.S~) )Lo ,o~

...::.........1 o~.':'}' ~ Zc ~ ZB <.SUr.<l.iI..l.i':'

~y-o .:;,)~ ~ ..>.....i1,..;(.5"" ltllo..l.i':'t.r.:- ~~ <\.obi

~ <.S1.r. <.SI~.~I) ~.r' ~ )w .~~ o':'L..., ~

:':''::'(.5''" <l.:-'Gt.o ,Ur.o..l.i,:,t.r.:- ~~)I~



R 13 =C03 =(03 X 0l2 =(_ ZC)(_ ZA)=+ ZAZC
ro1 002 001 Zn ZB ZBZD

~ ~y;~ ~ .~l 0~~.1 B o~~t..r::-, o~b.l A o~~t~ ,S2' 51 L5~)~ ~ ,~l L5~'), 51)~ 4S~.1 ~ ~,:;~

~. ,0~1~.1 L5l.lbo~~t~ L5Ub~I~~ ~l~ '~.r ~ )~ .~, 0~~.1 D o~~t~ , 0~1~.1 c o~~t..r::- ,53 , 52 ~l.lb)~

.~~cs" )} ~~ ).:J ,~,~, )~ "-:-'yl:> jl~ ,0~~.1 ~l.lbo~~t..r::- SUb~I~~ ~l~ , ci.l )} u)~ )~ ,h~. )~ y ~ )

:~,.; ~.:)':;~~;~.l ~

ZA = 90 , Zc =96 , ZE = 100 :0~'~.1

zB =30 , zn =24 , zp =20 :o~~.1 (n=4)

Rio =(_1)3 (ZAZCZE) = (90)x(96)x(lOO) =-60
ZBZDZF (30)x(24)x(20)

Yp
pJ()ne.r
6eot.('

uO}~ )~ o~ o~'~ 0~ ~)l.> ~~o~~t~ etc~ )~

~h A ~,j~ ~,:; o~.:Jt~ ,~ ~J~ JLa...,j" u ,~~~

~b ~.l )~ .~is" L5~,.4- ,~o~~t..r::- 0~ l~ j' , 0~.~.1

:~~~ ~bt..o A ~~ p o~~t..r::- L5'~,'j ~.r

o~~t~ I) p o~~t..r::- , ~~),> o~~t~ ,) 5 o~~t~

o~~t~ jSr SA 0jl~l ~ ,j~ ~~ ~ .~L;~ ~lo)~

L L510)~ o~~t..r::- ~~ ~,lj , o~ ~ O'p ~ ~lo)~

.~~~ o~l.:J ~.W Sp

:~~ 01':;~ 0-!.1.)"!~ ,~l 0/pA' , (8 0\ ~jl~ 4) OpA L5Ub~I~1 ~ ~b ~.,'j '<..5 1 0)~ o~~t~ udl.>~~ lAl

8p =<p +8A = ( 1+:;) 8A



~ ~ I) i.lb~ ~ J~I .J.>.r' )~ .~~ j> }"o~L., l.ol ,.J.>.Y' ~~ )~ I) .w........, 01~~ (Superposition) )~i ~ J..:>I .;1 o~Li.:;...,1 4

)~ oS l.S~ ~ (AF. == Arm Fixed)';;;":;:'b& ~t I) A l.S~j4 ,~ .J.>.Y' )~ ,o..>..jl>.r; )~~ ~. ~ (T.L. == Train Locked)o~;S ~

(l.Slo)~.., o..>..j~t.r; j.:;.o).J.:.~ l.Si.lb~ r. 0 i ~G ~ o..>..jl>.r;...r~ ~)~ )~~ ~ I) (l.S~)y> o..>..j~t.r;)..>..jl.o.; ~t -'-!.4 j)

:~~~ .;;;..:;:.~ pi~ )~ '0~ y1b r..~l.io ~ ,~.4.i )~ ,o~)~i ..::......,~~ I)

s P Arm

T.L. +1 +1 +1

Zs
AF. -1 +- 0

zp

1 Zs
Res. 0 +- +1

zp

{?'°tt".11 C:r~r'
U __._-_



:"'~(.5'" .;.;;.9yf yb )'" r..j I.SI.....,,~ l.S~o..>..i"'t~~~ .~.'" ~L.." L)~ "-I

l.S~o..>..i"'t~ ~~ 5 0'"~ ..j.i> I) C 5 B l.S~o..>..i"'t~ I~I •..>..i)..>..i )) l::....,I) ~. )'" r?"5? 5 \.S"'M J->~ )~ 0~

S
I p R Arm
I

T.L. +1 I +1 +1 +1I

I

A.F.
zR

I
_ zR

-1+- 0
Zs i

zp

1 zR
I

1- zRRes. +- 0 +1
Zs I zp

I

ZR = 49 , zp = 19 , Zs = 11 , zB = 12 , Zc = 11 5 N, = 1500 rpm

No =-G~)(491:11}1500) => No =-300 rpm

J> )~1 ~ j.-:>I jI 0",Ll:;...,1 40 1,,(.5'" I)~ .J.>~ ffiR ~51j .::.&.r 4~4 ~IJ cS0 1 lSI.::- "-I • R ~b o..>..i"'t~ yfl Jl>

~4 .. j.-:>l>~4 5'"~ jI 5 o",~ J> COs = 0 4~ )4~. 5 (~ J>~ cS) ffiR = 0 4 I) .w........., )4~. cS~.; 01.1"-I ."'~

:~1(.5'" ..::........,,,,"-1 -s..~

<% =0



{
NR E [0,1500]

NR = 397.347 rpm

O)s=o S P R Arm

T.L. +1 +1 +1 +1

A.F. -1
Zs Zs

0+- +-
zp zR

1 Zs 1 Zs
Res. 0 +- +- +1

zp zR

,,1 zR
<Os = 0 ~ (00 = (OR = (OR

1+ Zs Zs +zR
zR

(ZB }zs) <OJ +(ZR) ~
roo=<%+ro~ = Zc (ZS+ZR) =:> No =(:) NR-300

:~,.; ,)';l$" , o.:>~ <OR ;l~~l> '1$':",,;> 1S1~,lj ~r 45

~ No E [-300 , +925]

~ No =0

0w.J~ )':> 'lS.lA>o..l,j.:>t~ ~~~ ;l 6..i~ ~

~ ~,~ lSlA>o..l,j.:>~ ;l 45 ,-::........\ o~ o.:>b

.::....S.;> ;l~~ )':> Zp J-:>~ .;1 )~ , o~

..:>,..:.~ t.......1)~ Zc , ZB J-:>~ ~b )~ 4 ,)ts'",jl.....

.~.Il$" -::.........:>"-! )~1 ~ J-,) ;l 0.:>\A;;...,\ 4 .roc , ffiB IS':>'), ,.:> -.,..->r. 0)0 1$':",,;>~r ~

:45~b ~,; ~.4 4\

s ~b ),::"-4 Jp o..l,j,:>~ JS J-:>~ ~ , .:>y. .;1 )~ Jp 01J-:>~ ;l d; , zp ISlo)~.-J o..l,j.:>t~ ~,lj ~r: ­

..:>,..:.~ ~,.; ISI"-!.,Ij 1SlA>~.~,,-!~ J,~ )':> '0-1.1"-!~ lSlA>o..l,j,:>~ ISI"-!.,Ij~r ,.:..k~~ ,-::........1

(~4 ~b )} )~~ ..:.....0...... )':> };L; }'I ) .:>}'~L~ )':> B o..l,j.:>t~ , o~ ~b6$.; ~~ (Arm) ,j4 45 d),.., )':> ­

:~ ,-::........1 B~ 45 .:>.;S ~Iy. 0 1),.:> .:>}'~L.:>4 ~ )':> C o..l,j.:>t~ olf01,..lS 01),.:>

(DA= =0 ~ :~ ={~:J
.~4 ~ ~ )':> ,.:> 01 ..:;.S.;> 45 ~l$" ~ ,o..l,j.:>~ ,.:>~ .J.....,I,~. .:>~, ,1S16..i1,:;......IISlA>o..l,j.:>t~ )':> 4Sdb )':>



IDa = 0 B C Arm

T.L. +1 +1 +1

A.F. -1
zB

0+-
Zc

Res. 0 1 zB +1+-
Zc

ffiJ3 = 0 :::::> roAnn =
Zc roczB +zc

roc =0 :::::> roAnn =
zB

ooB
zB +zc

I "000 = 00Arm + 00Arm



••
-......"\1~•• .....

~ 1 L:...:;, l5' .«.« .. 1 "~<I.> ''J1 ~L . ,. <I.> ~~ JL... ,. 1_.:> ~ 1 L:...:;, l5" ·1 .... ~JI< .:>1.lJU) <.S"" ) )Y""'"' ~ Y . f')' . <.s" Y!.) L:r . <S"' ) ) <.S"" .J u,..,) ~ is ,....,

...::......,1 o~.:>.J )1y! ~.y:..:; u)}"""'-! ~ ~.~~ o~b).:> r-'1IYA~ JL...

JI;... ,)1.Mj ~J\....;

r- VA/VV

A Vo,,/VA

0" A-/Vo"

V A\/A-

A NOA\

V AY'/AY

V A'flAY'

V AO/A'f

V M/AO

V AV/M

JI;... ,)1.Mj ~JL..

\ r-Alr-V

- rtl"fr-A

A V-Iro"

A V\/V-

A VY/V\

0 VY'/VY

0 V'f/VY'

V VO/V'f

A Vr-/Vo

V VV/Vr-



'"'-=- &
7- 7-

.:c-.:c-
~

'"'~c-

~~\
V

~\
~ V

~ ~
:c- '&
L :c-

f L
'"' 1-;"

V



(A'fua) ,-v ·/tro..

(Atrua) ,-V '/V·

:j,I0'J./

:r,~ 0'J./

(~Vua) ,-Vtr/Vt::J

(' 'vua) r-At::J/Af

(~trua) V-VtJ/V'f

("'ua)'-A,/A'

(' .,ua) tr-VA/VV

(~t::J~) r-VtJ/Vf

('·~ua)'-A'/A·

(','Iua) t::J-AV/A~

(' ·vua) O-A ·/V'\

(A~ua) tr-vr/v, :j,I0'J./

(' .,ua) , -V ~/VA

("'~) '-AV/Ar

(' ,tJ~) ,-A'f/A, :r'J~ 0'J./

("'f~)V-A,/A, :r~o,./

(' 'tJ~) 'f-A'f/A, :r)~ 0,;5

(AA~) ,-vr/v, (Atrua) ,-V '/V· :j,I0'J;5

(' r · ua) O-Atr/AO (' 'V ua) f-AO/A f ('\~~) 'f-VV/vtr ('\ '\ua) ,-VV/V~ :r,~ 0'./
("'UO),-A,/A,

("·ua)V-A'/A· (~ 'ua) 'f-V,/V, :r~ 0'./
(' 'A ua) O-AO/A'f (' , 'UO) O-A,/A' :r)~ 0,;5

(' •VUO) V-A ·/V'\ (~VUO) f-Vtr/VtJ :J,10'J./

('\~UO) O-VV/Vtr (~tr UO) tr-VO/V'f :r,~ 0'./
(''I. UO) tr-Atr/AtJ

(,.,UO) ,-V~/VA (Af UO) ,-V ·/tr,\ :r~ 0,;5

("'UO) '-A,/A, (' • trUO) 'f-A ·/V~ :r)~ 0,;5

(' 'OUO) ,-Af/A, ("'UO),-A,/A, :~. 0,;5

(,\, UO) 0-V,/V, (' • '\UO) ,-A '/A· :~0'J;5

(AO UO) r-V ·/tr'\ (A'f UO) 'f-V ./~'\ :~0,;5

(' 'V UO) '-AO/A'f (,.,UO) ,-V~/VA :~0,;5

(' •AUO) ~-A ·/V'\

o ·tr UO ) '-A·/V~

(%'f/~ y - JI~ yy )~~ ~1 j-SljO uLJJ-~I~~LAJlSJj~~u...L~j'-'J(f

(' • trUO) ,-A ·/V'\

(' • , UO) , - VA/VV



(%Y/f' -Jt~ f) ~~tJ~~-~t~~LbJlSJj~~l:~.J:u~~(O

o \'\uo) \-Ar/A~ o- r uo) !:J-VA/VV (AVuo) !:J-V\/V- :J~l o~y!

( %-IVY - Jt~ , )~~ utJJ-~t~~lAJlSJj~~~~~ (r

(A'\uo) ~-vrIV\ :J~l o~y!

(%'/Of - Jt~ y )~~~-~t~ ~lAJlSJj~ ~~~UJ:. (V

('\'f uo) ~-V'f/V, (Aruo) 'f-Y\/Y- :J~l o~y!

( %~/Yf - Jt~ , Y)~~-~t~ ~lAJlSJj~ ~~~UJ:. (A

(\ rr uo) 'f-AY/Ar (\ \ Yuo) r -A!:J/A 'f :J~l o~y!

(\ - \ uo) \-VA/VY ('\~uo) ,-V!:J/V'f :~~~ o~y!

(\ \ AUO) V-A!:J/A'f (\ • Vuo) r-A -/V'\ <\ - \uo) ,-VA/VV :~~ o~y!

(\ \r uo) V-A rIA \

(\ \!:JUO) \-A'f/A, (\ \ \uo) ,-ArIA \ (Aruo) r-Y\/Y- :~)~ o~y!

(%f/AO - Jt~ 0 ) ~~tJ~ ~-~t~ ~lAJlSJj~ ~~~UJ:. (~

(A, uo) \-rA/rV :J~l o~y!

('\'\uo) \-VV/Vr ('\ \uo) r-v,/vr (AVuo) r-V\/V- :~~~ o~y!

(\ r -uo) V-Ar/A!:J

(\ - !:J uo) A-V'\/VA

(%fjAO - Jt~ 0 ) JJW~t~~lAJlSJj~(' -

(\ \ r uo) r-Ar/A \ (AAuo) r-vr/V\ :J~l o~y!

(\ r \ uo) r ~AY/Ar (,\,uo) \ -V'f/V, :~~~ o~y!

(%O/f~ - Jt~ Y )~t~ (..)lAJlSJj~ ~L:t..JjJ~ (' ,

(\ \ruo) !:J-A'f/A, (~- uo) A-Vr/V\ :J~l o~~

('\A uo) A-Vr/V!:J ('\Auo) r-Vr/V!:J :~~~ o~y!

(A!:J uo) ~-V -Ir'\ :~~ ofJy!

(%'/Of - Jt~ Y)Pt~ (' Y

(~!:Juo) \-V!:J/V'f :J~I o~~

(\\\uo)r-Ar/A\ :~~~ofJ~

(%fj-A- Jt~ f) u~~ r't~t (..)-U.ojt~ ('f

(\ \ \ uo) 'f-A rIA \ :J~I o~~

(\ \'fuo) r-A,/Ar (\-'\uo) \-A\/A- :~~~O~~

(\ -'fuo) V-V'\/VA :~~ °fJ~



(C\,ua) ,-Vf/V,

(%f/fl- J'~ f ) JJT r"~' ~~j'~ (,r
(' 'C\Lf') ,-A9/AtJ :J~\ or;.J

(' • • Lf') 9-VV/V9 :~r;~ o~.J

(' •ALf') A-A ·/VC\ :~~ o~.J

(AC\UO) f-V,/V' :~)~ o~.J

(%f/fl- J'~ t )J~ J -s.o'J~ ('0

(AV UO) A-V' /V· :J~\ or;.J
(C\,UO) ,-Vf/V, :~~~ o~.J

(' • ~Lf') f-A '/A· :~~ o~.J

(' • • Lf') V-VV/Vy :~)~ o~.J

(C\ 'Lf') ,-V,/V,

(C\ 'UO) ,-v,/vr (' , • Lf') tJ-A'/A· :J~\ o~.J

('" UO) V-AV/AY (C\V UO) ,-V9/VO (C\tJ UO) f-VtJ/Vf :~~~ o~.J

(C\~UO) ,-VV/V9

(C\'f UO) f-Vf/V, (C\ VUO) ,-V9/VO (' 'fLf') tJ-A,/A, :~~ o~.J

(' 'A UO) y-AO/Af (' .,UO) f-VC\/VA (C\A UO) tJ-V9/VtJ :~)~ o~.J

('" ~),-AV/AY (' '9UO) V-Af/A, (' • f Lf') tJ-VC\/VA :~. o~.J

(",~)A-A,/A' (C\. UO) V-V,/V' (AtJ~) A-V ·/9c\ :~ o~.J

(' • 'Lf') f-VA/VV :~o~.J

(' " UO) f-A,/A,

(' • f UO) 9-VC\/VA

(AV~) V-V, /V •

('·9~)'-A·/V~

:Jr;\ o~.J

:~~~ o~.J



4

~e-l~ A3 ,Az .1:>l.ii.i y~ , c..yoN ~)3"0 )~ )'!.) .,;;.,')'~tu, jl ~.fl..s _,

L5U,'-'t.....:::,)~ 0...,., ytb ,aA = aA +aA
C

fA + a A
t

fA + a A
TI

fA r; VA = VA (\
• :. 232321') 23
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...::.........1 <.S.:ll) ~).:l ~.:l 0.0 j ~. (r

...::.........10jL., ~. (i

...::.........1 ¥ 0~~ <.Sloy.?:U j~~ (f



.~l 0~. LS~')' ~r ~ ~.~ ~,.r> ~r (f

~. r~,~ u ~~.~ ~l) LS)~~ ~,.r> ~r (f
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2000
8281 rpm (1

8281
2000 rpm 0'

A

~~~~~ ~.~ ~~~Lr.o j1~.,o'~~ ~t.b.o \S1~.)~ ,0~ts:..o.)~ lA,~ ~'~1 ~'.J~ _A
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~~,~ f ,...:a. lS'~.,'j y~

c

U 3 *0 ,

U 3 =0

U 3 =0 ,

U 3 *0 ,

0)3 =0 n
0)3 = 0 (r

0)3 * 0 ('i

0)3 * 0 (f



~.J.:.S4.sI' ~...w. w~ ,~ f' ~ts:... ,))~ ),)U)~ f'1..l.S' _r

.~ )l5' ..,I.j1J'~ I"~l5:.." ,~~ x'x ..J:..;j J~ L0~. ~.) J~ }'I (\

•...\Al.)(..S" t) ~.~ s yo <\.h.Q.; ).)~ e=180
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002 ~ ).;) 600(rpm) (\

002 ~ c...9')t> ).;) 1200(rpm) (r

002 ~ c...9')t> ).;) 3750(rpm) ('\

002 ~).;) 5250(rpm) Cf

(120)

P....;=20 hp_...
BC,..

.......
~n 20 hp

002 ~).;) 133.3(rpm) (\

002 ~ c...9')t> ).;) 157.3(rpm) (r

002 ~ c...9')t> ).;) 200(rpm) ('\

002 ~ c...9')t> ).;)400(rpm) (f

9(60 T)

olf~' ),) j.o.aJl~ 4.Sl~ Jllz=3 kg, ml=1 kg, b=600 mm ,a=c=300 mm ,R1=Rz=60 mm ,)'!j~ )1,,) ~),) _V

.~4 o~ ~i 100 rpm J,)Lt,o AB)~ ..::...l:rJ ".s..;')~ ),)~~~ I) A

L90 C
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f
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B
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aG =(400~,7 4Y)

aAB = ( 2000 r;2
d

, ~ )

aBC =(1200 r;~, ~ )
mBe =2.5kg

lAB = 0.03 kg.m2~ A ...kA.; J."."...

I Be =0.15 kg.m"~ G ...kA.; J."."...

AB = 0.15 ill , BG = GC = 0.2 ill

208 Nm, ~ n
186Nm, ) (r

186Nm, ~ (i'

175 Nm, ~ ('f



:jl~'J~DB

S· = 3 rad ,V 2 m
0= - n

s s

e= 3 rad
s

e= 20 rad
3 s

e= 20 rad
3 s

m
Vo =4- (r

s

m
Vo =2- (,

S

In
Vo =4- (f

s
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3 v 200=-- (r
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Iv 11-lv 21
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1333 rpm )~ l, ~ A -:.JL:. l,~~ (r

269.5 rpm )..\.Ci..o l, .9 A -:.JL:. l,~ J')l> (,
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[mr}, cos O; -(mr)B coseB -(mr)c cosec =0 n

(mr)A cos u; +(mr)B sineB -(mr)c cosec =0 (r

(mr)A +(mr)Bcos(eB+eJ+(mr)ccos(ec-eA)= 0 (i

(mr)A +(mr)Bsin(eB-eJ+(mr)ccos(ec -eA)=o (f

~~,~ o~j.iJ ~Y" ..sly'~lt I"I~OAC o~j.iJ-~ I"~~)~ _r

IVei = 002 ' BC n
--
OA·BCIVcl = '00 2 (r
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--
OA·ABIVcl = BC '002 (i
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BC·AC[vc I= .002 (f
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n t Cr reI (IaD =a c + a D / C + a D / C a p =a c + a p/c + a p/c
n t reI Cr

('I"0 aD =a B + a D / B + a D / B a c =a p + a c/P + a c /P
n t reI Cr

(fa c =a B + aC/B + aC/B a p =a c + a p/c + a p/c
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...:.........1 ~.4f (,5! ~l3 )~ 3 A <Lb.Q.; ) f ~ Yo ~)3 ~~ h:> ~1~1 )~ ('I"
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A3~~~A4 a.Ja.Q.j ,tJ~ 151~.51j ~r 0~~ ~G ~ ~,; ~ (f
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r

.~~ J~~ ... w''';·~ 'J~ 4.S'J J"! o~ o~,~ w~ ,o'~' ~~ ~~.~ (~~~) J~Lu' J~ ~ -f

. L:: '11" .bi.9 ('5y::-J~) )~
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1)~,~ a.Ja.Q.j ~. ~ ~r- ~. 0~~ QjL:,1 ~ (,
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I) ltb01 .j~ " 01';~ .bi.9 Q$ (r
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- Ror' ('1' - Ror' (i
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:4~1 ~1~ ~lJ" ~ ~~~~~ o~ o~1~ w~~ J~ ,~. ~~ ~~ ~lio~ ~ ~iJ· 4 -,

,'/f'r ('
N = 120 rpm ,vrr/:) (,

(~I ?~L.,~~ ~ojl..lil) ,v/v (,
f,//:), (f

~~1J~B~~~,~4r/CJm/s,A~~~.11 -r

,//:) m/s ('

'(//:) m/s ('(
-,

VI/:) m/s (,

/:) m/s (f

~1..lS' J~ 136 ~T jSYJ ,B~ J~~ )~ o~~~~~Ub)~ ~ 4:>;~. 4 ,~)~ ,o~ o~1~ w~ ~~lS:.o)~ -f

~~)1~ )1;9~)

J,l ('

~.9~ ('(

~~(f

~)~ (f

rpm~~ C ~,.,> ~~~ o~1~ B o~~t~ ~ -Y+ rpm ~.~ ~~')' ,A o~~t~~ Y+ rpm ~~')' ~. ~.J ~)~ -f

:4~'~'~

-, • rpm ('

r· rpm ('(

A ~t..\,j~ ~l~ = '(/:) , • rpm (f

B ~1J.j~ ~l~· = ,,/:) ~ (f



~I,,) o.,\j,,)t~ , <l.il.,\j,,) f· ISI)I,,) B o.,\j,,)t~ ..:........1 <\jl.,\j,,) r, ISf)I,,) , o,,)9'! ~I.l' A o.,\j,,)t~ ,J!lA.o ISIo.,\j,,)t~ ~),,) _0

~ISI~.,lj~r' ,~~ '0·· rpm IS,,)')' ISI~.,Ij~r' ,;'f ..:........1 j..A:i.o .r:,y>~~ 6S ~~lS'" <l.if.,\j,,) \.. ISI)I,,) C

c!'oo ~,,)9'! ..ubI,> )~ .r:,y>
y •• rpm (\

"D· rpm ('\

'A·· rpm (1

1VD· rpm (f

~~~~~ Yo.) ~f,) jl ~.~I..1S

2sin a =sin (a + ~) (\

cos a =2 cos(a + ~) ('\

2cos a =cos(a + ~) (1

sin a =2 sin(a + ~) (f

~~~lS'"~ ~~lS:.o 0'1.11S,,)1) 4.;;),,),~ ~ 4.;;ji ~ _v

~.O

,,,) ('\

6.-J(1

)~ (f
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~.>.:SIS" J~ lS~ I"Yb' ~.')~ ~~.~ ",:-,1.;;..:, o)4)~ .:..)~ 1"1..lS -,

A C =0 ~...:.........I vP2 = VP4 LJ~ n

A C =0 .....,-.;. ...:.........1 vP4 = 0 LJ~ (1

A C = 002 XVP4/P2 .....,-.;. ...:.........\ VPJ = 0 LJ~ (1

A
C

= 004 XVP4/P2 ~...:.........I VP2 =VP2/P4 LJ~ Cf

.............. ~.4 .~~ },s~ ~)¥>~')~ o~ o~l~~ I"~lS:..c 6$~.' lS'y. _r
.~~ ~.::.Sy> 1 ~ ~ ('

.~L ~b ..>..il" ...« .,lS:..o. I (1. Y~<..S"""'Y>f'.r.:> V!.

•..>...:.A>~ f'~1 I)~ 1SlA..::.Sy> V o..>..iy.iJ ;i 1~ (1

•..>...:.A>~ f'~II)~ 1SlA..::.S.r" ~.~ ~ ~.;i 1 .1 1SlA.~I) ('f

- - -
VB =VA =VA/Bn

VB = lcos30° sin 30° (1

VB =lcos30' cos30' (1

)~ ~ e;h-> IS)¥' VB = 1 ('f

1<,

i (1

Cl (1

y ('f



~.:.:-..ol~ ..:..)~ l'"1-S .o~ o~l~ 0~ l'"~~ ~·I;;...,.,I J~w .sly' _I::J

LF=FA +FB+Fe =0 n

LF=FA+FB+Fe+F23+F43=0 (I

LF=FA +FB +Fe +F16 +F12 +F14 =0 (I

L F = FA + FB+ Fe + F12 + F14 + F16 + F23 + F43 = 0 (f

fie" 20A

Be ..L 0 c..

~ ~ .:.:-..01) ..::....0...... ;1.~.Y>~~. .sly') ~.:.:-..oIl'"I-S Y)~ ~ I::J o.,l,j~t~ ~~ )~ )~~ ~I..w· .J1lA.o o.,l,j~ ~)~ -v
(.~ ots:.i o.,l,j~

0)5 = 3400 rpm CW (I

0)6 = 1350 rpm cw

0)5 = 3750 rpmcw n
0)6 = 1200 rpm cw

0)5 = 2840 rpm cw (I

0)6 = 1500 rpm cw~
~ "'2 =500 rpm ccw

~~
1

3 2
L ____ --.

-- --- -
4
5

(45)

(48)

--r------

(120)

0)5 = 1850 rpm cw (f

0)6 = 910 rpm cw
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~.;:......"l~ ~J~ pl...lS o~ o~l~ w~ p~1S:.o lSI)'! _Cl
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a AB =- (r
2
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