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I tl},.:-l .,f.r;-.l.S cJL-* .1r Lr.[,t5 ..5 r5 Jl--
,L--6oji.5t<trl r lf )l Jtf .JrS.e \.-r5.r cS7
orlr dL-j-i j*5.1, stTt ) Zr C;I4J-S 9 +il,u-l J^ ./bi

ae, = \/t. \ m/s2 Yri ;rL q

as = 6/\\ ttltt i,.-! J-h *
Z\=\1/AYN I Zr=lV/f N

.J^iS 'd; l' lJ.i- v--

elr

f-l I dr..- JS.&

+- 15 J--js &r.J 6t* lt.Jis _,,, P ,J:-:.S f-\Y

,JYt-.t u-h ,.V m/s2;rl-,r *rtj gW ,r/;-F o. 
't9r1

.JrJ, Jl+::t, e!"



lfl J6t..- Y-f ol;r

.-t"5 Vb l.r *i j a,L; U Lt r.,<jr.. .ft<Il.rl

Ft, = '/tY\ :tr

f-l l di..- JS.6

t-.1 nSA *JLii r,*- Ut ,&-f 6t-ody-...t'-Y.

#:! Y fr of f r, '.:-l .57 Jr U r = ./[ m/S Jef
,,3,r.51;b +JB d-JUj r+*; r-r Jult'l ..l;-j,t

?--t' s.rJ;t-a;l 
';?l 

d9{ rl-iU,rr Uv = .7q tttt

.+5 .:C ll o:uf 9 ,Jj.-,' 4ll1, Sl9.L*l

f-f ' <[.... JS.i

,;h -rl-r, ,5,- ,jt+.-bl ;"LU ,it li ,rU ,, f-Vt

,csrS ,l-'au u ",:LLirJFl oJj5 ,j*iy. \lsm ll 4;

ri ,f_lorb .sl j' x = Xsinar t ,J|-rt./-q..,t? jl d-2.j lii

.2-+ dL-rl-,1 * JcS7.,-t5t @,.5'> crlrX,-)iJ:

Ft 4.f lJ ,.,ji.il 6)i , F,s1 ylri, .i-l 9t.; /; +B

.-t;5 J=yJ ,5,!:rll ata .;l.t .gj1 o.t:;S

Y

fnnx=mxA

I
Pt
I

r-r I {l.t* JS*i

fr+ \Y" kB .,li.rr)ti fjt't(. e;*v J i r-\1
a-hjd a qJ-ll :H _51 .r-t "f 

G ;r .'rt5r,7 f y I l-jt
pt-b J.Jl '& ,Sti.rl,L1m/s2,Yu ,js et:P

.-t--1-pi .i,.r, lJ A .6.:5i

500 kg

f-lP di..-JS-!

s ,s_t*6 F ,t.,r<ik-l 5t<t rl Y-_Ji r-\v

e5 l; s !:jt*. Jil.u .c,-l .lf ,J:5,r, Jb2- 6 up7,J;,a

t-; c+tj oJ:.a6 
-,1-:-.1 

L v. km/h tlf ;l -t.ilj,re cly.l5

dr-.ri .r;il 9J-1. ,,-. 49l:,." ^*i U; q J5,rb .-iit

.J5

s=1[/lrI1 :lr

f-l Y df..- JS.f,

tljl c-.e ,- I t f-\V d!-, lJ...Li fl f-lA

* )l ,-,-, -h -i.b q ,.--l;;5,- o.lu,1l5'='1.:'.; U .V' km/h

o-;lJ:-r e; $.s,tc-a t i J{ ;rd .rrJ -;ii1i., o. m s,jt-..,

t-'. gg:..a Jt Se L_ rjcr, \FJ;:-t*S 6 A_h
r-la.J tr .rs-t*6 4-i + l;i ,zcr,- 'sS >y;', ojy>

) lls = , ft ,Si-lJa'r| 

---e 
jl .J+ -rL-.- 5)-f J

..q5 o.rU:,.'l l-l* = '/\ 0

_;) oJ-i orb 4t ii d-li r<i tirl .-[A[3rf-\q

f 
[<-1" J l)1 = t. m/s c.r:* .51;b A +ti; 

-,11 -rf gt9-,r

:ii-, tSulh =\. tnls \>cJr.gl;lr B . Lij jl s:*

---p.UL 
0 = \0o,2 x = YO m 4t.it+ .J-!UL,,



.:lrS .5;ro- - t 9-, Jt^i lf Y

f-fF df.... JS.i

e-?t- .<r- dl9b 4r roJ-i o:b dt-j-i  lri.J f-YO

-,1r l1 ;i d fJ \. . 1.F + A +|5;,tjnU.l ssle s6v,

Jt--rl )L J-J + a ol:-5.1,--l aJr-l Ui'.. q n<Jt-

.,l.-,lil og jti' g,s,l,2i u.a,=,V, rfl .r1L..xi,r, ,t-ic/

Jrt-J *JL-' .1l1mm o.;lril r dl..:-l ri r-/ &ti 9 -\t-

lt k -e ,rL-,.l.:S u*J lJ ,r<,-jlJl .rJ5 g c.t- 6t[-
.tf -);S-e ol-t',15t<trljl .+-L"i oa^^,

ft = AIA N/m :lr

t
6 mrnT--

y-y5 rlt.-rr ufSi

6,1+.1_sl 6,91J<- ;tl, m lf r, dljil .<,- f-Yl

0 = Y. " s A = loo rr;Ur- .c*l u.iJ JlJi .o-riJlr6i

cS)t+ c.f-t .2r +rl1[ * bl-t',-l 6 ls a f--;St .;h..i! ,.t^!L

.1r 1.,1 .r1.> d,t-.i r;l;:-l r*,.ldJ+ )J- Jtrl \".-l ih-
.Jisl-la., r${ r.aur;t ,li ! B &;;

il s-y-f ,5{ .L;i cgLtl Jr .t-tett- 6ly f-Yl

,Slf lt Y/o N dt-ilJ 6J-* a_5 or.i, ,-?l-b e:_b 7-r

lfi \ u2l';; e4r;- ,ss'_r *4.rS +Jr jY.;b ol,

dLj (rJJi.1: cJr> +, t-o.-. Jo:, dJ.? dt^ae .,1: l.1 V. Mg

r-, !. r - ftfi/fl yl q;* u.*, F-l'l ca-r f gj)

r-r--l .lr 6 l, s rLaU ;"-A-." .1;5 .rrl *r- l; 10. . . km/h

s> 4V2i "'+.". 4-5 J-aS aat.q:5 l.t.i .+Q.l o$
t<in-U..*-l t:I o>3;t5r> J)L:i;l .5lo:t:il -,1-9:r.>ti

GJ-* tt:--)ut JLtl .-rSJ- >lJcol -,1: + J 6 ,4li
.c*l .li :-y-r )l ,FV

dr.-t .rS- J cr<ik-l .tKL-rl ':"-ri t'lf-Yf
p ,P 1: \.. kg fr- r B +,l1lJ Y. kg lJ- C A a'Ll,

6l;l ^ ,lJ c-*i -l- -,b "t ,J:.---.!L ,/O ., :ly g

.-t;5 drf'J P = L, N (V) 9P= 1. N (*ijl)

(.}ll) ae= \/.10 ttilS' ,48 = ./q1l nt'S2 :lf
(:) ae = aB =./11V m/s2

r-jlrl;i.r*i )t O $;;1.r rS 6lorL .*rif-Vf

:U -rr S::- -,1r ..t:5 r.lLf VE dU €!i., ;> ,tl1,,g

*11; 6,l1.Slohl.., ,:-e^! o:lr e 
=-; 

jl ._,.lt Y! .,1r a -.,h-i,

c4F fl 1r c.r-,i )-r+-f,.:,,ULi +*"-l;l -r"1 .0.,1l.r1!

'rjJU"(<.; 6--rLr *{-, ;t+ jl .J..--* ,.rJ.ui, uiir;, u!91

.6 ja\e

r-rr dr- Js.t



lft JEt... Y-f ,j;.t

.gL.;.ol.; dL, .,1> o. kg f:+ q A -.,r)tr *rk^i f-Yl

,*rU ,rl-t, tt ,y, )16 ,_rqt5 f jS L-; 6>j.e $^.a

?.-t' fl .t>f 
"- 

Jj-:S coJ-.! r,,1-,r)Ll cg-l-r -rr-r-

\:s 4-J A:Yt 3 o.ty ./Y. b,rl_r.9.!K i* .ft<.Lrl

l{ dr.=rJ l)T )lJ;',-LiL 0J..1 ryJ:u \lY m/s2 C drsq

rJ ,,_,r.1 *il!*jl .!tS .-1 -r, .,5 .rtr ohl.; 5 .r,-.1-9i .:1.r,)

.(.r-"tr.f Tt = T, ePP ,ryJu, ,l.B .el Gll
T= \V\/Y N ,-.,1 ..-

l"-f l di* Js.i

\ .pl rst' q l-,1 Jtr,r y.1', 4 ,.15,-.1L f-1.

,gl;l: J!-11 *y .S,l VU; 6* .Le)r JU(it.irL

)t -Fl .,' ""lYrY mm J.IJ. ;b^,,, J lJ \ L\ J.IJ. 6,f

J ! l) u.*, ,r-xL U" = \ o. lgn/h 1:ly tie ,a x = o

6f c-4li.6s-r* S o.r.\S clQ"r;l .*U.*
\

otlr D =Cn( .- Ptr' )S nhlr tr Vr ;!l d.{." -i)ti t)
Y

u Jg uaya;t lF p ,4 
--F 

Co ai yr o5 ,.:.-l o.t-.i

l) , lY )lJi'..t-tr.l ?y P g!- .:--t- S .cr.,;-

t .l ..t1-LJ *St'y ,Ff d_r jl.!-; tE Co el-n

6lf ls >1i ely- .J ;S ,?sJ t' It e;;rl .r:";:

-1 oJ-l5 r;U,, €...r j- 4l^rU 6 +-lJ t22iy.x = \A m

..t-tr.,r ,-,9i oJl5 gitpr ,:(-:

f-f . df.... JS,i

f-fA 4li.... JS.l

f-fP <ll..- JtS-i

.]Lr)\.bl dJ-X 4it.al U Y-Y.A d:...r r.c-9 :'". l-YV

jl .rr.rJ .E.e \ .t-.JrS JIF t+!-l J) ,lJ- q btt

4-5 .r,ti^ b B t A g[..^:-l .-,b.1 ,l.Aojj lf t SlSLet

.+5 dr.*J ,*;f u, b1 clf- cJt-- ;l

e6= \1,Y1. m/s2 :...- .l*-t, u-h u.

aB = . /\Al m/s2 )U u-h u.

:lr

f-fY 4..- JSI

.+5 J,6 c-Jtr- -,1r ei;K- cJt- -rl c.9^;, f-YA

,l'lk = '/\' J Fs = '/Yo 6t<t rl .--l-r- 6,1'1. .:tJ 4 61

..ris q-t*, l, .J*5 9T ,f-js; gL-71_11 ;15 J^ ./k^i



olr.i .S.;.to*, - t g-, Jl.,oi lf f

.<d-)l 6-F ,sss s c-S_M \/A .j1;,r-trr

0.11,-r-il r- ) o5y 'lvo. N/m 
'fu r9lslt -p s *f tlS

.-,t- .r:J.r, t^J JJ,<- .:Jt:- ;l .o-!sJ o.l"J \ 0. fflfil

',LAJ 
4EAJ .1l x ,;U ./t4'.tt? .ll .*U asf r l1 -i)te a

h--.r = ./\0 m 4-r y: l-,1 u,-iI.e.-rr-.J;5.f"rrJ

.,>,1 ;, rj" ,_l*u .tt<trt .r;5

dr= \f'17. {VYx9U= [/Yo rn/s *lr

.JL-- 1: r5 6lr,11l q J*, ,rl.Ja,, P 6Ji Y-YL

t - O S -,1r l-,1 3-L-1V 1 .>-e ,- .tt-S g:JlJ .C- -l dJS-

.Stl!-rl jl .-q5 ..r* Pr s Pt e5si :l-91.. -* elt.

.#.b.e
P,N

50

Prt,
tt' Pr

f-ff<li.... JS,l

lfi u.6ll,11l ,frV ll Jl J* r, L5ld?rt'-lo

-il c-.e.i r-,l1lJl .J;5s, ,Flm lf \ 6,lo:o e,lsM

0.SLi! .:Jb r,-91_1 ,t-S _;lt.:-,|.; .j.rl, e, a crti..,bi

o1J4 iU )t->,' U ,rl;i.r:;r,- 5r.- 6l;lr il., d

.j*-! 5 (.J-I oil: srt:;) b P Ae ct-rJc fs*l rr;"
.Jlr5 J# .:j'i :t;11-,r-fi .:S b r:r5 :.,119 olll t

r-rr d.i- Js.',

0

e =1;rn-t(a/g) t p = (M +m) a vlr

lr o Mg e * t-J. c-.7 .gtrylJ,a .i- crr- t'-f\. 
- \J

yJ -h,{-h-J ai -;r a-5 ':-l Y. . km/h j,l.,,.L: lt-i,^
eyLb 6t-,- Jl ...t:il,r, 1t.(1 .:c- .,.::.,rt5 .gly .-r;f
\ter4 t+ g .,*i J<-;tU, Ql:^ (! gl.r,r) 

'tsf
.,it-l ,S-l-r .-l 1.;) 6 It x f-iL*' ;l.r-L ,-r,-L; ,='-;
..r-5 l.r-, J$ lo. kn/h 4t Ler [i r-,,-i, o:,9* ot'f:_9r.i

?-* D = ku' rhlt jl l:4 e:i.rlr*; .-r;5 o.-t-,

.g..1 ;t3 )lJi' k.ri.2r 6 .r,_r3

-r = Y. \ fil :lr

r20

100

80

60

40

20

0d 100 200
,tttt ilrml}

r-rl {li* Js.t

t , P J-* J->l; .,l.r lfi \,,r.<r J.a.lj f-fY

-,-,) bi;t u*; t ,W.ri;| ,r:*; 6 ,Pl g!- rl.r:.1

,Sr- tlp p fl .s;u,.J.i5 P .-rtj ,J_1.r.: U c.*l

.-1-t+ 9 Jt.-.:U l:ij :l-f t) \:&i Jr );+;)( J = o 
-,1)

.JL-..IL p1 fU -*3.:*i J .*) r,-r c5t$uel 
--ro

:l -S:rP esi.-r.5 ;rJ x= L )rb r.4)D \if
..t^i .tolr* 'zS7 d.lL UJ I $!,-f pkpgL

r--*---r p-" Jlllp tu
:t) !* )i*

r-rr dis JsJ

z
J(
ci't
9
J'



lfA JJt* Y-f ,rut

,ol, of & tt u'-l r; iu-11,ot- .9-- 7.h.;r l-lA

;lA a-L;; jl \Y,. kg lr-+ ..t./-l.ni[ji *5 oJti ,A &,
,y_r ft.r.r{ B aLi: ;t rrr- -tr ,(1 1s .L .f &
ji d{. .u.er,Js {i l-2 Yo.. N .-rtj.rflr |.YJ[;i

b-y5 s D -Y J-r.ra jl .+S h,-; B aLi: ;l tr* ;t*.a 1.,

.J^5 o.rLl-.*l )V o:_n -;r'\ 
"l-ai 

J) qit-

r-r^ dr* Js.i

,;j1t 'Z3r> l)J l> t>,,9V F-t"-ii .i- -1r l"-11

1l m 1S u .grY-;i "<*;5 .JJIf ,-(. ,ue y '-t], J--

1: tleLL -Sl .tt-S,f t,o.,; ( y = o) g!- -11 a3(- -Jt-
6t* k ei 1.r e5 :Ji orb R = ktl 4l: by 6f tll.
D t d-F rr{-; c.*a h p\ .* 6,la 

"itV..:*,1 
crl.i

..t--191 t:-J, 1.1

:trh=*-r"f+)-"k' lt- rDl@il ) k

f-fl dr..- JS.&

ir<- cJt- ;l r-rq 4.l:- d))t dlJ Jl f-t.
r--5, R = cl)\ Ji c.5J- /.11,, f t>,9W 6 

"*-L eh- lf
Lr-;..1*l -lrtf .:,*"! J-* +.Ler Ur c+tjc.ri-r,

a

f-fA &.... JS-t

d lJ J,LS 1: ,:5 s B s A 1t--;l .5taL:l*! f-fl

a""l5 
.,11 .JnS .lry.J .-t itrd .;;i f . , 6); JLcl ;l .r-l,U

.+-U -W-e 6,tt;r.7 e tast(L.al

F-FP'L'* r,lS^i

.JloJ-i o.rl.r sl ii Jfu -,1: _;r-iLi [r l: 1"-1"ry

.-r-i.;l: ;;+ 1. . kg t' 6_u.d1J e tt \A ,r;Ui
{.. kg f,r+ cilll: F .S-lJ s _s_r-r cr.lJ-l B ,r;t-i
Y s .r.u. t l-r 1.. N.m c-it5.13t:l.5 ln:_t,_r Jt .*"t.f

Jt-^rl cJLr- Jt p;: Y0. mm -J; U r3,- 6$Lt r,

./ti.tl ,J-:f,r. :t-'.-l .5.;& ./U.i 6 l_,1 .g'1 *iLi ,-r,-Li

.+tj ,# 6r Ur:t g4 \/Y s lJ Ji ur.$
.+,5 .)Zi-e ti.St<trl qJS 3 tr.rrrr I klrts lf :t

p =YltY m/s c..t LS.*. -.,t:-t .gl;l: (a) cJt- :lf

ffi,.

M.r;5

r-rY dr.-. Jlst

-250 mm



olrS .5.4-, - t 9-, JLai lf ?

pDe = ./{ ITls -e.llA u.-t sxtr= r/f m d--ir;J,

6J-f -e L-ooJ;f ;l g[5 -,--l ./U^! .-t-tr.-f u'\ J;b

J.5 .i"'J 4E .J j,-l ;: l-,1 al. i )try

aa = \/Y1[ m/s2 c,..11 u-h ,.

cra = l/lY rtlr' ;*-! J-h *,

T = 1.1/1 N

:lr

P-40N

"<r- \-L, d.r,5- bt B 9A ,gl-arx;;JY-LL

".t-br!J; 
2: gfiU 5t<Lrl L 3 JI.JLJ Jab S"-.q t

,--+J, 6lr;.t;Su,;-S7,-l'llo$ Cll .Ft a.>'b , 6

c*,1, u-J -../[ m/s fll.A Je)4,oJ-.l o:lr gt-Li

lJ 4J-, , )J4J' GSt I LA.Jjjl ,l 1l5 r,a .-,b.-X ..: ,l

.-t;5 J*J +b.J ;,-l-1.r

P=40N

?l* e n-;l_; 3l (;rLi,) ;l.t-.i, r.- 6l;l o f-l,O

f.:y.r.olr; ttl),-)p o 1m/s2 14t. Cf F ro &.Li

0= \\/AAo J l,\/fo vlr

ltr = 0.6,Irl = 0.5

l"-fA dj-- JlS.i

l"-fF 'l?-" o ,,lS^i

(:s 4-r {z C.iU .-rb-.ilA Jh.*"', c5jJ I f-t I

L.i c-j 6 B SjL Cl-n0 y-rLi,.;.b .t-..},,-l c:bq:-l-,;

.J*5 ,-i-*J , a j st a'. oq, ,J-l* l-l r.1l.r; ,-;J A S *
..t-tr.f II' W* ir, ,r*t!l .StK,Lpl 'yrF

tan-r(\/p,)<0 <nl ?tr

f-l'g I {Ii.- JS.f,

,r<Jtl, ,r"tK:-, ,(ii .(J) -S *-e,5. r-tY

R = cD ' 'y tt 
".-S 

L. -,tii .JrE -,, .:..9U, 5 c,*l

J* ,--; tsl;u rJ J i-itj ?--t' c ,Ji J, 6 -r5,r, :t1l

U. -Sq-e ..(,",-r,!"t ji,-:X;.g:".1 dl,j t '>r; rK *.r-e

l,- ? d-'.tli:+ ,J.fu &LJa. C = 1""' N.S/m crt--i

t^J jF ,:Jb 11 a-et r6.J:5s, ;t;r-9i;i o l; \.. kg

s> tl,e ,a (' : l|) :-rJ ,*- .+t-.-r ll "::l ojt-'l J r:-i.t

3t isL,)(q) j S*.ro.*-! cEt*-l ,Sltls u',t"q Jt-.

;.r:1.+ 6 ey ,-S y* 
"*"! cSt+-l ,slt lsy 

"f.l+qt+

lfi )1 ..' .ul o.l:",1 )J- rl-t-U C,Jt- \>ef J^a-;:1. rr

.+S -)Zi-r- hl-r nl., J i_*.

m=100k9

f-f f &.... JS,i,

4{ .5.- :l- d1.. Lt B eA ,5b..t;J f-11

l5tl!-rl t I J $loJ-i -lrbF-r<,- 1u | =, lO m J-rt

.,1r .-t:.lf.r. 5,> .o$ orlr r)tj-i .+l .Sbtt- .,1: 6;..;ti



tfv Jt*" Y-f o*.f

1l a-e y>u co.t-..i, o:l.l dl.-:; c--r.i1 -2t ) f-[A

a -tV t. J dt#_J )tT ,:--:S .>t-F,-l LaJ iF cJt-

\ J4t' +-f '"pf .# n-t-, lt ,g"S-Jf f ' 4^L;

I.:-:'l ::tl' 'rl) ..:*l GffiU.tt<.LrlJ fF dl-rb a''-Li

(..t5 rtrr, f--? J) ,gb:S dr- Fl'.+- &,lJ

Z= lYA/. Nl d=./V11 rn/s2 vlr

f-fA 4I* JS.i

cJL-- 1.: I t-+l 6 l.ad-,E 6ss P dJi ) f-tl

.+L-.f L,i--lj.ilY1. N V P;t ,rK:.-,"i q r::.-,i iJ<-
.r;5 f, P 

- 
tb 1r r) y' ./U.i

P" = o'2o l
tt*= 0.L5 I
Fc = 0'15
Itr = 0'10

f-ft llf.... JS.i

d ,\.. mm ,-la! C 6- J^ ,Ai ,f 3r ) l-lV

.vtf g Lar iF cJt- -11 
..$tr"/ \ m dUjSlJ, 4l.aE

3: j,U:, qit.7 g.l;: tt g ,at-si 6a Ul t # ,-et

I o-; J) dJ.-J 6ll ljY t tsl-,; e +:.j.lJi t_trs 6
.-.,t--> s,.t"i 4L-J -,1r l-1 of g U ;)b Ur t .&-6-"

.r;5

/ = \Y hft min e u = !/v1(\.-o; m/s :lr
100 mm'--l i--ee

l* " r m-----l
f-fY di.., JS-i



c.rl.r.i .S1:.t - - pg-' J,a9 lf A

-hill ,sr*b cS s> f-A

1..1: d;rl,i ,S$-t161:t .€€ qJp J56,.>57 !*Jl i.r:*- Cla* rlt:nl-;r 6.rl-,1i.{+"" q d3:Sl

..r"i V-l ; Y-0 t \-t .gLg:; -;r 6 !-Jl ;;-- ,5 7 t) ./S Cll. E jl4s4 a,-, ,-)=a1:,11 l-\" olorlt ..1.1*

.rf *-lf orLiil

'>S7.ljt.- J- t, l+-l f*.*, 4-tgVl jl 6-J.:ib ,t<-.41t*. Lrlri q .>l^dir olKi:./t'Ul
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ol.r.i ..Io::o-, - fg JLi IVY

p1.R = 142.1 N

50(9.81) N

*
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f-ll dt i d,t,...

.lLt-l .l) 6 d-f o. kB f.l+ q+ dla-r.? *.-, r*l:.r \!./la,

n{s ,-111:.r: ;l A &}i r: ;i gJjt iet.?"t+ *bsg B$ii u. tu,*lr-

.,.:-l ./Y. uf*j:i" "tt<trl ?--t'.-u\ t

6t-<la^rl ,,SS-* I RGsJ--e GSt J"t-! 6 utz :1.11 r-.--j :u!.>

;l.5 ..:-l oJ.i c:l: dt...ij J6-! ;: ..tJloJ..i C-,.l, Jt-. ,tSt ,* r5 F.,Jd3'-

It-4.il JtJ J-l ,C.*. .>'l +rJ4 dr.rq .iJt +r 6 .lj-l LSti L-t ..r-i gh;l

u-b y * Gst o-t*i gL-'sil JL-5 ,JS .\:*,1 jl, .st<trt 6.2rr' rJr.94 ut i
:L,:*l -tll.&Sf

Uvz= t50(9.81) sinl5o - 142.1) l0 = -151.9 J

Tz-Tr - AT:U c-,1 J,,lJ,, ,Ji+- 6jJl "#
fr = U2 mfl ar= 

]tso) d - +,)

:,*tl: C;jtl- .;Lf dr,l; ;l
LUrz= ATl -151.9 =25 G -16)

I =9.93 (n/s)2 u= 3.15 m/s ql*
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f-tY dtoi d.t-,*
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:U ,:-,1-,:l.r Y\f N il3 ,rtti-l .st(trl ,SJ; Lt.lJ 1t+;l
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.r5$l a-5 c"*l ./Yo (4. ) (tlrtt ) =\11 N ,rlrr jS$ ,tl{Lpl esi rsl-t- ,Ir, =. l\o 6]t1:(.7) cJb
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[U = F s] Upz= 157 (55.2) = 8660 J t- 8.66 kJ *tr

.t-io grl5i
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c,l)S .5.j++" - p9,, J-s lvf

t^ -.1 '-Li t- :sl-t tSSi.J:,o:.rr pt+,l ttS fy tSSs J 4t $ttc/ ft^".- J )slS 
't)V cSLn;* l-6:i Y. . N

)l-,3 64tp +-; cfi J orl-t-i gt-a.Jl tSsS ft^r.. Gil J. rlr5.S,r, ,SS nV Fl ir-<, t a,&S cJjJ..-h-,

.IjL:.*

I -P 6J-d L-;.-U gt+,t ;t5 .JS.r, ,:S7x =./YY\'+\/Y = 171yr1 m q J = ./YFf m 
-11 

*'!i ..;r-l

:U .:-l _tl-n S u;:- a'Li 6j2

V=lrarl urz=-[i!ipo-ar=-+ox"j)3=-80.0J o

odl;6f , J-,-,-'.bl> ! c-l .rrl-r.,!KY.. N .-ttj d;* h-j: ,:-.,*,Sl,s J...r^i jta-il -rK
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N u:5
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f-lf djtoj 4J,i,,..
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T - 3060tt*- 360(9.81)sin 30o = 0 T=30601tr+ 1766

:U .:-l ;l-rr ,liK -2: ,15 ,eJ ,lJ-?.ll; ;l
T = P/u= 40fJl0ll.2 = 3330 N o

lIF"= 0l
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IVA ,s-r.ir" ,$tl g tV Y-P q,i+

3330 = 3060ttr+ 1766

:g,-.ll: T a:l: -zlri U

Irr = 0.513 :lr
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fEF' = aaS
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cilrs .5"4- - p9- ,L"ai tvt

,t =[#)' * z(e ar[(oezr{ro3)f[# #rr)
= 69.44 (106) - rc.72 Qo\ = 58.73 (106) (m/s)2
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,.:,t-i ,.:-c.* t-: rJt-St* 
--.,* 
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r:9 cr.pi c-Ss> h = \.. mm lrJJl +'iJ, ;t ,-,., ft
ol.*: ll.-r*il JtJ (-jJl) tb1.x1 = lr. 116 ,_f.te et r_f

'r-5 ft-'Jlttf (:) -r -t;5.n- l1 ,*1 6, J -p L--n

..r,-J3i d,-.4 ls ,_ijt L-; ,-.,+ c9:,.t J
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.ty',: drriq -irL \ p

B .Ji;.: A m/s JtJ4 J :".-- Jdq *iJt r, \/Y n/s
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oJ-.l o:lr L'-lF 
- 

_/.. B t-! b. ))FJ. gf l: u*
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f-l.A{&..-JS.i

\0" J--arril AF Jr-" .<-- .-l-b f-\'q
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.J.,rr rr-,j .Srt<r.1: l1 :.1> .r.le .gLrr*rj U "t;S"f

n)gr.f.f-lY
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"$^! 
,r! &U 5 g-t oJ.e'.r tt-r cSrt.l,--t -t :,s-il. 6
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ltmz Jry 6V.fr q 6-S , .t)t-->J. -2s g;l+tJit Jl,* b.

J o)_H .-rJp S,--r, t+i ,>57 6 J{.r* F rrf-\t.a J<- atU"

.-u,:U t1 3l j.2y. U t'l ..u:..^e cS y Jb rr h s \ CWr U.
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.,,-,r "fLj C"' -S--t E S,g l.t- rrl:l ,./t"j U -l ciL- .rilil J<- rt* ./lJt.r.t .e.J3l ,-lf.,r Jl.jt
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o.-f ,y-l f. o-1)t--c .J5.,, rtall ly 6rtU *rit eos-sl2 cSl+* ebti jl 4 .p )l ,PV !r- U. r*,-[L ;: j
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&-,Sst Jf.o r,-Jlj d.r''; \1m/s Jer t, J(^! ob af
.l-!L ./0 |2, '>-S;t*:-t.r- fl ;FC -,U;;3- 6-fu

t&,
ffi

e=

:r:-l gr:i J $u tlt, g;.sYti 4,'}1iq dj\rrJ.;l 
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Q1l c-cr- gV*lJ-f er.1$ '1: .tjVC\ 0= f .o r,-Jlj v1 6k-1.,1 t{ J* .}tL,
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.U,Ji J) J)-p y, olyr-l lJ f-t1 d:L" l.tJ .t_r'l BA = trcl o-;! ,-rt:-l J a,n= 0 .i.;-fa.::l .,1:

(r-tv)

Jer t1 .5r*^" ot3i-: 4 tr 6 .:-l r.!;) ,jLAu.l+! >:-f )t c.,,_p fJ) ditr 6 +-F 'l 
L. r eiull ;,1

1: 15 ,J-6-hU..:*l lyy ii e:y oL(i: l-,fXl.i[.a:-, otJii: t.,,ntKi, F.S:-C pt+,I -U
.r:.olr* p-.+ rl-li 4-.:i.J,, ;: o.,l! J tsls b-il, eli )t-f tt lJ .,Jt5_ SWtWS.Ji';lr .1lr! *rE: S.r^:. otKi:

.J53 o.:Li:,.\n4;-l dtr;_ryD \ f_r_f dLr:-,:: -rl .lUi;t .<.1*a 6.f-l t Ls.&:.:--.tl:

1\; ,,, it .iLa:*, otJii: )t py - \_t' aJ:L, I LSJJI - 115 aJ:L, )Wl )_)J, ; \ ,gilj, Jl.r ;, Jb
si[-J 6Lr.;-9''.". q + va = ia JeJ' U f-YY )S-i x-y-z g/u;.j",' o1U9: .,J,r, ,g)J,.il.i l-- ! ,-5r*:.

r-YO Jfu, .lr "(^;1. ; sp a-. ;-yd c.Es rrcr L. 6 x-y-z 6lazjr- q c*; A ozs 1*c lS 6' c.S 7 X-Y-Z

oa = 0 il4 l-.1 .dUa = ),F .drr"1 :! ,>-l ,,lr.x-y-z 6,lsy>,., q + IF o,r-i jt+,1 tK .,.:-l ol1 o.rl: dt-:.;

,JaiJl P6r (Y-o d:i.i-;r+Jetds=udueL'lr\+-y t;g-r.Xtr. -fito,6=m a1s1 :gr-,11:*l-l

m8

(b)

mg

(c)

:pll: +.-,r.: .r.!l jSl t'a.6'dtr"1= vrct . dvr"1 lJl1, ,* Ch



&lJS .S$+*, - t 9-, JLi l?l

1{3f-&"r
d(In1= fll 

'.rct 
' df r"1 = m l\"t dllrr, = ,i( 

| ' \
'lr^";' 1

r-rlr x-y-z 6,1-us:* * ..:-; # ejt-l
z

I

I

I

lz

OK

2
I

I

I-Y --l

aa = a*l
frel :g,;l: Jb t $f .1J T,"r =1,^r:",atte

ll, , r. ffiil (r-r^)
tx tt

r-ra Js^i

aJ:L, ,:-/;,r, ;t+,,1 c+U \:^er \ tt -* ol3ii.: q c*; 5 ,ratA..,,i^+! tt-f )s 5 -t-o:,r, rlti,j cr.1,i &,lJ

..' ..1 .'-..;.: ,Sitl - $
:U ,.:-l ll-nd 91.; .i.t -,1r o-;! .y os2\ \t' , x'y-z 6Vy^t q c*.;

ZEat - ma^dt = mtadt
t"r-l.lti .r>-l m a6 dt = nt dyrct- d(mvr") Vl

}Fdt = d(mv,a)

^ Utl) l-o r-, S 35.5t JJ-f; G,u = mY6 J2j+.e.X-y-Z 6l.-t.2jz.r 4-i + lJ oJ3 cr-ht ey

1"atlt c$ JlFl s dt t.l+lt ..*l r:.JJ ti .rrr./ ltZEdt = dG,"r

(r-rl)

q r:j 6 dLad:+! 5)-f )tJJSl f",$)t )l;iJ..il.i ot(i: 4 t: 6 fy - L.-t' sY:L, qj 1.:

..:-l .:-1r * t-t-,gjt+,| c+U Jef tf ,JUgt o6!-:

,# fy y# ott4,u . B lle .rb:,x-y-z otil,:-,r 1r rtiJ &- Jf o.;i ,.,.:*i .glgl.1 g.-1,. ,L-f+

:,ell: ulLj 11 c--*, J:-l &,.\:l e$ Li:jr L.HB', =r,", xG,", rr4gJ .1: .::-rl e--* ,*
Ha,o =i,", xG,", + r,", xG,",

s: 6:S-34 1*9J r,"r x XF = XMa ott' q jii lJ) d-e I gai v,"1 X rrt Yp1= 0 -F cS:* J.lt rL+

:g-rl: e#.rr .$lr.f m y ssl cslasi u-n.;iU.i5 gte

(f-0. )

.,.:-l .:--,1: riti Crr-, lr tll: .,j, .t(:-:.1.: c6lt3lj .'*A-f- JJtli5 .lqlt 6 Jrr./ dtj.; ef



f?Y ,F6r Y-\f ol+

45 ,F:.....-/ 4lst Jt e or.;r r.!-;.) .it^i cr- t* Jt-i:.il o6ii: )t f y - t-t' : eJtl- tS hl.l-r qJ
:+.1'.,- '1r .-ti:."d c.,jU:, S 7,t otKi: st .hW hllt Lr I;.".,6 t: ttj ot(i: 2; f:a2t J ,* .Sjyt .tK Fk

(au =xF .r/ro )* (au *, - xF .dr,., )

(, = )^,'^). (*, = I^"'-,)
(G = mv o)* (G.' = mv nr)

JS s. 'zS r-.itJ ,.:c- L d .1l3r ,.r .Ki: -p .f lt Ui Jt;:..:YrL, ;L:cl .Y-0. U f-tv .rY:L,

!:4.-r, s&.*, r a.i r-,11: fu yti q lP=ma .hlt l5 c,filJ;rl;l l.1 Gb .f-l {,,:i-.il} t .J-;JjLJ .itil q

ot51-*r .(-- q c^r- ti I ,l-t: -,1: .rJly 6 :;lJ :93 oL-Vji 6.o 5 r*"* lJ 4+r:j 4l rr:ly"," ;64..n .ftsi
p )l kl- e-t-i.J-5 oa;.-r.1 jil"' ee)4 -.r:l-* gt+,t (;; (fl olKu),-rU J.er' tr.,l:, * gt

..:*,1 gt--i- (rii .K:-) y' t: ,r<,iK, e-V:i



ol.r,!.5o::.-r- tg-, Fi f ?f

Y-YA dtoi d.1,,..

er.Ll ,slr-:j j1st fl: :t S r J-P {. J m lfr ,..g|.:L K;-ei

jl 0 = o 43J.;l Jl;_ei ft .u\e zl" cntj 
";-ll 

Vt* ,51;l: ,-$..: ;Ua.

6lr- 6la-L,\ 0 )lJi' -/ 6Ul +1 e>_J to., .flt +1 ;*; JF cJt-

cSljl o-.: rJ-+,i^i. t t13i .:.-,.r, .li .lrt*6K; "<.- "l.f i sf -f f jS
.r;5l.r.4UTj1'<0=fij0=nI\

O.-----x

j'\
p*1 cl;l , ro. .;

r02

r0

l.f--- q 12 ,S V;' x-y .>l-,at*t 0153:,-,: .dj*. J- ,-Jfe.- ,Sl-t :rF

.r' rit-a:ir oKi:,*,r;l o:li'-.,| ,€C J"d..JWl Jt- t) *s t €ltO
o+A^..{ 

;^rl---)s,Q2ut -& q r* g* ;,-l:tr rt tn eV t 6)f\ 
'<J u.m lJa,-rb--X .g,;l: l-,1 6loyl: -r*,- GJ) -n cSf x-y a.xi-.o

ubi.gtrrily ."t"-ly i:rJ, ,rr; ,-rt* d:L,
8=OO*8rcl

\t +A3a r 162 Atlsn d-r Jt;-Se )ll jbu ss2.' t$1 J. j-r .hV b;6.:-l .r,L:-.xa,,1 5
.J.;loJ-: o:l:gLj-l .9li6l-q cjLi r: * ltr .!tt .-rti *ily r- .Js6, Lgf .;l-ul rd ,tr.

:,",t1: -r € g JLgt r cSk-l-r i ls c-t* lJ) diLi lJ.il

f>F, = * o,f mg cose = *(rii- ao sin 9)

16=gcosg+aosing

.u-irl .:r$ 0 ;l u-.V atf + 0 ,,5,5 JlFl t

b ae =ii ael !' e ae=J;ik cose + aosinlpl

62 l.
? = ittsino 

+ ao (l - coso)l

'>-l ,-.1, ilL,.;L:-.X n tilj' 15 5ll: +y .t €C JL-.ct n 6,V-\;: l.,1;;-ry lJ) diLt Jt>

. ,e2 -ao cosO :L

[>r" = manf T -mgsin0 = ^t6' -aocoso)= ml2,gsinl +2ao(t-cos0)-aocos0]

T =m!3gsino + aoQ-3coso)] *tr
:g,ll: 0 = lE J 0 = ltl\ Lgljl q

Tolz =,Bg(t)+ ao(2-o)]= 
'n(3s 

+ 2ao)

r, = ^lze(o)* 
no(z- 3[- t])l= 5roo

vlr
./tJ-



YtA ,# csr Y-\f ob..f

.uio crKi

6 ;, O/rl,&t b. 9 u(46a 02 ,-'.t ,,, ,* lp-), trT L)rra^ . n 6Liul, at bye d>b ,> tt; {tl ,?ti;it t, t 6dut, tpt

,yl ga <>u1t,

.ft,rd 6 ag =6 d0 alr,t, at. u du - ar d.s a.bat, ;l f /. p^ii t. a/A-t. ut^h^

Y-Yl dig4i d&.,"..

*; 6"-,1 
6 J6;: :J:S,re cS 7 U. c-1U U)* tr ;lr:-l fl3

.Js.t, JLel d-t ql.ll q ,l,ts L--r l, P c+tJ cr:S .,)i 6tt it. ot)

rl:l;i.r= o rt-:r!/ , flt q + U(- cJL- jll o:y m *.121 1tr
X =x" = b+JA di -rr a<.Jt - .1: t.t:f.r, cSy ftt o*l gl, ,Ss: t.

;l ,J3l :J.5 JLrl r,l-,11 )s-f )t l: eJtl- -;[5 aJ:L" .cJ!' 3r .l.: .,.1-l

e;-!: -l .:*l 5r.' Jt- -r) d..-_l q ,P gt ot(i, U 6 6r.bl,;.r,-:

r..rt .il lr " Lfl_r J: ;a 6sK st*..:11.: ;lj rt') tSss y. 6 6pV t t ;l

:r:-l ;.> P Ly o-r^: jt+;l $ ,3!l cgst t, Cll ,tU q c-...J :.|>

U nt = [" fd*= f* c.rl^l P ,gly

:;l c*l o-sV.fl, q c-1-J cr+? ,53;l .#
AT,"r = i^6'-o)

:)-r-,g & ,SiJl-;[5 aJrL, ,,5r^:" r.btl "r,-r -11

f{tn =A?,] p*=!^*'
2

:r:-l g*a d) G-tt p!; -t-: tl P L-i.-n-: gl+"il tK

' = t 
::::,-ou,),,,,r),s;0.1r$r ,.:i.t,sirt #

^r 
=t^(*, -rt) o

)_*C J+" c4tj pt; .r,-r :l eitl- 2t5 aJ:L,

fu =nr] P(x -il=;^(x, -d)
.f.^r"f ;i+.ll lt il ,?-&.V ,,5r^:, rbU +, jl .)i r.E d:L, .1 d:Lr ;r-l ix !F-,1l :14,-l 1-9lii a,

X=xo+x J X=uo*i t ii=i

o



olr,! .S;.p, - p9-,,-Li l r?

:r.n":i 1.t

P (X - b) = P x + P(xo- b) = P x + m i(xo-b)
=Px+mithl=Px+mth* O

i'-r3=(r; * i2 +2uoi-r;)= i2 +2uoi r
;Fr/;d" c,.,tU ,tU -t-, :l ,S3tl- ;l5 +J:t', ,-f-

P I ')x+mlh x= -mx-+mlhx

r-t,,1.,19: e ,j-UE 6 f*.f .trrl-lQ .:y o"l.ri gr.t, 6ya, .PU 1;l-t':J.j : P, =L**' :gplr Lr"a 6

..i,1 r-,1 ott' y 6jtl - :6
U'Ua-T-Ta=mthi

.tjl crlsLi

.,-u-lx 94( o;gl ;tgu^ Jr' ()b D lbu ol't, u,o;t^ tar O
t.

.p'Qcl 
i*UJ Oi qtt U,il4 6;it g4t1h. .crut U" ,dthi Q/ c->op 4*) <5e,, 7b0 o(ys ;l O

D"1}nt tl6) r> gi D.,-uep,.lrdob tt.,-yr,,t 7,17,atl)x"-b AII ,e .p,b.clx -X 0X -" 7 $o Aq /figt )ti O
,it = i U+,,t'tt 2t7, c.op *rr- l,; ,tll4 D ,:,tlj ,-:l;i ,2/tJ.ob /gqf / A++o ,X.- b - t



f?Y Jtlt.- f-\f oii{

lfi ;1.c. 'l rrl.,1e.r Jb t) ul2l B &ii Jr 0 = Y rad/s

I. Gg . G 6ta:35 Q = o 6l2lq .li! m = Y kg,Sf

Li # ",:+:- 
j;t 1rel d-,.r;l 15 Hr,o , H6 . Tr4 ,

jl .iU d.i O ,LA .4;9i.:-.t, l1 .r-!.f x-y g.t.a1t ,'

.,.>l oJ.i il", B ^l'd J. F tlf +li+'J t: 6 c-l r1l;l

G = ll kg.m/s -r G,"r = fi kg.m/s *lr
f=\Y/oJ sTra=\/oJ
Ho = -tto k kg.m2ls J Hr,o = -\/ok kg.m2A

f-f 'V df....JS.s

,.Sf JL-- 1.r '.:4t3 '-:.c- tr riL,llf^ 9li f-f .A

c.it*. ,-P tl ,f,f Mg l-r+ q d.+ t9hl3^li- e r.:-,1

,j;,, t;t' oJ-S -.,ti7 &- .i.-f ,df 6Ss / Vo m

Y[. km/h \Lo)-l-.lt,, :;t,Qll^ ft.t;4.t1:r1

;t(-e 1: c--.? r,L.;lJ 6Jt* ); t J-S S-t sV q ,-:*;

.r-rt{ YY kN 
-t-j )l$. J.IJ. ,fVt. tSl.t ,S.S Jer

t-t-.t J-J :l rgi:-,Yo .tit-.t JJb 1.r rS l; P qY ,Sti
..t5..1-t ., ,s-.,"},J r;13 C..7 cSQly 11 oJ::S urliy

f-f .A df.... JS3

llt = '/fAY

Jit,..

.j|..^i" JiL.
+ sSf Jt- .r) 1. km/h \>ef q ,rt-l \'-Y.0

lfi | t99.t:'o -5: .t-itr.f J--rJ) \ O y:'i ,J)t{ -iJ.b

U"s I t.*,1o:l.r .F-r ,).; '._;t 6-t- \ \ . . kg

Dal ,itJ:,,.a -Sl .S,l:J l.r i = f rds qJ-rl .t'
, t z-t,". F t{L+#,rL-; 6 cfutlt.r = Y m &ti

,-L-i 6 i ,,t9$,a ,x l-tr uig'.'st<t l ?-:e ,tF
.J5,-r[^-.- 1.,1

:l.r+

f-f 'A df.... JS.l

J<-l at--t , ,d.-pl.ril q ft c-itj ti .rf tlf-f .1

l2m t1;-ry.t-.t 5/? *rk-i.:-9j [r1 .F t oJ^! rr.r,lj

JL- lr l.t--11 r.e1-.n, .J5 Ji:i.J m, lF q ./U q c*j

.C-,1 cry rl;(-

n2

Y'Y'7 dt-- JSJ

,Jlcri rrtalt Oi u.x-y ,1Ju,25>,, r5 6lql.1lf-f .V

rlU;^,r .JS,J, t>S 7 l:*,1-2 .:.* r, U = Y m/S .:er- t1

,glu,-j; .teJ4 I I I = , lO m J.1-L ,-', 1$,-" "J.4 
,iJi tl



llrc 5o::.- - r.9- JLi f ?h

r=5 j-*--J ,:>f . n;5:' (-U.;^i J- Wn) yj -Fl-w\
gJL-- nr .JJ:rg uF :t "i-oy 

.e s> s3JJ> tt-td 6

.rJ:,5.-.t djQfe-f 4" q 4<!-l \ 1 uyu" of*
.JS 6, 4*l it-t+S 6 u2j-7 o.sly-: e'

Urct = Y/[1 fitls :tr

*JLa; nr .- : ,,i lJt:l 2: m 1sa t-. 6f.f-f \ Y

c+Li c.e.* 6l;lr r-JLii y o.r[:,-_l j]<- cJt-- *,SV:,

;1j .r5 cSf *-r ,t-S e ga 6:.-t-tr._f u 
'pl

t'.I;tlu' ,-iur I qlli ;lri J o)-S $f ,. Lt; A ,Ul

-JLa .r {-.-.j ,-iof B aLiJ t JJr,-l ;t*-a ;r 4*,-l U

4iit- .rilil f, ur 6 jV: ri.t.. .,1) .>>J u, i=tt

J ui"-tg.5S ,e.F L* el eli 6s'>-#,1yB -r

SW f rsl f I s 6 i.,-l - ;LJ .iY:L, .-t;S,-r, :t7,-l rJ[i;

.LA) z ;l)mtDd..?,<Uv I Js dr *,,# J JLt- LJ J - -J,J 1(:

f-flfdi.-JS.l

e- k .;*- , 6-rr Ly m lfr \ J.9l f-f\f

GnU .5tit rl t-.r &1 >l.u,l ;: -l c*,1 .J-i J"F:. ./U

.l-lJ* -rr x = ,t J) nJ ,rtJb -,1r .J5.rr 5r> urt! g9-,1r

ol ft .-r::*n lf*.:JL- -2: 6* t yti ,.r..itl Jt-*
.3.-4 JI_SU.- ,>9-) Jt-tl 4. gt--: ./t- .1 *rL-;

..t;5 J*,J l.r :ti q d-*.; ..5* i,no* = (r., )r**

<l.is JS.i

(,., ),r'* = n.rlffi
=lr

F= \WAN

.:,t-i c-e.,-t rl-S frf ,S-- 6,9s1"-f .1

ef *S t.r .'.i'-[i rS--.t-rrl o-r.5u.= llkm/h

A .4iy 1r 6 cj.ylS .rt)€ B '4;t a' A ,4at ;l

9 'tf '5r> \ tl;,.i,1 dJS- Jb-r: .f-5 q c.;

q,,_i*t* Y0 m ciLr 
'h :l ,_n.rl-t t^* c.Sf .i_ tr

t-.t .$F -t5 5f .i- tr ..n- s bt,-/ U = Yt kr/h

y'L; 6s,*.-,1l.til .:.;"i,,r, -i31,..J.i Vt:.! o;lJl aL.r

*S7 ;r--l uJ t b &f .l g.i-r6 .gta{-Y ;a F

.r:5'*t
- v--

:lr

o!-f .l,l*
o: ;iLtll-l- JU 4 1r oJ:S .tl4 sil l'-f\.

n-.i lii J J^)c/ l.r .*U ./L:^i V Mg lra q d-- .SLl1lf

lr lU .l-lsd,l-g ,-21:e,-9lj r;tr .S-l-,, 

" 
\ . IIl c.-it -,

u.*, Jl .c-l .zS7 JL- .lr Uc = \1m/s c-,tj 
"er

6J'p,J-lL q. r/S L.*l..-r ,yVt, c"1+ 
1.-1Y .;lL,

G[-.a:_yy 9 oJ-l5 .:U-X )_t:-f L--; J,-ti 6 F AV
f.:-l.1fia ,l;.i ;*.ti Qt-*

j cr;,u J e ctt-<trl 
--l-e 

f-f\\

-"1-*.J--rUs, 
l-l*= ,lY J Fs= ,lA f.lJ; +{tJ:.c

./1 ort-7 * tlr.r.r5 CV*;r.i.t':ir- .ft(L^rl

.:*l 5r.- J[- t) \ o rn/s t-f q 6 jj.,t5 Jt .c-t

f "....... 
2 5 m ._"+-- 2 5 m *---l

'. r=24kra/h IA :' -;-
*"-4. m B



Ytl JLrt^-. Y-\f ol.;.f

l"-flA4lisJS.r,

;: aJ -\-.& ,W 1r lr-b.r lJ r-r\ o 4!.-/ l-f\l

..!l/ = ./A rl .<.- + J* :m = \. kg e_S Sv,:1
o-\-i-,1jf i6,-t* J.9 +;l:l;i *l-t,,t *- e_S .e'*.

r-^..'rJ, _s: 6_f I .l* ,r,1,,11 l.til-2r .J5 ,sl1y O 
^Lin J

d-rtJ .-,,1* qltl tr 4-<!-l U J::*^ dJ<- Jt- -;.l 0 = o

q lr dy ,T jS 6 .51+t l-1 .t-..J C osl> as = \" nr/s2

,2tl;T aE+^.o .J-)ti \:-J,,J5 cltn 0-11 
'*.8 

J.ls-

.-tr5 o,-t-, 0 = lt/\ 4_f

6 r9.21*Vi ;r 9 rli.i ;tL,,glorL,S;ri f-ftV

o-,1l,Lil e-, futi -St ;-5,-l )lt ,&-S ./k^i )ti && 4r

c+ i-5- cJt-- ;l ,tr J.r: t?r1t+ 
,...!U 

c=*;r, ;l 0.

e- l, o$.,1|-qKJ .+" + )tT. ;:5,r/ Lal t-t-Li q

0" = lt I \ 611l ct l.l rf 
=lf 

.4:ti i*J'.0 = o 
.5111

.4rr.ll-p ,JL))l \-f
T" = m (g +a.XY-YcosA. ) *lr

|"-flV{l:*JlS,i

(*jjl)f = 1\YJ-r (.:)Z= \\YJ :tr
.J;5

r-rlr dr* Jsl

j.-U.ttlLrl t-l Y kg lfi \A ,s;l f-f\t
yLr-": ..r:5,-l cSf ,l,U .rjiJ 4^b )t f .o 1t--! g9-,2r

:-* q.llil ,iJlr,. ,-.,t' i U l.lq )J;-> b;e a" .*l
.,11 15 R Pl-:.. 6t-,p JU.i, .riL ga3! c* u. J 6,tJ/,e

f.:*l 1.t"i; o-.-,J r1l9 .rif q ttJ J.,;t

f-f llc dr'^-o r,lS.t

+ i)s "<.- + I \' kg lfr \A ,s-f r-r\o

./-t4j r* r+l.ll g,+ .c*l ..l-X Fa'i I = ./A m Jlt

.J-S 6, ,S J- as ,7'l;:, l{ J<- ,jtlb -l .t-tr.f Yo. kg

ei--l,J-:q 0 = Y rad/s .:*l g= {.o r-5 u-,s, ft
u?.*,.51;l.r erl.,1l 8 ,_p-:, r-'12 r-1>r*uf u-4
J) (, ill) .';--.t.ti c*-.* ..r-!L ,-1; c-1; .9r -rr . /A nrls

si .Ji 4.l: ,S-F . as *>4a .j){i t) Gt) 3 as vg



crl)S .S.i+*, - r.9- J,-l YV.

Gss t,.11"U .tt<t lqA d"-f .J;iJ ) f-rY'
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:,,*-ll: r])t^a d.:t tnJ, -l .*-F-b jl .rl
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CL- q Ue-f .r*t"j Ji gljl q 6 \ F rlra" ;,.;"id .r;5

OrrS ,1.4.;- .l;lrl.l f:-.::.) 9,:*,1 ,ri-- ,rF,r- CJ
( .r;s JJ*r 6i 6t7l

,': o;! g1 t+ ,r**-1.- ,Slf, ,F "!; ,--y L-o

Grrr = r/ti-Y/1j +t/lk kg.m/s 4l,tr L / = y/y s +L^J

4-LlJ L P e, t = \ lL s a.--b^J .1r .i:-l oJ-i c:l.r

F )lr-'i,.*L_.r ;;*; Gvrt = r/vi-Y/Yj +t/qk kg.m/s

,,1.,1r l; ft J.>il ,:ftsV elns-,* *ir. ;v; a-g
.-t;5 q-t*r,;Lj.jt:

F= Y/qY N =lr

*. :* *.m lF r 6_ r^ d.-f 6iS 3t L-\

* C f t.Jlo-r".i J4;. f"-S- q -;;U lF ! crt4t# t,

! 'll_1;: JL- 1r "1., _l o)-sl ,{ C-{.-+ 9 D 'Le ,- ,glj>

;l-r*ir .51-,11 u .-l-.XL.r, :r(:r;:U c-+ Jr O *-^tU .tt;.,

p F f-J, (-,ijt) 4l:: Ft,.*t y J-L, 0 
f -b

J: ,S-f Jr ,**.J G ,rtJ 9-r Q) e-S

r-r d:s Js.l,



f.f JL f-A d;{

oj!;r1J f!-.ii- .>lst ,; r;13 6Lr3l pL;;yk-f .r:,-ir,

-t;5 j*,J O ^V+ J2- 'l\ s .,lLj

otp o-.i f kg (fi u..i- .r." 4;-r5 rq; t-t t

,JloJ--l J4b Lr-J\Jt )t-r{ J :/L; a-e)*rttl+ +"
.rl;-. tr z jU :y Jf Clr;i l-r:,1 s) &2a dJt-;:

'l

or--: YL ;l ul) tf;oU- C4; ;: Y. rad/s ;rt}.glr-31;

o-;M = Y. N'm c*U;yb-:5 -St.SC )l;j> (tf ue

.)J-i .J*lr t. tSl* 0..J) t .lL; ,.1.:rf .:113 as3*+ )F
l) 6 = Y. radls 6le--jl; t>e,4 t ,-lJ:--l 9 dl-,13r r:-6;

.-t"5 
^.-t-., 

M ,>aa 4L.a 1r

/= Y/VY s ?tr
kc

r-l I d.i* Js.i

jL.-;,".a t* u. \. kg lra C "i- J^ aJ;jf yr L-\Y

d-i c.s.r- ! nJ \ - Mg .-r-i o:l: JL:i -,3i t1-,11 
-,11

,4L-.l, ,J.:i.r" 5J,- .<rU' ca; i>t* -;) U1 = \lY m/s

d:J 
^-.'1

lt ?- r,l.,11 U1 \>e)r.-ulti.f 1.1' = \ Y. . m/s lll. ?i
.-r;5 *t^, .t^oJ-15.{.i- 

-,11 ,-

-**@,

f-l f di..- JS,&

;@

1.r=V\YV/p rR=\/\\mg

f-A dr- Js.i

o!.r,l,L*

,>-sp +m lF c 4 r^,"(+-rS e-f :oL-\

e riloJr-.x Jo- .&"€-- C _i.1U lfr \ g'll.J"- L-j ,-J'a

t-AJ jJ,<* .:JG-;l ,J'fu;.: o-Lj o.:1.: gL5 4-f st

JJr ,',U 4-^;e f 4iy-v ;r* g\ ,S::V S-t-.l

..'1.ly e, 6 6l+li*J .s; \ ta6,l D S p cor .$A.

;r-il R 6Ji p.-r,.-1_ei c ".-q lb14 eE 'pl
o-.6j$ clJ:--r jl 

'l; 
r!-;) lJ .6{-<t P t ef

.-t-L A '-L .].! .,o
v--a - J

:tr

f-1 4U..- JS.l

ft---"-* '5,- 6lq9l; ty ,l = [ s di*J t: [-\.

o)p a : O crt--i 1-L;: Jt- .51.;i ,' *

L-E-.J.l.r .;t-,l,U,-rr Ht = \'/1oi+t/YVj -olflk kg'm2/s

os# 6l^ lj)-yt=tl\ s

Li,,lri, .c*,l Hrrr = Y/1vi+t,/f .j -olY.k kg.m2ls



olr.i 6****, .1,;:- - frLa- Jt-i f .f

,_S.t 4 6il /,v. kg lf \ L-p t* * &- .* -*
14 1\G .Jj:-r! 351- 'S 7,:..tt"4 t c-J 3 ork-_l

t? -4 t ol. kg e i , L-3,. s* u..i- ,r 1a. a- ,4-l
J , 

"\J.

i ,!J 4 .ry-! rb ar ,5y,2,J1"4 C # '/1 m/s

.:,6-7 l, ,S S:' )r_f P ,iJf .lly ..u:.-,o ut{-9r Jl->

.:Jt- ;r ili .15 r-|a., ,;l * t>e ,- a;)l> K; .-,1U

'- 
+ et'.5: -t-!.f \/A kW ,-lr' S|-*" '4t-

.t-r,l liti .st t-Ft.St<t-rl

P = Y/oq kW :tr

;: Y tr/s Cr ,s !.V cx2 -;: A :;l=I* -2j l,-\1

e o_,1|-t-il e 6 B ,fU ty t ikSU *5 c*l c5r- Jt-

)f ,J o-Lat-lr 'ts_iJ;l ,-e,.5./ caL.al ,,.:-l lF fi^

.J-,JS u, ;^S )> ,oJ-.i o:l: Ot ..:j C;Lo.:<+ l: H,- 6

ir-L ))_f J.jl .,,*; nLrUA b4y Dn ) lJa eWr

! ^--ti, rr l4;i St(L.el 113 .rf Jii ,ri l, Qr ,-r"-r3i

.f.5 -Ei e )t,) u,cr-.1
. J J JJ J.VJJ.

t)B I,

V-*"4
\, F.'."..* *

ffi
B6r I

r-ltdr*Js.!

rJ rJ Zl?t . e ta )\ . ftI, ,,-> .-),<: - l-\V
' \/ , t) J r \J , v J

4LJt-- -,1r ,rilc.rL+.| f- 
"1.,1U, 

m. lf t -fu 6_ .Stel

frali 'ttl!-rl J o)H JF cJl.- -;).r = o :t fu
.J-:Sd f"--xS-- tSt- \ cSy u.Uf )f s J)..r-:tr,-r

.,.'-..^.' I,rr, y 6 ,-py F r .jh".t4 elt csloht-,

.-r,-r3i c,,.4 cJJelut f^ C,F C c-i- r.f xr .l-trrtt

eVf n-r rJJs K:* ,F ,Jl:3r i,-\\"

3 ./1 rn/s eW-r- t-: *-.t/ a : L,. kg : Y. . kg

{)>- f-_g c"X-7 -r),- -1: .r.i-!l ,_l-: ,Sss r, ./y m/s

, .'lj-r),l J--. f- o< Jl: J>,ttt'J. tl t..#C
Jul JUISll \.. kg;r=- , ,5L. ,Sls st d,Li 49,,J

.o.l-.; oll:,-ll ..',i c-{-+ -rr \/Y rrls \Le)A ! :l rr"/ b-l

11 e-e 9na' D t3)-.Sl.f Jt €-S _M Y. . gSlg .rj;{
sJa1ut,)-5- cJL- ,. ,jls C c..j ,3; n*,-t ;t ,-
F.--tS-- a\Stt,Ki j.rUil )l .1." -51t-i ..r;5 r*t .,

9S.f e*a tc2+, st-Q .>.e -,ri:_2 "|"a:"
U= ./Y.O n/S vl;e

-----)-
0.6 m/s 0.3 m/s

f- lf dr*" JS.i

-;,,0J-; o:l:4t-i-l eWf tr.St! jSlJ ^-L-\t
av ,ssj-)1 sl ,*.-tu:--,o 5r.- Jt- -,rr uill J,-l Cs:

D S.J-, Ur- l.-i ,J<--^ 3 .r.1 ,[.a:" f--S--.. ,flS
qC sB ,Aot-x e-#h. csk-.fl; jy.t:;5u,.5.,-

ls 1l c*r*.1*1U.,, V0 Mg J o. Mg ,10 Mg \--.i/
Jt-a;t jt 2) ey.>e ol-l -i)Ul ,S3tl n L.a.s> 3 .t.5 j"rJ

-t;5 o,-t*, lJ tgl5l3

1.5 krn4r

AIJC
f-lP4Ll*JS.i

,-pl ! 6 ,Sl *.<,- U .lt.i.S,r, Jrt +U t. t-lO

4 yoK;jS .(,- J-rl + )ll),,)aA:,ciLY.o.-:l-,
\ . ,r."ti 4t-J S,_ -rr .rt YU 1m 6)ye d.ali o g:r

2 km/h



Y.A J5t* f-A ,r$1

"1." -l 
m (* 4-1 .<-? J-- ,.<f-f a;SS S> L-\\

c-e.eL.G 1-.-. f y [*,;-;t-i lF c t#i Jt-4jl

.51;1.: p;'-r f t' 4JA gr:.r '2r .JS 6, il:s) a ,9la'-i1

t-e-t ze Hp 6la-;l; g--f .t:\,; x ig )t D .>ef

..t15 ;.', ,r:-l y 2 x OL,a;iv 6111r G 6 ,5le'la-'.J ;r l-1

Ho = \m (r'a -uy)k
TL

:tr

l---- - --*x
r-t 1 di* JlsJ

Jl-- _,1r l-n:,| ;r 4-S Ji* "4 q 6f 3: L-1,

,)-. f* :-b.,8f )lt J;r ,_;dl * es: i-fu
:;1_e) i( T :>ls6f )l 6" Cil"6u F esr.$lor-i;

.JS 6" r;13 ,r,oL;jS .rL; .:.t" -,1: l-; \ ' N'S a,rj -9 o.l*i;

Jlr; .r5cr, 1s-c u---L; +y :lVef 4<-t<^

..t.5 .r-t ",. lJ llJ5 )^ \te)p

o

------+- U

f-f . di.... JS,c

(mr+mrb,-m,l
=lrm"+m\+ml

f-lV4li*JS.i

6Vf ^4C ottS': B .rQK ,A ,sl_f Jj t-\A

\0. kg.JjJ 4-i,j,.U "i- -r) *r:ry *.7f :8,\. .9 {. 11.

Jil .$lL:i .J-S,r, .' <J> -ri.,1r 'l knot .:-er- U 6

x a)-als cJ:-rr ,*ij ls 5_t- 6ta llr J5..i ;tU ttt^*r
,Jlli.,^i tarte .rU;- -5t ^S 

rJ lr, l, ,:.*ir". U ;-6

-,,, .ri c.,yL; u-F.*;l .c;lr )lt .4t".)i Jr ;-l,i

+-f ,..;.rt; t{ \..r/ t"i.+5 .}4-e Sf jrb

f-lA lJi*JS.i



cilrc ,6:..r- 5*:+i" - f,taA J..e Y,?

"l* o-: m ln q .i- g ,.grYy 6,iS j> t-lf

6J;* ;;il 4aLa;: tJril o5;.aU (f I L Jp 9 ;K*
jQ<U J<-;t-L".Jl'-t^; o.:l: r.1i3,7,.:-l .t;5- C-Jt- q

(-iJl) :.t-5 W .tF,J r;13 a.[- ,'. F llti. \ .Pl GJ.,!

&.,* # ol.'t-- (u) 3G fr f r n .51*i;J..,l*

.G Jf dt j q .-.-lt 1.e) 4) fi -P*,glt-3l;

F-ff dr* JlS,l,

\. kg pr--- .gl;1.: B,eA .iL--Li jl .<-t g L-lL

.t;|'s frJ 5t-lLrl ti ,r .,l,il .JbrF .;) j o)y

j o,r*i ,P;tJi 4i -;;U f-r \ e-pl,rf"(-, ;t-h,

l, fpl ,$ss C uLil -,1r.1 .J-,5 6' J;-S t, W\ :S f
,t-*-{,-/ JL-el Y.. N.J-lr.-.<,-.J.fu &tL,6 

',l<b
..(.;l.r ,41-rt- 4+# \:"r-, L/)J. )..fu ! .J;5 a-t'.r

;tl-1, ,5-J \lscrc J $f ;f$ i6t-q \ eJe g

crl, lJi -lr oJ-.l r-b.-. gb:B jl J-"b .,(.iU"r*

.r--l:l

:lr

200 N
",t -*._

200 mm

..L.--
,i

100 mm

I *-_*-_-

f-ff dr..- JLS.I

It ? llg r- d)l.1.l .<-JS 6i5 e- L-1\

ul--.a:. ,1---V lfi J 6gLa J-* \ ol., -1, a, Y/Vo kg

orl.r stt-:; 4-4-f 1: .l-15* .:Jt- 1l 4et^4a r,l .Jilo"t-.X

L-nr .jE ar!i-, )),6lo,rl: ,r, l,gl*:..ol ,t 2.1-:l-u"l ;).oJjJvJ.Lj-"

tl--lua,.rd! 
-*cJ" 

n+.f-YL: 6-S 6 ,*y.ty,-f
,5jr;l .-r)Ul ..r*!,-f \/01. m/s &l cor.5l;l:1.r.5-eS

6-r< ^ ., eJq J otsl) I, L.ta J "5t<L^r1 1l u:v L,Q

.-tJ n -t*, &Jr yl 2: l-1

LQ=\lo\ J s I'= \Y/AVN'S :l-r

r-r I d.t* Js.i

J* ,. /"+U J-p * ) r-q ;tU;t .,,Lg t-YY

e) * e- A aJi )r, P JJ-L -wls J f-r J n r / \

u;;l .4;tt 1r ,.1;5- .:Jt-- ;l J i*.1 o"t; {-{,gloy-l:

cJt-- {. ,rtb +3J' J) ./U"t 5 
"r,t<^ 

.ty'l t^s

djil ,-i)til .-to:,r" c-r 
-11 6jr:t ,:--.r. ,-w2g if*

u3 oJr-.x , Lb .gjr-l 6 -ua: eit e ,>f j*: \ h,Q

f,-:-l o.t-i

f-l'l' ,l'."0 r,lSi



l".V JL3t^- f-A ,j;.t

q t-* :* +u" oef sm" lF a'.6,',d35 .$.)b ;lj
,j'tLJa, J<- ,t1; :tq''-l ? J S./ 's7-t Jl*) L-J

;r 6 
"r,tK:.o 

l)m" f-fr D Jef ;,1-,1J<- O) c-;

U.F e 4,-Jlj l.i .r,Lt .jri ,, JC (c) .;; ab S-F

t+ b-,- ,y-l el-- i l: 0.45 j*J ,J:;*.r {'o tlt
.J;5

,e=Y"'b
r ,,\
I 

- 

grl .:-

\m"+tm 
' J'

(k
n---*

(b) (c)

r-rv drs Js.',

:l.e.l ;: dbl;l -Ulj,rr 6 \m f-f r .gla,l.,ll !-YA

n-r 6l.r m (rz c 4 J^ e-f st,r;S 5r.- &l eW.t

&* 1.,, ,$lo-\-.i, Jar' I J* J rte fr+ q .r-b+
)! ul1l 4;11 el)l.g J-d., l.ad.J.- n' 6 62jx.JS.r'

i-*-.:JL- ;l a-eJ ->,' -St .5,-l 9113.: cil:-;i 3 o-u.i

r::rf L-n-,1 ,.a-l Q = o G;a- dU cJL- q t^d[., 6 At-f
g = \A.o -;r 1; be-L. 0 ,3lo-.jl; cJf 9 a1l;l U.1 .3f

e -F "* jl ; -ry-L^; lilj .ri l:6rS-f 3 n,lll ..r.5 J=.*;

# P"e Jt<L,,|

r-r^ d.t* Js.i

6il t e;l:1.,1i Y. kg ;r-7 9 ,*f rlll l-Yo

"J* ^+ 
r5l, o kg fr* -.,5-f J otf 'Sf J)l Jt)

I I lJ ,'- .l )-az r = , lL m JJJ 4';rl';-er Jl>- -rr 5*
je.*, ,oL;tafi ft---.- Q. :y-f 6- .S.f ,f"-- :r>

;r -rfl .r.,1l:*.- .3; c-t-: g = [ rad/s .1r l-, al-p 6l*,-i1

11 D .-r*,J-i,L U = '/1 rn/s -,-.1t. ,f ll r>e ,u 0 = o

y sV* lt )1 ..r5 o."t-., ,'>-"1 0 = 1'o r-(-rtSl'o

.# .b-e ;sJ.A;-f -e

U=./AVVfn/S :tr

f-fA df.... JS.f,

)l s-* 1K-.r -, ,5^'-p.rtS 6U,5lJ t-Yl

f . km/h &.*,611b :-p- )JJr -p nJa;; ;;)t1
D r).e .*,,5t1!,.a1 U-f * jl .>f -I** tr .glr.-f

1, ..t---13i c- -{ jel 4iJ' t ,J{--r gt*"n 0., l-r t<Jl-r

\A m r-lJ, t+i fr- f y yu e 7l;,c.r*iJ". d/-""Ytl

.c*l jt*i- SVf 6111>;511 ulr .,e 10t2.

30km/h

f-fP di.... JS.i

V *:r m lfi ,-. d-- ,- d"-f 6f 2t L-\V

J4:' f"-.t*- c Gf rt f t dl,U) Y, J-b y .,,t*-r
J-*- cJL-- -2r Lr-la:? ,ri.Jl * Gss t. l-tol ;r; o-Li



llr.i 6-..- .S+- - r.rt{i ,H f .A

.€ ,#Q:m, lfr ? ril .i., .<{ ) t-f.

a-;lrl.;i +S mt lfi q.glul-,;l \l J-b + g I L-y

t 4- ft.c-*t,;lfsi.t-..:I! .#l kJ,--, 6ss l ;r;l1. ,l
.gt*-|, t-.t t6^.* l'(.Jt- .,1r .$.9- LaJ clj$- .:Jt-- ;l a,lll

1)1, 1 a-.lSl 4i d=-j 4, C-of D61" ,J';la 0 e'-j' ,:lt

"-"K ;l .-L5 j--:*,j .c*l I = . ..1=.tK.,. l.s +'lsl c*r-

;r .rjl_,1r Olt:c ,l-,1 a,l.,;l_9 4- l .r-5 ,W-e t^.ft-<Lrl

r,-;t F _:'6r il' 6;p

'uhr" = r + '' lrsl( - coso)
mr) =lr

p_y. rtr...r 
"fS-!

It C c5l"::Lii olr..t ,Yo - Mg ,rlr-l-, dr5l9 ) t-Yq

ft .tSn rl-.- r-e,-- oo rlJ**-x q\ e:t lr v/o Mg

,,.1-l ASU f, Ji 6 j.flJ C + JJ<- iJt- jl 
^1..--l

i-jt*' ol--3 4LrtK.a lt ,fls D Je)-:-*-1 L-o;

.1r _9 o:r5 .-t -rl+: Ch- ;"_! w 4J lJ s = \ Y m

l.A.St<Lrl 
lL.; jl .+t g6J rr:.*l B eU L :;3,-y a.il-i

*-$ -b,t oJi tJ j5tr s aUs r $; )&-e
U = \/\A1 rnls :lr

P-f l dj.- JS.i

_--.--.*-4



p)4 6lr-lr" Ot-rZ f -2

1* o\f J* -it ,_siss {.ri-L,J a.,oU" ,-LJ +!l;l lf €-f fr^-..- 4 gl-i L-L j4;r 6 air* +L,1,

1L5 Jt - L 45 ;_F--S .Jt$tt r, lJ- .lU"f .<.,Q t .t-S ,-l otf ^*'-f ,rn ..)i ;: 6 cjL fol.p l-r

J.->'-...:*,1 jts_*t../-YLi.: 
".*rl ;l ta5l.1 s s_rl1'a c4,5to;3i-y,Lao_,;.,*-l .Lr.*1 ,bdrlJi F,#C

,p-r ey .i)rl--. ) gVl Jyl'Uy 4<!.c^-;.ii!-,-<tt<r  'JLb, J-.gi ! 
",,,4.,r-l -rr 1f J\f

.r;1.:,5rL-1 c-..--ol ,-bV Js rilJ) 4e. s:6 q,Gb.t 1fr '/yeol-tr s.))t-.<Jt<" st 6 >F,J

t-.: Cr*" 
''--+- 

.<+ * 6:s-ts 1f olz-- 9i.1r 6.:-,1 g:a ,.lt-:a gt+Jt- d-.Wjl ,F" t-t- .lt--ra c,lt-

tu,U F-* L- I *:tj ?.W aU-- d;1: r.l-l A<"..b )tr 6*-*t-l r'lr' r-1.> iJL.o )l Asr pr bl1._-

.-"i .(-- a:4y. d9'lr p-.7> ,616 ,1e1i "<-. cSLaoJ j-i rJL,'i .C.; 6[*,ly.o .<,- U- CSIJ 4 .t-# ."!J
,-; ;$:*. d-t('?;1" ,* ,fl-h .:;1.: gU-.; ,-,i .tlr, tr! .ll;* ! JU- E ,-s-ylj.J, .i- dJJ) f+> \ s )-*-,.U

.n-iC )fr-t.6sV lfr )t ta;i 1t J-at- ff .il-,,"y; .--- q 6 r;b cr,t-aJJt*< tbs-,: jJ; y._;5,

V&c a.Eicr.o Ot*p Olr_* e.F

,ri+*Ar tSssts * * jm'61:.* trl t_!.rt-r ! lfr S -u"rK -h r\t-oaJ*:-l- &).-
A-;J<"* 4l.,"$,-r.l .l: &-:* , )ile bla +bi>. slA, "tsf P *jl ol;.r,iL-" q lt .tFr5t :slt
t3-*, i lAt J. )-f vt IS>JSJO\g 'Z'er- .t;** OS.p aLJ..' 

"ly-,, JS f-fr ))_f 1r a-1^; t- J ufu,Ul
./t+,-l JL-f J<u3s,J-JL 'IJF s 6:ttt ilU--F -l),jt"Jt<" k s A ft.c-*tA2 ,, :y-evz afsf bL-fr

9r ArQ = p2 A2t4 = rn'

:a.5.t:S,r,

(t-\v)

y1 o 
"l4 

t 6t"1 1+ ar

(a) (b)

tc-o Js.i

Jt,*" -l tbi-- F ,SF-t J aL)-u.r-l-rr JL. V ,F-.$loJ.i C-,J Ctfl"4 Ott' 9r ! o)-,119 glJ"t-r:

,rrt<r^ J ,;,/ 1l;j orLiil :y, Jjl ol5!: .JtjL db ):+t G-st -h tr-r Jt+ -l ^u.- e -Sl...li ...1;r:

.J-i! r- >y,c +hi>t J )tll ,&)V elnl-,: d)JJl .'.-,r 6 t-rr.l o:Li:-l plr otfJ,-,



.il;: 6.-.., .*i." - fJLc; Jt4i f l.

6.:*l Jv n J c4tj abi'* J'l.'J' 'JJ tn p.gl -;r 6 €g orLiil .,91 c.Jb- jl qJ-ll ll:-Lr;:

eF 4,*,sV| 6. ss >,t4-f f-.,a rlji ,^--; "(5 t ci]-;la- ;,1 .:;1.: )-rs tsi -rr.lrs.5ldb.! .l:
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lkrt
5---"

f-l" l <[.... JS.6

f-ff 4fi..- J[S.$



cilrS 6-*.-, 5.:j.-, - etkf ,H f lA

30"

*

p = ll.. kPa :tr

f-fv &..- JS.l

Q,l: P;t<" L+ Alf ,o$ c.>l: ,)tji **1 t-fA

&e.* L lr ji 1o:rS ;S.d -h"..A,Jj zlu L-er

ll- .lt-r-ra B 1A s: .JS.r' .:ii.i B .-l)f 9r ;l D :[.;

J ).:l-sf ;t-5 6st Al-* CltV.r.!.-13ry ;LLi 6l.1b

l-*
I

dA
I

L

lx
f-fA 4ll* JS.r,

ol.l ,-lrL.*

,J-r. ?i,,,ti ollg gY! -.,: €f \0. *.,3: l-f1

rLi r-, os1,7-i,5--;l -,i *<1t-;) rcJ-..l dlr$

:l Vy h LLi:;l .J-5.r,.ll:J \. m/s .-- U \Y mm

1-vl-,u, J! *?U..lt_.,+ -tJ et.+.U.1; o-,1-6j +!br

.:11'r! r1a; o jg b\g -1: gilo-Li ,-,ili ..5jyl

h = tl/r\ rfi :tr

..:-l 1. kg fr- ,gllb ,erl

.rL-F ,r:JJ.r,. &-U .i. .,Jt.:j"5i olKi: f.-to

u+J-f \3r L lr (\'Y' kg/m3 Jt<a t',1 u-.l:;3^i .7i

.J-:tcr, >g o1S+J, -,11 '/'A' m3/s ,r^a.-' ,r,: L !' m/s

ItK-:," 1.r 5 -r;5 u-b.r .lLtl-, Ji-lJ 4jlJJ, T ,flt esf
..r-;h6K.; i,U ,ri*3J,.1r l; ;-ti ../i .lr-r5 ,=.-

?n = Ylno kN :tr

.Jr,J"L-.J; .e+ s-i/ j-5 /*it l-t-." "i- l'-\'1

r;-! i----? -t:fl yt.+".", A .l.,ts L-_; 6 ,>-l ;;s"t
c--l-ta YU .i,- .-'t-Jt- lt lr-, dL--r? 9 rl-l or.l,

ri) q l; 1.5,-o :-F-r,ge) 6J) t ,r.V:i 
"p 

I .Sst

O;-r."./A kg/s .rir t-r l) ,5J- I *f ul'*,^ lf kg/s

.s;l2T.r:*5.s ".,1 
VY' n/s 

'fiJf 2lS ,:or-.J56,

.r.:5 '-*ri [6- V-- U.

lrt

.t) ! f . o o.t-j .ltf d:J :, )l ,s-r *i t-W

,g.: -,11 
,5-.- -# .ty'l o.r.i! .13;:t . Y. m3/min 

'#
C)f tJl-,-t \'' mm ,-El: .*li ,51;1.: dJ-f o2#

Yo. mm fl-nA Jt r:l gJ.i, ;: 4-J-) "# J o),.. dL-F

p .51..:-l oo. kPa ttt A-A| ,.-.;r.,i -,L:i.-r-tr.r

o-r-; ,.ii- \ . kN .-i-5 e A-A Jt^rjl .r.6- J & ,,F

* * ! Jt^";t .<AXS J )slJp b3- -2L.Li Lu;U

'r3;: -,i; Jt-a;t ,J)l.t oJ, .'rJ o.-t*" lJ Yt(\'t) mm2

ls-l"O 4l:s JS.!

f-rt {Ii* Js.i



ftl JJt^" r-? jG,

dU{- J Yo mmtul-;,} 4-.: d))F qJ L-L\

a>p.,lt m/sc^e- .51-,11: n5 t-.-,_1./-k*E 111.9 \/Y m

6J-f ,T .J*osun d:^5'\ l mm a-'. 12 g22.>,1;; 3

lJ .<iJc 31 1l "(- ,,o tg6Ut- J )sls +"f J ufl "Zl)
.+5 n -t*,

Yl;e

19 mm

r= o/qY N

I
-T

I

0.4 m/s+-
25 mm

I

It
4t

f-F I di.-. JS,l

,5-- ,::t, cSst u<q ,JS o.j** ,..r. L-Ll

)l ,r- Y.. km/h ;l s\ ,z"o.*-.Jia5 6lr c+ -ty_r

c+-? ,J<*i .;1tJ" a5 J-:Ud, t:t; u'-tt,r, &B .r-r,p

)r-_f 6lr-^ i,*.at .Sl .S,-l tr)>.:, ls *ls? At^_ltf

a*U -,1: 
./10 kg .li c;.- iJs,,l l.,U -lr o. kg c-?

tr-r u{ls tss-e n } -tl: r-r 6si ,t":,\

t3'a 612l> 
'--zj,r 

6J)g .+L* JJU orl dJJ-.l

-30?-- /-Y

r-rr d.i* Js.r

f-f l df..- JtS,!

)t p ;q rA CLi, C!- t-., Jt-"..ru_r,1 t-t.

'lJ.J .-ll>su 4r c oJ-.l -,ti 7) C-& - L o'*i +!La:e-(i_-J'rJ?-

-,1t ,.r:*; .,- ..1 o-l--i o:l: r-rL5 ii g!.ir 6 S.f t)FJ.

-Sl .t-"-.J ,1lr->.a jb3Ll 6y y:;l .i- y' q,.rt-.f

qrL-a ,-rU-5 \:.*; J) )^ ieJ4.-LfU sli", ..,jlrJu it-
I )* jb3U :, ot)lJ ,gi & J $!. $lJt ..,i! ,U

t:-i, o-S C.6si L-; n4;; r) .)r J,ll3,- j-,-U Ch-
.li; ;l:-91.; c-*)s,-r.iti..f jlr-9U J >_* I .ry F;Ui

.51-rrl.t"l )t ey - r4.J.a.i)rL, tsy ! .-r-i -r,olr;

*t JL)-- 6ly g;) rS.l.r- jb3L; \ e :l-r ) )_r e

lt Qt S Qrol-f '# .,r) &:+.-6 .J.5 .i*'J l; jl.r-9l.J

.-t rk ltL-f s: 6lJ



olrc p:.** .S,::j.- - t _rtA- J;^, f Y.

t \t'lL) -,1r l',1 oJ-.l orl: r)tj-i .p J oJ^! 6:tr./Y0 mm

i-,1) \trs 4J 4lj r*;,j:.1 d-t(,. .lsg 
"p,Jt:S

,3,ss f lt e.-h:4r! JF c-- 't-Fd c.rl:5r.>

'f-p rljg (.5l-rlr aJti-L osL t -'i a;;-.-r5.r, rQl

Y(\'-r) m3/min rr-! ,.r+- cJ) .l) 3 o)y \ I . . kg/m3

-ti t-or* J-.ar 1. Jrt-, df U 'ri.:j'.i.r, o.:Lh-.|

,jtl 69ra.tF,_l eV Jt:s gt+.|-rl oyj$;l uzs-f

!-L-, l-,1 .ri c--7 J',Li, st Jss;;-.xllK; 617 F ;j)
..'ns

F= YY/. N :t-r

| ,A'.

'-i
I

t

_t

I es; 't
|<".

f-fA di.... JSJ

t c)-Hf \. kg Alj f-r+ cil.,rb *,i 
="- 

l,-t,t

.--"l ./\Yo m3/s 
'fr.dr 

t?1m lWrl U lJ ;,-J.i,Ji

,F sll.r 
-: 

A ^) J .6q,<j i"i R ,.,U 6Ji .Sd

J.rt-,;l;Ol_r 
-: "[-1: -,i fr- 

.J:.5 gr.:! ?-l jK

..i; -E;r 1m LVtl s Y.. rllTl -E ,.:i )l G*

200 mm

f-ft {gs Js.i

tr .StnJ-tJ 1l l.; l3,r 6sF,-rt-f Lr C ulsl,l L-LY

B .:.*, 3l U u>e ,- lr lfi I .)f ?": 1.1'l- P *
s 9t t Pe #t Y B s A..,, l;^ JKa .-r;ls,J Cit- q

crt-.i ctLro, .-LiLs, Pn S Pa r-lJ; ,;bl 'e- qtL^JL1i

dL-.loJ )l ,s-* jl ,.rl l-r l-* 6t3* sL-r; , D t> upl4t
R uiil t:'-ir1 63.,, , el-,-, .s:V .JS 6' h)> , C oil)

.+5 j! , A erl' y: ,513,o g;Laor'6. J @l t >sls

* =+lo,[, - #],' * (p o- r^ )] *,-
-"--r

-I u"
i=d

,

Dia.
=d.

i

i

r-rr d.t- Js.i

.-.i A c..tu nJ-t ;l \ o rnls u-* L ly L-LL

.l.F'l otll i34,_*t;i .J-1'j .i- BC * -,113 ..tu-i

JQ : \ . o. kPa B e';' Ji c,.- -L-y. ,r*U-l -,1t*i

\Ylo kg/m3 -*lt )f ,gt-r -,1: j -,1L.."xi ,-r--l ;r l-e-.o

-ellC tL;. ), u.-- L-3-, Fk-l JL;t.t*iLs,
o;l.r-il \lY\v kg/m3 ,ji ti rtUr" .Sff JfKa 3 \ t. kPa

J €- h--; ,2a: B 4 t. tslsT Gsi ..>-l ,-t:' ,S-#

q*t*, ,_#;,;-:l: a5; -"rU r:"6; l1 )_ta-f 6.u,o)g

.r;5

ls-lcl3 {li- JS.i

,,SJ,3st 
'tr rS\;J) ,J-;l;o-.j* , 1l ;i'-L-Lo

't'y 
,:i 6 -r;qd )! cor l vi c* e .S tQ e *

*3 U.A oy"*x;l c.7 .:11: olr^-o r l_,1 or[+ 3,:-, .sty



fYl Jrt- r-? i4

'l.'-jt'l

C

l'g-FA 4Lt* JS.l

rL.i-i c--i 1kg/s .r, q oJ, A er;.;l lg l,-11

B e3- *!tti ;l :- -rl.l.! tr _l ori :.113 \ !. . kPa ,rr-J

J t0 m/s -*lt A _s: tS>Jst 61,,-a t;e ,-. .t_r-e eV
LSJ.F.J-lLcrrf1. m/s ll-nB , ulJf 619 '>"or-
nJlA lL e\M .r-:"': lek:S sV jt.,T ;t;5
Vo.. ITltn2 r'.\,tA;r ..lt+F * F.-r-:S..,L^--

..r"!r/

I= 1/1{ kN J y= \iAV\ kN

M = \/\YY kN.m

:lr

f-Pl {fr* JS.i

o*-U.<1 :fL." * Lyy F_t";i.i- 1r !-!,V

;: .15 5r> dl:l;i l;.llg t3>3", '>l;r44,;LJrrii
g,F F 45 :F'l o-t'otS roJ-.l o:b dt-j,j +*iy
;l r.;13,.r-i.il .S-rf JJ, \, k = \o kN/m,r:i" t dr*t/
4n.d)-S ?1 lKb y 1sjg 3l uzs-r:i...,U-r-;rU
;l ,+J-r ,# fl.+t-r"r dt-(, .'.-{ \ o. mm o.lllil

e)t' pt3i^ 1, ./i jt-F D tur,-r*iL Y. mm o.;1$

cl -.4 r+ .-.-.,, ,"-+t*^ ;r"+ .J1.5 &r-t l;r o-1..r-3.,11

,C*l -,,[5 Jt- _;) oJ..X orl.r rlL,j"i --4-y 2> eLyy o_s1$,

..t;5 n-t*,,J:5 Jh.'.i 'p"\A Llai' 6 \M)J\.":S

11= 0\/L mls 3 M = Yl/A kN.m vtr
+.s -J\

lc-FY att"'o ;g

J-r- ;tJ-;: +5 .-5-tr3i c.-itrSrrt-n t-trf

oi.+r c.jlt1L^ ;-,1 .c*l Y/Y Mg f-fr Clsl>.t5.,,

\B ,Ststs 6lr-,,' ,*-h :t .9,.-a 1Vi -,1r l.;n cr:f .*r
l1 .:-;- . C ,,--V , ,J-J) C*, jl Ji dti J )JJ' e;,
l_*'Ststs,bf fl .:11:u. & ,-t e-, )l ueli.l ;t
,.Li o, ot(ir ,t-l t-s el* L-t-;t.i.i ,$! to mls j,
l1-t uzya;-t fJ-+ .J-.5 q*t'., ,yj * -,1r l.,l1 m

..r-tr.r \/Y.1 kg/m3



dtl),! Fi..^.- 5i+*, - p,t{- J,4e f YY

'4 3oo
/ t.--- "'

I

i
I

600 rmn

f-61 4li* JS.i

,S-- 6,92 -,- 6 jl;st ?ssJl, ot(1i, ,51 t-OY

c.rt-l je 
-' 

t- ,c-l oJ--X r-oi 3:-=. el-2r.LJ

j,-l o:9i elty -,11 
l, :-1.- ol; ,* ort+ dl-, J, Y' km/h

d-rJ;t l; i-11. Mg rj.ir .,-o )t ?J)J.t.Js"r jtr

is*, ot-(1i, C cr.i \Y m/s t3f U r3.- loo 
'lJf

sQ ela.>57:l-u,.l 1: W* P 
'*tt 6Ji )r),1

;r+ R .ht- dV Gti s o.:f -,t--.- l; '-,11iy.,s:1.
.{-1-91 li'-1, l; c.lt-7 JW-fr

45"
I

V

.'::,,

-'f

. 

. 
"-.,"f 

.:'.:-,.,,

''. 
t .

" ''!^.. 

.

f-Af df..- JS.i

dlor ;l D r rlr.*, t+ lt l/ .r;'.:e 6li) t-0f

\>ef ! -f .1t3,i -9 Lr .::*i l-,1 ,Ji 9 .lf ,"x.(, A 6,ya',

\1 m3 ,ot-i.: ..r5,, 4J4j \ 0. lTlITl -b yB d-/ ;f U

dlss> &.* ! 15 r-9--- t-r,y".h jl d.ir lr l-2 l-2r

jt*:r-r ilj -5l .JS6' taqb.-r:5",. rt5Yto. rev/min

q ,i)r J 6tJ)t d;J r, -i e:\'t \lr .t, ,;t-r

A -h;' rm ,f ltr r. JUt5,-!-b r5l3a l-0.

;lu ,.-- r p Jq I 19 .*-*l *f :lS,ju -Jt-'- n,

B uzs-r riLa: ;l D tlf lr -l o-tJ ,JS- A 6:31y r'.iLa.r

)5 ufiJF J 6)ilt a-!tr.: 3: p .:j-:,ue oJlJ dJtic !

-,-, oJ..--i tsls R 6st 611 6laL,.l2.$l{rJ sl} f tV|

.-t--,1yi.:--r,.tiq<i Ly ,rSt* oIJU4<i d

0-+0
f-6. di.... JS.i

-,i ,l;U 4;)L ,L:-i c.-'.i 6.J,t-!.Fi F t-o\

c# ri) q.rt---r f .t-SC tl; ;.t';i t)-f rF

* * l-1 ,5-- p,,-lJ-r J) .-r* ./YA. m3/s

P * .I--.J.,1FJ 4yl ,; y-L n.\-A.. tlrnl2

*st' ! ..r-:!.r 1/4. (\ . t; mmz _,rt-i q! i 6)r)r
f j' :,5 6Ji ,oi rJ-9-1r -,i J .,,tS"rJi :* ijt jl .rrf
B ;> -'i.*t-; c,-! gl.sM.--x-"; )Jl;-S sV 't-*,,
..,<iU-l-,1t"i.i .c...1 \... kg/m3 *i JlK; .-u-;3i c*,-r,

..r-q,-rA.. kPa2 AlB rr a,-! ! 6:s:s ?i
T= 6Y/, kN J Y= ./11\ kN

M = \lLA kN.m

:tr



fYf ,-Ft* Y-? j4

\u--
r

)nt' P t* ;q s' # i-F * e 19 "St(b-al ;l

.rs

:tr

r c*!) VTOL (i :l gb;.sQl:^ ,-<,- t-01

,.sL-;tJ -21 ,r-U -.,k-.-x jl ;r c*,1 .;rlj (6:3 .c.-,".ttJ,

dtr".l; +5 : +- .u4 ;r+; il t',L! ttJ *. 6Jf +

,t ,PVt. c-aa 0 = o a'-Jl) ;l s'lr.i4 &s-f ,t1-"l:

J-*--: -h \.:.e tu ;\r'- c,.44 0 = q. o .-Jlj U rJ$t/ ;;l-

-2r ..tt-lL.r" 41. . kg f.lr; .JJ e f :\ Qt:^ fr? .J5

,J5.rr o.rLi:-l crl; ,:Sl-u;l L.ilJ^ 5 ;*t-7 ptK..o

".ri) 
t-i l; lr- .i ..1 ,iy1 3i a*; ;aaa S oi ,.> :yy

ty ,t-l 2s rL)3- q l-* g-; s S€ i.."a., {. kg/s

\.Y' IT/S u-+Jf c2j;X .s> llK '>""t .r-tr,-f \A /lJ,

;Q L-r l-:- .-r-l!"r J'-? ;L.'.i J. -tlt.;i ,U*; ,
n--1r-;) o--* :t-Y kPa .,-*-i rt-3 t{ J \/Y.1kg/m3

.ty-.J.J:<, ,.t*!t,r, \/\. m2 ;i JS .>t- 6 6rsss

Pl-;;-.7t-i;- ,t 6:_* ,_rV-t cJt-- .gly | 0 a'-jl;

.-t.5 ..-t^, l-; at ,t^.il1a

l,\
r-ot di* Js.!

, P=fg @' lr \np

', I iil
f-AA 4lr*

t.* d.,tKr^ \ Lrpt'' P JlJt,J..iL ./fY kW JrlJ .(J:-iU

.-t;5 aa-t^, o _g.J ut,.*',

P = ./1V\ kW Yl;e

f-Al" di* JS.l

o.rL.i \ . Mg fra C ,_/Uj c*7 Lrt *lJ^ -5.'- L-oL

.J5l;o a- 6$-r -+ sy-f Fl:y.1-1r;tiir +, )ls-t,

1.r .riL,r, jL-.t d-t cJt - 1.: y; e'(J r, ,..ll9i

[n kg/s ,-,-lr I \/Y.t kg/m3 ;t<" t r.1* ,rt rr- ;;;

6tt)r lJ-) F.* rl-Y/. kPa .,.-; FU-l1l-l^i 2r

4J) Irr tS>tss,Jb.JJ P * L*.tttu. o5i,

\/\1. m2 (-rjlu.irS lll L..llyo .jy' .(-- .1: ;l5 r.o

;13 u '.>"o.u J o)11 \A J,l/ J;t- C lJ^ +..t-tr.l
a-il.rr;.r GSf. Lr.:- Jl ,1i 6 i,*l 1[. m/s .lt?

_ss 11a L*lt_* cJ,9l -rl":--i .-t-tr.f ,io 6tl7 ,.tF

.-tJ +t-, tryri rl-t-: t^J  b.J

ls-Al'g {fi* JS.i,

J c)y m lf .gl;l: .oL-i, c:l: dt j-i ;rS$ t'-OO

.,1: l-,1 .:-1- cg,r-L €,. - C l/ .JJ- ,S-- rSll f.-J, drj.U t{

dJt' -;.r..r.;b,r-r d3,-rU l.1o.1.r o-t-i o:l: gLi.i +-y
cs a-r D Je)'.,.:.-l oJ-.i o.rlr gLi.i i l* J\f :.t

.;.l coJ-.,.i ;r,U l1o 6U A_* rJLnoJ b-_i 16l.r ,.ry-!

t o)_p. r b\-fr & lU dJt-- 1: tJ;5 ,-1*r- laol 1)
lq l, :t_r ,Sl-t g:) P ,llr i,.:."-^ .J.i,tt t't.- lr .rtji

.y'U .St".r:"-lyl,;f y e ly glyt.r:i-,Jjil jl .r;5



.-l.rS p:...1- 5.:-;i-, - etki ,H f Yf

lo-04 <ti.... JS.i,

rLi ^' 
A ,;jS nlLor 1l ,lg ec-r- / c.-? t-01

ol-. g J )-#,-S oJu: Yt.' m/s ylt D :-ef L [. mm

1or- .J.:54 ')FJ,,rtr-l oJl., orlr dLj-i Ji & 6 OB

fr+ t-.: r--Li, -,1: 1331i ,-/-F g1ltl>.li a,--9lJl t'ti aJtjr

J;> dl:l-2i t\-et .>t J J-iUu, .li o 
"f^r;.. 

Clr;-l 1kg

C--j oy 0 a'311.l!l 0J..1 ,l^-). O;l o-ri.1j5 
'*l :-n

y3* Llll; c>J t-1l JtKa .+5:b 1.,1 $l rl.u,l e,

.J"-;-. -b rt tl:,SF.t '>Vt.-r-1.r,-f \1Y.1kg/m3

0 = YA/Yo :lr

240 rum

)-
'-- *- - -r

I

120 mm

rw! iT-tfiffiJ*
A

lc-Al df- JS.l

c-++ 4-5 A 6-5- oljal 611* Ca.L ) t-1,

jl.i J.fu, )) (tt)€r rK C lS 1l .5lo-t-.e f+- gJ;i

p-,h.,11 .rll: J 6i ;J.-; U, Jtrtl .rLl or-.! orl:

lr-.rt-:ra rhf r, &.-,-t\ r$ttc/ J* e*,JLn*i.,1-r

p = -Y,lY kPa) .-5,g YY. ITtrn ey--i .riJl$ ,fsLL
.J_/ ,St+it ;r 1t-L-i 9 oJ-.X st4,-l ,rJ9tr l-J;J 1r (..r,.-

;q ! l;-.r*iL.,, (p = o) 1a .11-J.i yj ,i+sV

f,--Tr- d-:ln- )*b a+.4L_;: Jt+.t,5,_ t-OV

olr$ i | ,lU iJ, 9. )p,s:.l5.i_ ,l fd;l.5lo.t^r..
{-i J o)-5 uz* d-l rl l; g.r:5 l5 $t:,-/ A ;r o1+-1, .i

6 y st +( I ;: l-1 R 6t.* 61u,4il-r .$'l rU:. JUI

.;3J-o oJ--.i q-U jl oJ;j5 1f JL-g ft F ,Slt

.J+ J )sls 6-sV Alasi qJS .J;5 c*b., ,c*l gj)

n-1 ,Jl.J, -,1 l-*.-rJ oa;a l;.ri,.rj;r lfi i 3 or-i

o)t-i t>:J 3 c-rt- 1: \ 1 Mg ...i) t-.r l'0. mm .-l.!
\\"0 Mg J uiL_ ..Jt--F (p = -Y, lV kPa) or,.- Yf . mm

.sr"/ JUil r1- U !. m/s Jclt ! crL -;: l-1 g.r.:5

R' = \/toY kN J R) = -Y/oY kN .7lf

t o+-fi (t) c.itj .glo_91; .3f t ,r-it1-,1 t-OA

.f+ ," '?Jf P .S C r*+. Q 
'*-.r,: 

U l-,1 .-,i

o>.s\ M )JlS 611. 6)aL,\..!lA JIJ o))?i Jt6r jl

gljl q.J5 -Ei- lt s-f b c-57 6 -r.rt*.r!:i )-F J.
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.2r9i ,:^4 ,l>yt 6p, ;t 6r/"7;t lt,io+^'*uuo !, Dpg-u44 S tl,6 s )* p", ctu,,2 gutf o Q Alicr' E 1,, Irbl.

Slo)>t U.r" Uly at. 4b. &b .)* U#' ep eii Ols'p q CU"t^; ei; b-i <?1r 9, Atid t, t4 6t, 7. ahi) so c*y
/p,,1, iy tst, t. gte -btt; )t 6>tp, c-,cp

cti)e ,Ol/lt, .c-ruI aaio Zrb -t/b at, Z,tfit, ,.aa ,/4t" 22 <zul 4^iro Lbl) t)ap 4,, <:-1, e'o2 apb a,t d4i l), A, ))l

A-A ditoi 4!,,..

OA SJ 6 t+4 d,.cL j to)y*i dLj C Jy CB dtt KJ

CB 6 oJ-.x crl: dL,},J ca,.iJ, jl dq lrAl 5 d-f .J,-U dL3i O Jf
,.:^6.-7 y: Y rad/s J.IJ. CB gl+s\ JeJ*s2-S 4,c*l aiti OA J ;fi\
.-t'5 i..- 1.2 AB 9 OA 61',.,' j; eWf .di*J ,,-l _;: .sl*l :rK:cU:U

f-i au+ t va = Y6 t Yals s?r u'f nl",l; :(.g;lr;) I J-
)-rc .f-tju.

Q)otXte= @CB X fp* (06sXlA/s

:4i.;: 6

C|ot= @oek Cha= 2 k rad/s e)ea= @esk
ra = l00j mm ra = -75i mm run= -175i + 50j mm

:.:..i1: f+tf .S-rt.rt-t+ ti

rooekx 100j = 2kx(-75i) * @esk x (-175i + 50j)
-100 oton i = -150J - 175 @ea J - 50 aesl

;-*e r.;.;,i c j .l l rtb --l-r- a:l: .;lrj dJt.- tt

d-X;9 Da =

o
o
o

@

o

-100 a66 * 50 ata, = Q

@AB =-] ,^u,

25(6+7 ro6fi=Q

:$:,rr t{ji J- 6

@oe =-f ,uot, o:lr



fAA .j# is)' A-f .rlr.r

6slsl J-[, Jt<-l 4-,JlA L-Jt A* j- :(,r--u.r - JK-l) II J-

-r -3J--Ji1f| seV 't*iJ.tl tr Ya JYe lr',; '..:-l o:L ta'i-l 2>V9'.";

:U .:*l tlt.6 fi:si'l \:s'r.i l.1 us .l.til ..lu:"--6 .:J^, t'
fU= rtt\ ua = 0.075 (2) = 0.150 rn/s

!v, lvMt d,0 *-j); $! >3^.cAB, +q vun tbJ.,.:-l oli o>lr gL^i.! dl .:-.r: d^6.'.- #3 ,2b -l

)-;€ n*b.,. ;n a rr;lj ;rl .r;L,r, ,.;-il :l"u.l U AB 6 r:*l .5tq3t;

- 100-50 2tan9=-=-
250-75 7

:,':-rl: cli t,l.r, s J56^J*l5 l, d*15 va ulbl .21:y O

t)s,6 = Un /cosfl = 0.150 / cosp
De= Dn tanO= 0.150 (217)= 0.30/7 m/s

i -\ _r* r-/ ;;-; .glo3l ) CW f

rh = 150 mm,/s

ft1la=ulrl 0etB=H=H*ffi;
= 6/7 radls CW

la=ulr) @oA=Y=ry+=l ,udl, cwoA 7 0.100 7

vlr
qlr

.t*.i.o Olslj

.r"1,(un "r&-t O-a 9 6-t' 6toalzta,o 4t, (y;l.91 ;t O

,&U W t) 6laL-911 CLI;op U-tl.Q.u,Qtlk uU" a!4 D @oA I @m Stt)>l o/t >,1 CtLi"i "lls4 t lriia ,->a\o @

,l;;uo

./ilr.4iil) L:/nr.th^ 61127. a.btl, CgL"i Q S)>1. cSb .t'+ ,> brl>l ."ll Gta Oiatbl ai,!'-b @

A-1 ditoi dJ.f,...

-2: r5 \L,l dt--.,6 
'# l, j *i1 j-* :yy JslY F:'

ti.e.*u 6)j': OB &t ft.d*,1 oJ-,! o:l: dtjJ .$f - .3:l ;;tf-

i?- 
g = 1. o,.l--*!r. 

-;r .-L-JL :f,zt- c.{-" -;: \ 0 . . rev/min Glss,

t jer J .Jttj ;l G &i; ier, A a-;--i Lerai.:.j c*l .:jL'
..JiU ,Slq;lj

,* tSl-e, C.-f uJ;:olJp t *l-t,CB.r-l;Q .n-ir-l !:r! JrL ,,.A8 gg,1s KIA ua,>cr-:f
:t:.:'te ;;a ;;lju, b ,s:-' \ter 4lulJ JJS| .r;J o:Li.il A ,:e ,-

Ve=VrlYun



vJo pLel .SJt-+ _ ,t+r" J.ai f At

:L g-l J,lJ, .*J tJrl Lter

lu= ral u, = (0. t2rlf@j-= 19.63 m/s

..:*,1 .l.tjr- lp,riil :l.trl -;s v1 rJ-4; cJl ..:*l OB t )_f J

orl: 4l "1i -,1113*, r: 6 C.rK;L,o 3 J-i o:l.r ef t FV ;4,1: 15.2-e,L;L-r

AB L-+.l-i J,-ti vsB L+,.J-l cirf F tt c.iU C3J, &i: B gl.1r 3 o-r-i

gJJ., td-,it- cryti;l F a--slj '-''t*r.<-*5 t l-,1 c..6; ;,-l .$U:.9 c

;:-€ 6 6ts14t

-]Z= ,3510^, 0= sin-'(0.309) = 18.020
sin p sin 60'

4,-,rlj J d-l 1.o- \A/.Yo = VY/. " J.l-tye t yAas,?i tu-Jlj ai 'lr e5 € CJ"t5 l, t e,-C.l! J*, JJS|

,Sy* a-, JloJ-.l orl.: dLi-i **,[:, c-6-7 t Yen JYn.gt-o-,1by ..r-lr.f \A.o - Y.o - VY/.o = VA/. " \ ],,l-t ly
S-t-C u"tr, ,Ssl:t C-Jl, c<^5 I .,iUlir !l.l; jl JJ4.z- r,-rLi, rtysl ..::rS va J,lJvua -l va tJLC-l o l-ril g.-r

C*,J.r 1f, vus 1v6la-i -* rtjE -,,1 .:_l-rl g5f .;|.lJl 
'/V 

tr tlrf- 6St )l r.;,-i o:!i:-l .#; ,_tS_t )l .Sl S

:J, I -.
pA _ 19.63

sin 78.0' sin 72.0"
pera _ 19.63

sin 30' sin 72.0"

..l-e+ ss AB 6la-';l; U.*, :-t-r-l oa^b vss ,,ft;l 6 ,;.;JdL.o

:L .:-l ll-t I o:y :rK:oL:U

la --ulrl @ea =H =ffi =2e.5 radts =tr
tfr5.f .F J) ^\l: F-ytr lt G ,ter. JjSl

VG= Ya * Ycn

DGtn =dE oto" =#uera =Stto.tr)= 2.95 mls :ai -,: d

,.lt-:; ,;i 1l:9-, 1s 6-2lsy. gr+ .:11: yen 6 c*,t .r1; clL.n .gl-;b v66 ss-2.J ut oJ.r-.: .;l:.rj ;l 15 -;pL-o

3 -2lJ-i',.oIJ 1'-,r '/V 
L. 6 c-.e t- -21:9-, Gs-l )l L- o:f ,-,1--..- srJ:i .itJ^.e lr tt tb n*2ly,,S.c-l o-L-i o;l.r

:g-.rl: I dJ.rE U .*l elst,e)*- ,Slt .$f o.1l$l JrL q 1.2 .ll cx.1

Dc= 19.24 rnls Yl-lt

o

ue=20.2 m/s

t)tn= 10.32 m/s

:tr @

I

l'r t\ffi;
AYt .u
\ ,,,

&h/B\ ,'

.tf fs Jef J1l .,11:; e:-t'l-.j:- ,;lS,,l l1.;l.r.pi ,:-.-J ,-/ oJ,-: 6 -rrbb



fAV .,-r*j .to)a A-f dr.t

.q.io erl5l'j

.rr,fAt, glal pt9 l Utpl1a. t, @ aipo D= r@ )l o2Liitttl f6 t/*q ai't2 Tblt q O

6& ,:tl')ao lnt 11foy'ra;'"l <llye 6tt>l tc d" )l "t+)l 
.>rt> c5>9t^ c'i2 <2 y',rt*t ol, |y1;tl1u 4"'v'* g4l I e-i <h O

.&t-f t,

A-t' d9.i d,i,...

091; ei)tj 6s*, e.rL-.t 6 S.f Jl-p> ,;e ,- tr.r/i JLil;l eil

JI)JF ei\ Clu-s\ c-.e ,- .ttf ,-;'/Y0 n/s Lterr tr 
"ry-! 

otb +;Crt'-i'

.li 6tr,1l; &ef Jltrl ,:j.1 u,a>:-. Jjti jl ,5lnLij ,,Je)r ft r,P

er--l -r: ,ryi B e,6 dC./t-dl lt lj! , eltAAb;;.:.,1ji si'-r' l.; O

..:-l .;b" 431,

bG s st\ 6.51lry*, ,Sst )l rg:*-.1l"r l.,1va = Ys*Yp6 obJs s ;-.& F st gl e blte \b B fl O

J* a+ -r -,rtj :l-uol 1: ,/g 6lsl: vua 6 € ,: o$Li.. rJ.a:,rr .)LS crtJ"';l jl -t+ -l # c9tat 'j .s> 12 B i A

..t-tr"f O ;l gV
,sly,-/ il-fl ;-lyl^, totl: 4i,2:ls1. iJql; 6bJ;47, W vru 1v1 y-sb

,gLr.:l-r:.1 J P *G r? : { C l*J l.r f:b vs -;1.:.;, .rf ,}- t.,1 .li

:+;:j,3g .# ,y ,:t:-t e) .;-:si7 grJ., ltYa svNB lP
Da =t)n cos0 = 0.25 cos3Oo = O.217 rnls

la =ulrl
D. 0.217=-OA 0.450/cos 30'

= 0.417 rad/s CCW vlr
u"=0.25 m/s r- J :Jlr ,_ftt ;l d,L.j ..*'J Jr sc 5 4l.L-, ;l ;rr ,-i>{:;l q

JA bWJ.ii.h.; ;F.r"Lj d 6 d\ter ))-f )),J.i dJ.i d.!..,

.-rF o+.1, .JjldJS )lj 44 fq tSu I, B

.gil crtslj

,p-& p t g)b, at J,viu ,tyi, tus Pti sa l, 6tahil A4;+ t^t .>rli >*t ahil g't-l 16r; 'uW ot 
"rJt O

./u&"u- t, c,t!94a e c-tta/.aa ,6)>t..1, & ". tSF / d'i d'r,pb O



., "Lo,"Lel .SJt-r*" -p3!,,-l"ai fAA

11 :jJ>u ,4W f;iti .i- .,1r Jja5 r'Li 0-01

r)A q c+B t>er Jt.*U.n 1*,;,.uc 1:5r,.-
i*.* JIJ-L .I-iL ./1Y1 m/S ;h.ir .5l-,11.: ;"g .ghlo.J

9c ".1 .2.ti.; D 1 .'*.-l C .pU.
7)cro = '/!Vq m/S :lr

- "- 
,i.'

0-Al dr..- Js.l

1l-j agy t'.4 ,'Li; |L' '-.r- 1l.r-.i, o-1.

\ Y m/s;lt , A 6l.r- o.l-.! c:l: dti.; q'iJ, 1.r .,r[ryl
@ 6lt'-jl; je.* J |**,Jtl t. Ll-t Uo J,e)*..uti.f

.(S.r 'i/;;* g.r) 9c-l :h tn

O-t' <Lt-- JS.6

LSlJl: oJ*t.fu.J o.r--l o:lr gl 'l rla*J-,r 0-1\

'SJr J o:r-' >$,vr*.rL c-g -,1r I rad/s 6lr-jl_1 Lef

..t-:ti.f 
'-iJJ Cu, rl"u.l .;: [. mm/s cr- 6)1.> B

Ua = 0Al1 mm/s :lr

,/' B'

(,

A

80 mnr

O-Pl df..- JS.i

6-04 di*. Js.i,

Jlit *

.Chui", Jlit *
c*lJ '.-s.rJ a-, \iY m/s tter..5lllr a,l1l 0-0V

yA eJfi.,5,..r-.t(^ Ir tn N.glogl_1 -ef ..r-tr.l

(.r)..-.1 i"h * \/Y rnls (..iJt) g",-.511b 
62; cs)tl

J-::'i.J-xU c*l-, u-J t. Y/t rnls tlt(d,p r).\J.

.J5

(-iJl) N = 1\/v rev/min CCW

(,-) N = tolA rev/min CCW

(6.) N = tolA rev/min CW

o-aY dr* Js,r,

r-;l. 1l-r- , Jd) r.J f y,5r- U)- O-Oh

.glu.1l; U.* 9 c)1:, U = \.VY0V krn/h .q-;g J-9-

,Ji e.*- Jt-i ,-Pn )r-,- JJ-- ;a2 uJL,

JIJ--i,;l o.ru' ..1 L1 .c. *lar= v/yly(\.-0)rad/s

3C ,B (A bG u.*,,Wj 1Ve,gl-rlR = 1YV\ km

;l ..r-i;lr jS lj-l L-; 6e1tii ,r<^^ ..r'5 ;*,; t.; D

.# .b.e ej tn ..ilFl

:lr

250 mm

+0c =l'2 m/s



fAl .Fl* A-f uii.f

'y^Y );;^
t
I

0-Pl3 dr.... Js.i,

u;;l )t>-, ;l B &il so$ o.rl.r jt-lj &-J -2r 0-10

dri-q .jy' q U = ./1 m/s u.- l. O ,Li 
-,11 

o.tJ;j5

I OA '51 a6 ,bl;;t 6,lt'.911 cJ.a .J-S 6, c.S V

aoA = -Yl'lTk rad/s

.15 '*;- v..

:lr

!-f! elr.". ulS,i,

6lt'-.91,2 r3r ! ,-,x;J ts9t. 6,_yl'.(--r 0-\1

crlr dL-:; rli.*J tr .JAi6, tfet- c,{+ J) tD = L radls

U 
-,3 

B r, ,--:*j A ,t-e ,- 6,1y.6.21:r;4t41\r .o.t^!

.lr--'i P .Ld

u

6-?? 43.'- JS.r'
.r;5 Jk *li*l ;-11.r

p l; AB ,,-{-# .5;J ,51c,-9lj .-.* O-11

6lj> S,-x,6t-o.Q 6 sir, roJ...l crl.r dL:i d-..iJ,

.J3^5 t3J rJ.li---A ,!S-i, -2r oJ.i ,r;.L. Cl+i) CWf

2rtd,ls

O-tf d.f*. Jt f,

1: ,$--! r*-f !' -rlJ,(i jJJ o-lf

tf,:oS r.:,g -,1.r gl+'-,ll) tter 611l:9 o:f t5r> x-!

tLeJ4.gl.,1l.lA +Jaij ,oJ-! c:l: !,1-:j rJr.J 1r .Utr.f

,i .hV 11 i:*i C ,>e .r- J c)t !:#lJ -lr"b I Y m/S

Alr.J-.ltrcr \/Y m/s .)l-r-ir ,gl.)b B 1.r 6jle !#n
Ji G 6f I u.e t l>J.a.Slqllj \tef 6lr;6,,1;r,

.-to--,191 r-:*,.to

./1i+./1j m/s :lf

D

B

0.4 m

A' 0.4m

A-tf <li*. JS.i

.51;lr rr(:ct ". c.{? J! AB+'-jlJl dti .-*,J o-lt

,..-l 0 = 1.o +5 .51+-JL.J ,s \" rad/s 6,lu-911 u.-,
,SslttJst' qB q c..-jA t>f 6111 jtV..r-tr"f



A-tl df..- JlS.i

.,5! 1tJ is52:OA .#* 6r\ u+, o-V'

\Jef 5 .r.n, ..rt-ti ..::-,1Jr, ;i ;1.19r &!.l oJ"l ,J.1:

OA 6,1,-';11t>er4' Lri ,0 JlJj,- -P gljlq CB 6,la'-913

Jfu .-ltl .-*)-a rcli orl: ,il j..i db.J ;.r 0-V\

:f:A- ci.F" J) Y rad/s 6lt'-9\ JeJ4' 6,l1lt ABD

lJ BC ,-*J 61,-'-91; cJ.s &)ss .J;'J r-r-lt: ..t-tl..f

@rc=Yrad/s CW

.J.JS '.-ri, v--

:lr

B

300
mm

c

A-Y ' <U.... JS.i

tA

0-Y I dL... JSI

orc = YiW radls CCW :lr

,5lr-,-91; tr .*,,gl.1l: .gle'-9lrl dti,-C'J 0-1V

oJ-i orlr ,)t :j a.-t>.J ;r :r*"t-rU d..6a 1r Y fad/S

.d-"lvp = Yi - ./fj m/s tb.e.gl.lb B ^Li: s .s;'l.sr

.t{ .J.15 e---i 6itr f-)tt -ll o:Li:-l I l-s A ,te ,-

u,a U2+" r-t l.1 .gtrd^ry +t b-y,-f S 64bt' urL)
ojl-uJli r j o.rj ;-..lij l.,1 va .;l*i, ,o>i gn l-s t_i,l

.J, *(
-J- t

V1 = r/6i 1 .llj m/s vlr
0.4 m

0.6 m

B

O-tY .b... JS.8

ol.f .lrL,*

U4 A tJi; .>.e ,- ro.t.! o:lr Jt :i {Lr.J 1l 0-1A

+-hfi lln ef .\:-l c*,lJ i-h yY m/s ,rly 6,;t \l\

dtF*.Ll .-Ja3 -rl ..t# ;t - ls * a,5le,;l; ,.3y e B

.# "b*.1., .St*-t 9r .Qf

,JJ+l r:-,r ,cJ.f :l jV: C.rJ-.61r-,0-11

J<-:,4tt", Ua = \/Y m/s .-.r- 6l;l: ,r(J9-,1-t+.;-tlL"

@s6 J')14 0 = 0 - 1'o r-5 o"aG 6lrJb.J tr .rilr.f

A-tA dL... JS3



rll Jt*" d-f oi+

A-Yf df..- JS.i

.r::! q 1,s D7 r3.*,.5lyb "(ijA 6tx-;l o-VO

^-S c$)r 6lr-...:'-!'Lu, '#f 
jl ,Jh gJ, 1r Y rrlS

D6 iJ.*, ) AB ,5.1 tD 6,1+'-51.1 .>ef ,c-l 0 = Y. o

g/ u.* c.,)rLr jl .r;5 Jdi \.-*J G L-t ,Li)

2l o:!i:*l U lti ,.g1by # + a-J:-r jl orU',",| L !91

J;5 J- 6,2ltt' t^>

@ = \ \i 0o rsd/s CW -r Uc = \/l oo m/s 
=lf

A-VA <[..- JS.6

-,11A ,gla.:;l ,*l6f Ja-; o.Uri"f arl.l.er O-VY

,2Lr ,s-b.r: r-J-t4i r:-: Jt .:sJ.l J;S AB o$:rit-i

,rrtt i = f r r 611/5 \:"tj cJJ-, .gl.;b r:5.; ;l .*U-f
olirriL^i .5lt-91; Jef A6s 3 o-usirfr 61r.91.1 \>ef @"

A-Yf di..- JS,i

6l^ ul) r3.*o ,911b OA fuJ t't o-W

,J.-..iL x = V0 ltlttt 4-f .l: ,r(:ot- d-{.? J) Y fad/s

ua = '/Y1{ m/s

,it "'".; ^-g-.J .p 12 BC ,5-J 6le,-9l1 c..et- |-YL

&- ,5--: O f t (a) cJt- Jr .J-5 ,.:*i eo-t-i o:l.r

d9J1 e(*-.: O) cJt-- -2> 6-jy'c.,1) rr.!l c..ttj !t .at

.(--: .CJL- J) y' 1r .J-:,b.rr ,--Xl * e:: ,t/

;? A'.zEjl .J-!ts, @ tf&l- 6,lu-5l1ter- ,g)j;,

(D)

.+S ")2"-e.(--r {.J jlA ,y,



..L. ft.pl 5Jt-.!." - F+!, J,ai fqf

t,

O-YA d:*. JS.i

,e(-Jj1J.-o Jd.- .J-1:.-1 r:-l ,'iil c.5r> O-Vl

Jt-- +U'.J p .$5'/ O Jr OB Q,Jlrer JF &tl
.5lr--11-,1 .3f .@ .r:-l ;iil OB J t)e = Y m/s ,ot-l orlr

'J5 i,,...t 4E*J dJ,-l s: 12 OB

0 = A/01 rild/s CCW :tr
ul=2mls

180 mm

I 120 mm

a-Yl drs Js.r,

.,41Jt{a d+lJ^l 6l.r'lsD ^LA t>re O-ht

{5 J-.5 ,W 6* 
"$--t, 

.,1.l ori c.rl.: ,Jt:i c-,.!J, Jr

.L,J ,.91y rrK:rUrU c-4; 1: l, 1.. radls elu-jj c^e y"

..t5 rt---lAB

_T
i

j

160 mm
i

i
!

_I

o

,"", J100

0-4. d:.., JK,l, .J;5;,..'J &r.J dr,-l -,1s l'1 C

6,ls',;, OB.l-:.J .o-t-i crl: gl ii r-jb.J -2s 0-!1

.;s ls A 6t-:.ll; .<-:D PL:, u.*.+t.i.f )* '*l
\ B JA s-;2 t,L-,2 C ^L;; JeJr t otf i,:rr., Y.o \..-i

.I5..rL.-

A-Yt di.... JS.i

;r) 1.. rev/min c-1t--i l-.* t-r,L*b65 O-W

*i>t-; ,pb f AB hlt .l.r J $f crl.ler :r(:cL c.g
t>e * ,0 = LOo +J, ;: ..:.jj,r, C 1r ol-1, ,Ji.
t3.*, L-.',91 ;l crU' ..1 \\AB ,-; bXt@6s g'la,-911

+S AB tSts J.lJ D J![, 6l,L't, ::Q\).+5 J..-., 6J
rJlJ"3 a- \- *,1 I .-l. i ,juf .:l-til 9 csy, C l{ ,j-h!

(.-t-U,-rti:!l ,> a rLji,
, I .J

0)en = \1/lA rad/s cw =lr

A-YY <tL.- JS.i

jt*! J'fu' .lr oJ:S 6tr ^J:,s,5- 6l;.1 O-VA

0 = 1'o c^-jy J, {.Li J;;:5 .t/ t't .g ".t ori orlr

.+.1+ 9 ,t-iL ./1m/s :-tUD.r*! q 51J.er- 6lsls

u-e Jlrir,J;5 U> siil iL- t, l.1:f ,-,"1,.i4 .*.I;



flf ,_Ft-. A-f ubi.,

.51J .oJ^.! orl: dt-:; ._5J -,ka d-t l 111 .1r 0-Al'

,Sl^ pl) €-& *,61.1l: gL--2 
.,11 .5lr-.--,ry )t OA JjS

,-*.J r5 ,*-f .fi\g:r*eUrU c.€ J) @. = \. fad/s

611$ A +Jil osJf,t c-l-i orl.r oL:.; f.,U c-r,-t3. .11CB

tlJ u .-U!.f / = Ar [lIIl 9.X = -1. mm \it--a:r.,

.-r..;5 .j*,J \ BC e AB 6,lu-21; Jt4stl, rt
(OAB = Yiok rad/S _t @ec = o/AYk rad/s :lf

O-Af df.... JSA

rlt .ij l-r rlrf c^i.7 o6l-.r.2t ;*; lj.,t<, O-At

D ;1.:,!-i .rJ .r=* L-; AOB.*J ;lrer r5 .r.a:,r,

cilt_r r|.; r5 ,p-r D ,b -Sl .tsf e J;S C Jr
d-.e--+ 1r \/0 rad/s 6,l^ pD ir.-,611b ,c*-lOC

.J..'5 j-"{ l)AOB Pl-;, 6,lu-5l1ttef ..r'.i,U rr(:eL

.+.L.i J-,-;Jb U- u.*; o!.h jl lr di-

I
I

I

80 mm

A-Al3 r[-, JSJ

(DcA='llYlkrad/S

6 t'- G$L. fjirLl,,Slfl.J<-l 1r 0-A\

.*J 6 s$,,*2*l oJ..i orb,)t:.; s:t-:ii.aj 6i,^Llr-,
0)oB = . /0 rad/s 6lt'-il; u.a L. ls y y>' OB ,S f,
1r.-t{.r:{ lt .Si>,' 69;l dl4,-Jlj .tef ,r;S.f Cd

.c*l tan0 = I ^ti-l lr,r
:tr

3r r.(J 11P J<-l crt-k- j.11 e-Sr,- o-AY

.glr..E-J , ;tf rt Jj:S ,e tr ,.rE dJ+ C|U:, &]
rslr<llj t?'4.g1.11: (.,.,9 eJj.:.-A iJ-, f.a y "53J 91 5

,Sl\Jlj Jef ..r..ti.f rr*oUrU d.{+ Jr a)p = Y rad/s

.+5 Jr{ lr u*J t, -pb

AO=0.6m
ED=Q.g6

f-lf rlr---. ulS.l,



.-J", ft..--l 5Jt .r.-, - p+!" jl.4i flf

-rtJ t: el:l;i jil nl.,,Sk-f 6ss tP ;- o-AV

2A S;.z olirr.it-.l l-.f o,!)C,.1 ;lg.glo-Lir6i
j c-t-.i, # tt (oJr--lj e.rl.r gl ,'J te+-.;lJ:) B c+U o$:rit,.i

A r>.e * roJ-! o.:lr Jt,J.j 4E*J )t Sl .-t;li6..ltF.ll*

1.r l1 *J- l)p *?.*',J-.lL,.--2 J.h y \Y. mm/S /lJ/

Dp = \' PPtg

.J.5 '..^ti .:-i.,. .'rl-v---J9-

vlr

A-AY &.... JS.s

1a = \ 0. flltll or-.1 orl: ,)LiJ LE ,J ,r ) O-AA

'/Y m/s .ll;.- ! C sA ,XCt+b A-eV 5b= \Yo mm

&'J dr,-l 9ls D J B bW D 6* Jer.+t-.f ,-FK

.J.JS '*;. v--

*lrl) = t lr OY1 ffls

A-AA di..- JS.l

A-At dL.. JS.a

L-ni-|1,r .Jt+J) 0-0f 4l.l*' ,Sl-;i fjrjK, 0-40

J, ..r.- tSJ- J.;+l .(J a-, .,' ..1 oJ-i crlr !l ':

A an '+5 dr.t'J bC a-fr @1 Glu--tl; \>er 0= Y'o

,.r*"t- c.{r" Jr o)r = Y rad/s c,.,tti ,gl*-j;,ze ,- 612l>

.C-l

ory = \/qYf rad/s :lr

2001,{,
mm

A
200t.12
mm

,r{
1,,,
c

-- 200 mm

O-AA df.... JSA

8f L; c,-".1 ,J-t ,r-l;b,J-rrL ;;:,t* o-rff

BC,-fu,J ,Jl;er .J5.}1-rn F-, u1llet tSr> +,l1jl.,y9.r

At P e Li 
^S 

OA J|)JF .r:"r !*.J 6tr2: h-i;

9 = Y.o ,o.r.! orlr gLL! di^l -lr .tt-S C Jr^S ,.:-l o.r^i,

,riil rl-url J P 
^L;; )5 j.>., J 'r; ,:*,0 c,-sls t ot...

+4-f gr-:ltr OA 6,1'r"-911ief Jt .-t-tr"f t,o JIJ
.-t.;5 .l.i,ti b C i.i; ref .-Sq f rad/s /1J,,



rta "Ft.- 
a-f d+

u "'; JL.^a;l.Jt-.(! C eA .5totp;l ) 0-1.

Jj-.:S ,#l.rl ^,gb-r-u{- 6V-H, r:*r c{,-
u-J u.Y m/s .-- 612l> A rrrL.3 .,11 ,Sll"lt. tt ,n-F,/

.J*tf./ ,y-\ -i-J. I Y n/s ir.r,.5l.,1l.r C 3 ory )L

.J;5 .i.ft ,r:*l y = 'l 0. lilIl 6 .gld;J y ls B ief
Ua = Y/lV rn/s :lr

A-1 . dL.- JS.t,

e--.rj-f .s> .J;liu, J:l i4L. u->rq > 0-A{

0= Y.o .J-!Ls. CrJd sa-) u"s> OS oJ& orlr ri[..i.i

c*11 -irt r, u = \/0 m/s .-- 612l> OA,5;"! 1 c*l

..t{ .j..- l.; 1b;rt*.i .*J .glr-91; ctr.-t-ti.r

ar = \A/YY rad/s CCW :tr

A-41 rff..- JlS.l



..1,, l.t*>l .SJl-+- - F+, .-|,ai f qf

(c.cr*r O9.!) Of.llo Ci f y A-A

;U,-# Jer d.:f deUl .(J a, 1,2 6,lt>)-a cS7 _r::! f /5, y.6l&i; Jef .r!.i rl;.11:
u ..; lJ 4l:*. ,sel--,i+t).firJ- d,g:t,Li:5y;. &ef dLjl l.*,ti !ftf &i; Jf 91.1j:;l

L_r.yW.,- r-, +5 t .ji U.rf f."lf ,-!-,c*l ,;.a 6l&A ief ..gl.,1b 5 6:j1 ,.2>,.t C.t,tLl;./Bil
4tA dr,l jl3 o:ji, C-57 .e.;4 J )J*s 6 S"f Jl19:,g,,s5>,t Jyir-^- l'...a .5 Jif _b I olta r:-ir-/
u.*, ot\,-i.51+-;,5r> a'ie l;,)i .,i)U ,)* : o$ oJ.rLt Jef ;s.2\ ui[q,^.,_232... y-l .rt:fr-/

.f-t^j Ji:l-i J u.F I oIrL,! l.1 bcr- *Sr- +>-b i 5.ur,r, JtK,l t, u.r-iSs;rt .c,-l isf

,iI f v'l^
.;J&r.gtar:.er-.gLr:l.r:rl 6 F:5cl ;; o-v$a g 6,ly..t-t-,g o:b .lLLi JrL u ;1 f y :ja1

a,-b:.J ;: A aJ;; {5 J-!t c-il: r;ryj 6l&i; Jt ..'r;;,-,"; e)l-r s osgt ,s,ai,-L g 6st B s A -ruJL daii 9: ,a

*t.:>f gytDaJ.A)].6-t.lq 6tt'JilrJ".ti4Lij;-t r:L.ibu:l:,.ri df ,Suu;)L.r5r-brs-r
brL;.t4,-aJ"-l2stsl,21:ilL.fy,:e-.e tir)dr,l eEC&iJf-Jd_rl*B trf :oltJ),r:-l u.+
:lCtv 4Hj j,-l ft;tf Cl-rr*:l.*1v t- j.[l: $l-t',ltotu.Je)r.lr+"ti ftc&^ij.rss,.rl*i
.rr L- I,'----+ -r) crl,-.i.gl,rJa.i; ,;i f -r.:-;l:.;lj f ,-t'.f ,13 6,11 J &fi 6 tf ,_,ot blyC,.r^iL g--a

'q fT 4^i4

F--, ,-Lil p ,F &-er t f a 6,le,3l; &ef ..lrJt ;.1,l,, r., ua JuiL !ti; 
_,11 & *r )lJi, fl

:U.:*l JIJ o-va J.fu.f? dltu-Jlj Jer..r-l;Q .n-i,g \:s$.,,Li q.li" gt,

a =DA
rA

.,.:-,1 us =rB(I)= (ry/re)De -,tlt.B \tef i,r-l.,rQ..t-tr.f i g ,g,j1 
"p; 

y 6,1*-111Lef .rJl d

t! c"cJ- if-l l-lj ;-t-C oa;--, t' 6st 6,1&i; g 6,1+bA tbf c.4;,rrJ oa^-, jT f t 6tfi-

t -b ,:. *L.A; ;a kl: CA L; ,; 4-o

(6)

0-Y JS.l

.rit C ..Hi

ffiffiuil
&,;i{trffiWiii#f.-}a
B*i.{ti$#fr.F&kryS*A
V.tffi'h.Sffi4l. f;f;'il

Y.-effi,#
\t-W,iffii,.$fl\s[{.f-

\/
T

c

+B

,ll
I

I

(
c

(c)



ItV ;lres ,-si f :. A-A ul,;i

,Fl: b .o-vc t r o-vb Jfu ..t^!L ,g.,11r" rJllr .gla-*,i.e ,tS7 6 r-.." 4;12 aL,ii 1: 6la'>cr- fl
,F ,-*:t;1 .:>f 4 oa;"-rC ji f -t.;[*,;tL, F*r."-.*,$.l.5 a, J o)Ji 6,>-c- y-l ,,4^c,LW

,'.....r jl C;i f I ,*-t-ui-rt F-J<- y ejl-f 6ls'>-e,-y-:U, e5.r,K:":f oJ.oL! ol-r'€.r>l-,1 o o-Vb

,JS Lr",Jt, .--t<-,o q .*b-./ JU:;l Jai.i .p o.:lr d*: ;l 1.,1 :9> jlut Jef C-..? 6 
'py 

rJ> y.: 3 oJ^i .,1j:

ai f r62>
Jll, .Jiu, fii;,'-..r -r) 1VJ 2> i C ;i f y +-f c$r.rr -# lt :jz *",3.2l f-.+ 6 ,rrK:.o

i:f u* tJr q f*; et, ji flt eb.lti ; o't.i oJ-otj ,rttli )Jr t 'i .,1: ;i fV .,rJ.:-a

P tt,rlr rJt--l-! ,sl-t-',1o-A J,fu,;t-t .,UF-ri- J dQC aLil;,r G.';".J) d,1l ,b s.2y aJi*J.;:.c*l

.JA-t6, crlli3 )J l::-r 
')* CSI cfr :jj;' ,P r€ CSy

.,tiJle'Uj.c,:1:H.-r-!"f rSL,5l+LJ :* y4L.it; 
"<,- 

Jltc \\t-ef ,.l-l*,rri f -t 6 Jb.r,
y *:*sf ot+- A-'; orLi.:-l & -, ,-f )) oa"i;tl, ..-,L:-:..r1* ;i f f Jlf *.,)lJ',-*' 4Lid dJ,l jl tf-l.tQ
.<JL"+ ,.1,4.-o -,1r uaa;.,b- ,)i )J2E s F J: rr;l: r1>-1 jt' ./L* lll+ 

"fi f t 
,1t-*at ,gla->.i.c c-57

.r.1 J.alJ*.; e)J b.:,,1 .1r J o.:y1 L6,iti
!f..?rr.P

.rr-L-i o9i:.-/
0-A JS.i



A-ll dig.j dJ.L....

+ dts tl3{ toJ-'l orl: clL.l.J o.;L-;r tan-l J) 6 0-V in d:-.a if
di f -f J-*, ..-- ..1 up = f m/s ,)i Of -r t>err J JAiLr,,>-\ 'tp
Jt5 qaeJ,. y e AaLii &sf rl:f l.t- ,Slt S '>f uai*J- 12 'z.c.r- JjJ'.

.-t;5 orLiil ,..1i -11 .orl:

u-*,.JJJ-i dr+j tf ,JT.J"ti 4ta.J-:U diU-; gtl L* -StrrF

.nl.y. 7* 6la'-11; c.e), .'>-'l C tVi) ,,Le:4.ll* .,,T f t' a4$.,1) -; o)-9r

:! :-r-"f

fa=olrl ,=9= 3 
=1g rad/soc 0.300

:L .:*,1 -tlt. C U A 4H.; 4trU

fr= =0.436m o

b =,rl

t_F€ A Lhil tlr

D e =E o= 0.43600) = 4.36 rnts

.c-*l AC J )-t';$- ;tU vA c.{e,

u-io gt5i

'c*l c/i;^ tl">/ V,o g";o*(r/a"tt. -y^
,ubi pur g UaA'r,^1, iA 61, bU 1la; CU;ep il4 tlt A:,',r gr-l g-A ;l

@

o
@



f tl b\er Gl f ). A-A oLii

A-lY dtoi 41,t ..

6lj:0 = t.OoJ.: oJ-.! orl.r ,Jl i.l d...!J. -r: .cgJr f.Pl -1l OB 6a3L.

\io , -l ,A {L}J L.ef .r-!,-f :SsU c-{-? J) \. rad/s Glr..tl) Jer

.-t15 ;"=', oJ..x o:b dt..l..i 4L".J )t \ AB 'Q ,glq9l) J-er t D aLi:

41.-.3-1-eJ.. igLn.,:- J dV J<-;tU B sA eWf c-a;:J.>

, B 3 A 6Lr.- ,- J L/.l;-f *tr J.'., ..t-tr.f O 1 O',>'.8 fl.t Jf

o:lr crl-i.l DC t BC ,-AC 4-J.r'U .J;56. oa*^r\AB 4C ji f y
BC 6la'j; ier .st-rS.g.;J .;l$l 

'/V ! t- -l ^.-t*r -;b.2o, -;) o-\"3 O

,gln-;l; U.-, -{1.2, ,o-t-J $; .E1) t* ';3 3l ;b; blJre q +5 .

:t',tl: I o>y. AB 1 DC , AC Lp;

t'\
t\

6,L-- -1!")-s9

la = ulrl

lu = ra)

_Dn _-oBau" _ rsorE(o)
* BC BC BC 35u1,

= 4.29 radls CCW vlr
:L -tiylr, D sA 6Wr tr-l;Q

=lr
:lr

u1= (0.350) (4.29) = 1.500 m/s

up = (0.381) (4.29) = 1.632 nls

..>l o.t.i crl: rlLi.l ,5Lac..6; .1: 5

A-io Aiii

.,,;(6 ctl,n C at; t)y ,l,tc uta ote;e ,. pa ";Je AB ,lA ,fr*' e+, nt. o,- o2l2 gLil a.ba) ,2 O



vi- et-+l .Si'ili.., - n-3-, ,[.-i f ..

8 rad./s

0-1r di.* Js.i

by-u. 4i f y,oJ,.) orb dt-.Ll +la>,J .51"r, O-1f,

ss s5ill-;>ie '' < f J) (J<--i, crl.h.-, ,3sS ,Sl-t \Lef

Jer 6,1./': s.2j $^J 
d,,,_l t> t'l .c-.t d.S :lt C ^Li

,Ys 1lJ-L..r-:L rrK;.ct-r! c.++ 1r I rad/s 6,la-,;l;

.+l..i,l**i \ ^>Je O f f Le)J

B

C<

E

0-113 <li.... JK.i,

B t A J-i'.,S|,";+ s ..;.Jln-Ii, 5r.- O-10

0 = too +;-f jf .+ d-t<l^ .1> .rll .t>f u- lp
,-r-.:L :r.*rt-r\ c-*+ rr Y rad/s .>ef .5l1lr r;jS.r,

.J.5 .lir.J b P t A lLil .5ta.:r -,- -/)W
7)4= ,/Y,Y ffls 9 Up = \/oA\ m/S vlr

t4E

0-10 di-- JS.i t)c = YVV rrun/s :tr

Jit*

d'l.ai" Jtt -
JIF t-i!-l.1.r ir.ra, o-Vo 4!:r J.i, .*.J o-qt

.ty"! o-r j2 D7, *3.*'.51;b eS;.J A ,St#l ...:*l o-u.i

,S s4y ,9lr-..t-J,14 '#f )l je rL.,1: Y m/s

6,lr*'.212 Jeyj\ f -t es: )l o:Liil ! .i*.1 0 = \", 
o

J";5 dr='J l.1 .5l;.J G Ls ^l'+ Dc Jer l AB ,Sl a
(t)= \\/oo rad/s CW -l Dc = \/\oo m/s .-rl-e.>

0-11 iJls JS.r,

ol*i JIJS $al-1: ir.u., o-Vl 4ti.... J,*, O-qY

;i f y.rtr tr t.r .L.*- bi )t OB .5tqJlj .-- .c. .l

J15 J- *2e 1e tS1J1

tA= 2 mls

180 mm 160 mm
i

:_I
B 120 mm

A-1f df.... JS.$

o

1l OA 34 6 ey ror,! o:b jtij 4g-J .,1r 0-1f

.(^5 t IJAB &.J f I ,G t3r4,:.,1j5,r,n ji.ill it''j1l

'Jls J:,-'J JeJp !U+ c/l f t,-)l:



f.l Jit- A-A ,jn

.""U it- &- r;st ,1;-# .r;+ .1.,,t cjL: o-t,t

c--,\ 't! a, ./A ttt/s uf ,911b Oahi t JAr6, ;;)l
A bG 6,1-ac-er- *>rt j:* ji f y ,tt: q.-lJ!.f

.J;5,1..- \D tC,B ,

B

a-14 d.i.- JS.i

c..(+ Jr i:,m ;J, :,U.<-- Jt--tJa d:: 0-11

.J-Ss' gl;_9: \A.. rev/min .5lo;11 Jef t r.rK:cLrt

&.*,.l-.iL ./V0 mm 1tr-.1 n 1glo7-b ,-a t2;* ft

l)11= '111,\1. m/S vt-r

A-11 4li* JS.l

J) o rod/s ,5lu9l; ,:e ,- 6,11'.; AB d:a 0-q1

lt "J* dt(:.il1.r g1l.:rr t*.a..r-itr.f rr*eU ca7

Cr 1r (.-,) )Ct , (.iJl) \>er.r-l*.ti f -t 6 ,*-r

6-tf 'lr,-, ulii

;ll3 ir.r.-7, L-'.i-l1: o-Vl {L'".,.. d-rl;;rl O-lV

&.a 6l_2lt OB,l-:J ,0J..1 crl.r dlL:; *Ii*J;: .d*l ori

;l ;-i-rf Jt-- 1: t ot3, 0) = ./A rad/S tf,;et- dl{lJlj

t&-*,ll-r+ .,-i Fl ,-f:: r-, .,r--iL,r. upl C-.i3.,

J +L* Y.o ,lj 2t 11A dL-irlJ .5 ilt rDtx, u.*

.-t;5.-ii{ \ B rA L-1 9 C aL;; rer

Ua = YYl mm/s 9 Dc = \VtlV mm/s ulfr

O-tY di..- JISJ

Co
oE.-15

A



.-I- r"Lpl 6JL".r.-, - F++. ,-las f .Y

{,

mm

A-l'l df....JS.6

:-Li ,-' J'-'-;t 5-- ,, ie St'- i-r..- 0-\'l
Y.. rev/min t'lJ.,N 6la--11.,1 &.*.gl;l:10. mm

u-*.r-lr. .-ti f y fl.-r-ti,.f o.tj ! ortT &.,Stt

rI-.!L crQl.: y-b .fU nLrf ,S)! \,. ITUD alzb u 7n

.JJ

O-l 'f <Jl..{ JS.i

e*.nLU 6 f, 6r\ fiK, 6l;.''l o-\'f

L .c*l oJ-.lylrSl; $i_l-2: bJar o-A\ d:.-, 6tn1Lji

St'- .5Jjq dlqllj Jer ctlt.rl*..ri f y ,_i-t:

6,lt-911-^r-.*,1\y s9>,rOB S?',-*,J 6 ,-p_rlt
rj'*J .r--l -lr .J# iF..d .J-5,J e 0\1s = ,15 Tagt

.c-l 0 =Ir
:tr@ce = '/[Ylk rad/s

Jlrst L+il1.r ir.r-1, o-AY 4L.-, fjt't(, 0-\ r.

.5.-:J l, ,<J r P ,|i: ,W ,3st cSf .d*l cJ^i

o:l: dt-.Li di:.J tr .ttf ,g Jj:5 .e ! .fU dJ{ C!U:,

U.*, 6l2ls t91j (J::..-^ ).,1*.e e J-.t .*,J 9: 6 oS

Jst U...r-tr.f ,r(:"UrU d-{? J) o)p = \ rad/s 6lt-il;
lJ.<+J 9> pL* 6le,--91; t3J4 **.rt a:-u. ji f t

.15'*i

ol.g.l,L-

-,,, i.r.t-t.. O-VA 4J..:*. oJJ:f @-f ^US 0-\. \

4_r:, .,U Jj:S "+ Jt .c*t ..r--1 JIJS l-+i-l

j J-.iU .il m/s flt D.r*! q y i*2t.gl1l: 0 =1.o

L .r:5 L;> u;! iL q l.1 )f ./E A.*E 4?.j1.:-

+-L*J ,r-ly.r l; C ,:.e ,- lllit ,r-r- ,-ll* ji f .t ,-tl:

Uc = \/AVY m/s

.J,:5'-;. v--

:tr

f6= 0.6 m

ED=0.5m

lc-|..{L^.JS.i



f .Y Jit... A-0 olr.f

J) .,l,-L ,|,Li, -2: t>,3li,e.rit;i olKir 0-\'1

6 u-.4,. Jt ..:*t ol-..i orl,r dti J.*' s> B sA o:L

t3 *,-t.l,U \i Y mls ,tr. EO 61 ier ,'>ul 0 = Loo

6-l '7 df.... JS,!

)-.:t 1* 61""J l,.r B t A 
'r;J,Jktl 

o-\.V

, B 3 A ;l u:a- eWt-.glr, ..tilc-rul ,!g ual J2x.

,# \ P .J;; ,.?.*, )lJ-j' t t* @ 6l+'-j;.ter
.J5

@= \o rad/s J Ur, = \/AlV n/s :lr

.+5 dJ..- lJ uA u"iJL.

B

up = r.a m/s{

6-l.Vdi..-JIS,i

a-l.rdi*Js.i

12n nrm

l2 .5s9r-*, el eS f ,,Ff-,-t o .,1.ti... 0-\ . t,

,r-iL,re 0 = too eJ ust1,, ft .uS O lJ; A p

a 6l*-91; JeJ4 t D aLfi \=r JlrA, .J-lU Ua = [ n/s

.J{ .i*-t +J, ;-l.1: 1.,1 ABD ,

.r*x -rlF L>,.il ;r o-1q 4L*. fit-(, 0-\ .0

...r$-l-,-t ^ JJ+ ri: .c,S.r.' jl jtj c,,-tr 6ly .,.:-l

1: .-r-.iL,rr Jfu &t-L, Un = \/Y m/s c--cr-,glrb

.ri tst,t:t\,gtr,.r 0= F= 1'o 6.,."t-'.,5hLa'J

.J;S J*J UBC 5-1(u|,s6 6,la;51'; tuf ,'>er-, ts-2\

Cdnc = YiW rad/s CCW ?l_t4

A- l 'A df.... JS.i



.,,1o pt.+l {JLr.-- F+!- '|.3 f .f

i-- "---, __--l
O-l I . rli*..r Js.i

.t-i rlF L-*"1 -,2r o-VY' +!.-.-, liK 0-\ \ \

c.+? J) Y rad/s ,gle.-jl; tur4 6)11: OA 6.J Jl ..>t

lJ B .Uj,iJ &.*,.-t--!Lx - Vo mm 4y g tf;et-
.-t*5.i*'J st>stol+ .,,i f , ,jttr.

ur = Yll rnrn/s :tr
A

..r|-;-,a 1LLi q E st F /_if .!tt'jl r^; o-\ \Y

,'*; ft .ttJ ,f o{5 l,-*:^lJ ,-,t-e ,SSs 9 oJJ, )*x'
\ BD r AD 6lu-j; eW-e,-r^iL t m/s c,-o- ,gtrlr

A-l I I di..-JS.t

0-llfdf....JS.s

(J.;l.I-! o.rl: oL-i.i t-ocjl.tir) D o.l-J,>i-fr O-\ rA

>fat- c^{+ ,r I rad/s r-rtJ 6l+,-91-,1 r3r \O Jf

;r rrl-i:----.-r 6s3v tJJ: {.o.,_Jlj UAOB Llhs.t-gu'
U. B t A ;r ,5a;5 ctt^.$)af ,l ll.tS y' I o-t-: ?"a: O

u.-,.51-,11: LLli Jt .c. ".t o.r-i rJ-,1r D ,Jbafi

6lr-,-911 .tef ,-r^iL rr(:rL:! c-aa ,: \" radls 6lr-jl-1

.-t__,13i .:--t, lJ .qJS cAt^o.lj)C,'7 ;l ci_ ,,r,DU:,

a-l.Adi.-Js.t

g-l-i JIF L-';,_l;: o-W d:*, fit-(r 0-\.1

d.++ J) 1.. rev/min &t-.i .:"e,* tr -rt-b6,; .c*t

JA' -i>L; ;[-l: 2: AB hlr .!, t ot-f lrlJer rJK:eL

{D6s 6)a'-g] \tef 0 = LOo 4y tr .)j'Jcl C;: o-r..X

.+5 F tb)' ;.t3.t". ji f -r ,-)u I \AB * L-ny

o)en = \1/lA rad/s cw :l-r

0-1.1<1r....J$

;9J-. .5--.r 5r.- L-; OA 1y'| clltlr 0-\'1.

.t:f 
'l 

Jr;-S ,c-".1 D ujil u.*, 6,lj> ui,iS12 +S

,?-*J x 

- 
,1OA 1gl cD 6l+,j13 .sf 6,1r, 6,1&,1,2

,-.-JF S ,-prJ *b t* @* r"-rlj ref ;;a-n..gS
.-r,-11i c*.r, .J.iL d*il$ )JaJ ly'l ; .(*1.r ;-



f.A Jlt-. 6-A oti1

4;9s 6,51-.,., LB qf J Y ,\ o$)a,'7 +- 0-ll0

dt l: tadb.;r J<-) Jllo-t.1 ;l.e- J<- ;tta, _rlrr rJrjtr

t, rad/s ,5h,_.el; uf l.O Jr OA 6j;L..(-rilo.t-j-i ..rb

\ cJ-i:1:? 4<Jt--;: .-t.:5,r, dl-r9r rJ<3t- C-g-1 yr

!l-1.1r 1r rr*rt*rU c.6a ;.r A rad/s U.* t-1 X.e-,

.+5 J# lrY c-ti:ii 6lu-91; '.-r-,.c"..1

=tr

0- I l0 dL.- JS.6

a 6lt-'-91; u.* 0 = 1.o c--frJ, ,;r ) 0-t 11

ct -, 6,111.> OB,5;l .-t5 .r* l-r AE ,fr ,S* 45
.t* U-\l:8 e5 .p-r .fi\,t 1. rev/min 6lu-jls

F;l r-5 Lr-j.jj L; 6u x E s D rrllr .;lj ,$i ,5lor,b

,'"U ,gt'-..tr st AE t BD brJ; J ,ci-S .2lri ,:sS 4
,dE = \ . . mm :jl xiJt .p I ^ojl$l .J:L-....-^

V . AE =fr =dF = wo mm 1ffi =vo. rlrn

t>ef ;t-t{ ji f y 
')tt 1l9 o:5j €t lt or.(- ,cir

.JnL-i orU.:-l

:lr@= li \\ radls CW

0-llPdf....JS.s

A-llf.&....JK.t

L*t: F 1b.;i :/!-r Lg* it-t o-t lf

J;S E 6tJ*e (-J"ll*" Jrl.- .1: .,1t-J.i sy-r, c.,l^;

fllF VQ-l- *3.*, fle= '\.o c-:+/1r.lrJ.r,
t3.*, 9 AD 6,lu'-j\ oe ,*,J^!! drn-q .jr.b r, Y m/s

.+5 Jr:..J ,-il,-.lul6L:,o1, .l: ll A 'S:'ii
@eo = \Yy'ft rad/s CW t I)t = Ylf \ nrls -,1-9

-'(.
B't

100 mm

. A-lIfdr*.JS.i

L ",; ,,li,t-;r ri,-!Ur 1:A ..*J.c '5rz O-\\t

;l 6lta1. )t ;F./ J;.5 E,J +i drn-! .jrt q sSf
\ A ,*.* .!tr-l U = . /Y nVS f.lt. E U.* ;3 s>

.J;,5 &:.t sJ-14 q.o q 0 6 
'*-f



v L pt -.7l .(J1".+, - p+!" J.45 f .,

O f y tit,a 6 j :1,r*E -q;.r ) o-\ \A

6* eU 2- J,314 '/1 m/S --.lt fr.:,* -, .li
*_* I Af I sfl,,lL.jJL^ .s> "Aiu' t9- ,;t1V
,r*"UrU c-{-? J) Y[. rev/min 6lt3l; cc7- t1 ,rl-l-t

.r+ l: ta*L; -;t flJ5 l {D 
"51*9111 

\tef .Ju5,rr trlllr

.l5

:trrrr = \./VY radls CW

T-^---'l/
100 mm

N
CJI

!'
g

A-llAdr..-JtSl

;-errl.\OA ,*i\O +. ).a:' y,u) o-t\V

.r O c+l-j ,)UUt- J9 tf;o"t ' c.{+ J) {' rev/min

tusra.rr+ ai f y ,.)l-t -11 
orLi;.-l ! .r.l-li.l -,1.r r-)1.,19)

c.rlr ,Jl-:; o-rJri"t .5Ladl.tl:) B o-lJ't1.fr j\J> \3f

orjra;e (-,iJl) :.t:.yi \:-/I y-j rr)b 1r l.; (JlorLJ

\ O Jr D 6lail-- o$)a6 (y) ; .t-it c-iU D 6ldL-

.J,-Li rll-19: rr*"UrU d..e- J) rt' fev/min ie y
(.,ijl) ala = 11. f€v/miD

(-t) tOa ='\. 1gY/6in
=lr

O-l lV <fi....JS.f,



f .v *r- vbi a-2 ,,,ii.1

of.,J t'lb,i 6-?

6,lt*i-.o ':,57 iB sA rJail s> Glt vA=va *Yus u9 jcr ohtt il o:[iil tr.ll-l.f l'l ,rr*;..rtJ
L-rr-tis#r in=i" *ioru u:-'-b!)qc"-- 6; A:'*L:JJ5.,-, F* g:f Gb;.4n6 e-f

:c--:el 3;a olju'

(o-v)

,Jrl.; -r,_r ;l A 6 .,,b--x .e\ B Abt;,-,k; 611:y LF ! c*l y.l-t A rtii ,-,ti 6 S"f r,Li 0-V 4LlJ

.r;l: B t: il-r slst * ,S y,:'

otrgc jl ,y'U.#,-rb*i

-,1) jo)-9-rcnLiL€ii e.r dLrU,J.ii6il.9-ul9:!t* &-,Sst -tcSf a>,;4 ssB sA bl-r; fl

r.l otf *lsA ':57 tB ;s glj 5y;" r.bl,,,,r{: o-L j4 i ,# L-ef hly-r -rr 45 dJ<jL,6.4?-:i

-rk-: 4*ASt -9r 6l;1: crr-./l* A t-y-rt n4j;g,.$,.:6l.yl),,.'*.; c,Sy;l .-tri"f B &;; J-f ,Sslu

.U!"f va6 jJ-l,. # jl ,s.t5AB /.lJ+e,r."L-. yLil v61s tft ,;i,j jl AVB u-b +A a+ r 6)J4e

ir-l;Q ..r;ii{ ..r'J; t*i y,tS d-"q J-61 s JjJ-:, dL.t Y-o .,:+ -,r')lj ,$loJ,i o-Y 4t lJ 1: 6 ,-,1.:--x L5t^a.iJJp d,-l

:t:*-r * elics

(a ;;, g\, i tl 1;i r' -- |q " 
,

(o-A)

:-,11 -ru;-,1La ,-,1:; ggha,iJ -f -/)lb.li ;.: 5

:-,11 ,r:;-,1Le .:t* .gLaa.iJ 2a 4;slsy. o1j.e u.l-

(o-q )

(o-qa)



vla pl-.el.SJl^i-,- F+rr" jl,ai f.A

d"f J'-t-i '-t-tr.r r lll. B ;l A q#J,, .llry .'' *'l f*a lglar-tlj ./l- a 3 6la,-513 .br @ ,Ll'1a.r-l .rr
."[;b ,rK:- u;/L' 6l*3lj ./t- : ,;itL, 614,-Jl) &e), \ rr-,Vt:..! cSt+tLf 15 F:5 ey rK; ,r-l

,J.t J r;k i aJoho Jii".rU

cJJ.- I *,--..1 .,11 B 7ALG dir:.-5 d- *l o.t'.x orl: sti-! o-q J5fu,.,1:0-l J o-A Ll-l-r l...i.
'b':'e-'* 'ryjJ, .rscr, ts f aa J 8.a..;J&, ,gto.-,tj L u-la,t JarJr .r"r- tsut* 6rl l 6r+xi-a
A1Jil --,1:--i, 15 -to:,r,. dtji J.('.i ..t'"',.,j -h'.ll .ru:, cu-* J ,-/v B s A -bli! -,1: L3., ar1 sa g;tr,*.,k 1!

t5lr-,.t-or clt-.! -:"ti J2j.e +l: g:t 4tA 45,,'tfu B r,*jA .3t- JB &i._,k^i:.-.,"1 &*j Jr.J.U
.c,*l Jp c# ./k"i dy tt jt 4 .f V c.{+ dri.,J

-(an,")n

B A4 r, l.l.ll3r * €t 6,u21'...1i;:5('1:---H 
"-<".-."; 

q lt VH "lqlt r.*ly.f _&-, o.h u.

;-i€ dy d,rt r#y d{l I .f.fr"f 1l}, A s:

r..-i .#- ,J-t -e 6:' e,tt -r:-:lr"r 6i t 1 n 
"JTill# "w -l.,. 6i t 1n ,s6+i)-r eas,, lT 1: 6

.r:rti 1.="i "!r. ./k;l e* -t lJ o-q ,-F('.i rDt:, ya .t-\

srr.J ybi aloh.o.-l+

J rt<--l -* 6Wu \.,'.-L*i J .iLr., ,ju l- b lJ o-A rJ:Lr f,lj,rr ,Lrl jer &,lJ -ujL.r

6jsl si) r+;t .rKl ..r"-t1 Jt- y' 1r .c+l ?r t & Jr, .. Jr tt .rtii .ei s tstlttt.f c.rrJ:-r

l"u,l ..t-ib r.:--:l: .9-,t51]- 6,1]':y. ^hlt ti b,by cStfrl q Url #i U 
'it{ clj:t..lql., -iJ_ d JiS p_,t cjr lr

d c ,'l tS:t-*.J' iU ,S-tl,,r. # -r+ cJ:S rgJ..., ,Jjg,, qgLrlby s Jd-t- e+ f, L, Crb .gte.ll:y J,-U

{"lJ- .:-iU;: lt :* o4l-, ,}5 pg k i/-l ft+jl ti .Ki co:.1i ,.a-j J f*+J- l+i .rs c..a+ Jr l1 b;l:r,

I

I
I
P

a-l JS.r,

.sf



f.t *'- vLl,i, A-t oi+

d--.S 9r r- LrJ;6.-n, 4J ,J..-K!. fjlr e:.:t, :L- q I .(*S ,r,Lti l.l LrJ.9a;r I L.ffb +\ J--lt .l':r

;l glr5 p i,t-T L- JU.-t lil-t,C trc-i.s dril .$ JrlJt -e 41r .1: 6;11.:r,, +l:t'" j- .*tr.f .[li; ,t<-l

"i-|,rK t* *.J:.!L 5r,- tt 
f 

el1*.2: tLii st S 
'py €C oJ-oLj.e..n:-iL.g;l:y d:L,.9Lra1^;

..9.1 ..rl-,.:., J,-ti r5 r:-il: .u.rl1- :yry9 0-A d+lt tr r.lrl:;lri ,gly Jlil e;r.S

l.l b.- *, ../L:.: r*l:., jt J, 6 .*l gjY L^^, ,J.i1lr b.-,- u. u$:a 6)J^e,-,b: sgtatiJ -f is-n

it3i q r-:t u€i5 ,Jit* l- 6 :|u,./t*jl r-+ jl dt4Hj :$l .-*-.; :s ,41.,1 )t €/ 4Li; .r5.-,1--
,f t 5 osLi,:-l Uy ,bA dP \ Ur ;t:* ji f y :16 :1-, gi, 

"r,-tr .:.1,9i .:-,-t, ,;>l-1 +,1., 4t;.; .ii VH
.-t-tf .'1-t-., 

"l.,ti 
t- \)a;^, ,-kUJ -fr

ll).:-*rf C,*, t+.:1l .,1: Ll .:;l: :2>1 +z-b tr,-,t5 cSy st * .-..- e(,-,gl; .7S tt:x.;T 5,
.'.>*l ua.a;(.,J"l.i .Jl ;l orLiil



.-1,. t"L..>l lJt^,.- - F+!" J.a! f l.

A-tf ditaj dJ.L,",o

-,1) e o)J+ jAi J) \i-? \:* *. JF ty.t". r LU q c?-fr
r-.-+ C*, r-,8p,.-rb-i 2v6 t32a 6lj:O isl.rld:y, d)zA

.J"5 Jrr., -b tt_r +li*J -,1: It t* 6il J. C J AbW Vk; .-u!"f

,Sly.j) Vti I 6lu-j; \Lerr o-t 4iJF.; d.t"- Jr.lJ;t'y.j :.,[-

:U -rJr,l7 6 J.;J-: fF afi
a=aol r@=Uolr ,

n/ o*tr
lb",|o= raz
It--_l 

--r, _--,
C bg,d,=rd

(a,o)r=m

f---_-_l
fug,t),= rt)21 lq= rrzttl* - |

do= ra

;-t-'/ d-y ,h O dali oJ--! o.rl.r.:*.* y.A $il el:.l

ie=ao taero =to t (^o,o), +(ao,o),

.f-l rJl-r J .c4U 6,1d2il,)lJp q O ef tr ,-# ,-rk-: ggl,rnl^.-

:r.1', J:rlJt;..-- y-:LL.6loy-l: CS7

(oo,o)u = ro,,' = *f b)tI'J
(oo,o), = tod,= r"(Y\\ Atvrt "l , J

.d*l orb .)tJ J,* &t^t, tSi .5Lrcg J O

-;r .J-o:,rr l.1 aa ..|,(-: ;tJa" ,l.ril 1 t.3il otf r, b-21:y g".-

'#; 
L- cS* Jsf n, ly Lr-,11:y :-5l €lt€ s4!)Je 4!-, .4

.it-r.f W C-S t+ ;la6 lltb 6lt 6_* otV.;.t.si \:r.L

:gtlr r,',5 o:LL-l t 1n 6,La;llJz,l ;t ft .+ir-l \:dJ., gi .gbdJy

(a^\ +(a^)i
o

vl.lt
.gl.lll .:*.t, i lt % .tF F;lt: t f.rlJ+ ,51

.n-i.l crr fi otV )1 ,afi t €ls ,5l4te; ,C.te-.,1+ 
",,i 

f y VUf
8,c=No*ilcn

,.:-1, c-.0? J.l (acn),=rd JO,-i.p e'.C,:qa s"(acn)n=r0)2 ! $;tt.l !#./t- cSLn.,iJ.f ail:6

Cf g- tr.1;1! '*J.1: bc.,;Lr t*l .Str",. rr*tUrL c-.0?J) O Jf CO L;,Slu-s].i'l.* r(!-l #, q

:6 4)u. oJ-oL.l.r 1 $lo-t-X

o

]\(%'d' = 'oo
\a

"Vt{'ildn=ro(n,

ac= ra)2 *lr



f lt (5*- vl;-i A-t oir.{

.t$r' olsij

O An /e -lrt -, (aaro)u 6)* ailea ctq4 aott ./cl Usn t/ (ann), ,:..e0 c'++ ,OA A ;l A ,alii ,rhUrU, ,4a O

,<:*l

.rrf* O 411 ,lttaga +4 e^at a. All qlii, )* dy gllg ,->u'rl, ,-u-o- q U11 ,:.^o7u A6e ll iC ,f ^U*l
.p"W. /b. t, o# tttl .r;,ltt-t tC /n -tP q Uint4 e ,rt A dr, dtN.t, eep A*. sil )(e ,'AA ,(1dg,AW

A-tf ditoi Afj,,..

)t CB '3:J .c*t oJ-l JIJJj ta.il 1: o-A dJ,ai a!..- .9.t- ;.2r1

,.iti .--r- .51;l: .C5r.- -,11 
.U35 .,Jt j {Lr'U 1) oJ.-X o:l.r ot".Li 4it,

\ OA 1AB 6t-o.-Q 6la,-1l1Vt- .-r-!"f :r*cUtU c-.g? J) Y rad/s

.+-L; ,p e .tlta * c::;l 1., d.:,-- .J5 J"., 4iy'/-l .rr

o-A {-ij^i 41:...r 1.r r5 dg oa*-r12 4b,':.cr- l.r,l :up

:1l -r:;-;Le 6 ,.,:.1-9i \:-,r
3

@ oe = -- rad/s ,
I

, ou = -1 radls

:U .:-"1;l; Vl* +ir,l; ..:-,1 .J-: e.:iJ c-:,. (+k c-6) tr*r;:U c-6; .,'i .rr as

a a = t n + (^ o, ")" 
* ("or, ),

.1r:l--3*.t e,lY,l o-ta3 o-Y Jr'11-,1 ;l 5

*==o&il l';#r;#6:ig/7 k x ,ooi)

=-100 doai- 100(3/7)2 j mm/s2

B.n= 0l ca X fa * @cnx(t0sBx16)

=0+2kx(2kx[-75i])
= 300 i mm/s2

(aen), = Q) AB x (al an x I en)

= -9k x t(-9ul x (-175 i + soj)l7 "'7

=[+i (r75t-50i) mm/s2

(audt= d asXtun
= dAakx (-175 i + 50 j)
- -50a6s1- l7laea J mm/s2

:,.:-jl: f.^lf .f.^t"f i,f t' Gsl-.-, t: Ui-h i si--l-e I o.:l: llr! "# 
./ti olqlr ,r, 1., Gtr i,l-l JU

-l00qoa=429-50aM
-18.37=-36.7-l75aes

:J:--, '*L:- -bl(J- t ('.

o
o

o

@

50mm a 
",\;



:J- pL^71 .SJt-.+" - p+rr, Jl.ai f lf

dAB=- 0.1050 rad/s2 , Qx=- 4.34 radls2
=lr

OA tAB 6la,-jl ./LL:6 t:f g oJ-oLi d;\Cz rt$,r c-{eJ)J i;t5 bJ4 J),-g-kri.;br,clyq
.r:....a ('p):r*rU c^{. J) J) y'

VH ollt ,j1lb o3;.*,ti srlJ:, c+ ti l-., ./S 6Lr;l:y ;t 4 -,l J.(-'1 45 ::f ,-l r.-a3i ;a-1";l: r
.r'f ;,ft) +l* b t* u r5 ft ,_t*

+*ir otlu

)9,1 tiA S)>1, qp D lba/V ,A; ,frt;"t,. az,il2 1tt- <.1

.UrtQ O t pt. o,- &ri A ,:/ o; B )l S)>t,run /ufi (ri4h. . iun ,t,(p ,>

A-lA ait i dJ.t *o

.J-1 JIF L-'.i-l 1: o-q dJAi d!- .J.;jJ - .3il f;Jli
125 mm c-.(+ -,1: \ 0 r . rev/minc...tt-i ..gb-111 \tef 6|2b OB .3 .c*l
\. al-t- ,-,1.:--x e,.!l 1. o 

J.lJ gc.(J qyl; d ,.gldi',J .r, .$!"f :f:rU
.-t;5 A..1, \ AB o;V 6lu-j;./f _t A is_*,

,.f-l;Q .r:J ..l! B .-(il dr{ ./ti p J $l_t'rlA ,-,t- :rf>

te=tB+(ao,u), *("o,u)

1: oi 6,>3--" -rt:.-..i d_f t*; 6 A:-* + SC.'L,-rf.l ief U l-, \Yo mm 1LJ r, Ltloy-l: B la;.:,

:b.:-l lltO u-h u.B,.z,aa O

o
o

b,, = ,t'f a,=o.n{#) =3o8om/s2

6oJ-d.: 
'ft 

qV 6 B a'. r:*J.5lorrl;'6_t,tA ,Fn Uf; -F t: trlt ..#./tr^:.51rd..-,"!*;tt

'.a 
l.rQ . (Dm=\\/o rad/s :U .:-l yl, &-lrJ J,;, J) AB ,gle,-jl1 ief (o-q dJ,J d:"..r ;l .e# C -b ,,

lo,, = 'ol'f (oo, r)^ - o35o(29.5)' = 305 m/s2

6,la--j;:t- q ,)l rlri., lp c--l lb .* Lil (a*d, s-L, .AJ. .J^-tU.s, B -t-h t A jt ,;* S

r*1r- ,tjll )J-,,, rl.t:rl y *3r> \ t* b-;--1.* ly; -^:-.1 ;rLra,r c.{a J*^r.:;b,r*- AB Jr$'
lr 4L:-, ol-rr-/ 

"r-l-,rt- 
.(aud, 6-S-t las2lJb r! .st,.r jt d:L, u.h 2: J2g, 3t Liit d,sr .rit,r,

.rrj J-

o



flf cr- vbi A-t o!i.'t

t ,f-5.-rti:il .1ti ,r^lj Q +rJ:o 
-,11 

o:Liil ! l:r c9.rt J- .lt -St

"\, & \A/'Yo -,--llj.ll ,t*-.1..., cl;iE.,1l .dC n-l*rlt..iil -l AB Ut-il; l.ril

--\rfi- n \-orer=29.6 eg,rLL-l cJ:Lr -;r Lr*l^-- 6;J4e t 
'Pl 

cSL.riJ-f d:l-l -;li 6,21*'L.."-rC

-idlz.

:r.-tl> ,sF€ o$Ljr ,-'V5 uJ*b J+ jl 6 trbb
ae = 3080 cos60o + 305 cosl8.02o - (aud, sinl8.02'

0 = 3080 sin 60o - 305 sinl8.02" - (aud' cos18.02o

.n-i,l C*,J, l) l)V rrJ'i .)Yrt , cl- !
(aua),=2710 rnts2 J aa=994 nlsz *lr
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a$ .gLa.;lot dl.j 6i.t.o
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fYf ,lr9c Jb ro.5lor9r.. q c.*l eSg A-Y lrl.it

F;-_..lJ ;l .r:-t di= -d?t 
"r-l.lQ 

.-t-!.f x ui:t rll.l ;.r di g-f "lt-r ,,.r1, ,gtybJ 4, .1lr.rr .qLi -r.'1!

:t-*c *$,@=6 \d|/ctt -, j t ctitdt ei uant btf ,t-F-V sdt + by.r btst
i=ari t i=-ri

.gb.;*:, ,_ll;\ *>-l atxi=-ai 9 aXi=roi 6 t:-,-l cJ,-:0-\.c.$: sl ,62l;'r' ?-f )l o:Liil L

:c-.lj, ;r.-> blj;41-., 4 .ELn.rl:y jL;

,J,fr*, C*3,r.rt

u"*, "l1l, C-r.(1 j* B J Aq|t" ,Stl:t. nlqlt .rl 6 
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o-\ \ d:h.. .5Lo.iJL..e 1l o:l;-. .l tr .l;St

:g,;lr o-\. olqlt :l ,S.S Ji, t .n-i,-l crr ,St$t

ia=ia *fi6*l)
= ia r (. * ,j)* (,ti * yi)

.,.r--l ti+ y i=rilrxxi+ax! i=a1x(.ri + y j)=arx" t l

t_#'l o-Ll[-j... ,:rS u-'.-,11.r-il \ ! s x 
'*- 

e.* g.!ui)y x-! ss dl-l .rtU 4-5 ,ri-t4-ji .,11 ;".-7-.o

:;:f u, & ,* tLeJr ohlt,-,el-lQ..r-ti.f x'y e?t' o6ii, ! + &ef 5.:-,1 ii+ j'j=v,",

riirfr.gr;;
': .1 :::.r.:, ::r: :::l.j:r:i r: : :

g....,...1;1j '=*iX'f 
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i:,i: i ii,::, ,t :: '.!,;,: . : 'r,r, ii: .::ii, ::::: :.r:'::il :::ii,:j,r:, r ,::: 
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,v;e,, 
= v,r *'Qx r +lv;i,

(o-\ \ )

(o-\ Y)

1+:j J o)t v A/B =&)Xr + v*r 6 .t-a:,r, gti-i 
-,11_9.t * gy 6lasS>,r.gly .Y-Y. q 0-\Y aJrL, n--Li,

-11 6.:*l 
'p-f 

\ t_t-C.gf.-,11$l tlS;' -f 66s2>u:l I iy s,:*. Uf s)Utl otxr ,.>2Q 6 t-r,-l

.ttf g oJ.aJ* .11,9.: g;to.2g-c

{-i # A o2t tSr> ro-\Y eJ:L,. fi otV gsp 6 ,Sll.

JL-- '1r f:."./ dt4,1 n<JL> .,1J eo-t; o:l: gLi-l 0-\ \ J'* ss x-! ae.ip

o:Li:-l o-2! ;;3. blP \ 'r* tV.i- lr .j-l-l &-hi .<,- .,11x-y rrl-;3:

,r" -,-. dV':-i,g.5f';l-!l r vp1 ej-;-9 q r:*; 6 A '>cr- 's:-l olx

:l-U,.1 .,1: s 4.5--11b cl ..:-,1 3 d,:Jlfi.. J o)J.t x-y txi-a 
"l) Cl-l .r-"

otF C Jl-r.l i,:+ l_s ,* Je)r C-l .\yC 6f.-11"lJl ."..-

P 4-<Jb -,1: .-t-..lL,rr P l-JaiJ q c.--; A ,>-o.,- r5 r-p, 
"iL 
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olV..:-l .;"h:" A aLil 
-r'. -h:;3,. da*J )r J a.rai,a I ;.k- 6llr.;;
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vA = vB +arxr + v,rr

YA =Vs lYptn*Yarp
!-#

vA= YP *YAft\-,-
vA=vA+ Yeta

(o-\ Ya)
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*(#), * e'.-a-r.,l.e: rtu J,-r;l ,.,-.rfr. .-llrl

)lJi' 611l: r:1-!6.; 6-J ojlrJl 1t9: ,l"l-; L-_i 6 aLl r c*i

4*J 6,u )\..f-l-rl-r ..r-lir"f @ xV 6sl>Jrli: .9111: , V @
dt

:6 6,t
(V)* = (V), + rx v

..'.".1 0-\f J:h, .lL-a d
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**r=fi6r+ y i)= ('i * I i)+ (;r + i t
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a-lr Js.r
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---x
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fYV ;lr9c Jb ,c 
"9lor9:..o 

4J &*i ,:S g A-V u$.i

t+ or! 1 o.:-1*j ssl11s @ =g c.rti elo'-Sl) Lef U .(*,-r .\!,t Ji )t 'its 
q J:." A &-f o-;! 5 gulr ,rcti

-;t .i :l.r:"1 2; '5 r> )l ,?U * ,4;la+il3, 6)s! A \Uf .:Fg rli n, c*j -l tt-i :l*,1 ;.t U,,r = i c4lJ .--
bi 
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6 dt ;V; eLaU y.: .(-1r al-11: jl J ur d-f ,t t,1l tr slJ#J ..r-tr.f ,l-,-: al.;3: ;l uJ,L xa 1
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Jlr.'i, il:; crti r5.5 -,1:..:*.1 arxr=O ..glt-11.1 JeJi.l:.1 dtU t'. +_r !.rrj.f ta=0..1i gb t O c-iU

:-t!1..r. .,it t^d^? Al .:-*C ou = 0 .-,11j rl:1y u,b&t 9vp1

:.:.,i,r # 1i':;:'":::;:n co .sa+yi r.-, r;.;{r+;r
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.J,jd.(-, o-'tI JSi;l l.1 L. JJ.'.; 6
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+r;r nE+^r
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ve,= 4kx 0.150i + 0.125i = 0.600j + 0.125i m/s :tr
..t-!"f t) jtb 6l_;l: I ).2 o-tJ o:1.: sLii :l.u"l;: d

,o=@=0.613m/s vl;a

/'i
,!

o.(
\ Qtxrt.. Z-"oJ:

A\,

/y 
tt"

o</ \i
o)x((D,. )1 '/"*,

ae-- -J
. nz e\*r

6{)x r 'ra

V- \ )'t*'rr."N/
6toc,*i ,t<-l .g1-orL-J tr .gl-n -l-t r -1+-lil) .q 6)J-t' +L."- ;l S- clt. cssbl.5brL*J ,a:Jl

"5F J$tiJr:.<J 4{ + dt€\,_ly-:_f ,-'VJ,6>-.c d..3...J,-U J- jLi cr:.^ q lr 4L:-,.jJ:ri,

o

.tf C d'11 2lj:.

ae= o)x (al x r) + arx r + 2 @X vp1 * fl161

..r:^:tr.,.. t) Js_* q,Ji c5t6rJt"" ns

at x (ot X r) = 4k x (4k x 0.150i) = 4k x 0.6j = -2.4i mtsz

ioxr= -lok x o.l5oi = -1.5j m/s2

ko xv,"y=2 (4k) x 0.125i = l.0j m/s2
a,"r = 2.025i nrls2

:[ .:-l llt. ,rF .-rl.:.! .rr-lr,Li

a6= (2.025-2.4)i+ (l.f l.5X = -0.375i - 0.5j m/s2 :tr
.'z-l ,; -,1hL ,gl-;lr J or3.t oJ.,! orl: gkj :l$lJr l5

oo =.,,,ftEffiosf =0.625 m/s2 +lr

o

.r,5 l*.,-|*,;Ua. at ,s|,p d-tr7 1: -;br,;r-l l+- Jf v,4.,11:ra cltS!



.-1,. pt...>l .SJl-+-,- p^t" ,[,oi ff.

.t .e.o grlSii

.c-^,1 A /. G+hiA olol Cy.t ,, /frU,l u(.-7 ,. Jo,i^ oh-ai P O'i ,,> ofc--tV,t = Vp * Yen ah.1t, gt6o d2ba gat O

,,zul o2i, ant- ,r(;-t, ,(-, T arU"t /. ,d$t x-y-z Gb/g^ Uq, O

p 6+h;^ e aio 12 eb P /i1.6 1tahfi +ai uubn t 6)r4e 6lbd-i)r" "rt 
l'u@;^ ioxr , @x(&rxt) ^/r;/rlttt ttu*abt O

.)riu^ O-ltb oJ>L- at b4;a vo1o11i g,l ./"ilr.Ua A

'----* 450 mm

A-lV diloi cJ,i,,.4

OD )l1,r9(:J -,t.., 1: .,.!l & AC,,1: oJ--x Y, .*J * L-t1y a,

, J )J<.reV \:.er? J) 6 = Y rad/s JIJ OD glqtlj \UJ'.-t-LJ 5f

0 = Lo ' 4-S j*t".sl-rr .s!.r c.rU .ll- :sj" '5 r> jV) A,-b Jb

OD s; -ilj lljr Jti-l q d*; A \Je)/ s A ,?, J-ef l.>l jil AC J

;l orLi:-l ,(-rl.--:) sls> -*:l-t-:,l 1: G ;4) aJ;; c-57 :p

-b :t ! .-t:S..f ./t4.il It OD 622\ q o.t-.x jLall 111: \>l4a' 6l-ay^'

g oJ-l .-ji-- O-\Y aJ.lL,..l: v3 ,.ilL.e.l-t, ol;.e q O C4U M ,j!-S

.yt= O) Xf *Vp1 :,r.,11)

:U c*,1 ll-t C J2- ;lu;l2j> '5 r- y A t:-e ,u

I

I

o

o = 2 radle

y 

^ 
= @ceX rc = rrr.nk x Qrtl Jt\-i - j)= bzsl Jzb.^(i -.i)

,-* uJ-S -b I (+k) z )F q c-.$" J tf.zV \:-{.- J).1y': )-p \ ac^ g'laJ-Jl) \t-sr.li -;r 6 O

'C-l

:L .:*l llt.,'...1s sls.: oJ-eti bi t o4'.OD 6r\ \ bjlre s\: 6la2jn at 6l*i1 ief

:L .:-r 1, ,,,f)=::;: X', oD t €ts , 
p 

^L,q r+, 1t 6 6.st>,t

:..*r-,re , r=dFi=J(450 -225)2 +Q2r2 i=225Jii mm

a, xr = 2kx225JTi=45OJrj mm/s

) )-#'l G.S ojlJ-il ',;ly: l.t-. ot(u u. )-.a:' -bV L-i 6 .:-l ,Pr v,.r # a-eJr otV.o;.-YL

:.:.--xlr f.^l.t- .57- Lc1- d+l-r -,: bg.l\o .,r-l o:lr Jlt q . vr"l = ii :U .:-l yly

bzslJ-zb,n(i -i)= 4soJ, i+ *i
:g:lr +!lSl.b tt yi I i .r1.,- o:l: ;l.r.i ,S,rL-, L,l



f f t ,lr9c JL- ,c .gtor9.:..o q c.*j cS 7 A-V !i;.f

QzslJT\,,^ = *

(Dct= - 4 rad/s

r -QzslJ-z\o,^ =4soJ,

3 i=u,er =-450.D mm/s

:O.;i.,1:

vl-lt
YJ. l

\lrl
x - -5;)o I

,t, CA u-,tl1.5la-,-91; \te ,, , (&:t tSl - 6ib )lJu.,' Cf -b I \

:U .;,1 JIJ jt)l$. J )q irb * A ,l-er- tf-l;Q (o)J, )J.<3L d.-&?

Da= 225 (4) = 900 mm/s =lr @

. LflJ ,)Sl S dy i.lr9, JrL.. 1l orLi;..l tr .-UF.f o:l.r dt-i.l .lLi q y C*,1 J*i, tad'L? .,JJ:-6 ' ;c.t

OD _21-e, c*)Q f €lt 6)aL]; P ,tI i 6, va = vp* vsp:r*12 ;;a Jl3;u, vr = 0 J$f .F tr tr; o-\Ya

OD r. r-e,-^.o ,,:rl.u,. I j tr 1, =dF o = 225Jr(2)= 450J, mm/s +J c--l g)ly.st-,1 oJ-.l i"hb A;a 6 ,.:-l

C-l .$lr.f O i-h ! I -lL.-:l*,1 1:,.a-lv,'1 dLA 15 r*'d Jer 6 t-'J,g o$L;r F ett;l ..t,i!"f

jl ,*,3 o:1*J 6-t*.P .:,*, q JF :l.uol 1: ilLil -il Ji A 6 :.1x oJ-oLi 6 ::f u' ($ e-r 6f ^4rl
ls 6s!t eL.ll blj u,..r;51 ..:*l ,-,,V C Jf tf -;-9Je tl[.5 .r, A 

'>e ,- .::f ,-l ), P jl -lF rl-r:'l ;: qgLJaJl

?L+.,-l ;[.fu ,t oo 4rJ, 6lr- .c-;,1 o$t-. ./Lr va )l$i J vsp ;lJb .i*,- JK-l JJ44- J) t6j lli or b
AC ,gla--jl; ':-ca.-u^:f:"f o-[; orlr cllr.j.j :l.url ;r 115 -P s Dd-{' ' mm/s J D,tr p = YO'r,[ mm/s 6 JS,s'

la =ulrl @,tc =rolfr =9Cf,1225=4 rad/s

:U .:-,1 ylt
:rK:ruru

"q{,.no 
glSj

@r:,t 6lp, U-llQ ,Ln )-bt* ,r-6rrr, c44 t) 6la49l; t:*p a5trl2 CA ,o& L'PLia o*1e/ ,7 /rz'-t gt9 ;fi! lW 7

'{* n uqa cra;^ 6rl}'Q^

a 1fuiax-! 6bpo U.p fn,itiua 6r(, N q,21fi o2tiiut ctl'o;ta 66tp C)?"t / U; r/c'U a5r9s,b di',,a UJ tb Sll.

,5qtofiW ,6pt +.ttxit t)tye a. ,,^;laro coxr UJ-64 trvr d.o+'A,1o ettflt Ut-t .flf\tdt CD y. gb P Jt'lit ahil 96o l, CD

apl2 a-ufio 1l o2tiiitl t. 6t ot(-> D Clt ftit"a dbil .nfr UQJ tl al6brl27, ;t o/i;-l tt,x'y 66a1ea \-'4L- /. illul 6))/.

j - IsinO +J cosOei=Icos0-J sinO ,p>a,o @ o*+ t >frcl ft4't 4l-

o
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A-lA digoi dX....

c-j A ,-,tt-l l AC 6la.-jj ./t* .o-\V 4jF d.:.-, L,-lr:, 6)r,.

.-t.5 ;..r, \ OD esj\ -t,6il1 ;13: .,,t=- q

.hlr jl J $f oldl OD tSil\ Il2x-y 1l3s '>l*s,,.tKi: :.!.'.

-ia an l.l*4 ,O -rU a.h.iJ .,1: rlJ-o ,>$f -E J: t .g5.," o)U',,,| o-\ [

:t2.;i -;: coJ"-i

a,r = ioxr + &rx(arx r)+ Toxv n + an

lso r
l'' 'J tJ

x

ro:f orLiil v,"r=-fO.rft rnnr/s'1 &)cA=-t.krad/s s(t) =Ykrad/s *lj-)1,0-\V.dJ,..;41:...rJ-;f

tn=dcexrc^ + @cex(cl.o xr.o)

= (b a,k"ff ei - i)- ou "[- 4kx#t- t - if)

$tzzsa^

@Xr=0 .:-,1 cqu @ ll)

cox(coxr)= 2k * (zr. r. 225Jti)= -900.,,6i mm/s2

?roxv n, =2(zk)x(-+soJli)=-t8001D j mm/s2

o
,$lr"r"^;' ,**-,ti nJ:L, s: ,,grst+,Lo i.r:r.r .,r.rj u

+ 3600I - fte zzsd cA+ 3600)j = -e00J-2 i- r aoorD I + ; i

:.:-.11.: e+tf lf :-b ,,y-p i I i .*-l-,- r.r.:lr .llj g.lt.- !
(zzsa^ +xm) 

=-9ooJi + iJ'
? zzsaro+ zooo)= _l8oo1D

J'



f Yf .1lr9o Jb .'r 6Lat9>, a.f &*j tS g 6-Y d;1

"rt)

l?toxv *rl=2aun 
"|i,1 

-;: ol; o.rl: ill,.i.J :l.t:,l .;:

Qnt=i JJ4-z- c-*+ -l OD slt;'l ;:
S ! y $f Ulf n.lt .,tScf g"-r eJ:L, u.h .*.gly l.r:,1 q t-€,1 ;l l-2 ta;l _e or-p! U- fp.gb;trr, U

,l gl-rJ -f jg ,* + oJ; 4:*.t.$r"/ lJ 4t:*. Vlf S J)o,er J (u^) Crt* 6Larl-r:,1 *f .f*S.,. f*
.f*U"f n*l-'., ,$: n-.r:,o ;t ;Li q lt t+i ,tlJb s o:ja: u.a*-L ls Jjaa-- 6Lr-,1lry O

.t .qo CftSi

/-.t )ye ,'*r l p 7t17. 6la-il9a 6trt> 2Q >tinl ,> cyb ai)yo /. o9V 8.rct ct/p ,rtLr' p 6Wl ti (r, t drt ,-it^ ,U y' O

'y. +tu+t ,:tJ)2taa oL(-, gt^)u,b & ;t tttst.^ ;t tl t )e^e )t/iot 6pt /. btt>/. tr/r;'2; jir! Xat 
e t& 

O

..1-l.f g*J, y-) Otta \ JJ44- S: cig aJ:L, 3r J- ;t

2arxv*1 dc,t= 32 rad/s2 J i= drcr= 8910 mm/s2 :lf
:t':.-.fr r,* fdlJi,r, tf+l:+ l.1 A ,-rb-! , J,-l; ',>,p.a y -Sl

T"*, " 
o =Qzsf J-z, rt)(' -;)+ (looo/.D)t * j)= 76a0i -2550j mm/s2

orLi:-l r#'.,Li olo.tl-) ,_r"s dj"-tJ;l ,:-9"i t,f:t d:..- l.(fi,gly

P Ahj; ir.q,.rr5 o:Li:-l ,&-t 'b 
J) blte ! 1,,--u^ is: )l blrLl.f-S"f

JrL-- ,lK*l 6L^d^? .f-$,f -b ,t *)l A J. j.hb 6 \ OD t Cl,s

:;l lu;_;Lc

(no),=lb^"rra|= r{b6o=rd6o JJ4-7-.-$T JCA,, >,2 -c

(n o), =l@rn x(aro xrrol= rotl.n

(a r),, =lax(arx r) =dFa'
(n r), =ldrx rl = rrit = 0

C.:.* \A )l

O c-,* \P jl

.:*l crtJ @ ll)

/
/

(ae), ,'^n



.-1,. t t..>l .lJLr.*,- p+!" jl,ai f f f

I

J

O- l0f dr.... JS,i

,;ll C*, 6s_s p. 
';?l 

cr1-t-1 u(a..: O-\01

t3-*,.51-21:r..1i O f y,oJ^i o.rl: jt^i,.i 4E*J .2:2 JAb4

6)1,: A 0,,15 .cli-J r-,--l -r.: .\:-,1 J*, )t aa .i Vt- -l

c+ ji i bU) q c-# \Lcf olJ..:.i i;lt tu Jef

\L,-L 1,2 A os> ,:Jt ,-,k-.i 2 t31+.-t-!.1 d--: l,

.Jr--lri

v6 = -Y/tirn/s 9 aa = Yi - .l1tVj m/s2 :lf

uo=3mls.+
-_-*--.)>.

oo = 5 mls2

A- I Af di*. JIS.$

JjL^...

.5rboi" Jit^,..

elo'-sl) .Lef tq O .-.rtj )-r* Jf ,l-: 0-\ 0\

61"r.:a-7 2) d =f rad/s2 ..5k-.91; VL! r o = o rad/s

.U-FJ .Ji.," dlj3r .oJ.i Oa;-b +i"-J 1s cJ--3 o:l.r jL,ii

\A dL,::k^i -l Jer.JS6, '5'-.;t..i.gtil; -,1rA

I i) = -1.. rnrn/s J / = Yo. ffrl a.J uL*J .lt--o r.:

..r5 i..1, (\L,l i = VO' mfi/S2

vn = -\/Yo.i - \/ro.j rn/s

8a = \./0.i- O7.Oj m/S2

:tr

A-lAl4l:*JS,i

q d-i- D c..lti \ur t1A ,r-"t";iL[*yt o-\oY

..rb.-j ..*,1 iSrr )5 ?fr q Jt-- r..-. )5 j*)

d. .$ 0 .rtQU"-* 'f -t' l.t lJ B"o, 
'Ay_f

f t y oJ-! Jt---:, Bryz rgl-4t^' 15 JtS ,fl .*-;.1i

J-1.,;t u.*, fl .Srt crl.,1i:..}(i 6tf Ui tr;rj

1: l.1 ,-Jy-;-f :t-l :l.t-i, ,-lt-iL U = 0. . km/h J-IJ,

.J1,5 .)r-d .Jt*: '- 
Li (.-,) 3 l-1*l !t (-iJl) -Lti.;



frA "l5t* a-v ot+

a- I at dis Js.l

t3.-4 U 6 o-\01 4i.ir.5L^J..rJrl 611 0-\0V

6.hV 4- c{.j \A J*jl g,ti er:.:^--a r5..;;r.-rti

.-r35 ;rt-; ,5,-/;rl;3r ,Ji l. s *-S )l;3 B )t S

8,"1 = -\/Yoi -fj m/s2 elr

rb a: .rf lf c-U-: u3 *lA jS 0-\04

\, .>cru 6l_1l':, B ,rL15 +J Jt.- ,, tt))c/ 
".1 

J[.,i

\r---4 c# 4J \' deg/min .*1Li dlji-. I t 3 oti- or$

'Jt-5 ,# C*---s-f )> GS 9: rL.aU 6 ,-St-f .J*icl

J ot-+1 ?-* {. il B GS J t] ''l ,-r,-[.;r ,f,t, Y oJ-.! o:lr
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i-"....t, 1., '--r- ;J,-l )lJ;'.J_U.f 6-5,:tst\A 6VV

i--(+ J) JL--: rl-r:"1 U c..er- ,r-l 5l-,1 B t-ll) 3 os19i
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A-lAA'lr-,.r r,lS.3

,ql*l t' m
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.3r tr ,f B c+ti .g.r.e -e )_rtu Jf ,-S .,i!l Sa.r.;

.ttJ,f aJ.ot-j,r .J.:S._r, .1.,119: .$-: &l-L O ,5ln-,-11;

'ie '4 dr,,-l t-i .1.5 L4"; P ,LU -,,-, ;l ls A draU tter
grrlr .(liila et-t -hV S,- e' ;Kzu

A- l0f di* JS.i

,ftt ^s t) G>,L*, t P J-ib o-\oo

1r \ o r/S crL-i uf t* ..li .sr., ,-1 lJ-jFlf o. . . .

b.J,., L-_i 6 R .ral 6ti .-\".&r.Li 1.r ..:-l ;-Sy
(.-;-lt) ,,f Jp -* $:-* .s> l-s t-F.t Jl-el jslt J.

?-* C J|*i d.{i? J) J5*l L; tr (.:) JIJ "-ti .1r

..t-;3i c*J, ..t-iL

(.-iJl)R=\.1/t.N I (,-,)R=o :lf

\ u....4- of km/h r.iti cr- t{ B J..,,il 0-\ o1

q &t.i; ,,1r vY kr/h dat3 .-- q A J..,-fl ) t)C )J)

,S e-h- q + Ir A .>er- .ttf C 4rf B J..,;t
.r.-;5 j+J ,rrSg;rl1e.r .ri t+ I .*iJ )lf B J:fil )5

u.*, dp-l t-ii.rlloJ-i krB,.l..-;t ux-y ,9Las5>,,

A J rJsl;r 15..lt->,6 * -PVc + B c.,c- ui:'

ote, uai--L rla.J 1.r ,.f,-;t 9: {."U 9J-ti./ 8J tl;
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L-+ t B *W J* Jf \G Jf 6,r$ 22VS ,'"p )l L- n rl-u"l tr L^-r.,* rJ-t r g"+ .11 $l3i.r" A, nil-f

.-rr-i c.--r, 
^ra }t

.t .qo gljii

gU a:^a UJ t .t,fr ,A/p ,> 7t+ )i^ ,JUi 6tba-il9^ >l,unl /. srl,;" afc--t Ui &F <Sbt* 6ly c2&t Ul/.y. !)r^ta

)ula,i aP//, l, PA Y 
"rail 

6lorYa et\fil

d)Ln cttr t> clei ,, ,ut 4 *u BD ,IU gt-ly.h .p,a ,l dr, ,:t!lu Q HU fA Q s"a 617. ,91;;'fe ese ctU2ba

'/e d^"



aeei.a 1o .-L. el*r,l .t;-li.r - t"i.j ,_[*a.l ??f

B=v/r1N

a = 18 ,r-Ul urt' ,'- ,3ss \ Jl 1-Y rL*. .lr l-f

A eJU;l 115 -f bt l.1 
^i., 

q :js 6si rr;J orb

.J^lS '*; B t- v--

:tr

66afr 6t) .,;m lt I cil4"Jqd ..9.e-u-a 1-l
AS \ P 6ti ;l.le..'...1 o.r..! )tJ- lSa ,'b ,*_f
d--b 4 Jr (-,iJl) d';i .tr* )f JLgl u- + Jlt,,l
e*-n-r tt ;;i u-;e -J Jr G) 5 h = b qi:,, s, ji

.#5 J"! ,t.fi JiS ilt h = o

u-iil 6l*"^ly rl.u,.l :t i* a :trJ,tlri,. r> 1-o

11 \ oo 6t rL e,-ell s1z dU cJt.' ;l ,S;ei 15 r/,r, c"eL

e-f :;i fts t t J-* 6lJb "<,-rt , +l.r 9:r* )f I

"1.,|.j 
P J4;' 1: .St(Lal ..r-tr,,, m l$ y ji a, )"at

a = ./Y1Ag

.*l eirf .)X-r-

Yl-r+

t-13 <lr.- JS.i

t-A 'l?-u. J$i,

Jlit*

,"iL.li" JliL...

.(,--lt-t , lia U J-iU J.r-.i> ?V a -rL-*"j'. 1-\

lm t .ftltrl-,yl 9;ut"i .,rti.-rU J<-;U, ditJ,<,-

.# .)N* B tA &_f dL6:l;
a= gJ-y :lr

lfi q 4;1U,Jtr-J ! c,"elJl dLi + l-Y

dl-r9) 1l ..' ,,1 oJ.i ,Jds t'13 ,jru C rLij r: Cbl;i f kg

iua ?*..r,-ir, ;1-..1 d.*;k, B :A U ,, L-t +
-11 ;t-tS:r.,r 

t^ ".; C-tF 64 15 q5 i,=iid ,S_t* ls

..:*l o-r,_rf; .r;19 al- a,. B L-A dbc.

t-r di* Js.i

t-l dt* Js.i



f?6 Jit* 7-Y jE.

4JJlj \:i Y. kg lra u OB c;l;*- + 1-A

:O ,Sl-'J L ...,:x _rl:-,b ":. ?E cAss l,i)l + d-.-.-iY.o

1,,-Al -,U -'..g1-,11r -rLj rfl .c*l o.t-i.,1t€ .A u(jl;

3x 4;ll,+i1j,,9,5{r 6u lh 6ti,-uqd = Y. m/s2

.-tJ n-t-, lsO _st Cl.l i"i L-y o>j3 6Jiy

t-A 4lr* JS.l

:r";;t dJ-.i (,-L CG q 6j-r e>51:1-1

&t-.: n_5 J-XU JJi.'- a oJ't) *5 :Li .J56, t-i \ .o

G?tt Sp l-r f t g.rrriA Jlz l..;.et j-f jtt

.c- lgle G s> i.;1-'s, ) tly
Ct=,/0\, I =lr

A
].:c'-/

1000
m-,4.

t-l d:* Js.i

,( r r .- t(-:, .iL-L, ::il J<, .<, 'L 4-l- 1-1v-rJ .u v. (J J -

l1a ot':-i, .t5 -rb-.i.c*l uiJ tl* ,k-/ Ju

,_r-p.rr| i-f jt.' * i.h c d..rs # w6t*
.c-l jt' .r;*J ;t 613 -h elt. B 1r ,St(L.al .r;5

"7-? 43* JS,r.

oJ-.l orl: eitJ l-,1;^a .,,:;U r5ra irq 1-V

oJ.r[-lr ,t ,J,'-j,li5 c.tir t,jF C-lt- ::6 d-y

-,1.:-.1, ) $S 
'in 

u.tlf Ji \"r".gl"y-U 6 t-r,l

-tlt. Lej J ;e.-SLoy-U ;,., .ft(L.al 
--l* Jt .tA C

lJ .l;;*; 6-h r. y a ?l;).J-l'U pk = , /0 J Fs = ,lY

o. kg .ri ,-', )-a;' uJ rlr--*,o eij;*; lJ? .J;5 ir.:r.t

aa^) 4-5 JiS ,i.p.tslt rltG r: rri gF f f s,>*t
q .-t:S.f JLrl Lu:-.: 1 6,'*1P 6Ji ef tlj;^.1

.C-.1 P=o.S-,*

vlr

1000 B 500
mm

mm

t-Y .l,li.... JS.6



aaei,a ,o vL et-al .Sjr.-, - t .i,,i .|,ai l?,

t-lf {fisJS.t

,.9111.: o.t--.i o:l: g[-,Li ei-./t- AB .g3;L 1-\t"

A yF.:Li q a-;bl;i 1os1;G (r f y, .t\ kg cl-le

c; :r*cL c-{- J) l: -.';\A,r:?ai y' .c-l ..t-.i Y,

a ,t"1, i-J -. -rt:-.l .$)"/ Jli YYo N.mm ',1jtJ5

j.t-, 9 oJ*i lJ--7 f jl B J) LnJL.dl .1i ,gl.1l o 6 l; r.,U

.J5,.,*i.-t-i ul ; ,Lt.F-Fl-v--rL

a = VY/f m/s2 :tr

x = b sinluu t &'.lJ c;J oJ-x o.:l: dt:; d:-J 1- \ t

c4U (0 J b ,J,\ r_r-l :rr i5 J-:S{r, JLi ..;3l rl.ti l 1r

.,-ti 
- 

J.<.-c*J ;lA aL;; ssl2T afuy.-t::..,a

AP *liS-- 6;! 4- p*.rJ f, J !,:.*, it; jl

I,
P-lf 4U..- JS.i

djlti- d,_.)! .{- l1 kg lfr {.AC -.,ti 1-\.

a-t, rl.url s> grt5 5t<t-rl \l J_b r t kg 1ral;AB

9T u|-S esi ;lC rt. N ,J-l.r* jt c-,J ,.:1ti,rol

H L-t lr oj-- -l \ls cgsi ! 3 x 6laail-r s BC e
.s-f C gt+,t pU *z-i..a _;t ':S,- .-tJ or-t*, A st gl3

t-l ' .lJi,.- JS.i

G 1r \10. kg fr+ ,-; uJ"n;l f.-r f.,r, \-\ \

tt). J ort--7 i.-r Na I Nrr CU .Sb-l:* .,-:*,1 o-r.-1, 6il9

f_tt-./t:- J",-li ci.i lr * t*.r. r h an
j*v ktl JS fra ! n*rtL t V* lJ+ .r;5 -;t -.-

6-f eVn J orL- dri.t ,r<i[il 5t<trl v'-yb .t*,1

.J.-x!.f , lA JlJ. '-;e
Ne = 1/Ao kN r NB = {/ff. kN vlr

?-l I

o}-9,.liL*

o:J-.,.1. kg lra gJtl> 6-e t cili<i + 1-\Y

1,r ..^a:, .JrS .lr"-1J .ri YJ A &i 1r cjlg e-l r) -l

t+ ir<- cJt>.11 cjl.1 $t* .s:;Fd e.:^:lr$ C

h-ji LS ,J-J4)5.+Li ,>SV u.tlf o n/s2 .rk^i

.'.>",1 m ,tlt,

..t;5 n -t*, l: >FC 5,,-,: A J) Jt^atl



f?v J6t.- ?-Y j4

800 N

'il\

?-l? 43"". JS.,'

, f . . [[ITl ?Li )l 4' , rS--, aj: 6)latl5;*l 1-\V
J .C

Jul .;Jl :l-t---:,| ;r lLij dl; r*; L-; I o. trlrrl .Jzi

 
-b,lJ 

,* J-i 4-JUj r^*t u.-, ft ..ttt--u,

-- bU)t ,si st 6 +t- 'hl)tl 
D = \/Y+./ltY m/s

^-S \t crLj ,.u.l,L u.*, L-":--lj.il tlr- ,JA jl {+U

.q5 -,t----- ,E$.l :t* e-F3ls ar.;r tadl,1"l

todl +:-l . );4 ll 7..jU 4JU; d*t tSJt ofi q:,J ,JbqJ Vt r l_

.x'f c
vlr/ = Y/[\ s

t-l V di* JS.i

r=bsinarf

t- l f 4t .- JS'.!

L-_y ,-lfrl5 t . . cilj<,- cir) i.u31-\ o

fl .tf a orLi:-l u4i5 Jle;e ! J o-t..i .rl;;i .|,15 9:

..>-;.i L-r.,1 J-S- cJL--;l o;t^i, orlr L1tj-i 4-f1: oJ.3

Lrt jl ,.*i d-rU>{.t l-, ,lilS y' -r: oJri r.r7-9a qJgl sr:J5

lJ 0J JlLt A )bl-b 6,lu-91s.;L-.i, I or.;*j r-t*r o-t.i

n=Y\YNJ?s=1WN
d,=\lLorad/s2

.-t,-,191 C*J,

:l-rt

100 kg B

t- l0 di- Js.i

f . kg L;-a, bi ,'; )-a:' "J11 I A 4r-bi 1-\1

S> t>Si- q J-.i,4.. N Gt-p r.rU .>J , cf,lr g..re

6l.2lr c-;l;(- el +..J::*^ '\. o llJ*i .51*rl1 .rl-r:rl

.c*l ot-! orl: ,.i1a r'l! + B ,$;; Jr J o)y Y. kg l.r+

:rl.l .J:r J.B ^L;; st '):+ 
b--i S \M ,sLJ -131:.lf

*it' JpU t-irlJ C"- -5l<Lel .+5 Vb ,t.i,J

..:-l O:rS



.# -b*,:.e^l,g J]'^rl

13 y g J o)-9r \ t' ' kg j;;^2 ,r*t 9-6 l-Y \

Gt ,ri f--. f -t i o.ry 1' kg o.u.;11 lJ-.s*l f -*G,
r, ri J:.tt-..t,rLtl-r ll .)y.St<trl ., rr;' Jil"u.c"*l
jl .rjJ.*a ,J--h 66afi.rb q 5f q Ur ,P

.rr -t^li if1

*lrIt = ,16\A

?-Y I

t5.i t)-e .*1.61Sl-.-.SLt*l-r" "(:- 1-YY

t+ t.Yo m rJ.ati _,1r R oii ,fl: esi jll | ,\.. krn/h

d,5t-51. km/h ^ tls )F \tef ,..:"1.i 3.ri;j -r5 :t",
G 1:.ri ff f t e or1, \t' Mg Qt;o ,f ff .sr./
dtr.:;l .s:l_18 .r'-h tn ilN,-|Jl ,-#..:-l jte

-rt--..-,cr#tL yJ J'-et jt# J e .S yt jLj .}J,

6ss fi,,r(-L*:97-i cELrr:l .f5.Sb.-.r- tr .rJ

1.2 m ---*l

300
llltn

.-u:tr,-f ;ttf .Jrt* 
"lrt, 

-r -i.tU Qtf

-,1r C*l-,1 lls ar A = \8 -rt:-i U B ol;l 1-\A

4rt- "--t,,St+! 4gla-'-j1./-L+,it? Jl .c*l ,5r>

,-! crt-j Jl-t.i, .J-:L Y.o ;l; Ym pra r, c-;lF_
M = K0 o;lril o tg,yl;":S .5 ,J .+5 -rl-.'. l) K64

rt1i cJL- c-l ,jtr dl., 45 !#J 1) rJ5,rr r"ll: o'l11 q

./1 III 9 ./o kg:.--*f ,-;l .gm .r'-:lir.rllr l.,:r-;
o1!,5-- Jlte \lm f-fr C 

"it6-l 
.<"-5 6_S *t:*\,1

rtS,lt

oJ-.i crlr jL:i cgJJ:., /. P = !.. N 69r; \-\1

f -t st 69:-o (r f .,, G .ty'l.r_,111V0 kg qr+ t

Crl." i; Jr-a): r flp 9 tll. .C*l u.irS JlJj sr.:lLr-J:^

dr--l ,r<ik-lrr_rl i,. 4-.: c-*i \ B JA t, ,',E .Jbl,.,l

.J5.irr'J,l:-l P = o 6 r*y .al,j

na='/.-\/o\ J nB='/.YV/V vlf

t-11<.U*"JS.i

ty : o.r-y 1.. kg ;ldr '.. ti JJ'- fr- \-Y.

* f u.A aLj J) JJ,-.c*l o.t.i Cll G r:.li g.f

6tt t S-r'- t ktl .>e y rit ..it ,* [n-t &.-_il
4-.t r,JS- cJL-- ;l f . lll g.:-1* -;t ,- e!-, o:[ r5-

IJA Jt ..;1,- o)-,119 (St-,p ,',U d,, ..t-y 1. krn/h

.<.* t"j tSV* t:,6 Cfrl .-ft(trljl .r;5,-rt--.'

t-lA di..-JtS.i



ftl JEt* ?-Y i4

looo*L tr_-__20(X!-----
' 600'

;+l+e rae 1 otll

t-ff d.is JK.i

ts-r\ \4" kg lfi 4;,r,l,Sef-t-.1Lc-i191-Yo

);- Jt-lr !lt Gr lf f I !;1.. kg .f-t. ,Gt (fr
oJtJll tr3,-t-.a1r \ . ., *j- ci- :l ,Jf.! l)lf Jt- tr .,-tS u,

ill-1 upc.*,I utl-UlJt-S 4-.t \ tP 6,tayy 't tl9

_;.r .J--r:"rr 
',:^t-5 

\ \. fil eLaU .,: tA km/h +, 11 knr/h

Jn-D Jl-a:t t o>sls Gsi cbni)-r*5r>.11 r-ay yl

.* .t) Pt-b ib eti;,:;..'.^.o..r;5 vb 1.,1 cjle r

uan 
'#* ll;l ..trt-r UC rB eVn 3l c^,a

D, = 1-.1. N I D.v = \\"1.V N

Nn=A11. Nr Nc=vtl. N

'# j*.e
*lr

v
I

I

l-FA at'"-^. r,lS.i

t-f f df-- JS.!

ilt de _1) ,el,.i, o:l.r rit-i-j 6,tlf tS*1-pl 1-Yf

+-Li.i .rr i:s \ 6 A kg lf \ EF .>tlr(-- eL ol,*r q

orl:gt 'j';6251;-.5.Jir,, 'Jf ,c*l 0J..1 cif E

sllJl: &L 3 oJj o.r-,11,9 ,.li a-! ,?, , AB 6:J r (.1:;

sbsut l'o ri 0 6 
'*-, 

.t_*,t:J:cU c^4-a 1.: ai

6le--j1 t7.e.a 91rad/s2 6lr-,-21;,-[;i 61.;l.r L-6.*]

LS \ M ;y[:-5 j F 1:li' nl*J ,,-l 1r ..u-.xL,rr Y rad/s

.-t;5 Vb ,r-iL/ S'e,: E p y, L-;

F=v /f N I M= YA/VN.m CCW ?|tr

t-ff d.t.- JS,i

l. . . ftg lm ? cStt-i ,bL-- (GJ'a 
dJSIJ 1-Yt

6Jd' Js_te r.i u55J,- a' CD ,S* &J -L-; 9 or-1

,J-iL Y n/s2 -,b-,1 .51;l: ,IJ.iJ,- JSI .d-l .-r-.t J-a,

bB tA +-; cV* i) *tb 6t-opt ,-<r
.J^5 ,-rt--.-



a->ci.a ,o:.t ,.t-+l .Sn+- - r".S ,[.ai fV.

s4, tSJl ,:1-)u, cJu-r i^'i jl 6 uL1ril \-YA

0 a--il2 u"3 4'y 6.$i,g y> l) *?rt ! r 1ti +,

t ltg-i-fr;,- .5t(t rl ,-,-rj ..:11: tl'.r e,,!-l.r l1* r,

,Sljl q 
= 

-* y +,--91; (-iJl) ..:-t .,,';j.b .,.i,1 p ort2

ju, i;fjlr L- ,-iiJ tt 6# _* i.{? u fJL, JlrL

drt3l.t1-- J?{ ,Sl-,-.D i}-g Fl.r- (9) e;f..,;t
* r.=" .+y .e 

f h j.tit 6,111q.}..-yt Tilt v-;

)\t' SS: L>,;-o ss ^-b3'y gibs;t' t t osllg e6li

-n t-* u.e.rl.u,l d.:Jl e* lJ d.L.., ;,-l liJ .Ji;l:

crjF $ie .2s .5 r- ,\ rS 2> bl-y,-l ,.:-l ,!i.1 o'.,i.."

.tf

;l orU- .l L-r o-tj o:l.l JLi.i C)l_r C& lJrll-Yq
,s_fo e,.A 6iS-;l br**> JLa;l.9ly .#r>t ^ liti
e:-* -l-ri.- )t tpt) tVi .t-5,_l llri o:1""',..1 ssy B

| : 0 = o ;l Jt &jl J*e r-f c- "-l or--.i ,*-U,
. Lfl-r.r"l .l t<.-lsi. $-0"= nlYrad

+U.* r.t iilr d.t-Li ,=Sy e =1(r-.or{)' r tl \)
jl ..r.1 c*,1r (,-iJl) \D ^L;; r.1, J. r:;19 69rJ.c*l
cS u--ty (.r) j.r::--..... P)'et 90 6 $f U-

\J 
. 

-J 
J . J

tr,-(:.J rl 115 f lt..:*,lG :t!i f -t3 c.ry Y.. k!

.tf _W.r- di Jl dlj.,, 2 o>1t. 6V
(-;lt)P = \V\t N; (.r)D= Y\VAN Vlf

[@1-" \
\*- ulz--"h'-bla'-t

t-rA <li* Jst

.1- ,-C.J r) q Yo kg g.,+ q BD q;1-Y1

...(+J .JS,r, c-S 7 dU o'Ji, ;) I ori W CD t AB

A )J-ru e, d M = \.. N.m JJi' -'t r,iU r---'.; .r;-\
t{ Lr&J;l ,5-- r- fl..:--l dJ tlt ,t.2,J,4 Jir".ri

G-JF r::jS jil q3t' )l @ = o rad/s ,Jtqllj Jer
11 .r5,r,. :;1.9 . l^-l,-r-_l tr +i D rhi.J. {.t )tu(.J r5

,-r--l ;r lJ t ,-*J 6lr-'-911'-rL:-.-X d,r-ii"^^ .1{.-rt-*.-

.+s l& +tt,

P ^-h;;1r r-jbl;l ,rtfu, L .i-.rt- Ll.r l-lv

oJ--i J ^)' ,S,! :-S7 
'pl +, rl*l 1.r 15 ,6|.JJ;J

a = o (-iJl) &;-* 2t 1.2 0 r,-91; .gt-1,1 cJt- ll.ri.. ..:-l

a sl 6,y-sLi, r.-- ,51;l q ..!5 s::o ,Ii! a = 8ll (V) S

;tf C -e A-t 0 ,St-! cJt- Jl$,
(-iJl) 0= o\/f o ./lrt

(.-,) g= Ytllo , o=18

t-
300
mm
j--
i
i

500
nun

i
...J.._ _

4

t-t'Y rlr.... JS.i,



fVl J$t.- P-Y ori

t-f l di..- JS.f'

I r t" kg fr+ q,AB c-ill<,- +i ) l-rY

a->J,.a y "f-J -,;l C &;; 9 M = Y kN.m c-U ,-!jS JLrl

1 o1-' ;7 aJ L-&J 1* .:F't o$lJ )U ;rL q fU
.rr .r-5- .:Jt--.11 q-,-' ft .tS -W* ta;i;l .rl-1,r,

l.rA ;e, ar o)-;lg Gl* sllb,.t-Li .l5.r,- a'. Q|' 0 = o

.#t.i*'.J oy6ur 0= 1'o :l 6 iy
A = Y/.Y kN :t-r

P-ff di.... Js.i

,0.5, 1.75 0.75 ,
l+-*r.-.....-...... -....-,-!..-.-' .-.r..1

lmi nt:ml

_ - _ _.:-_. _.. __:..,l.g,-

t-f l <fi- JS.i

- -il , G , o 5, q €f -E {' ' +-*:*'\-f r
J L J \J' J J

, "y -t.,t-i,ll;,-9i B )A J1i6 st Lt cl,rb f t
JLdu C VtJ Jt ..i,t ef j.p fjE 4,-,ir;: C -,Ll

,gl*J>.J .' ..J) IJA J,tJ t, uS ,r-5,..1 to.,; B ='\'o .;r

n- ,;)y L lJ 4l.l*. l.t+l ..t5,-rt-- o-l*i, try;l ,-
..(1 t{J ;':^i, t{ eft4 t Jt4'r' e .-.^.'. y .5; nJ.rL,

.-t{ u,-ti, l1 ,sils g 6,1_ly..tsL! ,.[.- nJrl,,

t-f ' d.f..- JlS.i

lfi \AB &J u ".t.glul.ll ir4 3:1-i\

1.r .53J .Jlorl \,y .c*lG rr di 6 f I d Y. kg

JL-r,,5-_ t>A ,4e oJ-} ,P e"-h t* *B aLii

t3.*,61.,1l.l .r-l;lJl ..:*l Af ;lt.*-J ,-r.iil ,J4-,

2: ls B .H, I oJ--l r-;19 6J-* JIJ-i, ,.t.iL t, m/S crtS

.J;5Jr-.J0=Y.oc*;t

B= \AAffN :ttr



a2r;p )t *J - pt--71 5.:+.-, - ,..ij ,_t", f YY

srti )gtu Jf Of.rgo ?-f
,,Sr>-,.4ltr.-t-.i orl: JU;0-\c ,.|K..:;: : *y 0-Y d:+.;.: O c"it! un df :& f*.i-.rl.r-1,
U . ,61;l: cJr,- 1->L;4 Jr f--? btU; rJ5 9 o.:f ,p ol21s )-r,'- Jf U 6llS> C-.-" ttii ;tj 6 g-rr:

: ,:ti t92,. J9> ;,lrgs
(c)

,e-7.r1;l ur.";
(b)

t-\ JSt

;ybJi .rY:L-. 6#t6... y .s:iS u, E4 = mlv s ZF,=^la' -ttl.t si d.:t , Jtil d-rr: .,*l.re

:1.1i r^r-; )l s-* J,-q 
"r-l.tQ 

,tlJ ,65 -b ,t o aL;i J) f--+ q or! J.uit 6t;.,1-eb,.5 .*,t gj) G Jr
.::J ;j- ,.-.-r

dp-l L- .\L,l $, O llys sj>t Jj,- .251::3 .rY:t'r jl ,'ii:."., o:tp',.'l YJ,.r, Cati.1.1r.. J-Sz iSl25s 6)r,

.::-rl JIF L+!-l 1: 6,,,.r.11i a-+ 1-1, 4blJ J) yj l'1 r"l:L,

[1-U

ffi'..;rfri=ffiffi
\ffiZ

,rf.:;-, ,.. .;
(c)

au =7o2 fub r/-lJ,ti .S-r,l JQn+ c;l-e;.,,;: jLi n, ggloyb ,:,-57 ,Slt, gf f y .Ut g:u,nll-f

b .l...*; ..'-".1 oJ-.! orlr dUj O ;l .-r!1j5 r:,t!.1-g... Jy ,rl-o p--a rrll1: .51.r, 1-1a .$: .1r 6 a, -|w 9

,t ^i s-i,, 6J-*.SLn-iJ-f .Jfu c .:,.-i .2: .l:,-i; ,<*." 4-j; r:*l p--.7 :l;T +,; Ft-i.J J5-.!

Jqtj t-ii:- 1-\ .r):L, G;a,- 6laz.;-a cSy ,Sl-t 
'F.rYrL, 

.sr./ .lLlj lt 7a ,x"-T" ,j,-f : n-t ol,.a:i,,.

.l-l-rl JIF t-*!-1.;) 1 o)y o:Liil

t1-rl



fVl .-rU ,9>- J9> ulr9s ?-t jS,.

:.,13i c...4 O Jf -ri-ir,;1b5,g,J .;lJl t, JrL r, 111-1. t}.;.l2 rsljgl-lcj*,,{a:i" tarar; 3l

I sJtu-,,-j--F er! al-, .gL-o.;J^, JLi:il rJ,l, .11 o:Li:-l l-, .2M o =7a + ^iri ;l ry .r.rl9> osV 6

r-:r, r: 3,.:-,1 a = 0 d c*' d,-:1, J *:= r'!:;] 
- 

;' :-' :',i, :': r'rr'; lrlr.* 

*''

.!-Lj.l Io ,'}'-f :t+,-l tc-.J-i JLrl ,SVsi $-i; g-l ,s-*,! XF=0

,;--.h dr-l .+ ;f t-S;1.2-la .hf *-Tr, s ^i, u-ix, esi Ol-r€

L-; #-r 1-\. J5;,j1tL,6:l: JLi:jl Q.L;J q )f .rl;lr. ul, mi,6
2..l292-.JU:;t t .ii )lo:Li:-l t+.rrJ.f ;r* ^raq=7a***Q) *,t,

..utr"r q=k?,17 o n;,-t.+;lo=k?tm
-r+irr +5 ..:-l ;,,-l r.1l: 6 ;:-.aV W s trrl ot ,L + -,;;SreQ +hi;

.gt-o1.eb if Lfr .-.1y rr-l q.:-r4 rriJl J,-U f*- q or! JL.ol ,SLn-rrt' qE

t-|. Jia .'.>-l 2M n = 0 :,.5r-- cul ,ia o.;l.r--o +r- f y Jf Lnfrr, q5



a.>zb :s:^L." et-al 6Jr.- - ,t $ ,-t , fvf

600 mm

W=150 kg
hs=450

t-f dg.i 4J,i,,.4

,y) )l oJ...x orb .)tJ ,!t fitK, t-; Y. . kg lra q 
"+ 

.Stt

.$lo-t-i oJ-*-J p.5*" tf S_y.-t",gto"flJ JJr q L^.1.,t5 ; :_r-"," -t-lr

l-fr f -f J5> -wl1 4eJ44,4 $t I oJ-.l J-rl.,&ri- t 6 La"i.J

[0. mm J-rlfi LV s \ 0. kg ,F f f .9l_;lr ..t::S.-r" 11.21: O -;) )y:-

..r-f ;*.U A u,-r L-5: tttt N -rl;PctU jS fl.u!"f O Jf
.r5 i,..J lr O .)EUU- J )sls 6si s.5+ dte .rti

"=l5l ;i 5* J La.<LL -<+rr- J € rl;l 6Lr+.,-.; .l ,y
Oy s Or 6l-or-iJ3,. .J.ti 6 $lo$ orl: 9l-l-! ,!i-f -;: la:i y r-;ly elasi
.glr-, La.(Lt 6, t 3.) a-ej-a.t Jl-iJ .t-#C JUUt- 

"|Jl d*<e

:,.ri -r: +5 c-J 7a = I od Jf At (r f -f Jy u;g
7 = I u= (0.450)2(150) =30.4 kg.m2

rso(9.8r) N

t800 N

oy' rq:i,

, -i---. "--i [^o

Trjr = [i]
300(9.8 r) N

o

olt = *'^f
;_*,_l 44a, a 6lr-91-1 ,-,t:..X.-.6;1r "(JJ S\O (f f I Jf e.5 rrt:^lS U

Lr*, =iol

l>'r, =mar)

1 800(0.600) - r(0.300) = 30.4a

r -300(9.81) = 300a

(a)

o)

>:-,t 4+";, (b) s 6) L;\, brf #t e slri.;it .51tj(-t2 ..=(Xr)" y--tts a, =rd )l

a =3.44 rad/s2 a = 1.031 m/s2 :lr
n-5 l+.;i ;l .::f 

"-' 
r-L'., .r-bd-1, -h-j dUUt- Fl .J-<e

,6'l o:Li,il JrL; .r):Lr.,1l ..:-,1 i = o

O,- l800cos45o=0 O,=1273 N

150(9.81) -3250 - 1800sin45" = 0 O.y = 6000 N
r__J

(rzttf + (oooo)' = 613o N :lr

I

-,1: 6 l1 T esx.#J, 
",/-l 

q J {*5 o:Lir-l ,Sj'V-f ,_is: )l FlyrS.ft-.:- ,p :l-11 \*J p-J q :Y J.

Ltr U € O 4L-y" .f:^-:n 6ly ;!;:* \*; jl .{-5 ,-ij-' ,:.jJ,r, ?-p u,!;l: 6i} J"-q f:^-?.
q b:-.y.j-al ;l ..*l-,,rt* .s! .5* mn.s;.-i1.-,1yk5.-e>A*, La.(!.b 7a u-ia &f tl1, r,-! O J9 Ln.;-et;-:S

:'r;l:0-1 d+l-l

1 800(0.600) - 300(9.8 L) - 30.+a + 300(0.300)a

c = \/.1\ ny's2 :g-rl: Je & a = 0.300d dJliK-t? tf

,81) N

45-o-t-t

t-
I

I= 3250 N

r800N

[zr,

Er' = ol

=o]

ot

o-

7/'^(r4

l-r

Lzttn=ld,+madl



fVA c"iU yz, J9> slr9o ?-t j4

:i.':llQ.ftn, tl./ Lr-ti-l" L3wl. -tl-t l-r g..-.- C8 -t o:.;l.e.5Lr9-J Lfr ^11i,J

[i., = z*i,] o., - 150(9.81) -300(9.81) - 1800sin 45o = tSO(O)+ 300(1.031)

4=6000 N

o'- 1800cos45o=0 O, = 1273 N

.t .qo Cfl5ij

.cili clU Jl; ,>9. (4 l.*"* Y,4\/Al) N ,zrrl f U;Jr/*/rar, O

./aQ.m c-,,- l.rt lS' q!6 ,tr. 8 )t ,6iul f(r , ko o/O ,/rr( Cn*ti @

?-f 6j.c.r,i dJ.,.,o

j:*|fi 1t --i G l* f y svlo kg l.F rJltl: or-.x o:l:,)l-!,3Ji

.rr.,5 L-r.; 0 - o )) JJt* c-Jt- ;l G;j ft .c--,1O,-sY:J Jr Ylo mm yly

JyLi ,)tiUt- ;: .SL-(t-al .r;5 j*rJ 0 = 1'";r 1.2 otltiL- y oJ-x :sls 6 Gs-,:

.,:*l orf -!*.e

, obXt,ri::- q-.j olr-.o r, ,-r!S ,.4J" -l: J-l$\ :l-21 u.."j :.f.>

.s:-l oli Vl ,tytS u, G.,11 Lrlri -ru"-i.r1 .gtrr,iJ -f S aV
Jer <o-Wi 

-11 ..:*l 
-nO' 

6,rr^o./l.* &U S +i,-l c*,J, n rl"u,.l f I .)i aJ:L, ;l O,, 6,;9..e '+ilj,

4--dj r.'-..1 rA nt-./U i. r, +:*,1; O, St-l + -h :.r,-i,r, .;,-r, elr-si,-,l$ JlJfol -ll Jl.lt, a 6l*i1
,fr.,r 4+,-;i d;" O Jf y# aJ:L, ,1,, = k2om nl+lt q o.7,-1, q .rf q-l-., lt n .t,.ti l.ril *5 "-ir-l

[tq, = >^;,f

lzuo=Ioa)

[a tta =a tllf

7.5 (9.S I X0.25) cosg = (0.29r2Q .5)q
a=28.2cos0 rad/s2

!'i, o, = I:' 28.2coso cto

o

0 = 1.o ,Slt S

of = 48'8 (rad/s)2

:J.or,r.e {+-i 1. oct iJ" .s: t5 r> .Iit^.jtr d:L.. g:

[t4, = *,.,'f o,, - 7 .5(9.81) sin60o = 7 .5 (0.25)(48.s)

Ou = 155.2 N

ft,r, = **l -o, i 7.5 (9.81) cos60o = 7 .5 (0.25)(28.2)cos60o

Or = 10.37 N

o

o =Jlss.zy *(ta37Y = 155.6 N :lf



a*"i,.a ,c ., 'Lo pLel .Sii-ti*, - p.$ ,.t^, fy,

2.5(9.g1) N mFa2

.4
?{t\
\\\\\\ i

\\\

t*y-
\\

-ofnr(D'

2M r- =7a ,y-:S drL, jl o:Li:-l ! .ll.l.f l, O, 6>e c-aa

U -t.ltr :S:tS c^{- r) J,-ti G Jf O,;9t:.1f I ,St* r e:_;_ei !:d.t,

F:' Lr l-t+l .t> bl-FCUO, 6si;,:;.1..a.-r--:L a.:-ll:.-9-;t5;L a U

r.!l oJ--.l o:l: .)ti Jfu, ,_rr! tr 6 Q ** f f Jf rri*f oJ:t ,
l_s q nJeV J,-L .l:-.-....:-i .:19i ..}-,-r, ."r-XL C a-b.". q djU; l3l 4.9*

)-*./;,.+ 45 g-_ul .:--r,

o=(o.zgs)'=0.348 m' 0.250

IZM, =91 O; = (0.348 7.5 (9.81Xcos 60o)(0.348 -0.250) = 0

Or = 10.37 N Ylla

.t-iro crlJG

lq = *'" lr)

.iu =7o' ,ir = rd, it F/p G er;i 6to<flea a;a)l

2Mo=Ia=7d+m-r2q=^7aq,{/prel pb or. s or/untt 6r* orQe>

.nt"/'L art/fcpe h <2bi 6tod9a c4b ,>,1+ ,> bpi 21^^ ^/,J+2; by,at^ w-t ,,

o

@

o



fYV "Ft*" 
t-f ,Jl+

a = \/\ tl'rad/s2 s Fa = V1q N

3m

\\\/
t'-

:lr

\"

tT /-'V/'

t-fA 4..- JSA

,st_* r,_q Jq*:? b6 -*l-* J.^r -.a; 1-n

Ifi ;-f .-.i J<- ,211h' iLlg ,.?y *.r- 6 J;r7.

I

I

6
I

d t' = Y/\ ' fad/S2

dr,=Y/ftrad/s2

@ry
f, I

9.8r) N20 kg 20(

(o) (6)

P-fV 4lrs JS,i

\. 16

\lmffir
wt,i*i;?.r2:..i,r#:edsv{btgiEii!{lffilffi

-/G
?-Y2 43.,. JS-?'

1t- q e5'ay I &t t j: 11 .(-- r" 1-\"/

J-a-,l1-J LU -l r*b ;F Y.. kB t1r;i o J--:, Y.. lillTl

;l ,5-- -p 4,lc,-,rl) -,t:-.1 ..:-lYVo mm JVf y Jf t+i

.)*.e J'iU JUUL- g 9 .515,h..A .-t;5 ..'b lr t^.<L.b

.c*l jij;

*lr

JFt *

.jb.ti" JtiL.

+Lil r: Y. kg lrr t ;sl-5y- -r &-tlr + \-\T

jl + Jl .JS 6, dt-Jj f.tE l>,i-a g dl:l;i 3 .J-: )J O

4:l e:i.,1lJi, ,.::J t^J jJ<- .:Jt' 
-21 J ;El t$J,

,i.t-: L-aJ jl .-,*l ,gllJ-.J lJ itjUL- t- 
"1., C or-i .:-;13 R

R=L{/'N

.-rJvb
:tr

t-fl" 4[.... JS.i

6lr--5i O -U 
/L:: jl ..<- s,U! L.; e.1.,l-ft

L-r-2 .oJ-i orb JL-i^j c^-+-f .,1r .rJS- d'Jt- ;l -9 c.'^l5

4-.i q- 6 JtS c+t!.,".-e rl;i l^..../ 
-11 

,5J tr .rr-S"f

.$t J^lJi.j ,rl! .lt*_-l rl*el -,1r .t)[-Ji ft*^

P-l"f r.[j'"0 JS.$

I

e;l:l;i \.. kg lfr \ oJ.i orb ,rt:.; l*i i 1-fO

dU d.i.iJ, ;.r l-til J .ri ), A y t9- cS)tr .St<-l Jf

;*; l; i 4:l ,5ln'-2l1.-rt:^i .c*,1 jJ<- cJt- 1s 0 = o

l.s A 
-1> 5-ll-l i-l r-r oJ-i tjS Fe 6t-F )lJ_j' 2 osl)

r2l1 rli +- )*:',_f5.r P = Y.. N ,J-l-,:- .-.(.,[*^

..t.5 Vb ,stf ,-/



P-|'g. {tis JS,!

4J> L.JIL, el-,< L* c-L)).p 6,- ;11-l\

.tt-f e cstl-lt+ *iuil ,JLnqL;i tSbJ-r" ,r<&)l

1r.1315:.u:r 6tofJJ* Fl) -11 
or,J el-* 6_sf

e'.6 *rSu, J-v *t 191l ,glr-Y e,3J{ drii ,}l *
o.:1.: gl ,;i Jr-. ..t-n:,r, u:.6[5 lJ .St<L,rl L/5a )-P

.tV t , F r- .5l+ll..il ,Ji &- 
-,11 

.-ui ,p15 o.t^l

;K4 r4 -'kA t ,-a-t, .t .nV Lrlt) : I J-b + 4

lJ+ ! ,r,t*<,- rl-9-.;l t o)y.d ;:tJ'- Lt-u-,1l 61.2b

t otJr. \-L" qL.ai +S ,:..S..LjloJ-i &U, p 
'fte

t1--1, u-b l,ji U .r3,*i .:-,113 ,ay I tti 6 \M yl;J5

.Iit-7 A 6,la--9ls &.a t it* cJt- -11 
a":13 f jV1

, cl ,l: d -t-ti.i , <l " 45 -u-lL c-il: r-- ;) .t*5 '*i
9- .a vJ. .J' - V--

ttls 61* -r,-L -,1eh-:.5 .ri\ y-* -ttLil .1t-: .St"o*r

6nS-* l.^4;i -rj.t U,r<J-Yl J<- rrr- _11 L; r.2-l

.G:-,1

./19?

M =r7rt | !*, +rh( !t, * ,l * ,, )l? LY lr ))

t-f l d.t.- JS.e

:Lea ;t J<::, o.r.! o.rl: iL^l..i JK.l, C;, VU 1-fA

a*tL- r*t5 J[.a;l jl 3 or3r .1t5" c;ljK- "i-tti nl.,

4-f ;l .c- .l ol-.1 ,rl;;i (orLi o:l: ,itij) O s> t-i

oljLtt A-A Jt-r- J;- to" ojlril r .;ti o-L-i, orlr gtLi

-rt--.*- l.1 -rti d9l tglqrlj -rb.l .:rJ.r, t-o.; s*.ol^1
jl .-t-.=5 tt-ft B - B Jr ,-F* 6l-t,ls J- Ar* ..tJ

Jt+tl .St=(-L-rl cr-:^7-r J Llf ;<U *-# f *
.# -b-e dla^"L

i-e

t-fA 4Li.-" JS.i,

l: ,gJ -F \ . rilril drsq .iJt r a .-,k^i 1-11

:l I d.S -r.E 1r .,.-l-2.i- dll*l ei- l: r-S-,t.-r5 :b
t t l, o.t-i c-dr :l_t+ .# ,b-e dEtiL- Ji .tt<I'.rl

r*-LL ,J--;,/ .-la.l ;r l: ,.St d-,--l olrSt 6 lt--

a = ,lY?\ tttls2

a= \/.1. m/s2 tIs=o s)39

.-t5

:lsz

r=250mm 15 kg

t-fl 4fr-- JS.i

tlt O UlrJ .rr tf t" ;l(h,,l JJLL:S JSll-t.
.q5,Jt--> 1.,1 1lr1t" .,", ,y; 6le'-jls.-rtli ,IlL Y N.m

}>..1k6 = YYo ffin ai at*Ifi LU -l Akg ,-,t.1 lf



fvl Jst... ?-t j4

t-Fls 4li- JK.i

of.t.1,L.

J€ lr 6ld9 -,' 
"/-U, "l,tj 

.i- ,)trUt- r.! 1-f'0

g oJ-"-i jt+ k-1.1i ,-J'l tl.ri 1l* st S 
'*y J o)J-

53),>29-'" e' dy-,, .l;Sur.-'lj; 6-lt- o l.,l d-9 >."

.,.-,1 .,r- 61L r^..0. 1... kg fr- r, .--l;.i- Jlah:*,

jLjUt- O -O )J,- j$ttr'' c-{+ jti ,-f 6JE )tli:S

.51 .r_*,1;*.b d-c t-r &- Ly t ory Y' N.m yly

t ;;).rLj o$ tt; rg)t 
"rtt 

b-li .,t J rlJ, r) JU
V 0 = o .,1r oJ-.i djLt.7 +4y;l alr*t'. JU:;l 6ly 1.,1

6 ,-p-J L.i J-5 *-r[---'' 0= {'o rr..ri -'rUy c-:*i.,,'

-1r cgl-: [oo .;r 9 oJ-i Jt-.tl tJ-91 dlJ-r.) [0o -;r .1ibf

.(0 = o) bl 6y n, eJ-p--.. U ::rS JLpl -i>[; c<.t

1= VA/1 S :tr

t-lcO di..- JS.&

tF Jr e.S-J"S ^ 
cilii- .i-rt + 1-tY

i bsS* cJt--.11e €-l ..r-.1 ).1J O jl .rjJJt siil
dL-tl-, O 99 f y :lb d*"1! .t-*-,g Lo.,l .,all +-f
r-J9l6k-191; .-rk--i "lrl ,-# C-t-i .5 -t-1S;-t;

-rr .{- I )tll 6J-* cr*;.a: -r5:J l, \1rad/S2

.15 lJ.{ 01.,. d$ bt jl ..f, ,.:-;r l.1 O &;:

300 mm

s> tsf* cJL- ;l c-ilF- 6;! 4-t,l-tf

e e:-b l.1x ;l-r"i, .tt-S C La.; o-tJ orb ert^i.i q-f

*l-l"" 6le,-el; .7ti l rr C-.fU 6lr-11;.',U- e5 -r;5

..t;5 -rt--.- l.,1 a

:tr

k.-.._.- t-

I r "-''lc

t-ff dr.-. JS.6

iJ<- cJt--;l ,;s-ltf'- J* JJa:.-, i)t\-LL

e :_* \ x 1l,t*i' .:t-F ,f t---o1 or! o:l: dt.j..l c.5r.e,. ;l

.gla--j|.,; ./b r. -t t-t- f-fL ,5lt--911 *-,ti 5 J.:S J*"J

c#r c+-,1) .Str=l;+ ! t-, hl-r .-t;5 Vb l-,rbb

.-t5 n*rU, 1-tf d!,- -21 
o.L.l

i

t sJ?
L=-- 9 u =-rJr' t

I

I

300 mm---J



az<io ,s =I.a eL-al .5t+- - p"i.$ .-t , f A.

t $;..-:-l.l O .vt\C l1l: l-,1:-9'.-- JlrL Jrlb dJ*;

jt 
'rl ..gt, t-J 9ls O JL;trt_ J ssts R eti JS :tri,
.-rJ:b 0= 1.o 1.r .r.f- ,:Jt-.11.-*ri;-r-l tn,

1t - 3 or-ry Y. kg .rl-x A ut-;tifr fre 1-tq

lJ+ .!L,l \0. lnffl rlt l-* t'y J-r Ji ir-lJ-i

f I Jr ,-:i ,;s.-l..,t3 LW : ory \. kg;l-,r B ,xti1-'

- \Y N.m JJI.:S d<i,fu .J-:U.,, \.. ttlttl ,_r-f
B 'J;)a-fi ,glr*-213 e* o3)4 >sll A o-u>i2z sjz

.# P.e "tt<llrl jl .+;5 -,1*.' 1.1

dn = \ olo rad/s2 ccw :lr

t-lsl d:s JS.r,

d.ttG f* f t.-.t Jfu;tJa,6lrl.,1-o'
.r! S *,t-:.t S e_f J.rr clL.i,i .c-l o.t.l ,tf pU
,g,lr-pls +J,.11 ,l,i:- or.i rb-_l .5h,-91; -7c.J ,t-j rJ

e

/sT
P-fA 4!.... JS,i

h=240mm
ra = 180 mm

..t-ti,_f d.1 q C*; ,3_sl0

or-y [Y kg fr- 612l: B 1j 6lil5,J rJiJJ 1-t1

A VLi ..:*l oJJ 1l9u :.9- C-C ,Sf I )_rtu 6, j, )
O-O c-tl: dU JJ,^. Jf M = Y. N.m .,1e1*f itr c-*;

.J.:5 #i ;r4 ei.t"l5 .ll; tl Olt€ l-s sy.lt.J5,rr tlll1:

S 
'pi 

r l_2A .-,8 d, rglusll Vk^i .rf rt;i VG;tP
oJ--S rl9;a (.-,) J -Str )f gt+ ;r (-iJl) .-tS .lii ;-
VU g.r+ J L-a'St<t-rl a.-.f5;l .J-5 .Jt*- ,J-:L cr:,

.#.!^t.e

C0
?_f? aJJ.,.. JSA

lfi gllb AB :--;li:S.-_r .i:t- " L.l-tV
it-i A y g3le YrJ J;- flr L..:.,;e 1:9 or3, A kg

a-r c).;l3 6J:*,.t-.it? I = Y fad/S ,0 = Y,o t, -51 .JS 6,
.J5 ,-,L-.- 4t-J ,ii -lr lt .-r3 Ly A

A=ovrN :lr

P-l3V ilr..- JS.i

,5-- 
-11 J<-::, 6,leJ?r jl +.e ,!-U;i.gl71-tA

it*!'ai {,-r :G f* f t yrl kg ;1+ q J3ri

C:-*.K;ei _1, b l*"V .;--5,-l o.:[iit O Jr 1y. trltrt

q drj 9r- ,p rr O jUUU- J. rsls &; S ori .-,bu.il

i -250 nrn--l



fAl JEt^,.. ?-f i*'

14 =200 mm
rB = 250 mm
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t#Li L- Lr-l.r ;t u;-;.:.6; l-r,l ts .'*.1 jS^, 5 frt-"f -,1: d:..., F .Ern Jyt ," .'rv-f s"{t!,
dr- J'- -it r-1 l,{il r* U J.;,.-: tif .F, ,t'f 6Lrca7 J-ll 5.*,t gj):.;ly;-l1r.J-!Li j.2t,

4 4F 6 dL.,.,(;t + \l.rJ *-F-e:,.pt & : )* ,j-t 1., tr"ri lL.; +q Jt> r" rr.)-* o4*,
.-t-!U r:-ll: citL" eJi;J.rr oJy[i

Jt .1>t- r-..',-l o,il E 6, JcSy q r:o. tti f t.'r;l4.,iil ih-.! ,Sss J,.-?-frt't .ir-tr,t,
a J3aa.6lt'-gl;.-,,b-il .l-1,. c..6.7 c:y-i *i.5 a^* c*,1.,1 .:-, *.Ln f ta JJe-,Jat.Jl* et eg
)JL?.I:U c.itrj ,tl ,in 6 *rt q .tlJl .:y.: r:,-b.; a=+ra ohlt U:.rJ rg;t :f.:ot- c.€ Jr d--t,
e,.!l ,si est.-S A".h-: L* r.{ Jik-t .St<Lrl 6ti 6 c :l: J,-U,J:Ds, ;l J:*S .f* rSl-t

a + ra ,t)\ c-,:t: ;; jSiJ ,;r)b ,l* Ln Jfl t t .r:-lF*p,N y-tlQ ..r-tr.r r^rtst, _;tri..;t -;J\_r*
tbv.a n-J c*l 6)J-t',-J,b .r, t;,-llQ .::-,g ,n; F=t*N .hl-,, jt or.l rta,-l ,,(j+" 5t<L.al ,Stt s o:st

J lts4p.- Jt+* -l .r$U-t .51<Lrl --l* uc.-i>{:tl "*6.r.1-,dt'.rl 'i} 
y t-,,'i}J ,t'-f :>;l 6-.f

.::f C o:Liil-r: y' !- F- gt+ ,,tt jl cJt-- y-l 2:6 s1i4 +rr5 o.r,-rl.ip1



f Al €d, rr .,l5 ,:S g t-A ui+

r= l50mm

t-A di9.i dJ.t-..

6il -,-.,1J<-- cJL-;lr= \0. ITtm lt -- tu,5*,gldl,>

ra ,r<--- J .rq;k-l .SlKtrl --l-e fl .;:f u, Lr.; Y.o .^,
lJ Lib a 6,lu-jl19l: i.J:-J!L14= ./\Y JFs=,/\o JlJq;
tr+-\ cS-l- r+ l.l I m c-jL-. dl- nql 6)y t rsV;1 o:l ;;'i

..t^5 .'..rj.flS -b.*:-v__9:-

J N ,',Li tgl* tmg ,.s,a*-LrlJ clj-l .f* :t;T u.-r; :.tr

lJ Jlr-: ih- l+ C o"L: *tii .;: ..A-- J >j: F ,51{L.al 6errr

:l-t-:,| ,G)l o$1jf mi u-iy 6ti fu 4-;.r.o:.rr crLJ.i

c-F" ;: ,glr--_1lj *,k-! .J-A)c/ Jl-! lJ 7o k_S J ,.Jiti
.2) er.!l GJf :r*eU:U c^C- J) JJb:.f ,fJ lp r-r*cU:U

m8sin2Oo-F=ni

N - mg cos2Oo = 0

Fr=m12d,

a
-'r'

f - -1
FMr=Ia+mrutl

.-Sll \.-i dYli .irb t J,-q F 4+.5

2 x4;.,yzo.5ly 1-\ d:L, tgLrdJy jl o:Liil ! .c-l i = ,a ..*l:Q .J& ..;iJ rJe{ db # ,-f t
:J.or,rr ta"j y

f-l

EF, = ^o,l
b., = ^i, =of

p,u u =7ol
:6)s 4 = rA J*l-::- 'rrl rr:lr .;lri 1 aJ:L, tt'r s ,j:l;- F .JL t

a = {sin 20" =n'8t ,o.ron = 1.678 m/s2 @

22
\:r! 1-Y et:h, ;ti 't-;--.,, C Jr LAJ_rt:i"S e.. .ltr u)Jb 6lyi = ra G, \ f--: ;p ;t

:.f-l.rrQ.+l.f

i = 4sin 20'
2

:,*11: i;'l .i).:h, jl .€€ r--1i,. ,si Ab -rl.ri, tr J $f ,-,t--- l-rNl F,;F lb g.f .11,,*.1 .gly
F = m8 sin 20o - m (g 12) sin20" = 0.l7lO mg

N = mB cos 20o =0.940 mg

:L c*l J.IJ. j(--.5t<l4.rl ,91r| lSlt> Vl

[4-" = I,'M Foo* = 0.15 (0.940 mB) = 0.1410 mg

LJ:jE ubts f-$C+n5.J\-:L,rr./\t\. mg6-bslli.;|.;ii{ ./\V\.tngoJ)r--L'.r jJbb*

,rlJ. Sl-tJ.el 6U*.r-t.rrt-: ..'-".1 i* ra1 :1lr i ,-)rl.Lr::E U- ^;)-.ir-l.lt+ .,.:-l or;i e oAV

o

mgrsin2l'=mr2 9***
r

IF = ttr Nl 4-* = 0.12 (0.940 mg) = 0.1128 mg

.:-ir-l .,<.::- JU.L



a:ti..a ,c .-I- ft-?l .S.J-qi" - ,".S .-L- ft.

r_l

f,F., = *a,l

. t-rr-l q1l, ;;3 '>S 7 .:'.,Y.rL" jl ,)JSl

mg sin20" - 0.1128 mg = mi

i = 0.229(9.81; = 2.25 rntsz

0.1128 mg (r) = mr'd

=lr

o

a - 0.11_2qe.81) 
=7.37 rad/s2 yr.r+

0.15

q d4U .7U- ! JF cJl- ,l a.eb G f y n5i-l .gl; I pj) clLj

,=F=F#r=r633s
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, J.J. \J . J J , v-J, , J ' 

r . - 
DC ./f.

= Y/o rad/s2 O

. a= rd = , lLO (ylO) = t/\ yO m/s,

.:f o.rLiil 1- \ 4blJ 
'>S 7 aJ:L, a- ;l ;:l j ue JJSI ,41t "., .<Jt :r- dJ; d"ai-L t

l>u o =To)

l.=:*'7

'!:nn CrlSj

.rr/,-t 
^i tlt G Jy Gtep-t t:tLou ,>)> )p tt'i G /r^ ;t r atotJ a7 e fr+ g(AXO

.pl4U r 9 m ;l g)-a;,,^i rqrag' @

,c:"-l a;",tt9 , O A4 9 o>9t lft 1 le;"'a A ,f4f-91 @
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.9 o,l-.i o.:ls \" rad/s2 :-.lt Q cat-.i gglc,--9l; .-rL:-; A "aL! a,

;l: ! 6 JL4jl J"l5 4L-lJ qV. kg lft \B'-ft 6 ;-t-e *-f
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f 1l a:ti,a .rs ,.{ 6 f P-A ul+

$,r, =^i,f F -T=70 (-1.125)

brr=^irl N-70(9.81)=o N=687 N

ft,u n =7ol r (0.4s0) - r(0.1s0) = 70 (0.250)' (z.s't o) o

:gll: (b) 1 (a),.11 ;^r J- tr

T= 154.6 N r F= 75.8 N :lr

f-tst- u5t--(L"rt 6Jt- c*,1 .1:L! P 6rt-l.rr oJ-rt-5 ,,_i jA lb e.t' t*.il :il cgl;r

^-S n-$ e q;; .c-*t ;L; Vo/A N 5t<L^rl Asi &..rJ? .rS J-e..i tJ 4-, = ll"N = '/Yo(1,'tv; = \V\/V N

.c,*l g>..." ;yJ ;.t:+ jgL L)a j

)jJ..:rr ./\ (lAV) = 1A/V N a-, rljl.u 5t<Lrt,SJi d-f.C'l\ JU, .5ly r5l;U-l .SKL.al +'-j* fl

-fu-ti=rq j*W 4l'lJ cJt- tr-l -r: .:;Ji ,-.-,,J|'li €,,' ott' 
".r-l-rr 

1c-,lVo/A N )l ;S 6 #C

-r olclJ y-|.,11 o:LL-l lr .r-r rol1r a=F-(nr)., )l * )r, r9,l*il;.,k-:.;lri.,(ar), ,rr f;rl'" l'1 ;i rs:W O
.F:tiO cd! lt a si ,f .r)5.7, t otf b It cSf *J:L, r- o.,1Li: F = L4N < 1A/V N

lsT s t.J o:Ui;:-l 1-Y tJ:h, )l bl-r'S 6j.111:,:3 f t ;tl* ,' C aLiJ Jf f -E 1: L ,rK,: Ju u.

5*J .1: .r-;ji .:-.t, i*i"",,

btr, =7a+ ^irl 037=io(0.25)2 e.5)+70 (1.125x0.45)

vlr
rr rru_s a.J:L, fip ..,# i.::t * s,i=ia JF y.Ft r,- b; oi ,: s o

.f-tsi gr-r, io,i'"".', lt F s u.J-i D Atz" Jf

.qio crtsl,j

,/r-l t^g tW p ,. /ct ()b't 4" t. ,o# c-&P Aty Afb G/e 4Sro t. , o>t ,frUt* a e i ga. oh;t, O

.,2',i ,zttr(- drt ,r, -ht 4 D; ,p* ,( oii 7 ,stc. U |^/ 
'ttt';';,t ,fro,f.';) O

.lali o2Liiut br), =-GDa abtl, 1l 14Q gal4.Q ''->*l )li >ts^ ta;2t ,2 uyN +t;'i' d*l O

.2eal o2Liitul ,-W U2/rt- Ctt, Alict yr^'^ ,)riu. pl| d6;t' a,"aui .h-f Olr*f/,, ,-..,ttdl 6t7. rf 
"ibn 
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^2zLa )r - 
I r"L*>l .Sni.-- F"i.j ,|,ai flf

?-V ai9.oi 4Lt ,..

1s 3 osji 'Sf il3 4>Je J) f . kg (fr \AB .<,-Jtt d:a

.5t .+t-*** \ 6:3-"e J Cl JW.gbL;,o|, 6.:*l .r=r, ,li.Sl,#l

A .u .:*l jJ<- cJL- ;r + 45 0 = Y. o cLiJ" ;r \ 0. N 6l-f
q_S .gtaJule { :tll Absi t +. &V cSlo,_llj ,*rt-!i e:rf .:.;lj

.-t-5 ..-t-." ls B sA -2r 4tx.,l

'ffiii, ::-:: :::Jli;];l-;,i-i,FQ'' 
crr ,Slr.ls i= ac = ta * aun allo 

'* 
J.r-f J- .t-! l.ril O

c-€-? s: a J;sf .-!j 1: rt .rF ,F a , i n,rlLrdr,l-; rl:19i

gr1 iLl .r)rL" g,,l oJu: uit"j 6l.1 ,-rL:-3 U*; 14 ;f:st-
tP$ ,s -a'P ta;i j- -rl I .rf

i r=i cos3Oo =0.6q,cos30o =0.520a mls2

d y - i,, i, o* firu:;: l"H ;: y:r..,1.-..t 
:,;T a-,j,,;s,

:,,,r1: -l o:f o:l;:".1 1-\ oY:L, jl JJ:SI . B t A Absi s d )l -ritL" .SL".rti e[:W

o

f>r"=*n,)

o

lzu o =iof
150(0.6cos30o) -A (0.6sin30") + B (0.6cos30') - (lll2)(30)(t.2)z a

lzr, = *i rl

150-B=(30)(0.5204)

A-30(9.81)=(30X0.3d)

.n-irl c*,$ -,rj g-tS 6y ^41: u rlL.j e J- q

A=337N B=76.8N a=4.68rad/s2
=lr

olte gCALi: 6ff -E 1: U 1-Y d:L,;l o:Li:-l ,rF -&_t ,-.s,

;--l ,-rt--'*il b .C.*l d:h, r- rllr;^,o J,-;t ./t+l : ,S-S ,rt:J.S 5,
\:r.,t, Al-.i:*,3 o:.n-i B S A rJLr-1::l ,1ual.r, q dj! F-t el,

: ''l'l;, .-Ll -v-J. , - o

frr-^ =7a +>*-ndf
150(l.2cos30') - 30(9.8lsin3Oo) = (ltl2)(30)(1.2)2 a

+ (30)(0.520a)(0.6cos30") + (30)(0.3a)(0.6sin 30')
67.6 = 14.40a a= 4.69 rad/s2 :lr
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:t#.iJr; orj*! o:Li:-l ,)* )* \J; &):Le :l Jl-t'C b15l ,a dJ- uar'-:, t
r-1
l>F, = marl

r 
-l

lI,Fr= 7,nrl

A - 30(9.81) = (30X0.3X4.69)

150 - B = (30X0.520X4.69)

A=337N

B=76.8 N

vl:-:

:tr

u..co gl$

.>rlp >y+9 6*e U'N etxit 4^+ rf/r+g' ./rrn t/ O-a U;,A; c"i ttis, Wfi^;, Slrl )yo gu.t +-tlii htt/ )/J./(y'
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4 u"e] gtnn aflzre'i 2t; or.
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,-i aign 4J.i,,..
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bT JJ*IJ-3 F -t d*,1 o-t-.i Cl; YJ O -yr-.';f i ,,t-U a, .ri g.,,7

."t-ti,y ko lll O Jf

lq .slrr ,{L-:"f .ril;.il 0 .Ji"-l}l I ar..9tq3l1 c-er oX :,P

1: j or3*! l-q* 0 \b a,slqllj ,*rb-l .rlr*4 6 .i,l 6)J-t' a ,s:f

!:rr O Jr )rE:S d.:L, ;l 12 a j$'.f.i-"* JlFl;l 6i ;l .2t'y eJeb

t...'..)e.-,--l t: )_fr-r'6lt*W.,rS,, ()e.-JScJb elt.&1 4^irla)t trt*:l1l r*,;l.t-l .'',--r:1,;r

,- o1)V.,r*- ,-.; .1: .r!;l: .tl-,t y -lx 6Lr:l.u.l ,,1: ..!i1 &b 6 .u:*,o YrJ Fl .J-<e ,Slssi 6bnil-r
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:U .:*l tlt. s olrilr J+ *.(11t +. e):l'. '>29'o +, d.lL, ,rl .rilo-t-X orl.r ol-i^j O

a-=ac =oo f (^o,o), +(^o,o),

:! rJyly ma 6l-a+i\" r)b.ri
ttas =7ns ^(oo,o),, =**' ^(no,o), =*7o
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o
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a--i.a ,s y L ft-^.:.l 4rr.*'- F-l3,-t , fqf

Ot t O, ,Sla:i blt C O Jf .rJb:t rJ:L, ;l orLi;.| l. . O, j Oa td, jl st!" JJ44- n- .;et- 0 611l *

:r,A;i -2.r 3 or-pi .ii"- lJ

:l-lt

fzu o =7a +>^ndl o= *(k'o - ru)o* **Q)- *afisine)

o=4rine .+TC\:JI dYU 4L,tJ J* ;t @k;
,6.5,s JlFl )s 4;14 u a jr ..rrst

lat dco =a ttol I#'0, =_ffff'^to,

,, =ff(-coso)

, =*,[G :o = nt\ csljt q

;-*€ q4 t; J:L";l e jri" J^ dljl \Oy sOr J:f l.r*.Sl; O

br, =*i,l o,=ma-mlo'coso- mlasino

=^ln-40-cose)cos e -4rir, efLr;kiJ
=^.1, h(+ 

2cosg -sror'e)] etr
ba, = *Zrl ot =mlacosg - *7o'sino

[ -^: --z I
=l ^r4ring cosg - ^;2!i g- cosg)sino 

I

L rl, kzo 
\- ---' -)

=T(tros0 - 2)sing ytrr
kit

.uin crKi

,c*l /u Cl-.A" {pU.a,t,.tt> /. (tl Slobi bo l7j crul opi, c2dl O A;; O

,p> )i A cri^ u!4 D O c)f C,rnn ar. qi b.t, *'rA */t;, @
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XMn = Ioi+f,xmao
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F=Y[. kN *lr

?-ll.<[..-JS.i
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rrr-,11i.:*.t 61.r.:jJ.:.,.g;tnd5f .lr.f*U;.p 5.; o.l cSl+rl; l.til.1: ,53.;l b-UJ J"l*j tt 1.2 c--e ,u
6f Jl _.)'+ 1r sT.lt 6; JlFtl./S dr:r, ! cAjUF-.t eJtl: tlS o/st;l o:Li;l \ur .rlJ*ii

f# * e 'zSy J:?J3 elt. ejtl s sS J,*-l 6 t.S e tf U,r"ilJ J'(,"i "#J 
rrljq:"1 j,l .r-:U

.Ji.5J,rr o:l:

J LiiL7 
"fb, 

g.3;l ,c* ,$',,l.-,rt.5,'".ot-i, r -L--lb 6 t-r,l V-iL-g {':.*'d/-l li4'.;ljt #
trr.5f+lf ,ft.J;:lys.iJ: t$"t-| C.bV-V -rl-1 ,gt6-*1:61.l;sly tt;let' rSlosi,.<i-)l

p+ .** ))y )) t-t s f.-f .gLtr:1 .,1) .J":...o llli ,y"L.. f-.." "l,t 
- J* .1, taJi :y-;15 ;K",n 1: tSi.S j,-l

l; ls :y:'4 i yl4;t-at 
"bU 

6 lf rrtl: .rK ,-*t" ,,o U t",.:l: f:.ri lJ Y-V -l f-1 ,gLrr::'1 J3'.."1 .c.,[-;i

-.)J

l,'ln,-|1f r tar.r* tlJ

.+)-5 .rk .r-j \l-t: Ly r Ch f-1 d:+ 9 ).ai' t* +F 6:i Jo-r; .r.: ;t+,1 rK
(t=lF.dr t- U=l(Fcosa)r/s

ft OL-) .)Jr -,1) F jl 4L,ij jf :Q,Sj)J.dq,1t? dr arl .,1: d
:l.t:.i-l F inr t-'-51'; a.JtJ<Jl d/-lJlK-l JrL..l-Ya J* -r, ..r-tr.f

Jo-; o.t-: lta"t 1t5 l-lel .c.,"1 d, ;.-'V sl:y 2lJ,it cls 3 o4t./-te,.tb

.:;1.9 r.li $ f .)Jr -;r :-L" 1*..t ,SU I gtr,-,, r-L-, ,'illl M ,]'^-f

:i E ti a-xb i 6 ,rJ4 t' t >.2\ M=Fb'J:-f r-t \ j*' .t-j,-t

d0 ,;ll^-l q f_.^7 d, J|-,) '>l- u-b .;: .Jr:,re ,,rLlj lt ,S € '>S 7

P-l I JS.t .;rC $b A'B' ,,, AB L; s o*.fr

LE ->{, .A' Jf d0 c)l.t'l q rrll-9r 
'* 

tAB" \ JtiJl JJI ,giJS -b l rli.1-er b cSf C-l ol-rC
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Iti = l.iQ)

(o) Jta;l (b) *lu zea Js> 6l2es

t-l r Jsl

(c) r-:- 1o,rJJ cJp

U 
-, 

! ,.li oll: ul5 3 o.:.9,r 
^rsT lf *5 -t-o:,r, dt-! lJ Jti:;t Jt- J) ?J-, ,,--+ 1-\ Ya ,!<-: .JliJl (a)

,S3rlc51;l: a----.-- ,J5..'rlrrQ J otr.T' =lmiD2 g..-7;l mi (fr t oJ! y' ,k a3tl .8rr cS7 D 6p
:! .-r-!"r T =Ztmiuz - luzZm,

(1-v)

.c,*l d':L, .LJ.tt , r*, J b.Jl Frr"." JLUI 9r -f 6lt. nLilJ 
arr-l

O 1l ot:sK.!t-i -13,+.. Jj-- a 6l*--jl; \tef t 1-\Yb J<, :-L" p-..t .c.llj ).ra Jf ,ll.l9r O)

{'...--.+ S-s e,lr. ir-l;L^i ,7,=}m;(r,r)' ;l c,*l osVmi l-* r-r rsld-ry..,i,r-^i.aa ,sJ;l l-;rasr
r ir*llh , Io =2m,r,2 lr c,*l )lO Jr erj oL" Ll .-r-lr.f 7 =|ofZm,ri2

n-^)

6 tf J.^lf J;:; )J- LJ .r-r- +_r, c:-21: :_9.7y qJlJlr I Jti:ll .glr, & 6Jll L:\21: 6 ,r:.oLli r
..:-l ,,(1 ol+lt -l: d-1*,L-:



A.V ,$tl s r5 hlr, ?-2 jS,.

+.E^J 1: .-5 Jt- .,1) .- *"1 4^;4 J) ,JS cS 7.gt.,11: 1-lfc ,$: :! C* ..t i.? :t ,F c.5r> (c)

ls mi 1.,+ \ ,Sld-t- o-2'> lti ,L.e ,-,.J-:Uu, a iSi ,g,lu-5lj Jef S u ;7l;'.G .;r ari lf f -t -e)r -b tr-f

rJQ .or-.i o:l: oL1.-i J<- ;fU,pi @ p- lf f yq # jer-t J D e- lf f t t9r I itli,-l

p---t .rl;i a-JS ,g}ll L* !*-,27, '>y-"" q lt :! f..." ,Jl-;- cSjjl .k-J;J diE .-<.5 q .),5

:.r-l-lQ 'e-tc/

T =ztmiui =z;^,(r' * p?r' +f,p,o.ose)

rr-l.rL-.: .cJf -'FU t+i :l tslyC,r!1l: r-6-1 Ltr ,fy -: *J51: 'S* t* u.u l rtt ,sja

4i4 .2t t) o2f \ of Lp.i"rl=t U-ii

auZm,p, cos0 = @DZm,y, =0
:.,11 .:-l .rtt e -& f* ,k ,SJll ,-t-, .,>-,1 Zm,yi = mi = 0 d 

"*la.,T 
;l

-t
:L- T= |u'\m, +|to2Zm,p!

(1-1)

r5.t-or,r, Ol; g-*r q ,* eitl ^\lt;.,.| .c-l ti lfr f y Jf t' ,-r;;l !1". 7 oi J: 15

l.2l:,,-".1 ,JS.* t13,,l;o.gla.;6l.qf3-4 f \.fi f tJr@ ";lys\ter r (fr f r" )l;::lc-.er,
.Jj!"r

jl .r-5 irt"i i Cu-,.r:+.fi f t Jf Clut &er 
- 

J.;:lie\ L^;-o 2>,5r> u.:...,> 6)jt
.iy rlLn \ t Cts-f 1: -t-J ,4; 1-A eiul.,1 C,,tit r, 6 

"rU" 
4qtL, .ri,l JL.a J-eJr'gl;l: nli:.J -f i C e5 ti-!i

\ t-*i-.a f tLS.,> 6la u,:.g AJtl -&-t fl .r-l-rQ .J:5.,, J,-, O 4tA -uib aJi'.J ,,-l 2: C l1i,:11: il.t a..

:c--:,9; 6;A olj A

(1-\')

fl 6:-#'l LE-y, JL-.t-,-).r-11 *:*.r, fJ. {&.r _f & AStl elt\t-L dulr t-f r:i..f .r:

rir-,L-t,'h'U g ),,:4 *& f* "i-.St;.ry rrlg>1-q dL,lJ JrL, 9y do1lJ.Sq * ff fr.../

Lfr g-l: .rttf ..t-!"f Pito ,iiti, *5 .:*l @XPi ':tA.cV .;l:y ylr' J o))t 
f f f .r q o-J dl o;i

.c,*t L-l J t-L olqlr ,-,.1 ,J"tS atL; ptjj 6 ,}Lrm,(p,r)' =|a22m,p7 =17o2 >-*.r' ;;7 L-t 
^lcl., .r,
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A.1 ,$tl g :6 J^tlg: ?-? j4

ol'
_ru r::*, .Ol_i 15 t-Jr-l.g1jT:L- .J-.x d,*, o1! c5-; ,Sll. 6jtl - 2lS gssl;r \'-1 ,iJ1 .,1: ;ii p&
)l )h :2j-, o$A s: :-*,!:11-9 '-L.o t' -t 6)ac"i-e ':S y,,1: e5 F 6Ji jl JeV rll3; .c.-l rllr; q c*;

:L- aL.; q ,*; .-t-: ;l+lt ;L( .rlr*i; ;l c,-l .:tLe 6 .l-i,r, s:d$ f-\ Y 4t lJ

p=du=F'dr=F.v
dt dt

J,-f ,Stl, ,el.:- t-rb q .Stt./ -l-r JLst -;l M L.er J .rti ,"JJ ,Jjlr.-) .*;,, a1v e dr !i .,1r d
:.r:*r- rJ.a:,re gt.",l .'1t5 5 c,*l tS,$ blt ro$ o.rl: +la*J .1: .J*-5 "l...yr 

o-t-X :1511 cll_f .,'--+ y os_2\ M

P=du -Mde =Madt dt

'5-t 1M 6,6c,aa- Jt .-u,:*" p--a 6ll,jl)oc- : Cly.tl) a7.>l;;;: -J/ 
t ot 9d0 ai.;: 6

sib blJ:.J,iL -,iJt-'u cSLAc-6; ia JM -Sl ,u"* r;_*€ o:-e;.il ,.-..a \ g.3;l J o)J.t c..:, (dli (-ru;u

:[ .:-,1 
-tl1.. ,f .gld;j Jlj .r:5 J* ,-11.";., t* \, M ,h_S s F ,Ss-,: r5t ..r.o:.r, r;,r 

-,11 ,Sitl e e .:*,1

P=F.v+Ma
aJ'l: .:t ,iLi Olj,r, sf", fL--"| f+ t- :-L" f.-. JS ,r<1t<, 6,jr:l ";*,r-b.,. 

tr ;*+^^ tJ JIJJ

:;l .:-l o1V )9J>.r ./-t4..tb 6lr' ,t-Y .htt .*- tSill - $
dU'= dT + dVr+ dV,

q5t+ ,gLnr; tS .t'-C JLrl fL*?l e-r/ t f-..? ; 5 c*,1 .db"lit' I JUi cSls'J )lS dU' ai 1r 6
4-t lr f,. "-ii jl L^rlt-f J JLt ,Sbsi JS .Jl-f .L:-,J Ji.- du';l $lo.r.-x )jbb dV" _e dVr ,>)\^.7 s: 6 F t

.+i.f \:,J, l) J-s-* a.dt ;. Jtg

P =!"'T=i +ir *i, =fi@ -vl
t g--+ ,Js .;S:lK. ,sJJl -# ,.rl:* tr ,rl,'r b.J*f -r Jt'r elati jl J".r Jl-i e5 d e 4L,'y" .".rl.lQ

:r:--:r; ;;-7 olig lJ.l^ri u)i,geJ-p f--- 4 elt 6 f-yrS r+;r:,1-t d:L";l .c*l jL-.11 ft-...

i ={ =!( !-i. " 
* 17r')

dt dtlz 2 )
1 t-- --\=lmla.v+v.al+latb2't

= *i.i +7a(a)=n .i + ua
?-f . r:*l G f -,, Jf l^si .*.t:'-iy.JJt::t fr 1o:9, € -tt:1l.e.gLrjrJ #+i.rR cli-r:6

.J;*:i:l.r:,1 c(-t, i .r i 1, f f I r5*:*l JaiJI ;-." cSTjl Jt- 6,lS j;lt



al.

200 mm

t-1 aitd 4.Lt...

.11.t--i, gp ,S:.: -,. J.;J.l_l* u&b.A y ,Sst g-fr

6)V 6* ut q oJ; oJ.aqr .7LL q 6 \'' Nd-r-,,+ ;ti c-'.i

cJt--;l L* ft.rdi-s,.rl.r-J it- d)1. i-h *. t-r.l:2ly tri

f y e-l jl .r* \ a 61"-j; c--err.J,-LJ 5.; *. pr J-fo

J o)'.f L, kg afr f.,e .J;5 ,-,L.> ,S € ,-P \f m ,'L.ab 7*
\0. mm Fr tsy J:- 5i 6t, -trj LH rO bi f-fr f .f
jlf m 6le il .1r l.1 \ . . N dJ-,r- L-;.J--: -t-JJi ,;l-9-; ..:*l

.r*5 j=t Fr
....Rts--';; -1t *

( (I)-)#i,th;-r, "\31-u
N

orl: crt-.Li L* :ljl *J,, t: 6 ,4si tka ,.1!" -il :J-

t. (q/A\)=Y1Y N ilj; ,Ssi s \.. Nd;-15 rS-tiW rll,l 0,L.3

.rl-r-i.r-l f f p*;l or[i:-l t1 ..r.o:,r*,;t+,ltS t;'Jr.* Lf 6 aLj U .5t<trl 6s;e .Jca>n gt+,lttS

ti,,,-e.-,61;l:,r-n--l€ )js bi -,- \.. N 6t*.5 Vti 6-D .-.Aa-b;J ^-S SA 4-L-y, ,C.L-e.*,

oJ-t 6J c-iL-, tl-t 6 (t..+t..)/t..=YJrL,,rit., ?l:b,Sst J.A rLil tr-lrrQ..:-l uo =(Y..+t..)/t..fu

:b .:*,1 ,rl.,,. E_-d 6il J.-t- qt+.;l sS , U,osV -,r: tJj; jl -,L".--l t 4+::j tr .r-Q.f l'1 .:-,1 (f f -f Li

u r-z =toot#q (l)- (tez rin rs' p)= 5es J

:L.:-l ,)r.,si & ,3.3;l -#.f-lrrQ .'.:-l a.xi-e t, .,i5 ':,57 6lsl:1-fr

f, =!^u' *!7rr1L2 2 J
ar = 

[]+o(o.roa)' 
* 

]+o(o.rs )'r')- o

=0.650 of

o

::-*€ a4+ 6i;l-.26 aJrL,;l

lu ,-z = LTll 595 = 0.650 ar2 ar = 30.3 rad/s

:c--:e; ;t"4 bliu'lt Ln & CJtl ,-&t.itt* q

l, = I, ,r'f r = 
1 

oolo.r s)2 + (o.r o)' faf = 0.65uo2

:L *:*l JlJ,,J-:L a=Y,X rad/s 6 ,ri(;a \.. N gi Ly..r;.rJr;,.11-r;

o

[r=r.v] Proo = 100 (0.3X30.3) = 908 W 
=lr O



Alt ,$yl s r5 hlr., ?-? jh.

.r..qo Cfl5li

U+ Jtlu; u F u,;t4Q .*Q<-l Po 6"/4 Jt6't ,5rr; t-g ,(1Wt ul)4^ "''-l Po t'e t gte C ,ll y'r" c>op ()f,

.>t>u/ fta,t ,(,np,* L* &-, ,ee t; Jt6tt 6ci ,&u/ /p ord cset iA y' d, .ura yit <sr(>Pct'

,*>ua fqt ,ta:', ,ho;, UtQ a^- q U)s 4il?6 'I{CE

*!;:7"'::;::,":.:;ii={.^ry"t';::'.;:,
,c:ul h, N C5t,, g)laol ahl) q bgP ,ctcru [*-l ,>

t-l' 4i9.i 4l'i...4

-;); o)Jr B f* f y el.tlt Y' kg lfr J \Y" mrl J* *.,F--,tr.i.r

,2>,*r- q J+ B .L;;.r-r€ tal JF cJlr-;l c--l ,;e LUt g 6 ;at3,
or-1*J ,:Sy J$:€ /il ,gt"-,ol11rA.gta-;l 6 JV;.r tl*,l Jtt* tjE 61"-,o1.1

d.r.9lq,9l;,:-c-. (a) c*,:Jl" ))U,g c:r"l'i l2 -P'lJ=..1'l,.i;--L fK:^ J

l) u;ll it- l-1 B s2j->r; c-e"-, (b) 3 :.1-r5,r-' 0 = l'ocr:'iJ" ;l 6 urlK:.a

.-S!okN/m p'fu.""U"

l, ft.* B s A 6Ln&I; ,.-U a;bq.f r 5t<t rl jl .lrf .W-e ! :J-

.$f F r, gter.;s ;i-t'e

,,1) co-lr.-i.i -S tt )i r0 = Y'o ! e = o a$JA il CS f ,* :t.(a) r:*,

,2sVr,>21"e ,;l.s b)1-il ;U $ fl.r;lJ:.e+,1 .gjjl alrl,.. 9V, '>sW aa"i

.':*l (ti-r=o .l-l.*Q.rlli jl+.;l :6 C-&t A:i € ost' 6i tt,g6,.h
:j,73 ,rs;Lir- oLrl.l o!. to 6la'-js \teJa J ln f -f un t?f g., .g:tlr o-Lj Ii., 6la>-b $ f o-n

.u-iCgJ.r,c.t*,| Do=dEtt e5i-l u +-y3C,.>-er-tt:* jify)lo.:[iil t,JrLqohlt;,-l .:;l:

:L .:-"1 -rlJ Y'o d-:dJ, t.r a!, ,k.Sjft "f-l.tQ

lr =t ^lr' *L7r'1
L2 2l

r = 
f,rzo>(o.rooa,)' 

. i(iore.2)'Y' = 2.tu02

:L.:-l tlt. s -r-ti"f ff f y {,i;;1r..; , b)s-t}Lev ll-n,-Jif,-tiq d) -#

o
o
o

o

b% = w^hl

lui-, = Lr +A% ]

LVr =20(9.81)(0.600cos30' -0.600) = -15.77 J

::-F,C e4 6i;l ohlr t: o-t i c"'"t' ,''-'rLi'' clrl: Jli t .)JSl

0=2.lVtt2 -15.77 ot=2.74 rad/s :lr
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l'" =i*'l

t,rSlri- a\!rt F_.r Jl$)

:oS y-,5 ,; -h tt f-.n )l ,s-f ls i5 *5 12 iU; JS .gl; .(b) ,L-

LV"=j(soooxo.600-0.+so)'-e=56.3 J o

llyt A Jl- "J.f u;rJ .,1.r c,-.ilJ! t3.-, A $d.,r,-ta.i C.yj3r .1:

fLV s =WLh)

:U .:-l ,t, ;si k.Sjyl rr-t.rr\ .rS 6,

, =+l:,roXr z)'IA)' =B.33u2a

:[ c*l Jtl Jl|,.tjq ,Sjtt -*
Av* = zole.st;(- 0.600) - -ttz .7 I

:t:-C 44-F 6,i;l alql., J: y-.:LL ql:l: .;lj U

l'=i'^''f

IUi_z=LT+LVr+AV,,) 0=(13.33 u3 -Ol -117.7 +56.3

un=2.15 mls Yl:a
j rl:,'e 

lt-?,.;l d--i, -rK 6 .rrjj .JL3 ebsi *i,ryj 
"!J-:; 

.1., ;t -H; ,.-.- _rSt ,f.; J-h :l
:l-rrr ,€lye tnj 1: '15.,,.)U-U tJ Jor"/ f$l .ri, tK 6 k t Cti

fU n, = tr) 117.7-56.3=t333u3
.c-l .J+ o.rri.'.,.-t o.rl;Lr l5

.toio el5lj

.p)L/ 1& sr(@ D t frQuf ttt4aJr" >t,,;nt t 2eno B p A ,> ot:n 7. oli g)bol sbsi ,fg(n r/,,!. O
./a,^t tr 2to'i 6r(f- "^t4^-6 .i^14 s Uryd;t ai t ps* ozti:*1 * I Cyyt ;t t*-t a.(s,.ftg @

t-ll ditoi {U....o

\" kg g.r+ c;l-,rl: t* tt;l &".f eoJ-l o:l: gtj"j gj*ti;:
1r .11 ...(,-.,p ..:,,1 \.. mm 

'r-f f f Jf ai ;sylfi 1Ui.9 o:yr

.rr 4tt-r .l.r ft.l" qlr t#i olr./ J $r. \. kg f-ra ,gl;lr OB c5iJ

.tt-<la.rl t{ ,iU ,*iti JJ'.". cgss t.V kg f.f * B -* .US -p
Lr.-*J +5 ,Jrt*^ .; rl"lt = \". kN/m ,r>.- .gl;l: -* .tlg nU
.--.'rJ, I fl.J5s. l* ,.rL; nt*,-6 L ,li-,.r,,/il c-i,,. r,

6ly..SlS$.al --e.""t+ s :5f Ln-r ,lr(- .:Jt- ;l ^i_P 
0= f,6o"

u* uu \terr (a) c*t ?-b.r-iq jt5 W*.rJ,-.# :t,Sf _h
..p x J-P "=# Fu- (b) -r .P t c4t t .91-til .,1:



Alr ,$yt s )ts J^.1, ?-? j*,.

-Jr! 1't r;lr4 t;T Ot5:u,,r:i?.tt<trl i)Ul;t i;tf -#-e lr I "r;5.f +57 4;-,.;: grritK,:J-

.t_*cs e:sf ,:2$ u, O j A ,_pl ,8.J*, ;Ua +; Vc tst ,fq dj -p gt .-if
cJL- :l Vn jl .<{ p l-e) .J,:P birt AZ 45,,,--,rlr ey,0 = o a,. 0 = Loo )l cS f ,rb .1: (a)

ALA Jf kJ t^.*J jt .i- J^ ir:i-t, +y .1r galrn )L,)c, cl3K- q Q = o 1s 9 or,;i c.S7 \ Uf JJ<-

:6 C_F n, .-tS.r, bls1.r O

* =l{:,",')-o]*., .ll*u -o].*

= ] 
r o(o.rzrt[#)' * ]r,i = 6.83u2a

:r;.5 .1: 1 o-rri ..r--t ry =./Ylo m ojllJl *. B a33bL,t-- a 
JV

LV = LV s= o - z00Xe slJs- z(e.sr[0. 26s)= -44.2 J

,"f-l.xQ .c--l Ui-r= o (a':;p!n O

[ui-, = LT + Lv] 0 = 6.83 u'o- ++.2 ua = 2.s4 rn/s etr
:..*lr:Q .:t-5,g A?t o qi .lr 3 oJ);sL 6ld;,*J s* *.lj-l fl,.i ,-p x f-f! ,)* .*; b-lrJ.2: (b)

lui-r=ar+Lvr+w)
0 = 0 - z(r oxe.s r 

{ ry- ;) - t p.tr\o.ze5 + .r) + 
} trox' o' ),'

;.F,g 4+.5 c-.lr x _2lsr,' ,Sll, Oy al.:t " J- tr

x = 60.1 mm vlr
C* .;-l 6jyl 

"aSV 
r.y; "<,- 

aa.l ,rf:L q O) I (a).5lar:n 
-;.: oJri sr$ e-tri l5 rf rry9, -r,-t1

,rst -tl * ,fu L-f Ul t +:- rl,b.t 4lL, J,l F .-l oJ.au'f:";.rfSr- ,S- &-4+.p.lit<, aK!-l

.c.",:.; Ui+ \:,-ti-l rlh:q ,S3tl - .$

.l*i.o €Sj

tSs/*, ,,(.)ibt 74l ,(p-* 6e/ Jp/t)) ,*, S/, erb 6bt| ,o.o'i LVs ,2tV D t/n Ap Ct;s ,((prfp ,> q O
,UJ&4 l-4e) 1t+t SrC/L+-l ,,> E pU St^- e c.-t /--bo ,i-,i,;(). "; ,:,ti G)J Ju-oe" U btA p.6)tl, JC6"t

'c^'t Ul-, - o



a->.i.a ,s.-J,." fL-?l .-Snl1*r - 
'..S 

.-[.'".l Alf

or-; t-rJ jJ<- cJt- :t clf -M \ o aJe 1-\ \ o

C!- iro-! u-J y tr 6f -r .sv 6ss.r;*J ''-r+ -r

+-5;l ;l ,,-r lr . * O f .t D :rr .JAls' -lt tl-t1-- J g I reJl

.-r-5 :b or-1* ui eL, i.h \ ls x = f m i..lL-,

.;*l \ Yo mm tlt O Jr tn iylfi 7V:'

U = ./A11 rnls

*--- "''-''\

:tr

ff'
2-l l0 di.s Js.',

rrL:i lr.t^" [n:11 -1r 6 1-A\ i:-,- a-fr 9.r 1-\ \1

.:Jt- ,5ly .J^r./ 
"r-:f 

1-l f-f ei;,.Jt- 1.r o-L,i o:l:

p A-S 6s_F dl-- -rr J ,iJ- f y st m 1S ,-F A

m f* JsB cJt - st.t-.-,-/'ft f rz..:11.:.5;.1ti

;l .f--- -* f y tter.t-t-,-S eS f * e;l- 4 est

u-J -. iJ{* c.Jt- -11-r ojl.r.il q 4<!.1 il ,-f,ls t^dl-

,_;i-l trgJ- toriL .J;5 .l*-J ,# 4 Jf .* .*"!
.J'JJ|,s,

?-l l7 {ti.... JS^t t-l I 13 df..- JtS.l

Jljt *
;l ri,U djil -itul,;f -* )t r).pL'-.1r)

(t3- fS li ;Y; F ,+-t^, Fr "t"* 
.tt(t rl

.jl.oi. JliL."o

-,1) oJ...i o.rl> dt.i.l ef -LS 
A +jl.;"| \ref \-\ \f

il .ri 6i u ,to *,.r:-l '/Y m/s ,-lr, optG dl4D'.J

t^.<lJ f.f f.;,1 yt;- ,t'iu';.! \io m ojlJll q 4ql

,?f f y [r;i .1-5.31y-j Lt'--i' .\ Y kg ;b .,-'lj
yt;,.JS.c*l 4= i..116 ,si C,t LV s f = Y\. mm

.*:-,ll N.m tlr J d..:ti O 2: jl($.al

U = f/. \ rnls :t-r

tj = 200 mm

io = 300 mm

t-llfdf....JS.i

J* + Ail'-- 
"!5 

l, L-; ,z;.2t.'u,3 t-t t t

o,s-is .rjr4 tL{ n--5 dltw \9 c*,1 o-t*i, dlj,9i o m

tr U ,3." to-r {tr JF cJt - ;l0 ,.-2114" !:.J di;)

f.rS .:lLal .r-* o{r-f J,-ti 6 Lfr a, I m/s .Jer

.-- ]y = 12 ks

[& = 210 mm



AIA Jjt-- ?-? ji9q

.jr_r "(-- Jfu ^r ,{5rq 6- yr, Ch.;, 
1-\ \1

? Fz r c;l ;i- c-.H; lr o m I Y/o m )!ul a'. 

").L:..-\J J .

.gLa. l=, Ly:tt.c-l o-t-X orl: JLj^i r$:;l Y" kg

O ,J;i s> s s-#'/ n:-:lr$ c+tj -i.tU lJ? ti d+rk
.jy' .(-" tr .i. y' ,j.6 : .* et 4{ 3r .C*l .J-X l,

,,43y J) urr.l 4-4.tfu .J;,56' J;S t;i cSr.- ,-,-1.r

,ft ..r::".," ,Jg.r_r* Ln-re ,4-S :lt jit -JE q;t1

& c-r[ JlrL ,-u.il Jf s oJ) -.rJ>.;-. .,,S ;tr cJt- .1.: -,.;.:

ir+j t+ ?i B LJ 4-5 &-r 6 .t{,J..., crQ l, ttr:r

)3J--*r \/o rad/S dr ./.1) 6lr-'-is.ls.r- ,lSu, >sfJ

.))t
k = \/YV. kN/m Yl-r

t-l ll di....JS.r,

T

0) =,/h?\

jLij c-=*iJ, .1r c-il;S-- ,rt-L:.- dJJ 1-\ \V

t $11 t)-cra Fl.r- .:sf 
'l 

LaJ JJS- cJt- -11 
oJ-.X orl.:

,_!U )r 1.r .flKt al .J{ J..., 'J-l f 
t+.;l '5.,> ,* lt a

.c-l drf -)X*

vlr

2b

t-llYdj'-JS'i

otJl:*,, '5. u-.r -t 1* YY N 6t-! 6j,.J1-\ \A

otli:-r 4-W2- 
"plr 

o.rJ:i:a .t-r.,_s r.;19 .r:.-r ;5;;
\lA kg ,F f *,g|.;b ..li I P 4:r) J sy- L ol,,"a

..:*lVY mm eiLi-,1;a.. Jl- t<-i oyllj LL.i,9 ory

;!+l:) J_*, s,ri q rL-o:" sp ti JSt.rL* i.f
l4ji .r-r-ly-j LU e ri;b f-f , /00 kgGt-a' GE;-,'

, ,t)ti-r;* 6Lru;ltir rl.l'i c-t Jl ..:*,1 oI mm

1 jl .r.t l1 o:\* Ln N j\Jt tlf ,.t-.iL !:\ d qi*

..t S *b ,ijs* cJL- ;l a:-: u|;t>.,Jrt5 r-1,

t-llA4lt-..JS,i,



azei-a ro v,l pL^.el 5=!:-tii"-,.-S.-t- Alt

^,/ tts

?-lfY 4L... JS.i

J<-.i ;tt .:* Ja;,,>tr-<,- dlj!.rr l-\Yf
t5r> t'J A>,ie;J 3 J::..A p J* t-ls J l-F dl-lb

,s-r- b.r iF c.Jt-- )l 0 = o +-f ;t tpi Jt .rS 6,
0 a-s .5tV 1r O ot5r5; u.6 4y ll B .gtaJl D.3f

.J;5 J*:J,i.-l 1.o L-LI

p =yfgb *tr

t- I ff dr- JS.i

1t*; .gllb o. kg fr* L.6tQ i_r- l-ttf
c.-*i j o)J-{ )f ,.3V )t^' Jf i = , lL f(t jyl.ti

-.0 ,:i 2: as tj g jt M = y(\- e-'l\0) N.m ,1t*f
J-5- cJt- 1r Q = o 9 tV in Jl .c-l gL_:t; l-...-

.-r,--13i .:-.t, .,19r o jl !,*, lJ ji ,Slu-sl) cr- ,.t-xL

?-lYf dr* Js.i
.-t:5q-J0=o

oJ-|J| Lt -,t, e;*S \Y.. .,$ Cf l-tV.

4-.i 0... ;l 6la:it- u:^t-s ef .gl;l: 1... tllrn

I .,r:a ilJi .l'*itu, nij, Y ;:U: 
'h 

pr y... rev/min

J+ f-.l l-2 rj-.-- Vl-l+ .-t35 r-t--, l: :V 7-* o-r-! {-l
.Jis,)l* -rt- .-l pr l .ill;Jf l-.--

cJl,---- ;l \ o kg lfr _.oA ,s-)l_t d*" 1-\ y l

4-r r+ rJJ::.-.r lt*-n J n;.:5 t^J dU c-:JJ, )l bJ<-

t-i ..ts"f o.rr-i.i l1 ,t = Y. kN/m .fu \ 6-p ,,_pl

LL,4-5 r=5 ,.-1$ dL+ lr ;i,h TWtl ilre; ra;.L
6h-;l; ie.e,gl,;lr ,,_riil e--1rJ,;l -11-r gtl,o

9c.-.=2 *L..- .{at-.: 6ss x jl .Sti Crl = [ rad/s

h = otlo ffIm :tr

r= 400mm

t-lf l di,.-JS.i

otg.lrL..

1t --r Yo. mm t_.t OA ct-S_E olo ,ftl-\yy

ts 4s 6-q ,(0 = o) dL; +-r , ,O JF j,*,ltj

1r ,.a-l Jr"S os* k = oYo N/m 
'* 

y ;ti +, J-a:.

e--b :t lpl .,;-1 ot.'$ M c.{|.-i ,-rb:S ..:-*l d}L Jt -

Jer4;7:l rF 
=--.-f 

d JnS ;r..-" jt+ \ O )J>,.

ui,il t> .iy a-i dJ-".r ffu q lr@= t rad/s 6lr_91;

r
I



AIV Jit* ?-? iE.

@ = [/ol rod/S

.r:-l /L;l .l,u

:tr

orl: 1.lL.1.i u=*eJ, ;t u:;tj:*- "(":tr .t , 1-\ YA

.J-xL x = I / L fl .>tf a L-a-l o;S- c.JL-- _11 o.r--t

.s1K 4 rjLi g ,.ir". :l 6 .*y lt aL 6lo-rl ) te),
.#L.C 

'iVl ,.liLt O.5YJ _rr .51<Lrl ..r;5 .ii,t

1: l-r:,1 Y kg f_r+ ,-. ABC c;lji- + 1-\ Yq

6t*:"olr -r: Cjl_l "*t- 
q ;iA 6t6;t9 ory eryK- cJt-

\ M = I N.m c.iu J-ft' 4<.,ti^ ..- ..1 o.:f ..* .,.c'il

t_#,_l e.pt I t o5,5 Ul-19.: d., ,ttf ,J r;19 rri C .Sk-l

c.iL-rl aiLi ,51*1,.1; o;13,.r a,'t' m/s .-r* t A 6ta.;l 6

e L-,o1".:-o1.2 yr "5t3Lal ;l u;V LQ e 3rl Jyil .rs

"E-e il_r€ t-a.*D lfi jl..r;5 ..-t*, lJ t^.*l;

.tf
AE = ./.0{Y J :tr

P-l rYdr* Js.i

tol
"l

?-lY A {L... JS.i

t-Ifl di....Js.!

J_5,-- dlrl-;i e.S_# 1 c;tr51- ,-<*_s 1-\Yo

lfi | F-ttr nJ.l .c*l .r! YJ O 1l,t'1:J &l t-r*
;l 

"---1- 
fl .c-..1 or-: Jz:" "(*:, q .-$-, ;t^L, t kg

,3Jj ,5-" rJ)j t-.t oJ..X o.:l: JL.l.! d-.'iJr;19 clf- CJt-

\A.o 1l .r.l l-l di .5la{jlJ ,-z1a.J,-t*i 6lrlt +,. ef
..t-5 '-; ..1.>..>- v-. v J1

zlr0) = Yl,. rad./s

t- I ra di*" Js,i

\m f-r : b J-b t 4 r^ a,Li ..LJ e:1-\Yl
**f ,-Lj _,1r c;lr;K, .i--rtr,Sb.i., o.tf *. bly,_/

$J-i tal ,l.f- cJt-. ;l ol.:, o.:l: jtj.j d-..jJ".;t gi Jt
,-t*iti 

,", 
|-l aJara 6t-:,o1., ;r cJr.- q J.4" A ,Skll -l

't*Uf 0 6 O +Lii n, .li ,l-L,-.r gtio t, A AL;i u Jsr

.J.5 J# ,,>-l ,iu.a

?-lY? {l:* JS-!

.r-t<b Y. N.m/rad ,rL *, .,.:q4 ,:j 1-\ YV

,lr. gU +r, 1.r 1kg lF C c;l-ni_ 4,1! .t r *S

2: .rf- cJL--.,11 ^+ .Sl.!:*l J<-,+ .JJ+ ,);J

6i A 6la-31) Jef ,:r-rs La, oJ..i orb dt-:i jil e-f
uftlJ,rrl .J.5 i,..^J o1Ku, dU c.:*iJ, ;16 u"oy 11



a:ei,a ,c .-l- pt..--l .dj.t -, - F.i..i, F AIA

.E-nc G# q )5 )-r'y

200 nrru

t- I rr dis Js-i

,_-:st;e r;-.1r ,*:l,raK; f,--i J jq fit(. 1-\lT

C-:lJi<,- r-1u-1r 6lr-'-j.1 \3 t4 d oJ.l .fl.h e:-h

L-6r q,o JlJ.0 t> ;siS* cJt-;l d .,.fu 1.2 ,5riy \'

J> J,(.,i ;ttr .r.;L )3J>-r \/o rad/s \0= o.,1.r .r:J,r"

;l 3.(-. -p )V >:-f G*- )l$'.$lori q.'; a,Li fjt'tl.
ojlJ-il r- u-t-i +--.,r tr-f .1r b-p ..l;5 J*,J lJ k t^'

Jllla.rl if -* J b&d i1-2 1l ..:.jr:'t orr..i.! 0'lffil

.,1r +f*;: t LL) L# .# "b*c 6|u,i3b I
.,:-l ;..;tJ .frt'rl ,1L ! r--Li,

:lr

t-lff d!.- JS.$

lfi J f . . Irrrl 1t-: e1 ,rSaS i.f 1-\ft

)L. t Cfi ..:*l Y. . fillTl g.r,+|fi LW 6l;b o' kg

-fu.51;b n5 6-P t,-!ts l-; ji s-.JJ-ts \ "
iF cJl> 1l aeyau Jt ..r;t..r-: dlj,-9i.:-l \lo kN/m

1t--:, q ,/J*S \.. ar? f r cor 1-\f.

L.i ./1 n/S r,o-t-i orl: 0l-Ll 4y ;) c\ " mm jJ.-lJr-j

It t* J. ttls N 
{'.!U Fl .r-<t .c. -l -*"' ;.-\ i-p

4 J.f .,r1;5.:b.:-,1j:f,r, A.+3t' slt6 uiy 2>

.JCi6'.rl ,.lr+ Ln 6

,-lY' 4!.., Jgl

;l o-r--i o.rb rJti.j .r[-l L n tJ, .S* VU 9r 1-\l\

B J A $V lL.il .1r e oJ.-..l {tL ;t5- .5-;! .SL"nl.,

clt-i.i c- ,*i-1,.1: Lr,;ti Jt .-r;t..r; ,f *.,)1.l..c)t.al

.J.JL ,e)f rlJi 5t<Lrl "r-r* .tsl p ,Su 0r.,.1 orb

1. t1.9,--r1gti-.n .-, l-r Lc-i,./-Ytt 
"J 

D ur ta3J,L'

.r.1^i Cd C.rt*-, *::- :>,uel C!-
[ -+tU e

U = -f \lqf 

-COS-

V " Yc*tb Y

qlr

P-lf l 4[.... JS.i,

C*.*,1) oJ-i orlr dt-:; ,r<,-il)lJjJ, \-\fY

,5t ..r.o:.r, JLeJI V,.* &- q tt t kW Jti \vYo rev/min

.J-iL \o kN/m ,r>.-.51;1.: siy t-j /.rkA;l &- l

)J->,' .J1 i6.'i tJ 6 ,sy-y 
'#* 

.-rtJFil rpl; llrir

ryj

mm



Atl Jil.,.. 7-? i4

f-l
2r

I

A-_{
zB

o

-A

?-lY? 4lis JS.i

rrJf-r ,it-;i 6,ly ,si;l 15 ,gl+l*J 1-\try

e-Jti;.r^*; ),,L'!,,>*J'u, o.:Li:+l -;S 6y:y 6l.ltl-;l

,-lr, r-1,,11 lJ? .\L,lp1!:j 
").'1U 

;si 0,";13 a5 c".'l.glc*,

,-pt -e.6 M e yl JJh:S L-r'lt,si ur 9 o)ytft

Ji u*l .tef q J o)-F ,LJ 6* ,:-i,! JLtl c/)t,

6r -t'.4,,43J' 1r tl.;l 5 foLr.l D j","-,fs 6-ts

,i^*-; 4^i 611a'.1.1"*l .-uLr .f! ,*rU.r-U:i 6-S-

q +t rJ-e-r: t-oori S ;:sVa J .5IS$-"1 t. * tSl-t

6; -h 611. ,SISL-al .c.-l )V M" )rlL:S q t+i .-r

P ,st-t, 6j 6taL,.l1.c-l jK ui 6e2 birt ,_)rN )l

,91-a1r; t-i .r;5 j*; M 6y; yl:.:S Ja-; o-r-l ..,.q

fJ:^)c/ gt+,l-1t5 rd*j 9 bC.2* dri ,J<iU-l ,-tt<t^rl

B.

,=(^rsing- +\ *lr

?-IYY 4lr* JS.i

,=''H=P

.'t1.5 .j*{ b;"- 6' mm -,yl ,-rllso tur

t- I flc {tr.... JtS,i

;l cl;S- cJt-- ;l ,rJ* pt a,'li*l ,*.;l-\fo

elr GS .ft<Lrl fl .tf u, [a; o-t.i orl.r dt-.i.i 4-r

6la--911 u3.*, Fl.t- 6.tj,[ r:."r.15 ,ft ,fy'.,11 c-';Lr
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.rl:L, ti jJl C^ ,,5-&-t Jtt' *. ,sl_t',7ls 6,1+'-./'1 f-f t gllt'Jlj +.r,,o L,)1s.sLt cJt-- J.iL, to.,1L3r

c-g--" ! +tr l; Hc, ) HGr, ZM c c5.r+ g>{r I t3*t a4;-, CyJ 1 J,-tt 1.,1 rlll9: cJ gga .i.tJ: l-Yla

.t:.*l 6rrp ii :l;i 4*; yt'tt^;.:l: .;1tL; yay u,ViJl

tr-|.*Q ,s.25iu, crr G lf f t df l1 .il.;! ,# ,-F *-rJJb:.f Hc =7a oL,.tr+3-l q q' f.l

oJ-.i o:lr dt .'".;1-\ La)S--:,,;:6.rltjLr G lf f l:l o-liljS 2l;.y,2s2,.a q b G =^i uF f-f ol-f ,l
..r-tif ..u,-i" ,h-f t b-Tl'. e si ,S.j:t elf J,.;Li Hc I G ,Sj:-t oolf .c-l.,rQ .:l: ,iLi ..-,,.1

P-lr Js.t

--f 
(Jr)sf Jl-! tJ 

-y 
+2 6 1-\ ta ,.$-, &tt" .-Elqtl: ey t F e_f .ri-i" c-.,'; t1

;F,l *y ,* JrL r O -u.iL.gl.Li.,i * Jr H6 6,1*-113

1-
I

d

J
(a)

(\-l o)



t€LgilJ.,Sr>,:. t-c.r[i 6,1$;i-tjl1,r-1O16.>-lq9:,WO J.;r.lL; )leV di-Jrr i69r\1,
._r-!L c."it: rtj ,)i.,rt 6.1t- t-

d. =7 J D=rtD L:11;.J5 al-11^: (,.,....-:l.r:.1 L-) f gilOc+U ,J.i: Jf sq t'f f-ltb;|*;tL,

4..5 t-?..;i;l Ll . H, =-liro+m72o d-it' +4j;-.q j 4i dnji-L+ Ho p L-nt.t.rLro.l: cll;.r, 1.1

:u*r, \:-l 7 +*7'=lo

O-\1)

dr-l .r; Oc.rtj lh;; Jy 6lu-j1 f_f- 1-ebl.f oht"r .S fir.pt \:*,! b L-v JJU.l.f 4L,lJ t-Y ,ln .1r

.:-t-C *t & 61.''-;4 *S7.gty r.:to.r-: 6; Jl.#t J rt<-t .|i:.,r rL,l-,

c5-tr g.e d--t 6lr, ,f-J,!.rE:! € Sf r1l-tlt 6,1*-1ls t Jb; f-f -l1r.e.r):L, r(/t<t

oJ-ro.r dt-! 15 t-f +*--J () (€:l;i u.."; &5 f, y.o-2)b.::r5.r1U;11 ;-2: r, Lrl;k5l b;.,rr

,€4:-b *<;..r-l q lt t-l 4?r..:e,.r"olr; oJ"-Li-,11 Jt-,.:-l cSlqrlj p_r &-f : F f-r.,1t:y.tuiy
tsl_r,f 1.,1 6lr--1t; f_f J J.; fyi t".!-11: r:f e? f, li i.=i:*..)l-f.i lr JJUiS t Ji 6 -,rbb

.!J- Cl+ f^ tt F$.-,

Fl d{ Jta;. r,L pl'."|

-f 6l-t '.'--f Jy"ll.r,-;.r.1 tl* jil e * )a",.-t, lL?t fr-.,- 6lrl isljuclr py s \-t' g):L,

g-...,.e ss 6l-r f-f +--*; t f :l;i u..-; )l ,_#S;1-\o J.5J 1:.r.1-l orLi,:-l .1.,U.-1t1 lJ. ti.JS f-*
.:*l ;Li €y,,L;,Olai .2> .t5IMo =Ho .lEF=G "* 

L-Y s f,-1 .iY:Lr.,.:-l o$ o:l: gt;'J f, q,-|.a:.

:r.:.trlr; ;;a d,."V Lfr t:..:f € t a:-!9i f;--r ;l jJs.f 6lt.Jlj;s,l)
XF =Gr * Gz +...

EMo - Ho + Hr, +...

:;l .r:;;Lr ,ig L,.l3t )1Jevr ;t j rLrE '*- ell.JtFl "$i 1r

J" ta4=(AG)",_ Jn't*, rlr=(aHo),.,* (\-\ q)

.91;.tu:-a f- c..6-7 --i)tt 9 5 631-.t d Fl '& : S,* C6:i.i)Lal .rr 5 -rftr **l: q3;

e.-f LHj.<-,- O aLfi 6 J15 {t.1, ir:+-r .J5Lr, j!}U,S-S-t'i- re 9 ori ?p };ls 61,J.,f+

O-\v)

o-t^)

.c*l a:-r." JS,SlJi ,-iU



a:ei,a r,r.J.a fL*"l.SS.+-- F.i.ll ,-las AfA

F1
Gt = ttttit

/

H6r=f1a1

w
P-10 Js.l

f:o9,o.gtb

,glt- J2,--."1 ,,1 .-t-.: r,!: t-\1 J t-\o .rY:L,. Li lf .rtS g-=- ,Sl;:, f-r 'la. J-rl ef.-O ,li1 .2r

1l 6lu;,gl;IF=0 fl,i.xl.rrQ.t-Se;l'iosLl-l tsyt'\,P.-L, lL-?l ft"./trr-r--!p-.-.;e
:otK.;i ,-r-:U ;t,;

Gz= rnziz

Ai)6

.JS,r.; 6# AJJ(q'.a F *y .-ti-i" 
",L; 

,".ra i_F -*./tf .r: 6 c,*l d,<j ir,l Fh .l; -tqt,

,";; .lt"; -11 .5ltoy J) F:..:i. dt^flq .gLac*i ,Slr'-slj f-f c-l ;5^" .e I ,j* ?b gt-al p..".g1r.,

.:f 'r"ot ; Jiiry {i*jr ,slt. h-it. (-f ,-\:.-T.r1 }u; a'P JlJiS Lf a, L.l .4Li

a.l-; ;l') .iJ. Jjt :r ,t'n q ,j* ?J* gU-et 
'':.-* 

.Jl-r L- J J-" p-.q "(,- Al-t -Sl al"J- -2;p *.

[t-\ o]

Ir-\!

l- s O c,t-i +ti; J3- 6l*__911 f-f eJ[,-l; cslqllj \rc ,i-f -f ./tf -r: d .:-,1 n53 .,*l F!, ;y ..t+t,

6lr-'--911 '--1-f .:-l ;-5^,.e q ,J* ?L- qU..tt g:.-*.51y ir.rn,.J:S,r.i Lg-# dJ<"+ lf f y Jf

1f f t t- c.rtj ^LA JF 6lt-;l-,1 *1r"." blJiS br u. Ll .qLJ r:ai ,)L,j ;l .gluy J) f:..:i. c6l-q 6La.:*;
irL.o..gr(--r AJaJ q jU o-r* atf- q Slig t-\1 l4,lJJ;t 4 .ll .:f -r.ol.e,r; xr -r--i.;t 6lr-31; p_r

.Jju
.c-+ a*V./brjl!r* f.-.'- lf f -tJl o:li;.l e q.._b gU-rf --* ))-f ))

JJ-'J 2: ,;:ajt Jj*l -11 
o:Lil*l .J--1 al;r o1! 5;.- J+t gf-\. J f-l ggtg:; .rr'>{j l5.lrhb

.)jLc/ f^l/ lt.9:U--,1 .i\a; u.>l llSr' oL;;l .fU-f .r-r,,gly;11:.5 s -ty J\--'.l Lgi.r, l5,-JL.-



Af1 r.::.t -a;.so ciYoL- ?-^ i4

uJ.a plel oSg.l,

,l;-)l J<- ,n- ,,S3Jl -i)Ut .al.y : e3tl Jti:.;l i". o1^.u, ,rl+l: Jatj.,t .i- ;l JeV 6lo.t-.q ))f J.

J.r,...1115 +*E q lJ lt----l ss-*lf-\Y d:+ 1:.s!,1 f-..a.fJ.r J# I ssfJ cs* Uf .r5*-*.1

It-*l eVr t'V )t :s7t .,-t.; ,Slusi ai .;.: 6 fpJ -b t \ ,Sf t s-t-i;,,. cJt- tc- i p::f L9;L

1'. ))FJ;l .r'r hff 4:l: !L;yl .gly ..r-o:.r. at "g 
cJt- o.zlyr ,tV:c cSbcS-f ,tit.t:')tl,. ,tS6 t*

ti-& -,trlt.f-rl.r s*\te),6FF i-f UstfJ?--t't-ec$lt ?--t' 6c*,1 j)).li;t Jjb-t.r-'

lil-3 o:t-r p tSl-t,e?--t' ,ss-fJ. d*){5 cg-t* t: qfl .S€ r*,.U, .,."t^i cAt"l.,,*:h:el-1: '/-F e

Jfu *.1 d)L-j 
"St*a.:1l.r 

Ji !r2, o:a- q 6 o.,1lrit ,.lLr q e 6 t-asu,.lL:i +Ja rrU=i; Vl oJ;' ott

;*L- Af y F.e:"., 1r il ,.ltJ:,,rfJ.6.dbd.'. :6e-f )s-f )),r> '.:;l: i,ftrer t f urr:^
."r-tr"f UJ'd ,-1"15 ! -* s o{*i ,5,,-l:\ cS;t t-,-fi tC-*l

L.*f., lL*t ef I * tsft.,5lr, cJ5;t ?--f 21 6 :y>y. oJ.-x o:L +,-p 
'4*, 

tslt rfiJ "e

4J.,)i e.*,"tJ:;arr r.:;l:,Jj."U u*lc u711tJ or1.t.t- jl .rit 6lr-:-r;l o:L rJS orLi:-l Ji:, ctLal<-i

o-U.i o-r.iL-1u5 VtS ir-l.,1) rs;.,l *f ou-.,t5 tl-l i gly oia 9: tf C*.;LT q Jlr€ lr qF 
"r-l

.5ta-S €l ,9 -t .t ,-f J d.-'".t 5 aLnla .1: .glqyl-; t JE; f-f 'tL. dt-l jl f'*lr.,, ,,Jt- .r-l tr .c*l

.9*.t+ ,f"tS .:t-i*,l la;i;l .$t CP ,.* gbt



a,>.i"o ,s J.- t t...>l .S#*, - p&5 ,_l.as Af .

t-tf digoi dJf....

t* e-ef y,-rl-y ts> ar o-Li o+*i.J,rts q 6 P esi
.,i.r.t aS {t-.,. ,-p-!vll6-:-$ { P= \/Ot ^\lt ,* ,:-*,-/.r-;13 rr-;U:..

)t at Jt .c,*t *-*8.* J.Ji JL-"t .3t; t s ia,.-- J.p
r-tilr.r r.-"+ lls 4: ./t m/s ,-,ly | = o 2) Oi f f j,ef 6 Jt-

'1_.,.* ,t = tor \ L*'-tr5 C,r,,', P ,S-si JLrl ;l .-ri +U \. lJ Ji a 6le,jl-2 Le)-,

f -I-, JFgt derl ,r3,-> f .e J:-YO' nxr oJF-U-|1t--:11. kg l.F rjltl:PV
--> r; .&,g cl

l9LjfjbJ, L,F-*- ..:*l oJ--l o:b iL.li JJSI S2- ,-h S_dt +J, ,S--,Sll. t* "l:i u*;:)>
c^G+.$lo-t-l L9*-rl='1. se-li*Jr).1,F 6,lu-1ir;J;a;.tt^rlJr gt=o*lb.J-,:d3l .gle,9l-,1 :up;

.JS 6. &iJti, rJ.rr,rr I St<tel .t_l* 6 ,-;F ! 6 c*l LS-r^, \F ,_St<Lrl 6Ji y
:p,tl: 5r.'. .)t j JS 6)y 6,1*-jl1 f_f - \-p ohlt _t 'F f-r - \-t' hl_r; .SJ,E tr

[J,,'t* dt =G,,-c,,] fi'(u.rr - FVt=oo[o.asoar-(-o.q)]

LI,:,,'",dt=Hc,-'o,f

Jj'[o.asor -o.z2s(6.silbt =oo(o.zso)'t, t #*)]
d.rL, tr ..ri 

- 
s , /Lo. J) fJ) aJ:L, drf ?-t' \.-Uh .,iq JltsJl ,plr .r,-! cc-l .*i:. F ,Ss,J b_n

:,.:-ib fr"tf ot 6lt. ajrt , ,|- -t e-S Jltsil tr .rrf.f .!i.- 4LlJ ls ar* F ,J_el

to=2.60 rad/s :rK;eL c..g.;: *lr
,F f:j )l €;li6,,Pl & 6il JO+V ^rA Jr 1-\V 4i!lJ;rr nJ:L, A.5:16-I' tF., ,h ol,.

':f ;2,;1,, F--li- lf .:i -;1U., j 6.et..t 6si s,;si 1. (llrf t ) cljJ crLa_ryb:S .fi*t j ./t+l sy:L, rlL;^.o

:\ nf 4 r.Do J3-- 6l'-;sl: €'y tr-l-*l-+ .c.*l r;'a 12l1,.o Jy 
".,5,2e1;-S 

l.r,-;,>:f g,rr-> i F J

{'-:,r J o)}..t (fr t'-f Jt- b,*,l'^; U,E ai-,1: *s ,Hs=7ro+^ur=^i'o+mr2@=*(8, +rr\f
..:*l Hc =Ic@=mkZa ,E' * r' =k'rl.r-,-; .,:-l Ho= Hc 6 ,-r,g d-y, ,if-l-t[i ..-*.1 lA in yty ,-F*

,6F e d+# 1-\V dqlr jl .rFt

Ll,l,,'zu o dt = H o, - H o,l

J'3.sr(0.+s 0 - 0.22s)dt= ooko.zso), + (0.+so)' I [, 
- 
[- U%)]

P

.c-l ,,!! d:Lr.9: rlL;^,o j- Jrt"" .aJ:L, drl J-



Af I ro*rf - \p c,YoL- ?-L j*'

.g.A.o ol5:i

D 6tqet; ,,rtzb ,Flt! GP <tyr; tc /e6 ,>e&se c-,oQ C dp >r-6u e!4 D ttrgtaflrw yr Qrt> d+i a4+^,6

./-t. 
",/9 c+^u 4.t plt Jt6tt Ss/! ,frQ q >n6U" st4 D aQ H GJ* ,9mf 71^a^ OX .t-tt rAt2 2r(oU .aa

.r:*l ,z'ia G *, Oltlh, ,>y"c-l Ob/, Xc-.!t^ c44 D Ut* tP c-*y .fi0 d;ib 44r, y"X e!1"+ 6t-or:^,o!o at tnp2

.c>uil2 polJ da ea\o n ,gl* {,, ,r^ M ,p, ,r/rl utu Gr, @ 2 ,,->,-l crto e9t uhr ,2e/-

J- ,rr* .Ur"6U. y ,,-'blr,cl ,r("u s*4 D 6t<4911 <->,oy y/;u"o xc-*14 ,2 c*p (!>/ cr.ut^ ,)x|.(j t-&P ttllu tC <lX

pQ {; l' r* "/

t-tA djt j 4li.,...o

,4'_'lr-31t - J $_y Y. kg ,rly Oi- 6lj: eo$ o:b otJ E .rY! ..p.p

J* lYtr U-l L_i 51.. kg (fr u.D.,1U.c.*l Y0. ffin At'rf -r Jy;;i
rC*l u" = \/Y n/s ,1114 ,;.-\ ri.J 

^-r "fl-Jtl '>-e ,* d .51*l;J , >; rl
6J-F t-.'}C drt-t 6 t_*C rll3Ay)L "<l-b J, tf*t- c--(- J) ,9yl::3
o \ rit a 6)u1l; u.-,.+i r:+r B;: gily 

"[6 r, 
F= YA. N ,,ly ,r.1t-i

;s O tJiJ -;: l1 .,|,5 f J-:< 3 o:y*J r-b., .fl..t J, )Jl*< JL-ol -rl ,.rl 4iiU

.+S .)-t-e tr.-SKL^pl q5 -it .r.5 l* Sf e

6l-r
I

't ft=rro*

J) t{-il (--- rl;l t.,..ri 9 o:l: l.; ,**.-.<.,- J:* e q.t.p.l .rir :J*

,.et o ./l-6..i 6le,-jl; eef J O aLi; -r, .JrK f jS .r:*l o-r.-i o:b clt l^i .!5,.1

9 ,O '>'V ^Li Jf ,5l',"-jj t-f - ,2ilcjs rl:L, ;l o:Lir-l t .$14!",- J1g. 1:

.d g -iiF lJ ?.{.Tl, .*e? dlJ.e . :rK:oLr-! c<- Cf .b -,t \

V,i,,'r, n ttt = H n, - a,,,f

I'rw oo,= Jj [lao{0.7s0)- (ro + +o)(e.ar)(o.lzs)lra

= 137.4 N.m.s

(n, - H q) u=mrhcl - mDrl = mcl (th - D)

= 40 (0.375) [u- (-1.2)] = 15 (0.375 @ + 1.2)

= 5.63 co+ 18 N.m.s O
(, u, - H u)u =i(tor-ar, )+ ^afi, -u,)

= 30 (0.250), [a- (-t.2t0.375)] + 30 (0.375) t0.375 a- (-t.2)l
= 6.09 ar + 19.50 N.m.s

n-*.J ,g 4+-:", frJ, ohlt t, g-lt.rl-t.a tr

137.4= 5.63 a + l8 + 6.09 to+ 19.50

al = 8.53 rad/s :rK:"UrU

tro = 1.2 mirs

=tr



t.l-r c^6+ 1: r.L...ic c^44 &f -b s:\.g--t,t tUrr Z Lrr-19T,.:-J, 6lt.l.t 'F Py- Ji aL1\ OiSl

:,t'-llr ')ti

[f,ott ctt=Gz-c,] I.'t -380- lo(s.st)W 70t0.37s(8.s3)-(-1.2)l

a:r.La -1o .-1,. fL^.>l .SJ+-, - pS .-|.as Af Y

5T= 1341 T= 368 N elr
\:r-r, ,Sl,; E uTe t-r4-t.@ tT JJ4-"- i:6zf ,S,jtC f t Jf O aL;: cSb q b )J|:J.S fl

F5 J- ,.:-,1 Jj.6.*, y: r.lL-o .51;l.r ,'-o .1i .S rrSi .99r; d:L" li .Jlrj f^ l-ii ;ly. tF l+i .lr-r.ti

A*in 4iSi

at ctlycl l, c-l ul su-r-tt; a4sb rt9 t. af6ur-fi; fbx rle ,U!;^^-b ,{qy ,*,^ *J,t tgP ,> trila c',aw 92 at

^rri kg.r*ts ,:.,t*

?-l? aigr,i aJi."a

* &- ,Sss D Jef tr o-t3 o:l: dl-j,-; cilJ,<,- J-h.." --,<" .5J"

p et: r €l: ,QJS 4 tr ,iq5U *5 .:*'l 
'rl t r-* sb q .7l.rl

r?1t,-lrlo co.:l ,bj u-e *l. rFJ -,r, .5-* cS;t il .Sg ,f -,1

, F tvr ! l.rf ..rt.rr) 4 nJ Jf .5* 6 -t;5.'.-t.>., oLal-r.5* u

.-t"5 yb b=c 6l)l *\A,UE.gjrJl ,-r)Ut J*ar.J'JA o:k--l 4tJ"

.1,-t*j"f J-t'SJli,Sl,,l )-/.<,-.)l-r.e ,.O + 4 5 r-r-"f ,Jt-f :rF

! r*,-Lir.rr 41ti;.,r1 6 €'l 'ef 
.$r-l 6ly;O Jr.t-rlr er^gi.l:

:ta,-lOJj- 6 g-si\y tsf t * st..t-![ ilrf P*.!tr .5] rL.l

..:-,1 rtL ts-it.lt"j l-r-j ,,,rjtr./ J9'-f o:Ulcrt o)s )l,r-it; .5lr-il; \t- Ul .,:--'l mg is12 ,"tS o, JJUjs

.:;lr rtl O Jr ,Slu-s! f_r 6 1.rs ,f t "+.t;O..cl"rQ

-r-l-t j $3t. P ey;9b5 J:L-,, ,-f Jjl ,-}.1i r!",1) O J-f ,-SJ+ e-Jjl .51c,--el3 , :'.j.'

a=ul, fl-,tSA,Slu-Jl) ierrl ro)y 6 -lt.:t-fljl ,X ^LrUa 
G lf f -f uf ..J-lHs=mu(bt\)

:L.:*l )r;,J,Su' dl-r-l: t UIO Jf S*,6 e-f i s.tfJjl .r-, C*,.1) O 6la'-i; t."-j,...;,1

lH o = r,af H, =l+A*+ ", )+ ^(;)' - t;l ]1,

=t@' * 
"h 

z6 4^i,u,q.; .glr-jr ) fyrJr+ ,pr ;r

''{-'tr
oy



Af Y r.:-r - ,'a oYcL. ?-A j4

ftan =e1 !b'*r')r=^uL ,=ffi
,* gJrl 6 *-J 11 .:*l JS A.-*eJ, q.ri,.l.t.iU., -t 6*.Jrf .lu! 6,1.r' 6l*;11,.3r-' gl

,.rl.lQ .::f j;q ,$tt ,r-tyl lr g-rL*" jlsst

ht * AV, = o] L, or'

it b' .,' )liila)' - ryVwt-,)= o

:lr

:L ,.:*,1 tlt ,SJtl ei)tjl .t.a1:

( u'+r'Y 3b l''-l , L;6;1
LE 

=imuz 
-itoaz

E i^r'
. k?,r'

=l--7=
D-

:g-,b b =c d;ljl q

LEIdd =62.5Vo :lr-r- 3-r 
{'.i)

.uio crl5i

o-r.2h 9 c-^,alu^ o+i d;ti p ctr- ">r-i t h ,,, u;fut at4 ,>/e )/f/.t 6p at. *Jo 4, Q >*t Sq q J* rrrfrn

,pisa ,2lu ot g;9 ,9lti,f;t U"0 P 64ul ,> et| ahti d* Sloryt)

./rar, >*l c! ,2 G ,:*1- /lrl^ 9 )t/i^t ,l& ,* ".

/cr" ,w-t cpt) 9, Io =7 + miz d@il @ )l t*-t ,> r/nyt aaa^

o
o

f['.i\*-,)



+rLA,a )J y.Lo ll*>l .Si:-lii" - p.l.j ,-|^as Af f

oJ*.l o:lr rl|jj ,,:^-* 9.1 .,11:11-,! c'l.a,-(Ll, 1-lW

J) f:-:, ,(b) _l (a) JYL-'-;1.(--_.,...o -lr .J::.."^ J[*(l

a-lir.:'J -l: lJ t^,51J .glr_,91; Je)r..L,l !5L I = o dir.J

.# .b* O J-aj..tt<trl jl .J+5 i*ri t = L s

(a) a = \ \q/. rad/s, (b) a- vY/. rad/s utJ.

7n=\tkgtk=YYOmlll

r, = lYo nllTt J ri = Y\ o mm

ito,n.rr,*
b)

t- I Yf .tJli..- JS.t

9 Y.. N *l--i,5brj--5 Jfu &t14.l-lvt

,2t lD *Le .*, jl .r_p,l ryls yYt r,JL".!K t \1. N

,-JS 1t1 ,-,-91; t)e.- J ;rjq J.J + Y m/s ,-1,

e,ls A I D (J-iL t = o rr :rK:cLrL c"6; 1t A rad/S

4 +:' .L-ssi c#r trr|,61r u:5 Jtel {rU o Jl

.J KJ<, il Li:- *L;J - -J U C--

200N 160N

t iloonun t

15 ke
A = 250mm

10 kg

?-lYf rlt'"' .l-(i!

t- I Yf df..- JS.l

Jit *

./1..^i. Jjl,*.

arl.rJ *r;: .5-" ;l r-,oly-.,, .S €a^) l-\Vl

r;13 u.r.;) Ol^;-. jl ,F- / l-r 1. N ,Fl 6ti ,8 :*

J* #':-, Jst O:-* 1.t .iL>!i.r;l .i-;r -Sl .S'l

)l Ji W -r dtr lF 1. kg 6 ,r 6;L n^^J 
'JJt5--

jl .-q5.,r:3,t l-,r --,1: ,51+,-91-1 ./ti.-Utt l/Y m )U dL;
.s -E-e .'r<t,t

Q,= tl\tLrad4s2 :tr

t-lYl {tf....JlS-!

1t-:, 6lsl> u,J.;J5 vo te 7-* l-\Vy

! t ct-,.. r.1"- .:.lli )-rH Jf E = , lo m .ril-rr jylfi
Jt-el M = \, (\ * e-') N.m dl, .'i-=J" .g;jb-:5 oi

;r ,LJ L* ft.\L,l g,tj.r* Jt Oi ,tt 6 tt-S,t

1r 1.,1 .li @ 6)t-3.1 ie.*,J*rt J,(- JL-> -;: I = o

.Jr:S&"r.J/=Ys



AfA "Ft... 
2-L .Js-;

x,

400

t- I vY dr-- Js.i

d:, _rr > i ,Slr 1-\w 4l.l- 4lJi jtl-\VA

O, ;lt 6:i jU) L-j,,.-r-.lL c.itl.: g;) .rt ; r/. \ g

,t j-)'g:119 a[- st d_F 3* e ss O ,X L-j 6 l)
.-l,s-L! o:Li:-l 1-\W 4l:*, 63tt jl .+5,-r[..p.

d-, !r r m/s ,;it Jef l. e.5 YA d/J l-\vq

Ur-lr'-i 1t-:,.511b a-J Yo kg V <r,. .l-jJi
r-LpU ft *l--Sd. i4trl ,g-l to = lYo mm

4J.rUX.r l) ,-LJi @ 6)+'-211 Jef ,J:,1 h = \.V0 ffin

.+5:G s&.Li t-f Ji;.r 5 d-eJS :srt )l ,.fr
42 = .7V.Y r?d/S :tr

500 m/sc -<_

t-tvl {li- Js,r,

Crl = Y/A\ red/s
=lr

.r::5

rrr= Yl.iY rad/s CW

Y1 ;lr cJ +il-.:*l u. ,Fi [. c+tj .g9l l-lVO

*jl r:-l Jrlt) LLJ .:sJ.r, r.;13 j* gU cf #
ql ett yt 1 o)y. E = Y.. tnrn ,-*r t'y Jr
s:-- Jl-r.t.5l.til;r ili;-l fl l*s, rr;.J .1941t-U

J-{ {+U A lJ Ji @ 6la-,-5ls u.*,,J-:t ,)J<- Jt-. _rr

..t.JS '*;
- g--

:lr

t- I YA <[.-. Jt i

#tf Ft Jf b ,y) 6,1+-el1(*.J,l-l!n

21Ju .1lJ-t LW .l o:.2 ;K^.o drj,j J1l5 ,-p.p .+;S j**

4'l,,D -Y c ,.*l J-r-rr jl ...:-l \,.qi1(\.t) km Jt/. Ji

Lr !t--+.rl g 6*".ej.{5 orLh..ljta: rl.f .rtr>{tly_L

.lrnt. mUd 1 IA ,>\^-7 ,_* ejt

?-lY? dr* J$

e r !r r m/s ,;it ier L. C-S f . .JJJ l-\W

3 oJ-.i ttf-si O &fi -;t 6 \. kg fr+ q OA .i;! d.,

ls * @ 6lu-911 JeJr .J:5.s, caLal .c.*l ;5L l.r-l .,1r

sl* el;_,,-l.i t-i bi;,: 6 d-;Lf ,FJ3l ,*, rt"U)t



a.',.i,a ts.., J"- pL*ql .ti:+-, - p"S ,-t", 6f ,

200 mm

t-lAl dL-JS.i

1t*i rl.t-:,| )t m l)+ 44 
'SAS 

&lJ l-\AY

bly> )F O t' t Jf &l ab st d 
"r(--r ueV

L-a; ,5---r 4-i c+ .iF cJi-.11 *'Iu .tlg ,SC
(--.r d.rt53.^ .;t*.x :l.u,l .lr r oJi-l;"il Jer l* I o$

r * t Glo[ls 'J;5ct,. 'zS7 Jsr. i-h u. slis74

c^er E.r.rJ JL.el ,J--r q.,;-:tl 6 M ,j_f elt. i t

+5 J..f, t.l .!L"l .lir .-rU .5--r (0 
6,1+'-91'1

t- I Af 4'8.- JS.l

.,'. L J-p J M lF y ,s;dl-f- 4rtl ^t 
, l-lAf

'.Sf;r U;a J[iil ;-er lqx-y.*l ],i.'c t*i.a,3,e1

&t-h, l)a t3.*, \ 6 m lJ+ o{ 6lo;! L .lt65t; rS c*t

t.P +.,1r o.,y! -p J-S.-r.iLel ,C".'l )-* JV 1:.$'-l

.)i J: oJ3 i,J lJ 4l- ,r-h; J 6,la'-i; 6}ar>-c-.J#.f
.J;5 '-i dj r i. v.- rJ

ol.f ..},L,,o

R d.i J m lfi " I uS^^ -19Jr a.il.;-l 1-lA'

.o-r-x ,!a:e Ji {, J"*, &U, .S 1., m/\ 1.fr q ,F-r! ^1.,

tto et't ef t-.t .-i;*J d3{ nJl..il ft .S,-t ,F
J3-- | f.----... Ho s Hc s9t*,-91; f.^-J, .-t:& q! e:-t

.+5 J..- oJ-i orb Jtjj di',J .1: O Jy 9 G 1f f t

?-lA' 4.., JS.f,

Y. . filln 1t-: 11 6-:!1t;5-. -1;I-. g(--5 \-\A\

rd 4-r OA J|-;-fr * 6u J ) $Jt Yo kg g; ,gl1l:

U.*, t-i "J*,c.rYb;l .i- l.1:.r:-.l ol'^i' -1ln o-p

i6 t-r* J3- tf:eU:U c-.6; s) 0) = ! rad/s 6,1,,'-il;

'i:+ 
dy q '5--r (a) cJt- 1: .-t:S,r, ;slut O J) )J>

.J-r ), cbl;iA dr* q 6 .(--r 6) cJt- .2r ..:-l o.r-i

f-..7 i/-tJt+ r r:-.i,b -L;Jl .r-^- JLiil c.5,r .it*l

9 ,3*,-r ;,-.t dr .,,-91-2 (C) CJI-.,1r .:;l$ Lll-,1,9r ul-a

6ll--el3 ey.*L-f !i--lil 6i= rr rad/s .rl;r. ! "1.,

.-r.5 ..rL-- glL- ,^ 2s 1.2 O rLi; J_9- .(--r
(a) Ho=\r kg.m2ls vlr
qb) Ilo =t1kg.m2ls t @) Ho =\ t. kg.m2/s



AfV "Ft*" 
?-L i4

| = ,lYOrsrl. \!\{/ }f vlr

rJ'e{ . /1 m/s .'rti tur4 L. ulljyE i;t l-\lf

f t\rr kg f.ra 6l1lt i-fr .JAis, c-11 ,-i.r! 9,-;y'

r!.,, O J.r- ,.ri ,)t1-lJ-J {-3 .2 o:1t. G J) g.lIJ lF
9 O )e-- It Ln H6 6l+'-el1 fy.c .l \ 0. IIllTl

-f ,-*-,r-,11:;lri o .sYtr t+:*. G 6 ,-*_, (-,ijl) 4E .J

ss+ O 
-11 

o.r-i.,1jf LrJl L; ;l G nS 
'*y 

(:) 2 0 = o

.J;5 ,lrtd ,c*,1 0 = {'o .rio- ,JS.r,

F,

,-l A? drs JK.i

i
I
I

I
I_t-:.-*.]

a
<-r->

la)o

T

r.r in

I)-= MDM
'' M +m

_ lfluur
t uy-M*^ et-r

A=

,,-tr,6-fu jl dl-i t.t+ il ..r* .l-U}l-\At
*3.a 6l;lr A. kg fr* , j:qr-:,;+5 )1,6 d+

,-r* .\-rJ-o )r. tJAe 21-r- Jy-'/f rev/s 4l1is

,.rrr5 6-+ ;t(:.n ,1., i)q.* N .gtr,-91; \t-or..r-tr"f

,Slrr .-b ,SV.f ,.-t1Lj ;..r.; q-* ,f t, 6!{
.-r,-r{ r.lii y.: .r)t- -lt .i-.1" J, p--e lf ,rr-l Jl-'

r"l
,^&'---tr N

,-{osrevrs SE^

P- I Al3 4lt ^.. JS,i

\ "p ,rl: 6si t{ ,-("-f q t-r er 1-\A0

9r r5 
'*_f 

l, Qf dlq9lj \3r U Jxilu. Jt.(1 f"
-il ,-lt--t ,Sly I , e i.i5 Y .i.t-.;r ,r--9(-I; .Sr\

J3>..tiL-,r, J* ,;--lll 11 = [/0 rn r r\ = \/Y m

uSas:o;) .r-,11: 
^J3 -ij 

@. = \/Yo rad/s yly z siz*.

ty-, ui-ils 6si ,t-i Ui t = o qli>,J tr b-lj! :-S 7
'-r1S A*; dUj jl g,V ,>y-.a r, l-1 c--a * T :V
,-; tsl-r,l l-r L-rrjti utt#l d"S )-S \ . ,-:.-L.;i ,SkJ.r-r,

)it':--L" .SL.r:tr g..,-+ ;l 3 ciJ .Jei 1r c15 r,t!

t- I Al" 'l?--- r .lS!

.)J-



a^ib )J..l,a t"t ^..>l 5.:.tii" - p.i3 ,-t , Af A

u6F

t-l AA di.... JS.$

u.*, t-rLtJ tmlF{ jS,$dJ,f 1-\Aq

t{ .JrJ :l-u.l .,1.t 
(At = o) 6lu'-j1 \Uf ,.l-l* U" qJ.rl

Fr ,11r.<;r.- .ft<rlrl ?-.f fl .t-*C oLr;0 ,,,-j;.

o9)t--e r- .-t=.5 J-='J l: ;.'jJ;ll-u; f st-.; c.,.t ..t^i,L

i tt 6-f @ 6,te--r\ u.s, G lfr f y D u.*,
..r,-r3i c*'q gif ,.19: 6ta-;l

YU.

'-___g\vttrcoso - Ysin0) +tr

n= 6D.ut 
, a= 6D"Ito/,

YIt*-vtan0 - Yl-tr -ytan0

t- I Al df..- JS^i

.glc,_31.,1 \3)4 L 1-\Aq 4IL.- d5^^ 615 t-tt.
(u. = o ) ef I u-h;'tst' rl9-\ :r*,oL c..6.a .lr @"

g-ll-u f ,.rt-; cr.t - .s_Fr-l c.rl: ylri JU# ih- 6, J.

(D 6,lu_j; c-eJr 9 D t\e ,t oJyr q .J;5 drrJ l"t 
'i|

..1,-1ji C*r .. ,,, 'jJ0.19r g;t-6iil 1: l.1 ..li

,OO kg lfi -..{rt--r ,-r.;r rk-.| ,<-- 1-\q\

6ss :1.J:5{r, e-F ..,:-Xt cslt lt Clr'-j) f -r Jfl
,j h, bie il3 )_tN J,.i;+ *S 6J>z' r. tSj-t> ,o-ie

6)1'.> af 5JS Y/1 Jb-rt, ,r .,1yr-, (--r 1-lAV

l-t+l I .)J-.t rJ!'- O t y J9- \ o. mm oJ.-l rj U
i'e.s\O :l o.r-J-,1jf 6t* it5 s7-tt Jy,- *:lrl-;i

a' A C;liS-- 4-rtr .i., .J,Su, 41.13.: Nq = '\r. 1gy/11i1

.ll. i L "J;) cJ-i o:lr gl jJ 4-f 1r l-til ./1 kg gr.'

e\ &_f url.:;l .c-l JJS- Jt- .,rr ,5*.: r, .- 
=,-j

iJ<- cJt> q t+,i.,1r J );tl1 Jl=- ,St{-l C + .t t9-J, ,t
.(--r N r Jr-J+ ,.gl+,.-;l.p .>ef .t.S lltu(-_r t ,--=*i

c.r;lJi :3;9 Jt<l'^rlO c.jt-i srtibL-.,1: S ,?f ...*l trl.r

,r,-tri.; 4+r:i )t 6-;l.,;F.,r: .St<trl r59 U-i.-r;5 yb

9:.2b

Ny = o1q rev/min =tr

/,
&

?-l AY 4lr* JS.r

m f* 3 [.. fliln -# y 6lctryl r*y 1-\AA

,5h--91; u.*, tr rr- ,--j!j 6f ,t y-*, Jj-> eS

6lj> ,)3-Sy+5i.lf.r- ,J5,rr rJl-lJr @. = Y. fitd/S

-51 
.t---J ,1LjJ siil q\ ,S::,(U" = o; .l-)l uor-

,J,t-"il J* u. \/o S.)Ir.* *- 9 taj^,y.,-/>;S

.f yuu.e 1..,fL tttr jf,.::*,;tSWt,y"-P
.-q.,19i.:*.1, lt tL-"f C-) di *, 6 ri,

-[
I

150



Aft JEt.- 7-^ i4
N r-1r* ,-/l.s.lt ie-e r-!i,-y b .-aLj a;Lrc.1r.r.2.

.,t'5 ..7b 11 oy4,t

N = YY/. rev/min :lr

t- I lf di.-. JS.l

.r9(-.1.r l-til_1.: t^o$)-,.7 a*,.1 q q-p t,1-lqt

./U L -y or, JLrl ,Slali s,:-.1 ,iu.a M [,iS 1 ,;y

tii lt -9 \Y. :ryy ,".8 9A cttao$)-;e 6,bs9>- 1
..t_L; ,1.'; l, oJ-i:6;? J) djJ U $ttc/ )! *i.rt q.l

)t- ,-y--b :l f :t. o$)-,.; a'.M = 1/A N.m ,lt_f Jt-

f y $ t-n, ,t;tiF ,[ s ;l ,*-: .ttf ,f Jt*elA

c.r-iri_r i tf;et '.' ( T J) lr \o kg.m2ls ,5lr-el_p

U- )JS:,eLr! c.+a rr o kg.m2ls cslqJtj e-r .&-f
I s c.,r- ,s-b 6 lt Rn I Rn Cbti {-rr ;rLi, .JSu,

J).J--5 n*b.r o:.J4 r.119 L-o13*. _r.t./Lj L*r;
.r-r! p y lV' f:^-./ 4 ost' q f" tt l, o.riri.F

t- I lF dr* JS-i

t_* :t,J-:fs^i OlsS> *J-o eS 49'.J:-_l,rr ri*l
,i-l 6;J^e 't:f 

6 e .;* a,' l_s 6la;rq1r .;l.r c-r
u l1 r.li )9a,a-* cl.r.;1.-;-* tr..-- .tlC r.:.,),,1r

E A.r-,* 1.. d.ati +li-l tlr* .s)ti,-/';.r ,ri.it lJt--

o-t'al-j.r aL.;a.-J,.;l: .15.r"*U L* f -t tl ll ll+ tSf t
.!-i.,, Jr dlJ-r: r-, Y. rev/min .llll L .,^;e d J:ss,

ai a*-l$ l,- 3 cr-e,r \. kg l-r- 6l.sl> |-fr ,t-b Sl

-t-tl-t -l crtt.li o|y> uor- 57, =Y,, mm ,)f y Jy

4s -lr) rk-l I lf ,r-r'-l JLr.-tiq Yo. rev/min

.J35 ;*J axi.'a 64a-e s:n Jf 1.,1 (oJt-i orl.: 4LLi

I =Ylto kg.r' *tr
600
mmr-...|tl

f"

t-ltl df..-JS^i

c-{-+ 1-lq\ dL, .{,b,-r ,r"_,rr rh-lJSl1-lqY

.# ')let* 4j 4_r 4i c^i*j \A.o l.1 i-* :-t*

.u,tlJ.> d.l->t clL-;6-i.jl: l.) N ,r-.il-13: jef a? rJ.r)

;l o-r-.i d#l, .:l.l-+ I oJ-! o.:lr .iL-)ttl a:5;l 9rl
.:f o.rLi;.| blt',J 1-\q\ 4J.L-,

J -J r- A c-;lF- t{- ,.rr ;l .il- ,.-t 1-\ lf

*-! 
^+ 

t+-i.Et#t t ot4 \/o kg fJ+ gtl;lr \".. rnrn

Lt -.i 6l1b ,_/.SAS I e,-U .c*l oJ-i YrJ B .ll-r.;,

,Jt ,,U )_r* Jf r;l:l;i l-r:,lJ) J o).1, [. mm j.syJli

g;L-ac-'ir,. 1l l"a+-L 4-4t-- -,1) Y. . fev/min Uf \
{ J ori rt;i t"tl.1 fl .tsg dlJ_rr r$lo$ d,lr{* dU



al?i,a )J:J- eL-+l .S.:jr-, - p.i*i ..t- AA.

t lfi 6s24.r.ri.A ! l.Ht.ai .i- 6l;11-lqV

.riloJr*i orl.r st ,': .t(-1 ;: ,.)i (J::slJ (n Jt' p

Jt*rl ,r iSlt t* 6tt /. rg1j:3 tj_r 6 ,lt-r
LtiUi Gss tr Ji *iJLi- 9 gggt".'t.,13k-lf ,5- ,15u.

c.{F-" -,1r l1 .ri 6,lu-9li f--f 4J C-l \ s :2,3u, Jl^el

U; JF cJt- ;l a:.."- etfl f ft ."rtt4 t;: z

t ,>J-. ,Sly,lt M '-'.V yl;S tt'-f t o:.;oi i5;'- r,

(.,,); t-..it-"ai (-iJl) at+;.9h,-11; '.3f ,J,-U JLtl

Jrs fr* ,-r-t-l Jt-, .J:5 .rao l-r q[ji I4 afi
ot)- I all z y>,, Jf oF€ :o tn .J,U .5 L1tL..".i

t-*,-* -t'* *:';f;:r.; :::
Mt('lJt; al" =-0L,)

IMt(-') @*r*=i@
=ttr

t-llY <ll..{ JS.6

C* f tL.cJ& \v/o s?Ji oL JiJr\-\qA

J-rJ-. ..r-:tr,.f G J-f \/A m ei.;;-"tfi F.5l;b G

,jLi:l;i bJ;* cJ.*, t-i r5 c*l ot-) uAp ,94b

.+ ..ri q! rk* -rl ,r*- Jl..l-i rlrr .1, ih-.2: A knr/h

,.,,-r .si;i de{ .J,-Li ,)FJ..t, ih- J ,*-f s5;ty-rl.;

6tg-: u. e-S-E vt e- 6r rtl c-<-t1-l1o

..t-;7u-, \ rev/s ,-Slsst &.*, Ln dU ::* Jf )\
J J.5 C.- YrK IJ ,'!-Le-, .?U" lJ JIN ;\, tif

bl_* u. r;5 j..- .J.o:.;lj F*.,5f t y>'6V-\ y

6Lrdy crl.:, r-r l-2 c-t^i ;L gt*.-r .J11i ..liU .dF .i-

V kg .l V. Infil J;L 6l;lr .5-. ,-r 5 .:;lF- 6-rt

cty-l d Js_t4 { t-r ll J+ .+.,.i .,;Li 1: ."t:iL d lt
jl .J---** ,*Li 1r YT. [lITl .-L3 J vl. kg lfi L. .d.F
L.\ aa;-r) J.:5 P* g- -r c-<*l i,.-r 5t(L-al

J 1. kg lfr \.,a9; nl5*1.(,- .u;t, drlo.t^l, g.; ,gtoe.lt

.(r-ri ,s r, YT. mm ,Li
N = [/A{ r€v/S :lr

t- I 10 df.... JS.i

;l ,r.,1lr lr-+ VA kg S ,r:-tJ5,- 'e 
6*1-\q1

: ttf 
'l 

b1 o$ orb r.rt-i-i ;il c-rr;/ ;r .r;5- cJt-

)ty 4 Jr ,ig,rl dJ+ J -tS,r' c+LelA -tt'J q

c-1Lat;l ,.,.1 ^LrU)t1 
l.r Jrli tD 6,lu-9l'; Jef .r.*,1

q-t-, \ ts-.jt 1t 
"-U 

,53.;1.-r)l;ln J.ptr.l d t
.J5

J> r""t"

?-11? dL-. JS.i



AAt JL^- ?-A j*,.

.Slo+-llj u?.-t ! ,5--r *t Jt-.2: b.g-F Jt ..ut.-r-:,

L-o;.(--: 4-i d^..*-i JF cJt'- jl -r:S"f Jlt-t> .t-Fb

l.rJ<- a1 ,5-.r Li d^i lr.t-*, l.lrt"'' 6t4:il 1r; 0.t.1

..rJ r*b." l2 ,5--.r -L-J.>' (D.5h-.913 t31- sJby.

uef ))rrjl ;U o-r^1 -ili djil lAEl .1lri,;;a--o

r *; -b;.e t g-F F;t ..US l.p l; lo.;tr, ,Jki"l ti

..t1:5 C-r-, -,F .,,-l t)_f s)

?-l'' dr- JsJ

\1. kg r.lt d-r 6l-,11r [..1Lii &- c+ 1-Y'\

.,2*l , lLo m rl-rz -sF Jy 'ti iyllS Lt'^i I or-1

P ^r.i*a ol'.-c/\ 61, i,sj-

z .sfi Jr QU -St .tt-'.,ll; I kg i1e a' ;;liS.
iJ 

-,.qt*! 
crl,z-p: \/. rad/s 6)r-'-j; c^oJ4 ! ,l-

r ;;t5 .<- L . ; ll,A-'.i,a 4l;,-l 1l u-,\;i @ 6,lu-jl3
\/- 

. J

#i 1l .t-5 A-.-; *{#r> 0 = lt l\ cjh-il I ,rbl:
.# P-e! s_tn Jr Ql.;! i* r,y *f

(rl = ./1v[ rad/s :tr

-.---.__..?.4 

rr.-

?-Y. | {L... Jt^i,

i/
l^.-,.-_ ,'

.J-l ntrU* l; J1J, a 6,la'-il; Jef ,J^iU u.il.r ,i4;

-rL-..- rL->1>n, ;tf I ,LZ Jf l(:ft*^ ,;1iz;t )l

JS j.t .-,-!.rtr+ .JI^LJ u "'; 6 ,*y P J* .#
.r:-l 1 m .:y-l,,re

cJL- ;l I J-+ r m lfi o-l ,ts,,Lr + 1-\qq

A ^J;; -51 
.tt.$.t Lr; oli orl: ot.i-i +4y J: dJ<-

6,le--jl; *3.*, .t; Jat B.SiJ \ rf Jjl .rl ol.,

..r.*5 J-*- x u--,.o- 1l ssf i -11 ,a +LaU\ \ * 0)

.-rJ .rit;.rl t ) Il\ s JC = o gljl q l.; oJ,i r:-,-r, +bl,

(t1t- x),[@
A=-*.

(+r'-lx+x') :tr

AI
I

th
IBt

6l-,111 1kg l-r* tet.6yb -llr-,tJ r5--.r l-Y' '
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trl;1r ji 2r ..r+slt fjU JJr..

V-V J,<-! 2: ;i4 or V dl;i -fur* 6 S,l:ta,-t fU

Y-t JS.t

Y-Y JS.i
.riloli o:lr lLLi..ft - JU, ,t-l rSlllu.bl;. y-t



C- et-al 6Jr{ 4-, 5.-L--o ; .gla-".rio - F$" ,-t , AV.

J JAL.', 
"t-Lt; 

b9;" 6il -,-. # b1;' 6 frC
bl* g ,5;:":- JL, d-l-r ; 6 .:-l g;'l:t sr* @ elr'-sU ier

e64P,4 "rl+! ,Jl;3r a5,;,"15 cJt.'. 6ly ..:*l o-t- 
6il-1

b3;' Jl ,-r:"* ,*ilt V-A j3 6Lr-bjF xiLo 6tl*a3 J (fi
o"-'7 b2;- p

.JA.b.r, ,.:tVn blt"u 6, J. )-* #
Q=a

o 6lq.rlj ,;b,3
Y-A JS.i

.J-iLcr, dL"j q;----i 6la,--91'; '>.er- u:.,,,, 1l.i.l!" tliJa: at ':S7 t):! f-.* 4 A 6,lr';l;,-tl;)

ieJ'.rlj:r -l) Ei Ai' a )K-. ,:-S€ Ott';j:a a*;-a -,1: ril-,11r 6,lb 6ly a-."')- )-P \.a=io ,G"u-

l4i;:.C-l .li.;1.[lr*r; ? J @ J44 .'-i; .&Uo slsy c4;Ja: - Sf ss: S'/ 6,r$ ,1lSl l;,5lq9l-1

# s> p Ji d.4-a -9 ojlll I -r,-Q",, l) P 6;l*13 L;,r':' (t) ,Sl*-sU \t-ef ;l:; clLQ .5i l5 V-A .!K--:.1:

.ttf ,g u)-, ;;-;. ,J-l -t @ -# ;g 2:6 tj.i'ur,Ssl:l a 6la'i1*rtJr,Ju5.-r"

\ie.*" A -Sl Jl- ,F s:;-r,g r^e &, J a 6la,-Jlj./t-.$t^'i (-';q c-itj a) o-,11-$l 6 Gs-t*, tt
12 6lou;l; -.,t* .J5 

't:*, 
bly: u,Vit btrr- 6.5,F gtK:, y: )f o) sltr, s.u:! ";f 

LJf* ,gla'-il1

(v-r)

,*-qJ5-i-r: (! I o) sa,gLr,zl:y..r"ro!l-r6rf &;'JV-q Feut;lblj:u,6tU rl.1+tl1 ;-l

-rl:-r-rql-r:! t'6ilt€ltA,br:\?f6.:-l .,,-)tJK-l )5@ Jr.v6Lr-,11:,'.;.Q\$L-oti'j:
.$r./ 1'tnrt 

T 
.91e,-,el; Lbrr i : O 1l o-rJ-,1jS c.iaiJ,.

I

V =f
=o)xr

lr l= *u

d =cr,
=Ox r

larl = .'*u

Y-l JS.!



AYt c.tB daij Jp,.rlrsc Y-A oiif

;lri o:Li;l ;1y n-n al;9r ji )-rH \O c.rU ,&;7, Jf :! f* r.'l.rj: 4:l: ilt ji ,.:<.t lJ V-Y J<- Jt
--.t')t+ oS t-'-i7 \:r! ,-h.l:t rlLr J.-r; g-..a jt A $;: f a=i Vt- 1Y,.L.e ,a 6 f*5.f rt>){r .a.,o:

:.,iu. .)J, JLel J,U .iu.,19... e'' bg.y €)V

lv-u

[V-Y]

tSlsl: 6)y. rS .:*l *:+ C-."rilj i,,,-l .l CrU a8; Jf dl.ll: I C+t^i -pr''.,. J;r .ll.1-9.: CJb ;r.r .i9ti; ;J9t

;;9 c*l @i4-1. r*-.; jl .,-lU 45 r"!./ a, J. )t,e elrily 6l-;l: a=it ,Slu-sli,-rkJl .s!Li.e;4 Jf
,'Ji; p +-Sl..r-!.f to o)l.t'l i 6-# ,-f t oJ:,a) d,,t<r;l 5.:-l o, ag 2:6,1+il3r.5l;l:..ri 1o,fiV

/4 Oi.7Ll-i t @ ti-g 
"+; 

gti:. st ,)Jo2Ju, r;-' c,ef 6l;l: +t*.1 4 t: n-n islslol-t* -t (ls
,j)tr.*- 61.21: Lii.c+U.1-g.. rl.tl.l )) a=io 6,1*-11;,-rl;..x *.:rll )-r* &.J;r.11.11: elt,,;.h 1l .::.,,1u+'

l-JJ(,":r.gl;b .-rJrJ 
'/ )l-rs c-tl--i dlJ3: )p 6il J. S 

'pW 
o1>{.c q .-r-li.f @ ojl.rilr.1i Ft"'r d.;,1

.-u:tr"* .J[:j [- tvf

c{-'lJ3) 8 d C {--bt, ;KJ ..1-:r5 Ch c$ 4Hj .Jl- J;r rll-;1.: .:Jl.' 6ly u:+ dr',-l d.'.-. 4"Jl

,rt:e OT Jf 4l.1-pr 15 6laLJ..l:t c-tU \ a s at * b-ny.rlttrt 6 e:* t t.:-l a'-21; 1; jl .-*E (f*'

-b S$ q# jrl .:$-r# Ltt u.dlJ1: ati; Jb; $f ;t $:*, .JJ;l-yrS crlJ-;,r.n?.":j.1r ':-;lJi F*, ,t.S,l
o ,5LrJ-=i rlf .t: s:d\r-/ o-Y ui+.,1) o-t...i +t 6le->.i-c '57 t::! g--r.i- ol;9: g;an dJn 4-

.s:-l o-U o:y ;lK, 1 ,1

If
I



.-l- r.t .pl c5J+ 4- 5..Qc .;' ,.glc..Li. - p$" ,-las AYf

'K-t*
i"\l
Pt'd4*=a

*.-- or- Y t-_y

lrr.,= i))

V-l 4itoi d$,,.o

ux ljxe Jf sr.ll;l Jr:S liti.(,- 1r ./A m J* +OA ,Ss:\

6,le--511c',r-.*,\z 2y- J.2z e9.a. JS r c-t 'JJ, W Jft, U ,ri)ti

C-t-.i 6L-,-.91-1 tU)4 tf lj! ,-ll--;^.o .J-:5 6, dlJ-rr N=1. rev/min cft--i

(a): *l ':j)L' r-l..ltr"f 0=Y." 6 ;Ff i ;-*,g o:-;, )L 0 = L radls

,*rb-.l (d) I A aJi; '>.er- (c) , OA ,glr*,-j;,JLi O) , OA 6la,-.91) jef

':-Sy 611l>O ^Lz'. t g,34e iiU.oli *y c.Sy r, o2)lb fl .A AL;J

-.,k-,i 1 6lu-jli &.*, 6f ir--l qi J+--& ,;u-lL z :lJ:.| ;:'>U, ,.rU*

f.:lr.r, -# lt OA ,g,le' js

,SltSt z tp Jl- p 1x sj...>,t Jl- fJ OA ,SS:\ rl;rq :(a) .l>
ar=\vlr[l\,=Yz(1. )1. = 1/YA rad/s t r* F = [ adls .S[nnilr, .gl-;b .JuS,r.

:L c.*l ,'lr' 6la' j; c-er.rjJ J^lJt

o) = (0x*0)r= 4i + 6.28k rad/s :lr
:L.:-l J.lJ.OA cStqltj -,t* (b)

a = it= io* + io,

.gl-11:;,lyliro:y^i ;,*iar.:l.r:.1 Vl ;>fu^6,=0 q;iy:,J5; -#&rr.:l.u.l-9JU;6.,,-te.li;t
:L .:-,lJ,lJ, V-f ohl-r jl 6 o:j,., .;5

b,=tr, @,= 6.28kx 4i = 25.1j radts2

a =25.1i+ 0 = 25.1j rad/s2

:'rl "ti

vlr
J,lJ, V-\ ohl-r jl A c--er-,t_*€ o:lr r= ./11tj+./[k m 4\ L:' 6 A 6,2l,>r' ca:'rJ, t qy ! (c)

:L.:-l

:tr

:U c*,1 /tJ, V-Y ,41.,, jlA .rti (d)

o

li j kl
v = &)* 

" = lo ; 6.2s1= -4.3si -t.60j+2.77k m/s

l0 0.6e3 0.41

a=rixr+arx(arxr)
= AXf +Cr, XV

=[ i;;l.l :,, ,j", ::i
= (10.05i) - ( 10.05i - 38.4j - 6.40k)



AVI .-rU zGii J9;lr9o V-A ,Jlii

=20.1i-38.4j-6.40k m/s2 
=lr O

a t @ -,-6;l O'J; cS 7-p .f-l.rrQ,n;-xl: .r(:- 0 : N 6lq3l.1 rrlrrS o1 t-6:J OA .91.r-3t; c-S7

...a-il: J"lJrU

.taio olsij

p.t/. &)" 5;-,^ ./,g Utn> |Jl ot1-o aag; .D 9 rN Uof qli 9 6)ye c'jli q d,oin t/ x-!'Z 6ltr9a ,6 C*s, q

ry,tty.h. . i - @rxi - a/yrk x i - llffi yut> 6-n 4htt/ ;t t^t .io, -,i,t. >ycr'

.1n'i c.-4 H yi ,/a =q2,-t1i,/rrt) i-vol/Brad/s2

H"' (; 6t/,2t 0;aa ,2 "r5 
J1o 617. Y-l\ 9 f -lA \t9, Jfa, ry A 9 Y opT <z-tt. g-ti /r*rl /tt',4, .tbGt, <,,t-lna 6ly.

.HA cb 6;lai ,a-l;a

o

o

x

/A

V-Y 4rg.i dJ,i.,..

*-; gl-21s ri'e.-, t-i,0i.(--: t- olro 6-,Sl -t-r-r

l.lrl .ti --! I l;-y ,sS u, gl;;: oJ--X orl: gl-L! :l*rl 1: \ Y. rev/min

N= 1. rcv/min c^,U \:-e.,- eJ 4,' fS o-r uf .J.;|JJ<- Jb t)
(a):.:*l ?-.lu,,..s-t-C orl:Y." JlJ./c-,fLi 4,-Jlj tt Z iV ux Jf

1U.-, (c) I ,r.---1 J ,e;l-as ebLsP O) .'5--r cSlq,.rlj aef
.o,l-.X o:l: Jl5 c.ia*;J .gl; .(*,-: dYLr.rr €lSe,Lij./b!

J4:' :y-r :E q k .r j . i 4 Ltt^rl:J, L. x-y-z ,9ln2e^, :p

sp Jx )-F y oJ--X & tist )_rtu JZ_2jn 6 6t* r, $lcJ-.!

Z y>,'.C-t .;"h, ,5'/ all3: ai Jf ty-f t :tS ,/ O ;l 6 lpl
..r-tr"f K- jcosy+ k sinT Ji .<- ,1s1. t o:-y 

,^jt"i

:-u-:!.f rglq-llj \ter d-t" tt 6l-,11: .(-,-: i ;j1s 6)

S)= 1. (\n)l\,=\n rad/s 3 Z -112-t J;r A5=\Y. (Yttyl. =tnradls

;_*,1 ;;1 6,1+'-el) Jet tr-l-lQ .Z )J?, Jf

at=atof O =rr5k+QK
= abk + Q (i cosl+ k sinfl = (Q cosDj + (rrn+ Q sinO)k

= (2n cos3}o)J + (n + 2n sin3}o)k = z(.6j * 5.0k) rad/s ,-,15

67= 250 nrm

d=l25mm

z2

a"= 5x radls
a)o = 4n rad/s

o

.z\
f
\
I-l

o

z
I



vL et*al6r'? 4- 5..Qo.;1 6la."ri.- F:i^ .-t- 6Vf

:L .:*,1 J,,lJ, V-f dqtJ jl .(a: .5lnr1l; .-rL:.!

a=io=d}xo O
= Q (i cosl+ k siny)x[(Q cosDi + (ab + Q siny)k]

= Q (rrh cosy+ O sinycosfli - (Q2 sinycosy)i

= (O q cosy)i =i(2n)(4n)cos30o = 68.4i rails2 *tf O

.ty ft J<-;tU Jt€ e5 o:-e,r fi J ,st-W ebbsP S* JL- a 6l+'-el1o-cr-.;t:y (b)

:L c*,1 ll-t h :2jt +LbJ .2: A ,Lii d-rarJ, _;l:y (c)

= 0.125j + 0.250k m
)_*,g & A ier.V-\ dr,t'; ;l

+lr

:L .:-,1 6pl.- A &i;,-rti ,V-Y olqtJ jl

a= ioxr+ &rx(otxr\= a x r+ ar x v

= 68.4i x (0.125j + 0.250k) + ndt j+5k) x (-0.1920ai)

=-26.6j+ 11.83k m/s2 :lr

.t .to Cflsi

,,:oul @s* O = Q) = Q)t * &)7 ,o1ti o2t2 QlLii S)>1, yi eb G^a., O
./o>ga eup. d Sll. ,-h(@t, ,op'i &i,,,a UIJ D 9 ,->*l c40 latl ./0-q Cpypa, Sll. bo Y-t' a.b4t/ ol'rol,q o;,;,t2 2t- oa @

o1-n'i c:*4 eU q , ,Jrn /lri x ctli^ <>!4 D of*q ,lW b9p opl) oy-t2 7. go6a 41,t, d ,,---l ,>10 CO ),* Ctgq O
.,"L" c""tw

v = et."= li n, ; l= -o.te,oni m/s

lo o.tzs o.rsol



ava 
"13l... 

v-a or.+

.,1ler oJ:S (ji 6il.;l 6* jt j lil'<, ,.(,- V-f

t+ -ljtr Jl ..:-l or-i J^S.ij C c+U o.r:r: Jt a;l 9AB

)-rtu Jf G) =Y, (fi+Yj+lk) rad/s .:tU 6l+'-j1.>ef

A. 
- 

J C '>l-.o;;'.?-U" .J,-Ll gl-19r OA .413

6)i euU.8 gte.t .-,b.i ylli, ,SL A' I Y' , Y' yl.,;1

'J5 ,1..{ C $i il t* di.:.J .rr l1 oJ::S

a = \YAo rnls2 :lr

--t

Y-r (I.i* JS.l,

J-t- \ o rad/s 
'#n 

c-&.e L ,(*"r V-f,

O) ca-+ st o? r (a) .:<-r -,1r l-til ,r ,Pl z yz.t

y-r-. J9..- N= \'fad/S !:-tf L a-e9-at.J5,rr crllj.l

J 4LA36bbs-* cJL-- P Glt..qL.i.f crl-1er,'jU

'S'*tls,#

Y-f ali..- JS,!

JfL..

.jboi. Jit...

oa;,^r.'*ti .gla.;y.." \ qi lf l-l )f -.rtS V-\

x .29->-e Jf ls./t.;S .-r+r .;lj ,.lb;a, cSu,)S-:' -2) 0J..1

ojlril cr l.1 J--Ja 4-f ,-F J o.rilir4 1'o oil-Ul t

t#-ll.l V5.lte +-f .J:r: rrl-llr ! s-n J.:r 1'o

..t-rS -rlF btllrer .#-/ d.tf .*t trl.,1 J* d/-l .1;5

6L-adlJ9) 6jt-t C-..7 t-.t -LLi1l.2r .oJ,i c*1, 63b;l
V-t J.(..i trl: )f .itli->L fr-J.f ,gl+7ri \ \J'av

.J.", .itrbl

--"
Y- I di* JS.i

&-*,1OA c-rtJ 1-9.-'... J-f li +;l-1-l V-Y

dlJgr roJ--i orb dl-.Lj c-{-" J) N = 1.. rev/min c.tu

\a+/ a tP aJi; c-"e.r-y 2x 6l-rl.[-f -Sl .S,l

c.r+7-*l J lJ Ji z t>c v- r-iJrr . r'-.11, -Y m/s .9 I' rnls

P :t- JU,i, .1;5 .r:* l.l Jlsl> 2s>e U R ,rctJ rtaU

.*-r3i c...-r,;1,,

\,
Y-f dr.... Js^i,



', la pL-71 6&? 4-, Srat--o ,,, .gla.o.,.io - p$" ,,[.as AVt

Nr = tL. rev/min

& raL OA ?)-f 13-r,- J3,-- B 2;1;Y-Y

e rrL3.o .E-*rl F = Y," \sli c-.'.i Nr = f . . 1gy/6i11

"St 
.S e,.rl.1-r: Nr c&.a t- dU )-F Jf &t4\'

lJ N r ,riL [. rad/s .,1hL .51-,1b :ys: ,F g.l^'-jj \Ler

.15 '*;
- v--

*l*

Y-V <!.... JS.&

L-* Jr--.Jfu &t-L, 6lcJ..i .i-Jt{ + V-A

.::'S r uf .JJs6, ;.slut @ 6l+,-9]'; \tgf ! CD cau

.J"5;*- bA ,U;)

Nr

-l
I

I

I

I

I

t./

x'-

A

=--=- __,t _______.>ry/

\ ,7--,

Y-A df.... JSJ

.rl g,t.ejl x-y-Z 6}a.p>,t 9 JVLa rc1;, V-{

.iLi .gl, :912 .>.e .* t-.t Z .,U tr-r,. )r-- C\ e;

J<- ;U, gt^.i, rrrt.;.r .J;Ss,41.,19: C) = ./l fad/S

..,1.:-i ..u.- -fr,J @" = Y rad/s crti rll;-. L,y 29>,, Jr>

1r l1 P r-Li; -'t'-.'. t ot-S ,--J lt A 6)e d 6,lu-511

)6-" SS-l U :>{-t.(-- "2r \ait r' s.s-t'UY-}

gl-pe: C) .51e,;l; url.z 4^' Jy Sl;a 5 $loJ^!

61l,*'-j; jtf ,Slsls stts t.t^!U c rti 0 tgl = o .,ft ..r5

4 CstA Ahily6 iJrt.-u-r .ulr* ra. = -tj-Yk rad/s

cQ-r rbr-r 4-5 +t-i .glcJb.l.1r l1 e(*-r
.ru.iL_. ,Lij y D6 r1.e ,-..r-llr.f f = ./oi+\/Yj+\/\k m

9.: 't .r-tq .(--r d ,SSs B

v,1 = -r7y',i-\/oj+Yk m/s ultr
Dt = Y/lY n/s

Y-A <li* JS.r,

e, r-5 Jfu U a>13 O-O )p Jj- riy v-l

;tlr .c*l .r: ).1J .o-r-.i ,_!-a;, ,S)f r3U d 6tall

e Sl .J-5,r, ;slsl@" c+ti.glr-el1 \ter q ciU .JS*i

u.a.5ly .r,.Lrc.,.lt o .+U- ,;i^t5 - 0 = p 2u rrl;* tl
.Ji--i la a ,91a,-9lj VS 9 co 6lg211

t.)v-^-l\.t-/ \- ,/.vj______)-<

0

Y-t <[-.. JS.l,

t



AVY ,Ft..- Y-A ,Jii.?

a = o,n( t=i 
+ k) rad/s2

I r.lr )

V-\. d' .,, -2r 5 V-Y it; AuJ;t JtV-t t

{-i c-{t..i Vt:...l t+ I ;:jS* cJL-- .,11 dti Y 1r ,-t.! .;lfi

6,la-'-j; -.,k 1 c " t -,p, rJ-y \"... revhlin t?f

y, s-r-f \)J-t bJrjl .r-t a.rtj l', .<--, s syss ,fr Vt

,,1) N = Y. rev/min &Lj c-p,* tr .ll-.rA y S .P")
.-t^iL dl-re.l Jt--

:lr

6la-,-91; u.a V. ,;1y- J-r A oJii V-\ I

'sl1g @6 c+---" .lr .;y g @n *-4-7;.: l.t-il Y. rad/s

,51+--91-1 .tef \ gti.1-9"-" Jy ooyar,eJL'*.o .J56,

)S tO 6la--9l1Jef slti. .J;Su,4l-,19r @ = \. rad/S

;, l1 .ri ..r'-t 'i J # 6bbtP J $f ,F lt ,SS

.ri5 f*, cJt-.9r r'a

Y-lr dr*Js.t

d = -l/yi rad/s2

op = rf\{1j - fk m/s2

l-t,,r:-l P = 1.o d,561;J

Ylla

/'y

,r'-
a)6 oo 450 mm

--d
-t()

Y-l 4I*. Jf8

ol.t.liL.-

,Jt-:i t--+!-l ;r i:.ta, V-Y 4;J ; *L:.- rr;-r,. V-!.

..ll>., ! x y,.et J9* o.n-i )rJ -l.lr.l, Jl ..;,1 oJ^i c.rlr

(N = o) Z 4-- J9 j._;g t:_t*. "i,= fzradls .- tU

;f ;ti,r l1 ,5--: t )1, A 6la'-g'.1l-rlJ sJ,-Li gl.;9.1

.,.ll lf y \:^rU r3.,- .J-;5 j"'J 7 = t". 
o c -..^i.;r ;l

\A AJL./L' .l" 2 tly i':.a^.l ..t-tr"f \Y. rev/min

,u); lll c(*1r .t)t-.t -J 6u tr, 4-r;,-l -;r d

.r-JJl s--+

OC =250 mm

d =125 mm

.J5

(
500 mm

)

.!

tA

Y-l . aL.- JS.$



.,,1o pL-71 6J+ 4- .S.al*,-o ; .5lc.u.i. - pfu ,-t^, AVA

Y-lAdf....JS,!

ei tJltl> ,J.fu -,1) oJ--! orlr rJt-Li .it-i9J V-\\

c,-U dL- \x-y-Z 6ltyr-.-r-tr.f '#*.5.r1,1i 
r-;r

J--a:' ,J-i5 6' tl2jt Z :-l* Jf @t 6,1*t j1 tv'f U. 45

rie,a I tx s1-+-t Jl* OtOt tS$\.riloJt-i

)-r* Jf O\A JrtS Ai\.;'5ct gl.,1er (0, =0 6,lr-sl)

-,11 
l5 .:...-.^e )_ril Jf J o)f bls1o @ Uf \ OrOt

U.* L1 ,.:-l X yea 61ltr r$A ,Jl ls S r;^ijS Or

\O, -A )fl J;- L",Ki .rtYtt .JS6' ,slyt oll = p

6lr-'--911 ,glnrj-.e .*' clSy-:L;., .J5,s, qll-,l9r @5 .3f

lh-i, ,oJ-i orlr ,..1t ii srJ:.l 4-f 6ly .-u..:,!,rr crtJ

0 = to" 9 0 ='\.o -r: l-l t---.r.(! )S a 6lu-9t.1 JeJ4

alr = At = (!)6 = o .9 6 =\lorodlS r @r = Y fad/S l?.jt+

\O1O1 6r\ a ,91'*jl; -.,t- ;_";a^.a .JJ J*'j ..u^:tt

.J;5 Jk 1br1 ,5_ otp \

t4-Ji Cl; 6 *tp dt^oJ)a; p,"+, V-lf

-tJ,t cqti C ox>g.fr 6 o-r^i, ,_?l-p 4L7 .ori orl.r erl,i.i

,q;l.i ro OB c-t9 L o1.,.-r O .l: o-ti;lr6K; q! .-u.n, r
,oJl--..l ,,ai-l,r C.4-7 .,1r Z ,;,Li y.-r,. $--jrt-S -19: t.

.ttf,-r-D 
'Jt.f 

o'Li)-t,-rlJ9: Crl-i t Jd-fr._/

t orS ,-t cSf 6lf b fi s a.511^;n 6bLs-fu

I fi = \1./A1o ,gl;l a-, t;r oriri.F tt) 6l+'-1'.1 .3r- 1lJa,

Le.*, e,iJ.y ;4a*r .J-.5 ,-rt+ I 6lu;l-ul c.*;

.r*5 l* O-n .)2t^. Jf ltD ,*>7.fr 6ln'-el1

al = 11/\ rad/s j @,, = 11/A rad/s :tr

V-lf di... JSI

v-\r d.t*.11 ..r-,i c,*J' e3tii;l orLh-.l t v-\t
.J5,;.r'J ttD uplr o$)a.;; a a3l+'-91; -,b-i -;l.ry

a-; )<-:,,j1t! ,rJ-: .r:-l-;i.i-.1r V-\0

Jy- ttlo = Y rad/s 1gle,-jl; u.* tr crtir: c(,- .gtr6.i

teJ^4\' ,5 .S.,, 41.,19:1." ll-tY t-911 l-.i OG s9^'

al-;e: Cl = ./A rod/S c4t-j dlj*. L.Z iV )t->- JJ--

irr:iii tJ ,kt a .5lo-91; VS r @ 6lu-5'.1 \>ef .J:Su,

cJ-i orl: bl:; x-y-Z 6,Vs9^' c^6; r."....> t lJ dU.; .+5

..t-tfcf Y )Jr- G1ly ! JJtr-. .J15 dk

at = -,lLi+\1llk rad/s

a = , lAjrad/s2

z
I

<-!.>o

vlr



AVq 
"13t..- 

Y-A (Jlir

t r.,K:cL c..6? J) V-\A 4!.-, C .(--.t JtV-\q
YL .11 d e-f s z 29ac J9- Q c-rLi 6lqjl; .>ef

OA Jf @. 6la-,-jl1 \>e,4 9 J-:5 1.11.,19r rr-23 l--j;

6)a,-912 \tef 611.6,leL'11,:y' r-f1.4* crL'.rr{ .l;+

.J1*5 jr,.t B ,5-.r d 6lu3l; ?V s &,

t=-!{r.+ e} +ar.k

o=-Lr.(r" +Q)i

:tr

sp J;r \ Y. mm LL".j' \ cgub c(--r V-Y.

,F : or.rJ ,slu> @, = Y' r4d/S 6lr-'-21'; t-r- \ z

sp JF a, = \' rad/S crti .glr,-ill ul L ,'ey.a'

\B &;; o.;t:-.x 5v Jer- r'-:W.sSu, sll.r9r.r itl,i

..r;5 ..rL-.-, 0 = f.o i,*i-;,. 1:

-'T -
I

I

I

200
mm

I

I

l/"
r-/

120
,'mm -

B

|'r'.-

Y-r. dr* Js.',

V-lt 4[..- JS.i

&, g.l*-j) .ef .V-11 d:- c.'U11 6ly V-\V

r@1 = t rad/s u1;q 0 =Y,o ..1 0 = '\.o g l1A.-<i JS

.-L-5 r-xd rf-i,t, @r = @r = {1)t = o J Q)o = ./A fild/S

.-t^5l-t-1,A"<i d ,<lu.l i.-rk--l .*:,'r^^
- -r - v --r 1 9- r

ar = ./l{Yj + Y/[.k rad/s

,r = -\/YA1i rad/s2

*lr

6loyl: ..,i;*l ,l-l+ r *: \B y'l-.-(--.r V-\A

6,lr- 6,la-h'l; .J5.1 .rb C ,-rU u(--s 69; ls b 7L-) u.

tr Jr--lt B .5--r a 6,lu-9l1s.,t:^i f eo 6,lu.jl1 Jef

ro" c.{U 6le,-91; Lerl.z 2j>' J;- .li ,Fl $,*
.15 gl-,19.:

x

Y-lA df....JtS.i,



.-L fLpl 6J'{ 4-, .SyQc ,r .glar*L - pii. ..t", AA.

D=YltAntls eao 1/\. Lmls2

(J)ar

Y-rr 4li- Js.l

.5lylr V-o aJ* t;5t,gln--91-1 \tef JSIV-Yt

ls s_r-l-: d 6)a--js.-rL* ,.t.!L @.= -[j-Yk c ttj Jl$,

-r e =tan-'[i),", e 6 = \rad/s e Q = o (,-ilt) c;tr

A 1J;; -,k-x tlri, .-t;5 J*J .(.iU lr y') Q = Y rad/s

J !:,rt, jt/. 6lj> A 13 s .3J,c'JL-- 9: y' -,r: l.l

lr4 ..: .l o-L.i orb ,it-! &r*J .;r f =./0i+\/Yj+\/\k m

.'t5

tri r,- ,-|--a:, Jfu U V)c -l 6tt-e c.jU V-Yo

.J. '< 6,.llJ9: Sl = t rad/s .+l-i .ll.'t- \z y-^' )t-
crt-.i tll;.-. l,r ,-t- OA )J-r- J-f B c.jLi rcrU;r

nlt radls c+U cll;*. L.y ',--21;, J o+-fr cl. = \" rad/s

A 6,lu'_j1urt* 1l.ti, 3 {D 6la4l1 .ref .+t_.f .,5K
x-y-Z 6l-a1t>,' ..t;5 ;.r-- T = Y,o 4_f .,r l1 B c-iL..i

156, glJ.9) ,Ji lr -l o)lr ,).-- ,tr:U V>{, q

&) = -,/YAoi - Y/1.j + Ylok rad/s -l:+
e,= \\ltt rad/s2

JF C:oK ,5.- OA .#*.5e-2t 4-l'b v-Y\

gln*.lfj u.*l.Z ftlt )_rtu Jf Jjq 6.6,r,.7i+,-l

&'.1) j-b O,rst-,;^a.J5 4l-19: Q = F= Zradls d4U

I crL-rl, 0"= E/\ 6 Jb 1r ..t:5,r, o\-j e = 0" sint,Qt

.:yr-1,5,3 .;lsl p = o 5115 c-,t .,,t ; ,q;ti 

- 
J. t

+l:,J rr l) OA , d 6la-,-91'191: i 9 cD 6l9j; \tef

gt ^132,n.-t5.j-*'J . t = ] s (.-,) 9t = i 
t (.iJl)

,.llJ9: Q dlLiJlj U.-, a,X-Y L>;e )r x-y tz.).
'J;JS,'

(-irr) a,= ,(-Yt*u) , o=Y, :tr
(a) o = nk s o=Yi

z
I

z
I(lJ n=P
I

X.
r'

V-f I d:..- JS.3

OA ,JS dt-i e rrl.19r Jj-;S .59.1t .gly V-YY

Ja,-lri .2r IJA dt{-il ,S:l a./S.l v ier V-Y\ d:.-,

js= \.. tTtm,b = \Y. ffill nI-U.t5 W t= -1,
Y

.li 1r r5 orJ+ V-Y \ 4tt*. J--2* ,r.V, 0 = g. sin[Qf

..t-tr"f 0.= lE/\ 1Q = ZradlS

o4- OP = Y[ m J* *,rl5r .51-;b J:,i!J+ V-Yf

.:.1--7 Jr Y rev/min .-1t-.i cll;.-' tn.r!Li )-rn Jf )

.ll;- tf ,Ff rp: .clt ;^,".J5,rr rfl-19,: o-l-i o:l.r JLi.i

.-,t:-.i 9 U.*, pli' .*-i4 dr,iq p = ./\. rad/S c.rti

,r;j,f.rr 0 = l.o 4-f ;l 6 ,gld!.J 1: l.1 .p: P .St+-l

..t.:5 r*b.,



AAt JllI*. Y-a d+

V-fV 4.-. JS,i

. Lrl.l * x **v J:*.fuJi ) V-YA

-i Jl-jt ii f 6 S,l !,Li dU-)lJ 0= (ntl)sinfnt

t-{ Z ,vLi sp Jj- OA,:it.i ,1lL;--a .c-l dl.i r*-
./f i 3 v t31a .JSu, JlsS> (D, = \ n radls cati cll;.,

";, l;.li a 6,lt*-j1.-rl":-.X d,ri:"^^ J,-CJi B f yA
.+5ji/dt=oi5.ghb.J

v = -./folj n/s

t = Altoi + l./AVk m/s2

a = -Y\/.j radls2

Y-l'A a$"- r,lS.i

:tr

z
I

f,,
200 rrim

\.-'A
I
v--. 
I\!

V-fA 4li*. JS.i,

tsst I c.{tj,:eJ- t A dU y-t' bir;' ) V-Yl

.,11: &- t s .,--o r,.5'')jh'.,J;lb4B c+tt iV L:-p

'J \A L.2;' a 6,1,-,311.-,k-.i .1l;eL .t-1,u, [l_S

d= 1/lY radlsz

.-ti.'Vbg#r

:lr

Y-ft <li..- JS.s

h 7V2l e r oJotS LH q i, f3\3 
b:p ) V-YV

.JeLi f t..t:lL,-l ')jJ d3{ c;; iL- 4 6u t,
l.Z lyr,r $-- 11 glsi.t-t 2ry, ,b5l>,t B J# 6lorr-l:

./tl-i I ol 6,la-'1l'; t3,*,.Jis, u-b U &l--i .3, .

.+5 J=t lt ty btp d 6la,-j1

-J

,=rffi,

)

'=-*(;.+)'

:tr



.-l"a ft- 
"1 

6&{ c-, .S..l--c ,1 .51a."u.i.. - p:l^ .-t , 6AY

."l.f eS 2> V-?

.;r,t lHl ;e e cSf .(.5 r, ..:-l .9-t*, a- u,S c.S7 6!l: 6 * f i- ,r(';L''i"' jJr;

6L-o€.r, ;: .41--"/ 1':d a-L;i cS.zz q JJs:i pr f $lo-u-: o.:.,; JEi 6,1*'ii".a cS 7 .J'b 'r.l' .,: J.9""1 y-l

.r.l f*lf rEl.r dl.rl: Jl> 1: j JL&Ji Jb t) St 9lasysil

JU:jl Jt'ro ef ,gLa19*o

at ,g,la-,-911(yr.gl-;lr 6 Jot./ .,.lt ll lt & e V-\' J.3

-rti:ilx-y-z J!,i::l JL- -l) ezl ol3!-: l.r-*. ;l.r:r qlt B rLi; 'c*l

-.,b-.x g U.*, !-rl-l-l L-; ,-.'+ .2lA $i: a./t- 1v J-e .,-'.€,1
.b-i,l \:s+ (i*,

[0-t]

[0-vl

.-J-, fl-qt 6la>.;-a ':.57 ))-f )s 0-1 I 0-t .gLrri1 ;:6

htlr jl ,5- 1 q 6 dJ''t - 6 f .gty ;;7--o .rt.rl.o y-t .tl 7)-

Ye=Va*.Yen

o,t= o,s* lus

x
Y-|. JS.i

.C*l Cl:L.a d.F 1'.,L-i€ by.r. -2|':y t-

(v-r)

en ^*U r5 g-rlr ,+t Ei yl rv-\' JsO,11 .L.ai.r::^L, t' 6f q lqlrl y-t Jt-ot C6 q

,s111: B A-hil JJ-- (..-..7 $ -L,scr' .h y,tif tl;r x-y-z o6!-r -2: 6 6,plJ J,-) jl .l+rii 1r .JJL,5, ./ti c4U

JLi:jl osF y bl-rrllt J':57 rq":J 1: .rSLt, cS7 B f-t + 6tf ih- t5,- 6il J.A &il J otf

.gjt' -b tB $;i Jf t' atl.;i: o1).e q r:-,tBl.t* cS7 rlLr d p--t

.!.,J ":+.):15.,-,tL! 
9 t?y y b-nt.rltle lr -l o:l B aLjd. J3-.ll-ljr,itFt* c# 6f Oy^.

2 i*;a.r)rL, 4l;Q ..t;..ltr.,, Jt5- ,ii; Jlt C..:*, :-r.r c+U da,A .<,- Jy J.e f-..- ,5. L'lJ9: rJJ, J:

:c..:i J$ O):e + tsl-l',1l; ,.*;.-.,t-

.,r:-:tr.f ,l--+ dldir.l ,gte,-11; ./S -l 6lll-11-1 Je)l ?,/ q co 1 @ 6

f-."? jt 6laLi; B aL;: t,rfls gl.t ,F;r .r.i,l cSttol >l,S grr, .lli- q B ia;; y'l#';l ,6.t* JatJ ;l

..rrJ,-,1::il Cl ,Li; olp {.A AL;; Jt ..t.1t, .ra*-r:Sy;t ,r.* t- l gl'; s: .},Stz 6 t-t-,1,-rb.:jl

.S:-rl l) al-f t 
"rr*., 

CS7.rY:h,



AAY .rF cS y Y-? j4

,n= .-ey;::;?;Yt, xran)

.J.r.".,l;t--<,-,-gLr-;lry 6l;l:io r2.1-i1: -t&t,r3-fal+l-ll:.1:dc*,1 erl3.c*,1 tue=-tvldiJ:6

4f \f .1: l1 ,r(;:- .rY:L" 6"4& .-r-tr.f Ct' j,.il.-,b*jl 
1t $:*. g 6U el+'-sU S.r l*t

.t-6eJlJi -,lid,;t t)-f tj-f 'Li; y-;r*U bl-* q Ub € lfr f y 6 {) f""lJ- ,€'l ,r.u,-F
c.,)Lr:l 1 -u-JrU a-l-i|fiK "i- t: .Jt:S \-.t- htJ nJqt' gt*+l ;: dr,i V-\ . JF-j, i B s A bW fl

,f;t"r.- \ls: l5 .:*,1 ,S)J-p .(V-f 4;J,-l +k"",.' ,J";) J:5 J*.o dlu--L - r-K g;LaJ^d Jtf q ./-t#l

..:;ll-i t-rlt nJ:r :fi.r t. ,S-iV lJJ<"+ AB y>-" Jf htt alt, dl-rj: 5 .:*l €ls .t;-r dJ .rtS.r 6pt t

6 .;,1 6ute'f-l;Q .JS s,.ll* l.l d." :fL-e ,e:*,| :3 .c !l-, oi., , ;'.)>-tl 6 &)tr 4;lu-sl) Jef ,nlJ 1:

.t;1. coo' rNB = 0 6 Js..r, ./t+,-l &l; & s $y )3.& .e-q Jtua J @u

AJ*)JL! .c*l j:r.li :rfl..c.;: .:rl >3.-e AB -l 6 4l-r o)t'* a, glqllj VS dr, tij .tL.l, t* ..

..titr tt-lf 41. dn ' rNB = 0 ohl-r

rllrgo Jb ro Ciro,gLo,;9.cro

.11 5 "t:S,r,./t+,-l Lai.1::! f* 4 elSf ;)S e,*.Jff
,; :4't.:y--X o.:!i-;l ,Ii-;l: g-o r.11.,19r .J[i:;l -l o.lj-c l5 &-f 6l-ay>,-

ls c*t 6l-ay*t ,af ttl e:y;* V-\ \ J<--i .): d V-\. J.*
ief ! J-r .-t..! Jab B et & q # JujL^ .)i l+. 6 "u:r, rlLli

at u)h" 1gll,-jl; ief lr c-l drS^r 15 .JSs' 4l;1: O .;J&" 6lq3l;

..lJ[ rrlU:.

e--,5 5)-f )) 0-V iJ:+ -,1r 6 0-\ t J o-\f .0-\ Y ,0-'\ \ .:).rL, Jt-

:13-. la.i-l-;) rS C-b llst 6lay^r ! \-t f--? "<,- 6,la-xb r>57

d Lr{ 4J CJt- q dJ.-1-9.: rlJb jl hll-r txl *y .f.or.l,;lri o:Uil

rlr- ! .s:f e JUSIJ jq,-:-llr {. ,J--r* Jl-* L,Vi 4;u't 6 t-r,-l gt#l JrL t Lr.;l:y z.l!-r rr:f :-;li U

:g-tlr ..lYrL, if-l y to 6la'.x'!'Z 2l1o 6|'a19>,.' ,Sl-t Q dl4,-Jlj r3rr drlr

x
Y-l I JSr

(v-o)

2 ti-era q b-n-t.fltL.o..tJU.,, dL.j q C-.;x'y-Z 66y^' +'. )'a:..211: *i-.514.1br, oLi:-j-.5

flr,-hhl ,-fr-Q,t vtf'i,JyC.tll ciy..L53 rr:J ,i,rf tn Jf \lr.l.r..Sl.,-rl; ur 6 
'P; 

q + .l d,, =@,, 6 cb gL:,; Oli.r''
..to+*r lr YV ol+ John Wiley & Sons c,lrl lrl ;l l lYd 1t- , SI 4 I



:.1- fL-+l 6J1 1-, .So-1"-o ,r .gla.c.r.i'c - F:ri" ,.t", AAf

d-i # ri.t::-...o A aJi;./tt'. j tbr-,...-../ q a,.r =ii+yj+2k J yd =il+ ij+ik ai.,: 6
.8:-'t 6.rJ .;l.ril ,*f -tl-p x-!-z 6ss S ,S-h\.r,-r ;l-r-y-z oKL:

co 6lr-,;13 &.*,lr c^*l ,*: o:g ab)e oKi" 6,1-rs9>,',JlqJlj Jef O 4t,-..1l: rty ir-ra,

d:y;r L"l ..riL.r, .l! .-rU ,4e f*- .K. ,-f )) t6 .2ls.r, o;l-rJl 6 ,--1b ral i*q.-r ..r^:L .r1U:r ,".-a

.-;; x-y-z ol3!-r q + 1l:r,;,1 c,.€.?.$L .;,lliz g o gllqll).>ef ti t JJr.,. O .51r,-91; ier 6
:.' ,j.lr f+tf .J-i-.,-X J4:',.-r ! ')-a,,>2j,." tx-y-z 6l-ayr- ft S rf f",llf {E-y, irr.,.rf J^lJt

.J-: J:-alJt V-t. d:L, -ujL.6 os:4..r-l -lr 6 Sf r-l j..a 9: y' &,"r J vnt J {L=ot

ot3i:-: q r:*; V .;:5 t X-Y.iU otf.:-: 1r V ;l:r., ,9 ,X. (o-\f rJ:Lr) *L,1, o-v jn .1: J.+-A
:c-l ;,:; dqlt t;,-t dJn i- cJb ;: .J,-rJ 7.b x-l 119:

(v-1)

(v-v)

:g--rb e:.,11,.i JLel V-\ I JK.i :! f* ten= ta- ra,# q.l.JrJl.:J q .F-+ Cr-l r('.t*r

f4-) =1a.,') *( d"o,' ) +ltxro,"l* )r--l* )r--l * n
t_

va=vB*v1g1 * (l xraTs

.l^r./ gr! lJ V-1 rJrL, ,J1t 6

.ri .rl.r, *J $J-i clL rlt F .* f...? q g: t tSVuru 6 -r.u....r ,+ .f G eld q V-\ ..i)rb

.Sl.,, rrl'ijl ,r:",.; ,:.5;>

:i-:i t) g,sl:t, (.,;trt; .SJ*:Jti.r, ;:l-t,,1t; V-V rJ:Lr

(V-va)

.5t .r-:t, .)t.,i .hU x-!-z s X-Y-Z ot(:-r , r, ,6 .:-,lV J,.;!. 6tltJr" Fk I 1 *tf ,.:,>{r 5
:c*l ;;.1 6 y:Si1 srJ, .ll..j q rL.; tJ lJ) J::..g:5 Jt-ct Ctf \\ )jllrtl

[a'l ]) =[r'[ ]) +ox[ ]*ox(nxI D*2a*(,tl.l] <v_wl
lT)r_-\2,*'--"'1r-r' - \dt)*

d-b)^, v-vb +-J:hr jt 6 JiS +-r .::-,1JUSIJ 3a-:jl: *. U--t-' bl-F ! *l"rt., ir-l rrrJli i*J, dij,
.-L.! ,)k a'd,B= a,A- as 6115 .:-l V-1 rjrLr JLr 5 ttf ,g

(#)r-=[#)-+oxr ]



AAA ,'5 cSy Y-? i*'.

vl

V-f ditoi dj".,.

U.*, t{ 
'+l tp Jg CB &J .ol-l o:b L,t:; c...ri;r .2:

t-fuJ .JS,r, rJl.19.: ,l:-l \itt J[.j il 6l+ar' 1r 6 ar1 = l rad/s 6lt-11;

u'.ls DA &:l *-S .r-ti.f .J--t$,;l 9r .;: +..-L ,*'lS J.-;' 3s 6l-sl: AB

J DA rK-! ot1 6lu,;l; Jef ro-Li c:1.: .)ti.; +L-J 1.: .r;L,r. J4, CB,t1| -\
I
I

I

I

l0O mm I

I

I

I
I ;l o:[i'-,.| Lr l.t+l UV-t +.J.rL, 6:-*'-.,s-3 U *,. Ltl-; :u[r O

:L .:-l -tl; r$ls .€C ,F B + P gt 6V12^,
VA = VB lQ)nXlp6

:jl $JLe B s A ,gLa'>.e -.i-,1 o-tj lctf AB J )t e AB 6,1 ,Slljj \Ler atn 1si 2: $ O

[u= ral va = 50 aDj vr= 100(6)i=6001 mm/s

:y-ll: icf ..Ltl-, .r: arl: .1!.r ! .c-l tA/B=O.ia\ . .j+\. .k mm ;;*..l
li j kl

5hri=600i +lar,, @o, ,^,1

I so loo tool

:.:-ilr .r^lf .b.lt #-h k lJ , | 
--l* tlrl:;lj 4ijl,.-t r rlLyj: J.*i t,

-6= +(Dn, -(Itn,
oJ2 =-%oo, t@,r,

O= kD,r, -an,

:J"r-l,r.r ddJ., F @z hllt .rfl J- lf

@ z= 6 radls vlr
ten rt a, ,S:y )-* L;: A .tLj U Ll .C*,1 vAE J )).e atn r5 "Uir:,r, gL,j^i rJ:L, u d;i t:+S l. O

fotn. t61t = 91

:.lt.lQ .r.2 -totf J- ,hti ,:j.!i yp:",

sOrrru. +100al,,, tl00on. =0

:r-j,g +3J .# .!lt r- jl nhl-) 1.r U ,.1; U

@n. -f *ot @n, =-| oalt l0
@u, = - 

rad/s

:d/-lJtl

:r2.;.i .,1: -1

* =?F 2i - 4i+ 5k) rad/s



r..L- pLel 6&{ 4-, .f.-t--c .;, 6la.u.i,o - plio .-t^, AAt

,,,=lJ* *4 *s' =zJi radts =lr
.uin crljS

ur/e a* CB Jq o\ sta,-yU *r- J/q ,,t"tx U,4" tN .F.wtl ewit &F Ut* a.t, B at; O

6tu H slu E+, u">F d*o AB JU c-ytc til osarr" *r/AB l. >too &)n tl>/. et* q. AB JA @ 6ta4et1 <zoy O

.ily 6tu.1pl ,6i,

<q a.b.l,, Cp-t .&Qetila g A)n p. )9^eVus /)fr &/ Ve-YB=Yen= (DttXtttn .2tP C )tty,Lr' 6d ,:"op &t, O

V-f ditoi d,1,,..

q,61,',-p1.1-'t* ;;7-r .JtS ,-ir{ 6-l*i JSi \'-lrl 6,lav-f dfi aLi...r tr lJ AD K:J ar, .9la,1l; ,-,[:.x

.1,--,1-ji .:-.f, i \ AB S1

.r;31 .:-.t, iF€ *t t) Jtt' q.*5 V-[ allLe q:r aL..l1 L-5; ol-t',1lJ La&,J ./t! :J-
Ae = ln * @,rx lslB * &) 11x (al nx re6)

*>-l AB J. t) e n5 J-q"/ AB Sq 6l*-i1 ,.>ef V-f 4.;J ; dU."., -u,.;1" ato [1 .2: +S

.r-r-,-/ uJ-i ;r,Otf a'AB 6l*-9lj Vf O

:.1l -r:;1Le B s A.gtoV[Jl .LfL'. t 6)9&,SLn"iJ;, .rl-;Lc ;r
a a = 50ali + S}cbrj= 1800i + 5o(i2j mm/s2

aa = looarix + (o)n = 36ook mm/s2

:Ji?--a

@,, x (@,, x t a r n) = -alr o,, = -20(SOi + I 00i + I 00k ) mm/s 2

6,, Xr a, n= (00r"" - r00(on, )i * (soa,,, - 100o,,,, ); * (rooa", - soa," )t
it_*€ q-j k j i ,1 ,.11.,,." d:l: rlj 6il-- J e:H ohl-r .l.r cr:l: .llj L

28= du" -dn,
tit, + 40- -Zd)u, + (b,,,

-32=Nb, - d)u,

)-*€ 4+:a ira^" ritz ,j,-tt.rY.:L" J- .;t 
^S

dz= -36 rad/s2 qlr
.C--r:,Vl,n J )J e C[t,t J,jt t l co)3:ly6 2 t3^til,, 2lt1 O

[@,, 
."or, = o] ?i,, + 4rn, + i0,,, =o

;-*€ 4+:t Laq.s u,-l ,,. b31y ,Jp gt^.lqlJ tt #J, ti 6



AAV .rg cS g Y-? i4

6,,, = -8 rad/s2 itu, =16 rad/s2 6r, = -12 rad/s2

@,,= 4 (-2i +4j -3k) rad/s2 '

lr,,l= +JzI +\ * = 4JE rad/s2

:.'.1 "ti
*lr

:1

:l*

.t4in CrlsLj

6la49t1 "?tabD@D9r/rlBoiyoCy.t>t,rnls)fuot('i,z94unHABlp^tDGl4'-9t)cueyalya6trl2AB,irt/
,ily',* D yC rrb& Jp D6ia e ct">/d*AB c.t'tcrt*dtopq.uaty'e /i6,Je p+1ot* ".&,P,,

,pEgl @,, at .:ghsa l, >yb dai W

2/glv* ut+ & asQ,r,,4i vA/B /. )?ro /@^ 4iJ9^

o

o

120 mm

--v

T

I--i
! 150
imm

'.1.. ..t;5 ;"r* l1 '(--r .glr,-jl; ,-.rk !

o.:l:4t ,!;l C-{+ 6,lslt sj,'j,, r,t-Ja {t* r ril..U ,F $y c-y,\x-!-Z sls g:t tslt:f \1
jl f- I K .l J . I r'5,- a3l-rsl:1.L.X-Y-Z C|.l,uil-f jl f- t-41 .,1r ..t-tr.f X-Y-Z r:-t^i s5Lr,;;a.. r, d-.j oJ..x

>-i'l j;> x-y-z 661jzu 6le'-2l; Jer ,€ 
'l 

or[iil k -l i , i +i- .gLr.;l: J. \ x-y-z ,Sbnil-f

O = QK = 3K radls

.:_t-C orl.l V-1 .J:L, rlr,l.1 ,J-ll L-1, A u.- .Jef

Ve = Vr + f,l x tp6 *Ypy

:.)i J.r as

ys = (l X rs = 3K x 0.350J = -1.05I = -1.05i m/s
o

d2 xrMs= 3K x (0.300i + 0.120k)

= (-0.9 cos30o)i + (0.36 sin3Oo)i = -0.599i m/s
Yd = P xt616= 8j x (0.300j + 0.120k) = 0.960i m/s

:'rl tLi

:lr

V-A ditoi d,t,..

c+t-j iSl.-r j.2 ,>.e ,- U,Z )t>- Jy ;;i JhF e,-\ s tif c-a

c-.$ u,;4 e,eJo t1 ,.lT "(--: S tf -f gjU .Js,r, l'.11.,1y: Q = I radls

fl .tS.l9l;-1: o.t^! o:l.r dt.i.i:l*,.1.1: )t-f e3,, q C-;P = A rad/s

.1 "(--r ./-!ll 4 .,1t il.l A dail .7k^i -l Jef .J-.iL Y.o tlt .: c4tj y

va = -1.05i - 0.599i + 0.960i = -0.689i m/s



.J.. fL,.>l 6J'1 c-, .So.Qt y 6la..u.in - ,.:i" ,-t", AAA

. 
.+i,r. .:*-r, V-l aJ:L, gl: nht.,l L--i A Vl$ .Vk"i

a.a= a,s+ (l x rlrzs*dlx (O x retd*2 (l x v,"1+ a,"1

:..1i _;: d
Na = (l x (Q x ra) = 3K x (3K x 0.350D - -3.15J
= 3.15 (-j cos30'+ k sin30o) =-2.73j+ 1.575k m/s2

O=0

A x (Q xreta) = 3K x [3K x (0.300j + 0.120k)]

= 3K x (-0.599i) = -1.557j + 0.899k m/s2

2f,!x v,"1= 2(3K) x 0.960i = 5.76J

= 5.76 (i cos3Oo - k sin30") = 4.99i- 2.88k m/s2

rrcr = p x (p x ren) = 8j x t8j x (0.300j + 0.120k)l

= -7.68k m/s2

,7-$ e 4+i La4l^? C- J as u, L31y *l+l"r -r, rl:l: llri L

ae =0.703j - 8.09k m/s2

t
no =1ftno3f *(86f =8.r2 mts2 :tr

:gitr uflr & s o:3,.i o:Li.:-lV-f 4blJ )l el-yC,rjlq./ t-t,.f-r.,.,..l 6 o-n..glqgl;,-rk!

a =o)=l|xro= 3K x (3K + 8j)

=0 + (-24cos30")i = -20.8i rad/s2 :lr

,rJo crlsii

o>/e 6r* g.t-l at. c"a-i J*t Jr" o2lu Jaogi ,lob ,6tF 6bt*o 6t7. qMt gyl O
K x k - i siny r K x j = - i cosy e K x i = J = j cosy- k siny ofaaq aa6 ay' O



AAi "Ft... 
Y-? jG.;

-rk-i 9 Y4 U.*, V-f . .,1.:-. Lllr.i .5ly V-f\

eit 'i c^-+..1. -llr3-t(.o 11 ,5-r d.l il9 A eLj.,al

.-r.X'y'Z tll 66sJ>o .J$ ir*.j ,r:j,f,rr oI! orb

.,.1-l cJ..3 4t"alt .,li OC c-il.^t t O u*
ve = -.l'i - \ilj + \/Yk m/s

aA = -ftllj - lltk m/s2

:lf

t d u.'",liJ- o9-b. ys.l; 
-,11 J,5 .5t-l;a V-iY

C-g7 :.t-:S,r. 2l9r-, oJ2J ,-tV..t GlatSl ,-Fll Gli

ALr* 9 = o ti ).tt-o ."41 ,$ G-l;b.t-LU-: 9 l.rL.i5l

6 t j'r- 'r)f ,r-.t*^ u-i)l 113r, tjt" -, s-r,l

J-.\J.N,.:,t--i.-,. - t1 t-,rr;r,: 
-51 

.t-* 0= 1.o

--.|-tJ c4U e . 4;t7 eli-l 'j !1.,19r Y1. rev/min

0 = Y. o g 11 A )_r-t) a 6lr-'911./ti .Sq . /Y rad/S

.JjS iJ..-J

Y-|"f r[..- JS.i,

uj
+l

Jit -

,jl.oi" Jlit -
a-, 4 rad/s .ll;:.- t-i oJ-.i orb dt jj )Ft V-Yq

U-a t* ui r,l-_1, ct[noJ -Sl .trr,-1.+.r"" fr*-! -i.rL

d 6,1.-,-91; '7ti rSl-,,r cslohlt rJUr-L! gl-19.: p rad/s qL:

| )t4e -l ,Ftr art5 q J-ab \! .t-ttu .*-* stts

a =pqi

.J,-,5{ -h t sttt s:a
:lr

V-f l {li..- Jti

)-ra Jf .ri.y rl.-:, OC ii3 1O ,SlpV-V,

,iLj., .-[5u, c]lJ9) C2 = [ rad/s c-Lj.ll], q4 .-rU

OC Jt-- P = \ ' rad/s crt-l .ll;- L* 4js7.b.(-..r

;*; ll .(--: Co J-S 6k--91-,y €t.* lltL *t;rqu,
.r.5 l+ l;i a 6,lu-elj .:S e c.r3*i

4 rad/s

.t9

V-f . dL- JS.i



:^L. eL-+l .9J+ c*r 5.-Qo 11,.gla.".Li.- F$...t- 41.

a =- Qpsinpi

+ p @ cosp- ClX -p li sin0k

:lr

Y-fA df..- JS.8

15 .-ril91-t,r .,-q ,3-l, ,Sts 6)ls-n;Lq.^i V-i t

.9 *l o$ 1l-9- ,oJ.i ,!..a:e jLqi- ,; r'.6_i Jlf \

o-FV-F b-t-; ,t l.1 tor-! :rKLe J-& 4iy-.2 u]uyl

,1l.glor9.l-'.r -,1: il-29.r J Jt.i:iI 13b.,1ta.tt? \ tl1l,
jL qr.i \x-y-z6lastn.:f ,S:V y,i;:ljg '>57

.:l"u,.l 1r B :W J \tef eoL..i, orl.r jU.;4gr.J,Slrr..'..1

.J.JU', \lY m/s2 J ./q1m/s ,-tly :i*i ,-;y u.jSl

q c-=j clt-5lrr; ;sly 9 6,le'-gl3 6,lar>e t- c{.,t .""-.

,d, = Y rad/s2 , @x = \/t rad/s .-,tl-ra ot '.1

..r;-.^ (Dr= d, - o J 6y= f rad/s2 , ar, = \/Y rad/s

.Jts i,..'J bA IL;J.-/S r .3f 7-rti, di*J ,t-l Cl-t

/'\"Y
/l

ay

l-*

\r{ - -t
a)x

-4

)'"-----,i-,

Y-ft 4!.... JK,8
.1j5 jt i x'y-Z )lJt 6)a19>,a { 6La;lrr,

t+ r-r- z #r )_r* Jr F Ct ilV-fr
,l.ri 6.:l .-*4 st x'! 136-y2,, .J-.5 6, 5lys $ ;sl;-

(J.;. ot(-r 1l X -2t2,' ,>l;lt, u. x -s9>,t 4Jb .lr ,litlr

,e cit-i OB eFt se->u .J'Vu' SLX-Y-Z c.'.V

g 
-U.lt;:, 

tiX c+U )-r* Jf x'y'z 6lay>. f,.1,.1^l

4-.i + t9t9 6la-'-911 -rk--l 6ly u-h'.\1 ..\-+t>ut

.:"t-i .5Lr19.. 1-i .:+ d,ri+ S x-!'Z -;lgs 6l-a;.4.>,'

.ql5 J- .jLi, 
'iu , +, l, ag*. .q19i.-,.r, X'Y-Z

.+-Lj Jk k Ii ,i rd 6byb; jl orLt-l U l.1 .r1* 
6-t:.i

dryr=Qk t axn =[k-efi *lr

Y-fl" 4U.... JS.s

9 U.*,,V-Y1' .,k.- ,F ,*t ,919 6,IS.Y-YL

fl s ot-r.O= Y'o t Q = o 6 ;+et rsltltA d VH
..:*lR AJTB &U .+5 &:.i .sti 6 = o t 6 +.

ol.f ,-lrL.-

O .,11 o.u1K x 4-->,t Jr M .q-5 )jit V-Yo

d..t+ J) p rad/s c.1ti c-c- U.;i OA gil- I .r.i ),

J5 .g.,r ,,SlUt S-l--y t-4 | lLj roJ..i o.rb gtLi

c-t-! ,glulJl j \Le *' \Z fU -Lyr- )y- A a-e 3.at

.lll- t+ x sj-*-t J:- :y-f cdL.'*.r .S-n€ Q rad/S

a 6,1,-,-9l1.rk-i .:rJu- .Sf ;l 6loy t, 0 c-rtj

Jls >-r 4+rJ .r.5 e,-*t p ..-- J \ OA c.il*



61t J5L" Y-t,Jl.*{

p (")

Y-l"A 4.... JS-t

J-f p c1t--i 6la-,--911'*.* 6l1b .(--r V-fl

J_r th crl-.i,5ln-el) isr 61,21:A gt- t >f Z y>,:

e)444 
"15 

,dt-.j^r .lJtu, )9 0J..1 orb tlt j-! ,.:jL!

.JGra.r-t o)r c+U elu-jjJef !X,-rU )-ril Jf
jtl-h' l-r t+;i S Lt t.(--r 6lqjlj VS 6)y.6l$,1;

L lJ 4J.l*. .L-ssi s-r.l, ,J;l-)6, dLi cJt-. t J<-
,g,lr-'-91; *.*,gtoui!9.2r ,g.;l.rr, .ilr*4 bt"F lF

a =puhi-p@ti+@ra)rk

.J'5 J-
vlr

:l.t-:,| ;r B 
"i_P 

co-l-.i, orl) dt "'J *-b^J .l: V-W

-f l)p = t. m/s c-t-.i u-*, t1X ca-; J) c-iu c-it-i

1X = ,lY m l-l;J ,_r--l Jr r,-1^1.^.a .c-l 'S?
c-it-x rlJ-:,.l -,1r {5 lJ A 6* co-,-.c,*l f = ./Y ID

di3 L lJ 4l.t -, l+l .J;5 -rL*- .J:Su, ,57 Y ,S:l-f

J r--;5 J'-- it j c # Xi+Y'*Z' = t^ &tt :l e$
B o Jl.ill 6,Lasj^',-it-Jl_l Y-L L'.lr;l o:LL-l tr .n-
y-,- Jj.- dl:l;i Jfu U ctkir;l.i- -,," .+,1..; J-

ve = -lj rn/s

.f-U"f ,ll;-9r d.,

:lr

,"1

z
I

I

I -.. --
t'

.,"]

-x
V-fV 4I* JS.!

6 tF Z 19>,t Jg o,s,J o:lr 4Ll^i dt^.{Llri V-fA

\
p =- rad/s ..ll;- t-r ,J--iL,rr t-.ai 1.r ,.1ti c-6a 6t.1l:' \r

6ly ! .li 6.r.- )f C,->,i-a,lt-,;-,r .J5,rr cll.Lp:

e.tiy oI-.1 o:l: rltj-i 1bl ;lJa,. P ."--J Cl-,t S 0 -t'i
.'-r.)-' d 6l+'-9l.;:V .SrC j! gr.;t ,'z-l o-lJ. \gy-t

+'{r t .JJ:-.r jl .t- (.r) , Jip (-,ijl) dl4f,"J y l1A

---f
I

i
!

0.6 nr

I

I
i

.-.L-Y

.t{i,*'J0= \rto



*J- pL-;l .5J+ 4-, 'S,..t-r-o ; .51a.".r.i. - F$" .-t", AlY

dr.....-,1) ot-i orl.r CF L'-l*j.gl.-t V-f,Y

p .*- rl: 6_F A fto .;k-i J v \:rJr Y-ro

.J.JS '*;

Z s1-t t Jf \ . . mm 
LLr,.i \ ub .(-.r V-lf

&)\ t .+l1P = \t' rev/min .iLi .-:* U .r;r

dlr3: N = l. rev/min d-iu \>r\y s_t- J9 OCB

)l 6 ,fy l1 6--: ;lA ,$l: a yk^i 9v t3y.J5.,,

6,L.as9z-, jl .J{;-g; ..1.1j5,r-. cJ-i crls dt3i daJJ,

.J."-Li orLiil ,o.t-} (.j)[..all OCB 6,9;\ $ S x-y-z erl
v = n(, t\i + ./Aj + ./.Ak) m/s :lf
a = - nY(1y'rYi + .l\k) m/s2

V-ff di.... JS.i

.r*: J** )ls-* djL+,!- ,it;i .s;tilV-tt

!.1 c-_JP c4U.glr--11.1 rrl.'r-. t 6.,lLL ,5-;l s:-l

,glrJl_.1-l cn3t .J)17Ca-a )_ril Jf 6hil..il r:-.y

)* Jf : oJ.i 1l-9- ,/il .gta:UUt- Ltil J. of a1lp at.

JeJ4L l-e3-au F.S.f rrl-19r 0 t4l3 tslyl.b-b

.c. -l ,rrJ )t z 6tJ* crU JJ'.,. Jf Q c"ti 6lt-91.1

+ael; 6t;l q .rt-,'7 ,SLb a dlq9lj :k i Ul; .Sl.ht.r

180 rnrrr
.t ;,;l

".,1 .Y

.J.--i ,#t 6f ,y-l e 2s 0 uot^1,

6f )l crlo-,,r ,* A J* U V)U e eijbY-t,

C."t-r .l c:-;*i 
'zS 7 Yti .irb r, . /Y m/s c-iU .3J- t{

uel,).;L*i.rltr .{- cSk;lJtJ) CrlJ ,S-F S s_r,l

)l s-* 1t(u t, , F .gl.+llj ..rk-! .r;-*L;l9r r5*-r

cat-.i cll;*. ! d--r .J-1 J-r.J Z = Yo mm rk;J,.

.J:5,r, alrgr Y rad/s

-.-y

t+ 0 -lrr--.) t-r> )-ra J1Z ,59J...(---: V-1\

J1- ..rtj rdL;^-a 'J->.r7urP = \ ' fifAdll C.iL' .ll;'.

..rb-i .JS.r, gl-r9r CJ = tn radls i rLi .rl;-. l.Z )t -
,5-*1r ./-)q .J cgU lA $fi Vt* .t r-(-r d 6[,,-91.1

9 JloJ,-.i clL.^ll .:U r* x-y-Z 6l-;1_r* .+5,-,1-- l-,1

ra,t-j'6111-9,r.,. r1 l:*; oJ^! o:l: .)tJ .,ji r:--ri-g,. .51;lr

d = -t, fiti radlsz

ao = vnY(-r fti+tj-ok) m/s2

z

.J';r. X-Y-Z

:lr

l{'/

)
sw"* i

v-r. dr* Js.i

V-t3l .li.. JS.8



Atf "FL.. 
Y-? js;

Jy- r LV :m lt q ,ts.rt{ -p9.r, .(--r V-t1

gn t or-1*i 41.13.r p c..fu g14-t! er \ :f z sj>,t

X syr-, Jj-- @,.:rt-.i .gk -91j tbf tr r,li; oJ^i ;l-ry

Jy- o--ca^^' F ,..lL;^.o ..r5.,, tsly: OB;l o.r;.,1j-f

l->rqut (tlt 6,le;,l; \tef l. O 2l ori.;ji I crti -rr^,

8 u-4,11 "(--: 4 t illA ^Lfia .7k-! 9v u>e.re

.(--r.f-y ,eir 6 
'*y .*- oJ..X otlr.l[,l.;,.n-jr..;l

$.x-y-Z 664a'.+5 &r'J ,.t^itr,.f X-Y qr.;- 
-f &b.

..r.lloJr..l oV,al!_

v-l.t dL- Js.i

Y-Plc di.s JK.',

u.*,lq oJ-i crb dLi.i.rql.e.i O f r.V-Lo
jl ,Jj 8f ;161o,23.: .* .x-W,S *57 Lii 2:;t-i
ciLf .r--"U Ja tSJr 6l;b I -.*t ;i ,g.t--i .,l-t-L

gx-y-z 6,t,.y2-. .fi!,1 t2; z y>,t Jf Q =-I rad/s
Y

\y t_tn Jy ;i 6#sf ;,l^)e J or! t,t.Jl t^i?L;i

.r-t*;.1 ,JlJ.r) L--:,L.ai q + 0 =] radls .-1ti.rli",
Y

l, it,t. :U at6-t )4> ,>V)..o ,)L, 6,lu-91; ur fl
c4$ 0 - Y. o 

J, lJ A Aai:./b r i,r-+ .J{ ,.i..--

.{-r-ri

io= ! i rad/s2
A

N6= ,f tqf|i - ./'Y]..j - ./.\'YOk rn/S2

_.-.....?.4 

rrr.

V-l'gA df*" JS.i

vlr



t.L^ t L*"1 cSJn 1-, .!-Qc .; 6la.u.i.o - F:,io ,F Aif

(.c-; lss7.l,6.gl+,-el; Lef V-Y di  ij-....

@ = /t(-Yi*.F j + o k) rad/s

a = n\ (L.F i*q j *rrF k) rad/s2

vlr

J9.- dtrt.,1i , Lt*t t cJ-! o.rl.: Jl-ij a.f; ) V-tq

.iLj .ll - t+ ,.1: 4J l.:5.,. tl29s CO o-t i po .1.1tu

,-ii-l i:\ Lfi ft .ona f6 t_,* Je p radls

6\r- 6la-L'1, ,lL! .r::E R LU q ,-Pl u* F 6J)

.-qLi ;;Q i.* a 6lu-j1.-,h-.i' 5 @ 6le'-i; .c)p

.$L.f j! .r.rl oslya X yru

,=p[.o,ei+fsine.+)-] :tr
o =( 

*ot 
"ore)ilr )

0
t'

[... 
--

t.

Y-fl 4li..- JS.f,

je.s L l.1 "(--r rc-Lj orl.: bV; s-t'-f ) V-0'

U.* t+ t-t- ,s-f -f .J:L-*fis-,P =Y' fad/S C.{U

(y ,r-r,') BO s-jJll )-ril Jr g = Y rad/s crti 6la,-e1.1

qC'C dti JJt, J3z o9.^'.p.r.lt ;^,n.J5,rr rrll9:

r-5.Sta-h'.J 1: ..t-t *;r, ,-ttf q = A rad/s2 JI,..

r-Ja.i; a ..7S -t 'S-) a ,gl+,.91.1 ..,1J ,JtL,rr I = \"'o

lx'y-Z 6l-;s5r-,.J$ J*'J 1.,1 ,5--r iry.q .J J) CIJ

..:-l ,jil O'x;y a-*;-o J.J.i d!^4Jl s-y-f ul

a=-oY/\i-q/Yfj + \Y./Yk m/s2 :lr
d = \Y/Ali + Y.Aj + oYk rad/s2

.r-[t--l Jt l-(j a; tslt..5;Lr- oK3-,, ,-<,- V-tV

tV rStt 15; ...1 A s-V J"L-i.Ltl.ii t:f ,-ilt
p ,S.t: -t iltC 6 e:* \,,{r-S .sl} 

's-lja.-fuJt
B .<-l-L gnV 6il -,r..J,-U l* Jtiil t- ,V* 

'*l
.J,-Ll crl;1: A ,fV ;itl )t^' Jy :ilgu, S A;3S )lj
Z y-=-.t 3 oJ-.l dt*Jl .(lJ e, x-y-Z oLa:;u 6to-2,9"'..

.r'-tJt-j Jl-r-- ,1L.b 
"|-b 

.r;L,r, B t-slt iil L ..flJ

J;- .Sf.-b ,plr 1r xl1 .1aS r.,1b .rlt C i"ui 6;Lu.i
,r;.al-> *-t-;i .(-- -,y: .J-;)? P Ol:* t- tf Z tF
Cat-.i 1glc,,9l1 r>.er* t-i .l!l ^->.ip 6Ss f,,4 ,-r-V
rdt-o'*.r.$crr 4l1g.: oJ-.i o:l:r.,1t ': C-{+ J) '/Y fad/S

ol:st 0 = ./\0 rad/s .iU.rl;rr tr x yzt Jy B ,A-L

p = .l\ rad/s .iLi .rl;, ! rSIJ .pl: s: C )et t otS

CJ.*, b-lr),-rr-l Jr .-l-;.r>u-r ,oJJ u.a),-)'., C-{- J)

;t r-S.,tio I,sC )1t-, a rgla-'-51'1.,rt:-.1 9 @6,1u-111

.I5J*id,trK,!F=oc--jst

t0 p-" = ./\ oi + .iYj + ./1k rad/s :lf
a p-. = ./\Ai- '/\Yoj - r/rf'Irad/S2

Y-l3Y d!... JS.l

L;9^i 4L-..;r oJ--..i ;t L'-l;.51r- ) V-l,A

.+L. u:-_lil Yz rad/s cat-3 rll;*. t-.1 7 r5--l -1; .1 V-Y

.1y.^" 1t(- l-t stst a 6,lu-213 .7k i -l cD 6,1+-2ls &er

1l:; { btyv-V .hlt jt :l"Q).J;5 J..+ I= Y.o jl

,: (l r5.t-,5 o+;" .Jy-Li oLi.'-.| d btf l+ 6U a)



AiA ,l5L^-" Y-? iG'.

(51u.311 &e.-, I , A. IttID 1t*- q ,r*l > V-Of

tA &-b.s9-3'g C.rl I I .lc--fr,-l@o= L rad/s.-rti

c*..a I A u* c-e)4.+t*i rrt*i c.tU ciU JJ,b

;t Jfu, &Lt, ,l-J 6 ,g"_r I AB .)p,SiJ lglr.el;

;-.ll_t',-tAB.S1 t;X).# ;s; o.siS4 {,JU c.i+J
r-5 (n *- .,11:ra) J^iU Jf.. .i- Jr 6,lu-51'3 oer. t4J'.

..:*l ,,$* U V>L! o*, sp 9 Y 6,1-4j^, J t).e

-,11r,*l r- ?* ag6l;b n r.li -,1r d Co .rt = o .f-l;h
(..r-!.rJx(raaxJ)

ya = .7\1.j rn/S

d) = ./fY(-Yi + tj - k) rad/s

*lr

Y-Af 4g* JS.i

Y-O' dj'- JS.3

-t-j.rl;.*. 
L oJ-l orb .)t-:.; uJSJ JirJ ) V-O\

oa;,* c.{F- s> x-!'Z 6ltUn q ,*; \ . , rev/miO

l--.;*o 9,rl-lr DU4S d- &.T q'-jj fl *t;rq1 ,ot-i,

Let 4a'.-+U" 9 a:rt- ,!l;.rl L rad/s .itj ,rlj:, L.X-Y

,-rt-j ,llj.- t-r dL! y,..,r,. $-- ,.-iZ&, \ )-r#

i \ tilt a 6la'-511.,rt* _;l,ri, r-t^!L N = Y. rev/min

U.*o l, rJy-y "Ltl.,1 -11 
orU'*.| ti.J5g;L> 1z= Y.o

d,= L\lAradls2 Yl..r+

I
I

Y-Al &.... JS.i



,=J" 
t L"l 6r+ 4*r l.-l+c y .glco.ri.o - F:i" ,[,oi Att

,ffi
.514{9fj p:.i.g" V-V

I Gi g-r: tlyti .;t ,r...; ,t-1 li f,-\ d:hr ,+- *\:-l- -it fl \f f.-t- .(,- :-1i,. 1: ;.;ai aJ.:L,

aJ:L" ;*.j,- JrL \,64 u '5r> 1: -19bl.5 a.l:L, .:';lri 6-A eit q .5j$ J o)11 o.1! .(,- ,5r> s1,2"

d-{ + 6-* e|.l,nil_t":l"r'; ,gl;lr cS.l.t 4- cJi--;r 6lu3l_2 ey -# b-n,c-ai 6,le--i'-e '>57 _,1.r 1-\

..t-tf.f 6Jr., -g: ,-Jt->

6l-ay",'t.t,..:-l F$f "i611l:L^,ai1.r S y..Se-bttl:,_* C-..-,V-\tarli:;tL"Jt-
Jef rr;l: -;lr.i X-Y-Z d4ti CiJ, otJL: y 6 6pV J,-:;l el7gi .1: .l!l otJ' citalt 7* G f,r f -f \x-y-z

G 1* f -t df p--a Hc .;J&, .gtr,-91) f y .r-r-,J Jt-S,- x-y-z 6,1-a-y^' dla,-9t; \*)' ti p-r at 6la' j1

Hc = \b,xm,v,) Jst' \ L-L ri.:,1 .,1: I o:3; ylrt.G Jf f.-+ g;t+Ut d:5 ,rtt "*,-f .;;t*f -rii" q ..ri

"r-!"r mi lfr dul .!IL' &gra v; 4i .l: 6 J-i ..Jk

otil--: jlG or c,._i mi c# tit.*, @xpi bi 1.: l5 v; -i +t*p, :p+tl: ,.-J-a ,-*? .i- :.1-9ir ";: Ll

:C*:rr Jl1" ,_/.if-l.lQ .,.1-l1l.9r ,! 6,lay+,

Hc = -ixzm, pi +2hixm,(coxp,)l

l.rr" n*.:l +;*-y tr."us.f -j;6-2lsy.?-t' 6rt.:,.)t.e ,W *L> ;JJll, i ,l:f fa"ib tt dTJ.t aS

,,-clm 
'AF-}jl .r* 1.lr 

oJ^+ ,2*,p,=6=0 lt-j ,t-J € -kHo +Le. ;JJl .:-21:-rlr! G lf f -r, r,
:g-.1;Pi6V\P smi6V

Hc = Ilo"@txp)lam (v-A)

z
I

I

I

I

t---v
tx

v- I r Js.r,

d La &- J3.> v-\Yb J,# otL, Q-a r,--+ 4 6;l--.v-A dllJ 1: Jlr5lsl .[tr,.r_;!r Ja-r;t #
lr 2i .L-o-;.g-. e J {€ g^ l Jilo.$ it4Jl f-?- ! x'y'z 6)-;yza .f-} ,s -b t i l: s c gl.rj: o \:,ti

;) e-t..;.rl-: Ho =E(r, xmivi) o-rt- yO Jf .glr-91; e-f L-L j42l ..lt:,.iL.rr at 6l+pli,z.er- ,g,l.2l>

x
(b)(a)



AtY Ala,-:lj r*r Y-Y olir

;r-.t sSfq5l.z -.t3,, 
e [ 4it--7 a:.t yrl4i,Sb q m,;-F-V lr..f_trrQ.,.:-lv; = &rx", F.i- gl.l 4<Jt-

:t-l,g
(v-q)Ho = t["x(tox")la*

(#t{f .5ta'-'' *iLab 9 b6b.

l:;rfr 1p;'.>=J3t dbJl:r,V-\YbJV-\Ya6trJ<.:.,1)o-LJ4.tlJl c,Jt---1:;,.o-,r:6 €g 4E-y"Jl-

cJb 9: -f 6l-t t*i-l .1: H .:Li J o)J1 dL-S,- V-t ; V-A gY:L, 
e r4g.i .1: -S1-,1 o4;--, xi + yj + zk *1"11 U

L; J 6,/ 
"!,-.r* 

.r-rt* _rr I [t JlFit tj otV..glq.el; p_r d+lt t: o$l .:rS u,llr! o:li'"".| ))_f ,)r.y

;: LrJlfl,:ft 
-U 

.*l:- ost' t ss c.r-l;l e a;-:l-rJ L9-# JlFl q c-J co 6,6+Aj,,6 g-.rl: qj c.".-rt-e ;,-l

:,',-;lr ..))-a 6Ji:J 4:di jl ..r-, : €rS JLsl Ctiu Gll:t. ?-p 4,.1J .,>.Jtt ?)- \ .U-irl
dtl = i[(]'+z')a, - xy q - xz @r) dm

..J[ ::f:;. u' :r';* * r,, *rrjfjn
,A-A e -b I l-2 ,'-s ,>-2lre JV

(v-\. )

,gl-o,-'. t";J.al- al lyz 3Ip ,Iyy s &-y.t 6l-asjz- df f ".,t1 4;hrlb t Iu J Iw , /t 6Lre4.5

q c*; lr :* f--- .i. (t ei;, ,Fe Lacar5 ..*l .Slr.f lyy '>l**' 6,1-a.s-2^' 1 # ,-/.r!l
o:l: --j J B 4*.a t, &5 l* + ,-r-Al 6l-aer;r).."b I t^,.1L, r*L-, .J;56, e-*,0-Li ,;buJl 6,1-ayr--t_-J-

tgl*V 
"$-i 

.1l J $-; $i> 11 .g:L-J osUd gy-l 6la-:r,"J-"at- I Ln,it , 6lr' u'-Lg 6Lor*,-Sl ..:-l oJ-.X

1rV-\. hll_la:b,rlri )lr-t,.,,>-l lrr=IryJ Io=Iur Io=I*6 tF€ oJ-ot-!.-g!"f ,Slohs.gL'r6l-,21:

:p:.rl: H osV

(v-\ \ )

:::f u'.rt*i t) otr n, H 6bdj,. .p

.r.,=,r ! - tb ;41)l f \ oii.f John Wiley & Sons c,[-ut .l lvO JL , SI * ,oo,-hht ,'to.eo yl;S .Jt- .9tr1



yI^ pt*"| .9&? 1-, .So.L"-c .; .gla.u.i. - p:ri" .-|as A1A

(v-l Y)

fr rJ-..,1:O crti&.a.5,-Jrt- tG lfr f tJr,glt-il.) f-f ,slt F.hlt4v-\\ drLr

.,.1-l p1.,11: Jl- -l: at ,g,laJ;-J ggl+,-11; L.s)r t 6 c-,1 ,rJ.."

c,L.4ll F-l .JlloJ.-i ctt4lllV ,,..-7 q x-y-z e!-f Glu)Jz...oL!,r3l.1l cJb 1: -f i E c-t q;i rlL-Li

Jl .J-u<j rr+,i Jt.-.j t-i V-\. llY:hr -ts df-l 'ty.J*"V t ,-/t-l,.lL, q b-xf g;LaJlJitl 6 s3:'u, 1*
rlL-1 ;l e.V ,d/-l .gLrJlf-:;t ,i Jt- gi.1: .J:3, r.ltljr 611l: r'ltUi .llt f-."? ,5- q c*; x-y-z ,6,1-ay>,,

,r-.Kb..ti j:.1l: t:+s 9.6-. ,L:il 4..ttsi,-l ol.-r q Ltla,-9|; f-f hl-l-r -r, U ,s'jL'V J* 5 -r.i.r-i,rr

.--..7 glu-sl) cr+J,. )l ,f;l.gLrJtl3t .cJb..r-l tr.-t5 srl.,13: bsliS 4r,- &Jf :! f*.1 6 c*l

.F. q c-y-J rc*,| o1W yz-'.51;l:5 fi.:-,i v",'L, iJU,.5t;1:.Jj;{.r-, r.lb rf ,-F* s:x Jf

Clu-jj ieJ'jl .y'U fy.SLnnAJ.f 1. y)b '>y-a:'-l t: ..r-i! u-i,l:c11;j: ,€/.rt-a:*. o6!-,: 66ya il

6sF Jf 
'* 'in 

jt .,^iU 6 -&, glt;lj f,-f d-f 6.,'F-* -2,22,' ,5,1:-l) )t ,€t crlr2Jt.. O

..f-tf.f ,Jr-i ,*rl-- q Jr-q i 6

dL.l.gta.19^*.o

:r1-'-:4-i,u, )l(-ri c-j"-l ,glse/J.ab J LAJLr;t .5tr,-lliV-\Y rJ:Lr 1:

I t- -rn -/,..l
l-rr- Iyy -Inl
L-r* -Iq I*)

,a.r:7:r., t' q c*; lJ b-2-1,"-. c-:i1r 6 Gtt- 1: 'd*,1 lyy,filli0L- r.ytlu*'-/b+ 6

6,1-a19>- 6l-t )-* .P 4ttt 6,- l5'rl: .JLLi blJ',l.rf .rrt.5'- F 'tf-l 
,g,lu,t:tA.ab I Ln.lLr tlri.

Iu I Iw ,Io u*ra) cgLr.lL, I oJ-i -p .-/-t'-l 6la.t/)'.'b ...)i gljl q 6 :.,11r )J+t ate l.u U x-y-z

..:-l y-; ott' \ 'tXl ,f-JU 1-*S crr? t: .Jjr* tF \ c-t3.r,.rLi,

Ir* o ol
lo ryt ol
lo o r*)

q, .:,d---irl -p '-Xl 6,1-a,-'r,il-at- ,"li .fljl *16 x-y-z 6,V2.22.. .s-t-,-l u;S 6P ,f-J|.li q -l

l.r-, t+ e-rt\ sJel cgLr.lL, .J.jUs, lHy '/il,-/-l6LnoL. 
u.Iu J lyy ,Io : u'-;luLelagh4'2,',

.,r:.:tr.f e-t -l rJLrclt-, jV :.-lrlo .fl"t- ,r:Ur ,-ir,'r \b GLo*'

'.r ,r r I f, .;ly cJtl ;l f r ,l;q John Wiley & Sons ol.,tl:l .l 1vA JL , SI ,o:--- ,rto ,-*ht..f-Qo .;15 .Jtu .slt



Att .gla,-rlj ro:-r. V-V ui^i

6la-'-911 *y ))-t- )5 V-\ \ a-J:L* Jit; 6"Lt g-r'-l u}-al 6lly>, y. t>V:;,.' ol3iL.r 6b::* fl
."-*'l y) otte t .c,rU 4tij ,S,- Jf t- (f f t Jf

y .:$ 1l; uJS (.,J.* +- .J-." 1.-..a 4 Gil J ,-r-t-l j.al 6,la].d>' a5 :.,l: :..,}-j a.-!"-r rllil y-t

.rS ..r-l cll-eJ .,,^-a 4rJ.i-a #, q c-l ;S^" qJ ,tf dLi V-\f aJrL" Ja-j l; ...ri .Slqett fy dlis, (4+::i

6Lrllry , Is = Iw = Iu U- -9 o.:f ,iu> 
'ry-l ,rbl 6la;92,t )l '*- 

Jf f+ 6 6:i3,, i fi r, ..rlr gt+,| l-r

Y-lr Js.r

..u:!.f Gsb 6Lrca; 6l.sls a 2H

.5t&_elj o;u.r" JU:it Jtel

u ,'t V-\f Jfu;t-L, olt,gb ')p {'-.+,-<,- fy 'flf
6j:t s-i-* t l-,+ f y:l oriyj5 G= mi F "*1y-1l:;.r1ir1

.,11:r- &- e|+Hc qf .rlr,-,Lii tf f t Jr Ho cSlqrlj f_r
.f.or"f t* G nLi; ,11 liT CJJP ,Sl-tV Jl .rtl, l.1 :l;i

;.r .-u..-JiL.r, JJb i.f J ty 6,latlry a.-.i elf .gllb Lo.;l:r, ;,.1

t' 6r;1 c*,1 irs." 6 A )t 6leLfi * Jf 6,lu3l1f*_lr,oo::j

,P *.y _,1tr:f jsJ. sH6 :t;i 2l>r; g^>' ! .-t.:l+ lr I $! *rlJ

:'>-)'t' ;sls'C..lrl-rQ .r:*l ylr, A $i: Jjz

(v-\ r)

€ls O J:, .*U tLij >.yt J) .,+?h.^ ,u y';:-l t.-\ . i:W osj,." u. L J.as tr ar,-l jl .r+ 6 +L,1"2 yl
l; 6lc,;l-,1 py Jtiil {:li V-\ t. nJ:L, .s:-C p U-F-V O isi tt 6 c*,1 .irt^" ;r ttT ,r-S:l.u,l U t' t.

.J^r./ J:5*1j

*\ \--t, jl f-l ,fr ,Ff:-:., gf u,:'.--> Aitl el.,rlli f.".* c{.li-:tr;:l: ^

:-rrl *..r, fi oL.U..-l-.,

(v-\r)

7 =lmi' +zlm,lp,l' v-Ll



.-L t t...>l 6&{ 1- sS*l--c .r, ,gla.,ri". - F:i" .-t",l ?r,

jJJt .r-:\e gf f t *L'.-mi lfr \+il o.;i.5,- c;r" slsst Pi t lF f f cor J .li.r:6

F y q c--; 
':-S 7 jl J'-b k ejtl l:1..rr d^; t e JE:rl .2l ,r'xU ,ri+- C3tl bl* .>J 1., lL.-

:c-:r,; t) ot*e * djC lJ JLijl oLa .f-rf C.r lf
*^i'=lmi.i=+;.c

.c-t ,,-..a F fyG s lr :|-ri rerr i .ri.rr as

Pi 6 ,r,t +.';i ;t ..:-,1 1f f t Jy tslys jt ,y'U s+ djll .)Lr -! f* ,K- syr l.: .r.*: d---

otF qJ|'-,-l lJ di 6sJ.r 6.-7 &- l:-t- s>Jy-o cF-lt:.c*l g.f f t u.i*j oJU-Lj o.f ti*1t
;-*,g ,h '* eJtl o:V t) c# d.--,.g.,11j(,-t+ !.c*,t p-.q s5tq1l) iar ot 6 ,J,.rj) ii=arxpi

> + ^,b,1' = 2 * m i (t' P,)' ('* P,)

o*-t- a.iLfr- Jt<-l ':rJLcV i utlV ?r-L.l;,rbl: :-e isl-t',g 6 ,-;5 o.:Liil i:^rlJ;r-l;lJl
:c*:i blt€.r-l.lQ . P x Q . R = P. Q x R :p- ::f

(r* p,)' (r* p,) = ot P i x (atx p,)
.tf 6_S;-FU .li.rl Olr ,/,rr .l g*+r .r>{-; lf .rr6ih,}V t d-n

2 i ^,1 
p,l' = + @. 2p i x m,(atx p,) = {ar. H6

Jt-- ;: :! r..-* .5,- 
"lg ejtl elt 

",l5 
.!t-r .+g .,1: .c-,lV-A d:t , Jt$;l .tttp rrLA Hc 5

:rt-l g;> at ,g)u-sl; caf ti lfi f f cor tr cSf

(v-\ 0)

:g:.rlr,)l L- J iy.lqlt .1rV-\\ rJrL, jtllc.lqtt clrl:.;tri U

r =!^u' *)F *ti +7 ,al +7 -r!)
-F orr@, +7 otor,-, +7 ,rtorar) 

tv-\l)

:-t-1 .tol3; t) otf q 6:i+ g.|Jlr ,-ty j+h, s-.41 Jt4l 6V2jr- J.V)rr- fl
r =L^i' *)F *r.'- +7 oo,l *7 *r',) (v-rv)

),t+-t ,'+ .ts O ,F 6tda6 6 .fG L- ; :-f JA. O c+tl &.i; ,5,- Jf -! r.-.- ,-(,,- r(.;';ea .,:

v-\ o 4blJ 01:,:"-l f .:-F,J T =Etnii'ii -rtl-x,r.^i.i? .gjr;t ..:.-l P bi Jef ,gtrJi'.t ;r 6 .r-iL c.il:

:tJ.tg b;a
(v-rA)

.lL* lt cSh+flj 
--f 

+5 .gluL,l.; -l: ri rJt+ ! /i rJrl: ll-p lr I r>..1O ,t i; lf ,gtr,-91; a-,-f Ho 6
.s:tr.f 6,1+x;-.a572:1-A-11-1 .:r)^:hrcrJ'i.-.1K-.!V-tlJV-\O gY:h, .n-iCi^#.t,.JS.r.



?.1 ,r.1.:+ 6;;l Y-A ol+

Y-t dit i 4lj...o

s:x df J o.lJ1 * V.r-.f 1:V. kg lF cgltb.glori V,|t-t
H .gtr-,-11; f -f (-,iJl) :a:- c*1ltr .JS 6, gl.11r @ = Y. rad/s ,slir, L. z

i tits ri.t-i*, .r )rJ lfi )l .,its T ,r.:+? ,Jjyl (V) t O aLJ.. Jr 6t

$ )-t.e Ji C! )tnl tt r-,-Li,

B-1 .l B-l .gLxJ,lJ .<J \ 'r-.*l 6b-:r.)).."t - J t^.)L, :Jlt

c.""r-i -p 6l-t lf f y;l o"ri.;i,S ejly Cbt2>,' ;l JUJI 4lr-.r B .:-,y
:11 c-,1 otV &*i f (fi.|-nl .rJ/,r. ,aiy t3u )l

r/t,a=(/\. rX./\Y0XV.) = ./AV0 kg 1ms=(,/.VO)(.710XV.) = ./VAA kg

OIS A c,*i

r * =ry[10. roo)' + (0. rzs)' ]

+ 0.s75k0.050)2 + (o.oozs)' l= o.ooz+z ks.rn'\" 
[r, = I*,,] r, =S{0.100)2 = 0.oo2s2ks..,

[r,. 
= i*,'] r* =S{0. r2s)2 =0.004s6 ks.',

lo=[wa^,1,,=l*o^l /,y=o 1,.=o

b r, =7 r, + ma rA,l /.,. =0+ 0.875(0.062s[o.oso)= 0.ffi273 kg..'

,3u B c".-i

k* =7* + ma'f /* =ry(o.rso)2 +o.zasfto.r 25)2 +(0.07s)'z1=0.0lszr ks..,

F,o =7 o +mdzl r,o =ryfto.ozs)'+(o.rso)'J

+ o.zaafto.o 375)2 +(o.ozs)' l= o.oozre ks..'

b. =7 . + mct2l, *=ff{0.075)2 +o.zaafto.rzs)2 + (o.orzs)rl=0.01378 ks..,

V o =7 o + md,drl, r=0+0.788(o.olzs)(0.r25)=9.69369 kg.m2

V * =7 * + mdd,l, *=0+0.788(o.orzs[0.075)=g.0022t kg.m2

V n =7 n + mdrd,l, n=0+0.788(o.rzs)(o.oz5)=0.oozl8 kg.m2

,y-$ rs .+"1 ,yt &*i ts 6lt. do-;y ,ri-l y, Jo*r crlttp g.+ ;l
Io=0.0257 kg.rt
Iry = 0.0103 kg.m'
/a = 0.01834 kg.m2

/'y = 0.@369 ng.rl
In=0.4O221 kg.mf
Iyz=0.OlOl2 kg.m'



:L eL^al 6&.1 1-, 5.-t;,-c y 6la.'rio - p:,io ,,b ?.f

fU t4 J @s J o). = \". radls .ll .1r e5 )y,-/ o:l: V-\ '1 , Ltl-; jl orLi:-l U+ g...a dlq3lj f _f (*.iJl)

:q;i.1: .JiP
Ho=30(-0.N221i-0.01012j+0.01834k) N.m.s vtr O

)-*,J;;; V-\A d.'tlJ jl & cSj,',| (Y)
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,r:* li n-r ,S P > 0 :.:*11.: f".^tf ..t-JL le< I *;-*.;.: ro$ o:l: o1-Li V-YYb .!i.1.1: 6.rrldb

f--J<,. c.{,-+ *iyt iP s ti t JAn,s, cfr bJrr-.}.-b 1: d-li| bsP Jt- ;"+ t .t;"--FC,J.J,K..

..t*trcf

,r 6 rrr,r, JL.i.i V-YY J* -, 0 = 0:g,-.rl: V-Yt aJrh, +, qi ti ott' ltl -lr .-tiL 1= Io *il,a ,
.J-S ,r' r-rl-l-l: P qglu,-1|; tvf ti lii .l +:'..i!l$ d-iJ *! 4jJ+n p-+ ,lL- c.rr? tr .Ji*A p -tl-tt r.plj y.:

-'-f

(v-Yl)

(v-r. )

.Jor"/ a ,fi\,1dJVr &.iJ "i- d1 c.---j 6 dr5-r .f 4 "b CVI :.,1_1.. -;r 'h-t-i *



?lV t-t,,-ilFy, :495-'9y-3c'59 V-\l ,l*f

r+-,itfu* Io> I
(c)

n*-;e,2,| Ig<I

(b)

Y-rr Jsr



yJ, t t--"1 6Jri c-, .S.-t*r-o y .5la.o,.fi.. - F:i. .-L^, ,f h

.6.FJ
(5.; c-) .

V-A ditoi 41,1....

6\ r . . kg f,+ C;ltb .g:-i.S .(-,- CUrr; -f i )-l+-tt e.ly l-ySs

6il -t trst gjt-: .g\.l Y.. ffiD oJ,-,lJ-J {'-X jG 1* f t
)\i GS '-ie +-j-!:l-u.l i eits*,3 cJ^i jrB -gA.gLacltiUtl

o.2li! u.b jl 
^?-t+ 

:r*cU:U d.4; .1.: Q * r 1sv/6in ier \ : t-5.l
Y0 knots \ie.-, t r ,rt----^j.S 4-?.jt+ .J-if.,, Ol.r9: r).L-.:
(.'0,+).t5.'(.:J J-J q !.. m 1t'; +1 6.p;: (\ knot=./o\t. m/s)

'.il 
clr q t-i.+5 

"* 
lt B sA,5Larpl u,.9.e 6t3 e .gtody..-ra.;

9.r-i4 Jsq t- )il€ YLt dl5 a.iV:,4ifu1r,j

PA
,--t{

Frl
o"+

Fk-l 6trpt u,* 6,\.)UUt- ,|Jl u",S.e 64.e ";J-r 
:,F

-jl :1,y'U AR ,".+ dt{J, L- o.e}-e \ ,.s_rst $s )l,--:lJ R2 y R1

:ra:.rr aq,=) ;;>l_2 q $U-l;l-;yb5.l..at .-t-tr"f ,-a_fu:fi O

t?f )p ,F-e tb)4 cfJf .5La:l-u,l .Rz= YlY. N 3 R1= oAq. N

.-:..^ 
'#n sp dy6..[loJL.i o:l: clLl.]:l;i,r..r..ri t: Q .f1,4

M JJU-:f )p d p*rcl r-u5 L,l-r3r JJt*f )Jr,, J* r 6 :1t: 
"|,L;

B 1: AR c..6.1 err-lyti ."t-!"f g-lJ &*, u. ,,5,> q .),-L;n J<- ;U,
A r: todtiEt- .gLrrpl '& +-S;: .:-;el ttrlbM .h-f $l-ea +i-l E .:-,1 drdq -irt +;A 9; Ytr *i.rL q

:b .tjr,lr,, B i
Re=Rr-AR t Rr=RziAR

:6i ,;;7 U t. I ,;:S t?r4 ir c-l tl.tQ c2*, ier

[, = pO] c2 - 25(0'514)= 
0.0321 rad/s

400

:o.-ii t: : o:-l -rQ tis: pf f y G ua Jf lJ V-Yt olql-r ,.lr5l

lM = r}p) l.s00aR = 1000 (0.200)2 (0.0321)[toryP"llL60J
AR= 449 N

:tr rir"f J,lJ, ti0tiUti 1j) AL"pl Lr-<,e

t Rn=3920+ M9 = 4370 N elr
f )tU e5ti -ily -,: .$-U r-b.,. .iJSl e 6 .',-b_rr* 6 ,rS.t 4by, (-|Jl ir-<t t ,F ,Pt :l
*,iJt-i', 1 6,31-,u.;-b.l-f .dr*L, .,1.t oJ-i o:l: 4t ii J(,.i ,j,b .q.p .;s .-u^:li.l 

"rl5 
.;L L-; t;3t lii'.J' O

F * J<-;tf, A_fot$ ,j,_f -;l i.*l.lQ .$tf ,; Jtel ,rl5 {. ss'ss e,3l; -h-t; Fl u-<e ctbl;y

Rr= 5890 - 449 =5440 N

i

I
d)o

itB_t.___\ \

,.G H

ferri:
1000(9.81) N

.(.r5;Ut Jd! 4l) ::f ClL.:. YL c* q,ll,*4" J dd-t, u-b u.,r;.l5 dL: e o:.y AR



tft t-1,, ;9r.1.1" ,,a*gy_) cSg Y-\ \ util

.q-il olsli

<>,t1, cz-2 opti gp {L U"c*a,,1>/ /.tl , ,, ,r6urb,44 D tllrg> 2frc-r' orU !)tt. ;t /gy ,An "* ". ,jbfrJf
)/. ,'tlrl Ylt, ip aa

G't/Or, p. er4 19ta,o ,1 t,, g| af.>,,,t U-t o/t-l orgt t)9o^ attuofuat ,titt 6tz7M y ,-ao (trrfun;i^ ;t U-,

;t Jqi*" l, otiit u'.t /y'dpL" au.^bt) ne-Lr' u"6 4u ot'c-t eb .>>/e Gs^tp d^")t c*6 e che dtot e "rrl'11wt
.prrrl gA; ,U, 5;;,/U ,.y' &e ,/1rn oya;-t UAzg ui,;,f,,2 p6 d&sA; "rrfdr,^^

V-l djr'oj 4U,,,4

.i- r.o .:jlF. 6Jf ,tuA tV by ?-* rtf { .dL..oi .tK:*t 
"<,-

Jt...'.ajl o;L j;a :l;sl-t',-l ?-*,;Jll .ll3:c *.:s-Sg )l-6i:t r LLj tm l-e. \
[ ,,-o -;: 6 -uq ,JJ G>l;b 64b ,tS:*-l fl .tf -W.e,rLz-l: rrl;.g; j oJ.Lo:

)tt -P ,Sl.t C:-&, ,yS t5[l-rlr:l-r'; (a) .:-,1 ,-r-Jl" rJ5: 4l-;,9.r JJ) 4 4t'U

l.t--4 
-U rl.u"l ci q c*.i jf Cl*l edlr3: to.i4 ft,x r-rv Jf F*

;ti 'J-f ^5 "fU s* \ z ,,:*;7 tp -""t+ l: es-&, T )-y-t O) e .rS

cJL-' ,Slf.l,t tF J ,5t-6 CbLtP.rjt*l Y." qJlj ,:-rr/ fi+,| .rtr+
''tts t'-'l -,rtrl

+ ! c*l rltz )-r'.. Jr.tK:--l F* JJ)y'.91r,, cr:,, K:t u- c:-t,cgLa-r-l::l-w:(a)..t>

o

o

:U .:-lyly V-Y. ohl.; jl 6 p Fn \teJa ,.ti 
'rS-*, 

Jef
,it= |
p (ro -r)cosg

:L "tJyly 'frrl6LnJt 
,

r,, = r = {1*r + m(z,r)')=T ^r
ro=ro={1Yr.{1^u +m(zr)z)=t^r o

:::f u, u;.7 6la.-j; 6,1-ac--e ,. ..-.*, J cosg =\ ,&_f J+ e o.t \
o s6l3 7

E=-=-=-_p 3213 - s6l3 3 Yl.l+

.*-"5-- c,.(+ .r>Lr.r, LLt n: V ,;V d:..., -1.: nS -r-tr.f 'r-fu t:-*oJ:rr oL:;;:, .i>tr
.$,./ fl+jl .r-lr+ sltY u);.6.,p: Y y' cgljl q ol*---l .irrl.lQ .-u.:...^

t},l;.11 tr-l;l-r .t=lnlfi,l:L .:-,1 -lr, i;s5 Kl U- ,-rs.t, )-r,-t,p = \n/L rad/s 1g= y.o .gly O)



..I- pt*"| .5&i 4-, .So-Qc .p qgla.o,ri. - F:io ,-t , ,Y,

,=?,rlto: I.orel=of:)."r 
20" =l.6ll s -,rre2nlal / I 17/

lalp',l.tb .r..*7 L9;z,t J<-.ltt r 3 rl-l ,',-f*, ,y:.&
:b .:-l /1J,, V-Yq .hl.r jl ,fr LsP e'-.i) s 6-5 tlt ul'ii

tan B =l-tane =9.6.1u)= 0.637 F =32.5"' ro 3213'

A*i. €Si

.,> .frQ 1y-o z t* H 9 ofiifc ;l {cr* e d* LfP-t ahn Q c^,1 p.t1t Io= Iw al',-v,,,t )l*t UoP UJ rt ln Clf
.rs/roEu A Nbl. elil 44 A0>* Stl. t, gt-l'l,tti, p.('; t-i 9 <.zttl )i t ttop gtl 4e*t gtl



til JL-. Y-\ \ ur+

D = Y\1mm

ori l-,rl J<- atU ,rs.oV );-,rK ! j;,rt V-lV

Y.Y kg lrt 4- Lro,4 J ,,-IV,1j3a jZ-)i .p fr- ..r--t

d)s b LilF 4-f .-t-!.f 1. mm oyltS Lt- tt

C-rV rl;arL 6 ui;, .'-*l C,!i ,-l U '/A kg lf *A
JL- "lr b = \A. mm 6l;l tt x 1g->e J1r g:1- ,l:*l

;: \VYo rev/min u.*, L:.llrt+ t )_F-f .c''-l Jrt*t

l1.f J*,J .lLt l-l b ttt;. .J56. 1t5 ..-tJ orlr 4t i.i c..6-7

++ s>! s:n Jjz '/\ rad/s 6t,! ,-i:.& 5r 6

.:3-i :ta,-l ct

:lr

Y-lY {tr* JS.i

.(J e-, ,-5t.Ji -r-; ,r.!t.-;i ,_rlyl <,- V-qA

.-e 4 L. 6 ,S tl :V 7n -,1) o$ ,;\ u,:'2 ,gjjl

.J-:56, tSf tJ-:-r>ut oJ-,! ,s,e&' C-4; -,1rp rU-;

sblu:.U-f .lYtrr- :..- .<-- u. Cy.yl 6 .*-f
:4 in .rt*, c.rt qrJ r: J rlir )t{ .lltt ,96afr

i'* i ost_; 9 by-b ."r ebsrf i 
"sl*i; 

q .>y,_l

f-t-o:,r, ? .lt*Ju J.:- d,,{l

V-14 df-.. JK.i

Y-lt df..- JS.i

Jlit -

.jl..ti", Jtlt..

Jyl ui!-ja-lb a, ,l::.ti-.1 ;r.1r rb"l ,1,- V-qO

n-, r,J \ ,---n 3l .-t--orr, JL-5 lJ .*.-fus13 cSf

cSt4jl . ! o3 u,L*-J t{ J<- &l-L, ,J:5s, bl,s1> tle ,t

'rUA.SJ>-.)jt-./ .ilg soli t'*'. .rXlu,;)l 2ye

.rJ e-F tt t*
ltr .Sl'.l ;tCCW rrS:"Urq c-€ r) J:A:lf

z
I

I

L__y

Y-14 <'Jli- Jil

,l-5 .F_Li 1r tj cJ--x .-LL9b 3-9.-:Jb V-11

&U- 6 Jt- -,, f,y Ln ))-f )r,-/Jr u,.,>{t 'fj-fi
.<-J ,t>g4 P .rU_; .glr-31-1 \>ef \ :-xy L* ,,F

W_f st ls tn y>u li .l.llf C al 1l ab9'y:k-l ..t5

.eJ-e -2r lr;i ,*o- 9 :-21: rK; .i,r L oJ*.i o.rl.r Jl,ji jil

1l\ u57 q ;a-:jb .r.rr Yt-r J* + 6_:tu f ,,,8

.r *i -tol e . *t ->l ) 4 va-atJJv(-J



.-L ft-"| .9&{ 1-, 4.t{o ,r .gla..ri. - pli. .-t", ?Yl

1t -l 611l> ;4j,2.2_t, tt,-r Y\. kg ;9;_9.; V-\.1

o:ls dt-li 2Ja- 2t {</K,^ t.ty. YY. mm o5.-lr-3

rr(:rt-rU c..6-7 J) !1,... 1gYl6ln JeJ4L. \rrl

'Sf .,1r \Y.. km/h Jer tr Qtf Jt .-r,U;,r, itrs:

1t -i c1 6,ti- Lfu* drJt \ tlf gl3 o.i.a 9 9
r;* -r 's \ M crl-fu:il -r9l' r'J ,J,-Li YA' ' km

;r L..?l-.-r rJil 6l.r- .-t-J *.-t-, ,ty' .f r.,11-g L-l-9'a

,itt Jt:S s>ls u>\-ol .t.r\f-,-Ut".i .,itt dti ei,

M = \14\ N.m cu".7 rr gt(-
:l

9-tar 1t+;l

vlr

o}t .lrL^-

.t-y|..-o lr:l5 t: ty St-f )-r-F,S, V-\'Y

It \B o.ju...r 6Yio. kg Cr+ ^'A 4:t;l ..t"i,piJj

c-it-, .l'l-;gu.,t lr'r fQy/Jtlin.ref U l, Yl[. kg

,.:-l o-t-! ,*a: sif t* u.;l9y :l-url q c.*; &t-za.

1t--.: ;y),4 o.Lat-5 J<; 
"1t-L, 

L^*tr- ,*ic 11 9

.J-ltu. V\/. mm I V1/. #J ,-,.8 9A dt-.tr-3

;: Y rad/s i.e , \ tr J* )_rH Jf t11t-* 
^?-t+

,J,_t-t .rl19r (ry.: oJ.rLLr c-l;l q!U") :f;ot- '4
\D s C gL.orrUttt- rJ=-y. s.it .r. / $)lJ eU e:i

J H)t rljg jl ,r-U '(-JS 6Lr;9kJf jl .115 r*Lu

,,-r Yt-.t .-SL,;;l tJ c-it^:, rl;i u.-; ..t5.,Eir.a .oJurr

.+-Li ,.r-i: tti ,Sf t -bt dt- .,:^t J<- t otS

c.rl.: dt-Li Jt+1,t &, tjtt ,-aj s Lrcy V-l.t

Jl- t+.-i ot: .,lJ-j fl.-19 orJ+ 1[ kg fr* .51;l: ,o.t-.!

;l 
"*U-f 

ol-, u-b 1r .Jt-.iLr,. Y m ,rlr, Z Jl-1jt 19>o

,S 4 gl-;jr 0. . rev/min \teJ4' l, syls 6 6$ Cll

i-.150 mm.r!

Y-l.fdL...JS.i

1.,+ * l-t' Ub '(--r 'd rli.l r, ,rtJ" V-qq

,rftl * cgJr 1.. rnm Ltoi \ 6t-tb .-, 692 o, kg

9 r:.-,1.L! Y! O-O )t-,u Jl- i.rA c-iU .Jtb6,

J-t- N = [A rev/min c4U .rl;- tr dLi d.jU -L-J;

t Lfi;4 R .J.tt4e Llt-,i 'J'-irr 1: tll-l-lr { Z )t'-
.# .E-r- Jil c.jt.i crje jl ..t$ ;*d lJ &l *

R=V\YN :lr

Y-11 di*. JLS.a

-tjL d),5 .ti Jt- y t) *>rru t* .,,-Qlr" V-l''

JL- -r) 66afi;l .i- t' lfi.J-!Uu..6reri.(,-
k a* 4-,- J5-- Oi At, -'tr-5 LU r m ,al;i Fn
6-i 9 ,>F4.6a qtr.e q 3l1 jl .<.,t*,. .-r-tr.f

Jtr -l-j rbi*, cl-b u O s1^. Jf L* qq ,iri C.?
a-r .:1lr Q .5lq9l3 ,.lt;, ti ,fl_*, cS2- g.f ,Qljr
M u^4o,131:.5.A oJi.,l.rSi 6$\,g,*tJ-j jl tle
B.l>U; -,1.r.5ld;J q-b J\es;lt-;.tS.r, Jl--elB J.l)

,: t li d J;5 ,'.r5 J orf ..,r::o l.l M *t.V 6; -b
. Mr e*.2r L- c,, .l M 1 ,:4a

Y-|.. di....JS.i



tff "FL- 
V-'ll ul.i,

(l;sr.,

t

Y- | .13 dr.... JS.!

;-1, c--.

6l;l: oJr-i orl: ol-.Li 66aft jl l5--- .r,r V-\ r 0

cSss n, t .)y.&3 =,|l' mm ,i..:*L,- 3 U t LkE lf
.t-:Lu, J4r'O 2s 4!s.t-,*.e e-!t^i q 6A8 siild.iU
O s: ,;V n* u..-'i,il c.iU (a) cJt-.;r.r.:-l o-t"J" je-

.,.L1 oJ-.i c+tj .J:5,./ .rl.ll: ) fE ,-f J.9 r;bl;i rf
otf-;x )p J9 o,tJ, YJ t/- la-j c-iU O) cJt- r:
:t-;.gle,-jl1r-.* ,gl1l> ir-t- Jl .c*l ot-i r:-!l.r

utJ.i g *i.1J) lf Z il3 )t>,' Jf p = f'\.. rev/min

A 1r .:iL-! M6 u^l; -,19t:lf cJb r" 1r ,I!L cri orb

l* :t.q:S &-.:'J tJ -t-:ilu, c,ttil15 ,i:* if t t
.+_U -)Zi* O st ii crUL:,, ciU .<"-f

(a) u"t* bt* s Ma =\Y/01 N.m :lf
O)Q = .ivYf rad/s J Me= t'llt. N.m

v
I

[---- noo
:mm

Y-l.a dr-Js.!

.ll.i:-, t+ rjU rt.u,lt-i Jlita s_yst 1tn eilr:,,;l qglJ

J :! , M djt-tJ-j JJU:f, .r-L;.f *t 6 =\. deg/s

oa*, 9 ctgi j*J lli :-t'st Ly Jtrit rjJ, q oJt-i

,|,-ti ,: s!,r, rJrt-5 r-l+ ;t r(:rl,*^ .Jtri.A U.i .r;5

.rr*rU:U c"{.? J) t- r.5-: ,-irr."r >f*t-.:4> 1: r.2lr

M = o/\\ kN.m vlr

Y-l .f di.- JlS.a

)-P 19il y.6 .-45-tJ-i &-..-|5J 1r V-l't

Jrt-:. ,Sl-* 6 .' *l oI! orlr .;l ': ,oJ-i ,. "rl ,y; ,-U

c.rLi:-l r.1y dr-{lr J.lJ t>.fbtL* ,r:-5 ,5- 6sU
l1 (.r.;4) .qJ.S o-r-ir i:+ A s_r_r .t/'l tl*

lrlsl-e)-,.r. sB Ssy.cJ)-, ,t-i ,J-l I J;Vi',g

Jr dl.r9) e, ,:5 u-rlrl u-are Ua Jf l: ;:i + J.o:,
.::-S 

'e V.fuU-J .*t*, d4- .3t+ r 45iu-,

f ot)ut o-,,t t-: )l , 3t +.(..t(r 424;.,j.-b 1r .13i9.1

Oi lfi t 'lo--,a3.11. rev/min .ter t sr*eL ca;

4::- -,rr .l^itr.f \/!.0 m Ji Jr-tJ-J F ,A. Mg

e);9T.,1r rrl-lJr e-r .y'iY. rad/s .ll;+ t-i l)B a-fi )-F-f
12 e jf*jy-J L--i,# rj* ,.* oJ-, JL-rl .;et*f
O) U- (a) a;trca.1 ;l ,51 gl5 -rr J,_tr ry-r .S r-L'

It1,3 e A -h g.? \L,r r, ,r5 .14$ ;l ti .ur4;,

ll

\.t.,
il

cJiP P



:^L, et-+l ..5Jn 4*, 5..Qs ; .gla.o'ri. - Flio ,-t^, ?Yf

i

V- l 'A df. ^. JS'i

.51-o1ti;-21 J S* orcti L -ty bt-f 9.r V-\'1

Fn 1* 'ts*,Wr 
.>; {" .5ljl *t..J;itlut

fr-,1 -tal-9> jS-' * l$i

:lr

\

h

\
h

\ --"'-'"' \\-"-
Y-l'14[..,.JS.i

vo mm iylt3 Lt- q df _# L rystv-\\.
,.ait-f J-;- Y... rev/min U.s t- 

"/b.Xq."fr 
,S-r-)

..u: !1J X .y>,, J9 a;l:l-;i c..lU .J:Su. J69 )r; OG

u. bs-.f (l 1l:,-.t .J5 al;3r );Z )t2- Jj> -vly6 s

giLi e * jl .J;5 e-t*, bZ )t>u Jf .il*,257
\J' -

.J-i, Jt--..elM ,r-J<- JJ-i )Jl, :'S J olf -)*-r- OG

.-r.5 ^.-t-., b G oLd s5 -stls a c-il.,J. L-i:

)2e

V-\.0 +'tl*. ;l (a) cJt-'- st tfi rtlV-\'1

u- Jf Jt*, \ )-rr...,r<it<, S7' 6-- h-;
+tii .rr \ 6Le JJLL:5 ,.L,it, (l = lj rad/s crl;y t 

'ju
r-> s.ft-(L-al Vt* 1r ..t---,13i grr s-lil c.rt-x jlA

ulrl l-,1 cSf Ul U ,-ts.f tsls O -:t 6* a' Ms )51;.5

9-t a.l

(d.:t+:-:y ../-L;, ot(:--l 5-- .,,-l.ql ojL V-\'V

C dl.J-t .Jtn+ b--i 6 6tf ,bJt, tkt;l ..t-: .$15

sP Jy> o;J ,--., ;1-l g[-'.'rjlo'n-'i 'P F-J<'-

;l .-r-i-,1j3 -sp t Jf ,-/-,41dL, JrlJ, 5tA-Ag.t:a

rJ oJ--..! ,-fl-p ,S:-* oL(:--l .-r:tr.f AA .r; :2.e 9 O

Y rev/min .it-.i.:-c.,- tr ,f .fs 22a*. J9> s'l1a

Z,>1V y-r- J3-- A-A ;sg tt-r,' ft.J,-Lj 41.19r

ti 
-,,r;L"l 

.("JS up 4;ln'-sl:;i U 1 t*,tr ,-t:.&,

-.,k-.:' .gl-,1b O (* f y .# -',L--- lJ ot<;--l .lr-p Jil

.fiL.,t e:t fr ),V

U = -1rev/min ,.r_fu 'il*, :lr

Y- l 'V <li.... JS.i,

F .r;r r-1 o-l-.1 o:l: JL.i^i .F-j(Jl-1;-e". V-\'A

6119r .(--: a,;6 B JA .t5.:5j , Gt) y j ory \' kg

f-r+ Cil.,rlr )-/y -#.li..1"'l oJ-i -1lj- (J::'-^ J'al.

A i-J jl 
^?pU" 3 ory Y0 mm iJ#|J,,-j LU J Y/o kg
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:c-l ;"> I = OJJ .lLj q c*j .)i Jlt .;*" r A-0 aJ:L, .r,[-;;l

,ro = C sintr J ir,o= C @,, cosy/

(^-r)

:J-23,e q U-.1

(r-o)

(^-1)

:A-,i: V s C Clt.l:f ,f- ti



.,,t; C.*,t* f ,-ib.rl- F:-to J i tAY

xl + (*of a,,)' t/ = tan-r (xora, f *s)

:g,-tlr A-0 d:L, 2: ,r-rl,i, ;,-l dJliK,-t;, t{

,= JM sin[0,,r + tan-r (xoot^l*)) (A-v)

#C 4bj, .JSs, C-r oV: a, c-11 ,zS7 'i-,S1.': l;.rjUr ,-t'L-s nJqlt -l:A-V -.rA-1 c.,Yrh,

.c-t rg = tan-r (AlB) ,c =,tfr * * s

eS 2> r*i"i &bi
.J-rLcr, C J* t tllr .;by ,'.3l"i )-F LSJ) J. J--p.r 6 -t-o:,r, .ltij lt '>57 e;.J'!t .; A-Y J.*'

-rrdL-rl;diJ-ly Jo)!(yyeL,ghr1b,llsty6 r5;,JlsJ)a,,=W crE6lt-el-,1 &-ertrrlr.r

ttf ,S 0t* iJ^ f J t t-J./ u;S f,,=o)n/\tt eL,J.-Kj.cltr; J>11 tr.-|"5 dbtl:.:l&; t..t-!.r, qyti

or."Lj #f ttt (€t';l:r, 3l dl-re: {) c-S7)rK ,-r, *- Otr:;;Y .lt"; .U* \ GIz) = ri.!: J rJ) \ )

.r-1./ \:rJ, x = \ /fn =\ /t/1lt hl-lt jl -9 oJ-X

c
x

tg

0

r 2tt
!=-

Itnl

0/"1 \
A-r JSJ

oll.u.il ..:*,l.rlf ,',E )-rtu 6J-) Je J.>1* 2ls1 i: y3La3 Lfr trx15 fr,€,F rSstll ;g^,r
t*.r<* C sB.A 6L-o;l:y.J*:Uu, ,:57 a:,1;,1-lB sA g.tl:1.g"+ o-;[il 6 C s $!.8 94 Loll:y rr-l

..:-l r4 = tan-t (AIB) ,C =J * * n' ,,,,.lcJ,-: yi 45 ,-rtrb cg,p .l: .J:ss, dl-u: 01, .it3 .5lr3l-,1 \ter

C'7J. .Sh JoL.; qy6r.

1.o .:r.(:rL c-{r- J) zr-\a ..}*, f:."r.- Jl .rrl: ;3a1 4;.,4..it(J..il;! ,_s-l-", * rt.,;i;Ljrt )s-f ))

*:-* -r: -ll-.!trcf 
'.Jti 

:l.r:.1 y ,,:S .r>,51;lr ,riil '>S 
y Ltt4.i 6 -r,-i.r" ,.:*.1, A-f Jft f.^-r." rr/ oriBr;

J:::^, d-rJ-.f (f:--^-- riLar'-j-. qF .+i y ) S7 +l:L" .{ ,-L-F Jrl; ,:-..J3* jl 
"f-l+:l+ 

O.t-t4 \ls x

'$Ltl



fff c,l.,c sl;i;brl A-Y dr.i

r,.!l ;-"- ,i d ,, do J<- ,r* .ll;.1 ,rl J:hj c-1ry Jt-

gl: l1;rLi . A-f Jr(-l J) f--- rlli u".-ri \ qt tr .rr.f u.b.,.

.sr"/ \ t) o[lt Ci
*(4,+'r)+ m8=mi

:E ,h* { ,)_9..! y..a x-L. Lrlrj p^a, . J= 0 J:Lj .:-.iy" -2:

-*4, + mB =0
n-J:L" fr u-J , mg J -t4, 6t-* 3r d ,q:1,;r cr>*t J)

A-r JS.i :.:-;l: C+lJt J *-F !ii-- lJ f""S'-;-57

mi+kx=0
gl-* atartt.ttrS -L-fj ;*\ 6.:-,1 bI t-rc oJ:l# b.:,-l ;: 45 cJL'..:*l ..ll--i-A-\ aJ:L, U 6

:t fu-K- ++ .i)ti st Js a;jl-..t 6L-oj- jl r,*l.l.f .' J,5.'.1 .* ;* ...*lJ, .Sb q J:L; .::--,je

r--.....-l
;sl,;c*i9._..- lr-l'-1 

I
I

'.6 .Je-e J:.' ':-'J3"

1r".. ct;i ,-ilrl.,l g:ll c-S f oYcho

r5,:-,l1lr lJ "5t<Lrl 1l ,5lo-;r ti .,il) :* y,r<tt<-. fJ"-i, r^

;j: ,gL-oJ.t* .:t;n ?* 6i1l 's::S 
,rJa' blre \ 6t<trl jr-l

#;wtt.$lor..a+ !r*.st<t"r'| ts6:.r: il ;u,gj-r;l .-r)El eL-,s

)3l-*.0 )$b -,it-* 6.1-l ,-Sl*1..--l (.,19<-;) eJ ..r:.S.<L6*. t

,5l1lr +1. ""y F-l .t-*; r-14-iVl tra:.-=" n, .iL;L;;l ;l ;*15 t- I ,,u;

cSy si;: j-.:- I c-l oJ--i, y )-fu-: Jt.-.i_ ti 6.:-l .gldl-eil

q r,J+ .irL .i- jl Jt.. t_* 6ll,r,-Lnot5-;j5 s y':r.gl;lr a5 JS,s.

:* q A-ta ;|i-l 1: +5 6lo:t- -;-3,r!q.,1l .-r^:tr"f ;i f--: ;p
:112 6ln-i$ +-.: A-Lb Jfu $L*^ ls F,1 ,ggr, , cos orl: .)L$ .<i;1"-:

4+ c .-*$ c-U .,.:-,1 ,*,[:i ^ (tr \Lef tf _lr* 
",,-l 

oll$l 6 JS 6.
..r-:!.f lb-sec/ft t-_ N.Vm ;i -r--l_j J $r. lyy )-&: ,J[t' ?-e
t:.{-" .r)j 2s ;J-rue ;jj m (fi + 6 oJ;;S .-fu"-" y'.5.* -+

.t-..;,-l -c* ,111(F J:sls 6st J-t 4-l;13 .c-l * ,:e -
#t--, "rJ+l: 

dL-Je Ljr-.f) jl 6 tlr 4 .-t *+ 6tolr.hj-,11

rt-*,-l l-; jsLi:' 5y.F-l v-l-e..;lJ.i -1 .r:5 ft*a st rJ,l-y,-l c&.a

ls sj.-> +i t" ..Uti ,E * rrL.et*.j.. .51;l: Ju.;I9;,re d,,:F 3 J:5

.d,g )3J*e o:L ,rL; -Se\trt * Lilt

Itd*, r.r)

tti
Llr

hr

ci

(bt

A-l' JS.i

..r;g,3 ooJbr5 ,-W S a-jrd rJ c--t1.r..JsL'; JL' ,s pL-l .St f.f ale ;l to;; a-o .,r.[li' ,j .51o,;...0- ,c



.lt; C.-,t" f ,jU:l- F:,i.s &i ,6f

o9;ti ;l .:-t-,-l;=*; zf-ta ,fil :1.1i q*t ,-rst )l c*'l )az 6loJ:5 .fl$-- q .5 .f.-+ 5-r'- aJ:L,

:fr-ll: g/jt' g-r:

-kx-ci=mi t- nti+c**kr=O (A-A)

o+ lt L-c-rll ;t u*S; +J c,*l .*,ti ,-r-.1 "ralr; g-rfr,. il1 6 .rt-Y: \ ,@u =Jkl* ,f-&q ,, ol)b

.r*5 -,i"; l) Js-r

( =cf(Zma,,)

J,-! t.-l ..1,1 .S)t*.-l .r'u Gl-t tS,tV J oU lyy ,jl/ d.r-'t" )-fu: ,-/lf -,-6U t (U;) ( c--.S

.U,j l) otf a, l.1 A-A nJrL" ..ll-r"f .1151 ..:*l -t{ ot+ ( nS .t;5 -t:

',i.1:;;,','ii(b|itri:+,ofi 
,*!l0.

(^-1)

l.;p ct;T cFbtl J'
.-t-! .lj Os-t' q ./t-;e 6 ttf",r oof , A-1 aJ:L, *5 r- nJrL, j- dll

x=AeLt
:g..xl: f"^lf A-t aJ:L, t: iJrf ;F-b ti

u.:,1?::!;;:*.,.:-,, 
j1,..,. *atu +t:t - a, 6

h, =r,,(- € -,[e' -t) 1r=r,,(-( -lr.,-l)
'(-- r," Glp.5L^J- g.a -11 ,li ,g-f J> 6 6r" ct-+ .J:.:"..^ Jt:ir'+ ':-.-aV 612l> up;,gLaa:*.."

>yt/ h €-f J*',-.,rl;t'r '+i'l \:rJ, a'+;:'J' aJrL'",5Lan'i"-;;l

x= Are\t + Are\t

= a, .(-r*F)",, + Ar.(-e 
-G'-')""' (A-\')

l* eEf 6q 4i&

o*k-:i,.rLl J-,.r-lL ,p A\t,-p.c,* $lis, ((t-r) JlS,-:11 ilotV.o ( 6= oo.r*

.;-yC Af .p s,l-f ,zS7 6l.t tj ,gl:1al-!

St*.:*t .ri Ft" rt-t. eJ:L, 6 Ff ..r:-Jltia un' y-l^:' ;t*> r.!t;: k s Ar:(t ,t) (>\ ( I

3 J-iU ":-.1.1-tj )_*s jL--i.;rKa..r l-S€ ,b ,"- sle tu x, t bli 3 tr. t-tb.Sljl q oS +t-"f ul^S
.-t-!.* :3,y LtlJlr ':S 7 ..f-l;li

d:L, :l* t(Ar= 1z = -@u) litur.rt--*(,- ,*,Ab {*rt;.: h lLt,\Jt-',Jlf) (= \ (II

:r:,,1 ;4{ 6J.r...a ,it*-i- L^n&t 6 
'*V.:Jb 6ly .-[-tro.r



PAA glrc cl;i;t;'rl A-Y oi;

r=(A, *Art)e-,u,'

p----.- ,S'- )J)6-" d;.6t.5 g Ss ,:*c i-.-.' \ x bf .1., jl ;: CS,- ,OV) S s-l r,-rLL 6l-21 q {rr jti

\ il P-r tr-'li -*-. q +.:.9^:.i-3; (l: y' lr) qjll 
"/-te..rt+ 

\ j,.>-o-\ 6 Gt- ;>,u1lr>- g-lr,'

d;rlro -Jll ,;L++b ^+ + \ cl-,n. f-..- 6.sl-*lS ,*-1- "i- eql-o ;[*, .-t-sc./ J:t j c-e-i3

.$r"./,)l-5 (io= 0) io qJsl .:a-

A-0 Jls.l

, LflrFl:t1 ..:-l ,jrcJb..r-l t:(d-\)Jti_rl-,1 ilosV6.rj!r*,1:a>ji r(l*-J)(<\ (III

:"1.^1--y,l j) o)-t' t l-1 A-\. ohl-, ek+h' - eo eb

,=[ o, 
"i'll4o',' 

+ A" e-'J4'u,'1"-t,n',,l.' --'- )-
.5L-11 l, a4 L-4 ",Jb 6 .:-l ,*ti l-7:11 1: ..:-l i = GT .;i ;r 15-,rr.-5 ,j&4 o,,

l4->.:J

:.:;3.' tj os-r ::,y::,', i'^:r,"1'::",, -ri sinx *.:t r-rs,sfrr* r..

*={Ar(cosaror + isin ri ot)+ Ar(cosrout - isin a ot)}e-€,^'

= (A, + A, )cosar ,i + i(At - A, )sin aotls-('^t

- {A, cos ar dt + A4 sin a ,t}e-( "', (A-\ \ )

4? | Q-,a,' 15,',_lo:l> r.lt-i.jA-o 3A-1, ,.i):L', !.g!.f A+= i(At-Az) SAr(At+A) bi r 6
.l-:Ls, lLi a-,;l; .91;lr e5 .,jt-jlt Cr "i_ tr ,.rl-l.r l-2 o-rri A-\ \ d.:L, .gLr:yfi ',: rs lo;i .& ,F-r$

:r:-.:j l) Jtf + olSC lJ A-\ \ aJ:L,. r.gi 1: .r.r if-_f1tt

y = {c sin (a.r / + v)}g-c ""1

:t-

(A-\ Y)

t, mm

b,-tritm=1k9,&=.9N/m
to=30mm,t0=0

c = 15 N.Jm ((-2.5),t*tri
c = 6 N's/m ((= l), ;t:+ a-t,^,,

t-('

x= c e-(',' sin(aot +y)



.ft; e,"t+ r .ib,l- F..ra J.ai ?6,

t, mm girJ.o .2r.rU.e gljl q roJ.j o:l: JL.i..i A-1 
"lif -;: oS -,-ftrb

,-s-V :* +, 6 c*,1 ,rCJ,.JLa Cti .4 .if A-\Y aJ:L" ,u.,aV

r..,*JtS.p q .*t-"f ,trts

@,!=@nJe

xr_ Ce-(rJ ._"€to,,ta
xz 

'{ffi*Y-c.:rc/ &-t; t) Jtf o' 6 u^42lKl "b6.4\O 
.:r-t,

a =r"[ll =(o),,ra =(0)u T , =4frr/ a^lt-(' ,lt-('
.:;3i .:--r, l: ( ,Sl-f r-l aJ:L" ;-l tS-ls jl

t-r,l r2",t d<<\ 9 r;-axz..<"-f .,,-|J", c*J.i" 6l;l al

;,-t*; .S -r.*q.i-rt &J5-- q tsi xz txt ft.,>'t (= 6tln 6
,-; Ol-r r-/ \ ,,iy JJ*i J q-ip .-[-ti ,rb * rit";i ;-rt ;t t+i

.!-,11: JlJi ;--J<, ;t J<- n a),cV rr a5 l-Lj 
"|,ti 

a-"b 9: .(J

1[
-"i 

\
-201-

*,V,

b'-t)iim=1k9,lt=36N/m
c = 1N.s/m ((= 0.0833)

..._1e-6or to = 30 mm, i6 = Q

---*Fta--l,.\--_ |

t,B , Lrlr t--{ F le tyt.u--Fe lF,*t,ftS}

'-rc ,sV. ra =Znlaa =znla,l@
-' -Ce-(w

rlr sC dLoqU ,Slt E j\V 6.:-11: qi € ^53 ir-l 
q r,-q

6ly,t'i \:r.'t, (a) ,:;. stl-,- rf cJL- -,, qJ-lt b-lr 
- 

I
Ut s C il.rf l-r- dl,i .-t::*j ,.&, .o-ui O) 

":;- 
.1r 6 lr,, ,*Jl--

&4r ,Jt"j q c+ Jl JJI ;;:5 .r+-9 A-\Y aJrL" -r) .;la:b SG 'F I 
J"-J+ .!l-, 4 c*-!,r, .lr-. cJt-- 1:

fl,,. *o a)j,>-e ,- ! 
"fyr.lxo .l-larla ! J.lt .*:., ! 6 rl:1lj ,Jt))l s.tyt = 0J:lt ohl-r i:f l tssi

.:-t-Ll orlr ;lri

&t ;T L-,rj .s*l.xp O"ilr.

d -:*l rr-l .li #, .r-# d,,:i., ..rir"ji e-,b :l ( 's-l-t 
u;lt'tj f:y 4. rslt l5.:*,1 ./*, QL|

;lra*.i A-V Jfu, J-iL-6 j oJ,-X .-<,-rr; qJll llf J" f".rr- .-.-.* grb 'Pi 
*.c ;iS*-1 u2lr-, ,-'-rJ i$,

:\-;T c*; s *:-,1 6.,5 ,1lJi;lxz Jxr Jl;;" a-l.r st.4i.l g,J, t JV) 

-;r 
",1tart+

A-t JS.r,

x = Qs-Caaa sin (aral +y)

A-Y JS.i

.rf g)t"al -, JF<;



P6V cilr.r cl;1 ;t;rl A-Y drq

A = 2.5 kN/rr

A-l 4itoi 4J.i..*4

..:*l UWi k = \/0 kN/m c-,.ti l.,Se;l \. kg lft \ ._*
,.5 u, y-c ;$;l:-l J:Li *s;l ,.*a 45u"1<A t t = o e!.,.J -r:

:g..ri.-."'l ?-l&..-r-!"f g,*!.:* !./0 m/s 6i Ur-
4, .; ,r*-Yl J*, r::ii (a)

(1,) cycles/s J (D,) rad/s.,-..-, J _p ,*r-b 
",JtS,"i 

O)

p*-":/ c :jt-4 k)

J:L-; c-:,*cJ ;l x a-S .Jl_.j jl 4.8 ,>y-." ! J .;t+lb (d)

.:_f C oJ.e.:g .r<Jk-l

f-F d,** -,k-:; fl-t- (f)

:,',-tlr JrLi t4pJ 6l-t, Fr-bc F aL..\ ;l:(a) .rl>

6., =*8 - lo(9'81) 
=0.0392 m u 39.2 mm"' k 2500

'- -f' -
I

14,
JsL;;-*;n_ i..

A(6r, +*) k

}J_ Arl=u
mg

mg = k6,, :tr

-rl1ry (b)

:tr
.-lg (c)

: A-1 +JrL, jl (d)

:t-r

o

/, = (rs.8r{ 
*)=2.52cycres/s

1lx-_ =-=0.397 s
,f ,, 252

x = xocosC0,,t +&sinal,,f
o)u

= (O)cos t5.8lt + 0'5 
,in l5.8lt\ / 

15.81

= 0.0316 sinl5.8ll

o

:V-sllrl cr$ A-V aJrL, ;l ll x ,U--r dlt.o !

* = J ;i * (*J,,$ sin[ar,,r * tan -r (ror, I il]
= Fm,in{rs sr, + tan- tqP]}
= 0.0316sin15.8lt

jl -*"- -Uli.i d# Cb .l* .i=\ o/A\ (./.f \ 1) cos\ 0/A\t = ./0cos\ o/A\t U .:-l ,1, ur- G)

?l-r: ..:-l a'J3l i-eJr J,lJ, .c.Jt - a.r-l t: 6 t_*,-1./o m/s ,'l1Unx .Jer -{llo r:-1i -\ -21 ,:J t- 9 \

4=&d*



..lt; e."tf. r ,-ib'.rl- Fi.tb J"4t tAA

i= -15.81(O.5)sinl 5.8 lt = - 7.91 sinl5.81r

:U .:*,1 JrlJ, -rt* (f)

.-r-tr"f V/l\ m/s2 JlJ.ar* -,,t- fl.r-- :./l-tt

.Liro cfl5i

9 Ulolt t t9 ,p4+a , * J, / L/"U St"W ..lp ,-/rU O ,,:tt'itbirl x/4a D ./"i0, diil) 6)bi d4i ltii a. p-Q dli'$-/ 6'i'

.ny,cf 2rl9 ei-taa ,, ,/ ,yb ra rfj.frd dbp$ Eil 4"
p-"+- q ptr g-'"a- )t9r t) OT ",ttsa t Jr" aJ1laa ,pa2ra lt irt |(U-t d>W ,-z4gn at t, Jp o'(*;,t; otl,t, pA ..

.rAQun Ub,(-*:*l ,rail Gt",;) St)> /Alt'^

A-Y dt i 4Lf-,.

43 crlr r:'* 4-: ./Y m ojlJ-Jl q A kg lf \ cfi
,t-#r-l t-6J JJS- c,JL-' )l t = o L-E 'J -;r 1 olj o:l: 5r: J:t*i

c )_fu-: ,sle ?--f ..t;5 ;."- / = Y s nJi-J '1: l, f* ./-t?.{t?

..t-tr.f t"Y N/m ll-t p p J Y. N.s/m yly

ci = 20i

kr = 32nc

a, =ffi =Ji1s =2 radts

:U c*,1 llll-*,.,rb;15;..Lilr"f la-sf ft--" ,*-l (<\ dJ?

:+i,ggrr '>57 aJ:L, A-\Y aJ:L, .(J *, .a,t =r,,JQ =2r[4A625Y =l'561 rad/s

v,=Qs-(to"' sin(alrt +rl/)= ce-t'25t sin(t.sotr +rg)

:U .:-l ,ly C-e .,- Olye itl t:

* = -1.25c e 
-r'2'5' sin (1 . 56lt + ry) + I .56 lc e 

-r'25' cos(l .561t + y)
.frnr.l ll-f .rrl ))-f t = o a"li*J I l.s 

'>-e ,u J .f-h.':b
io= -l .25C sinqr+ l.561Ccos{/= Q

-p * J c/-t"..it? ."r-llQ . V/= '/A{1 nd 1C = '/Y01m :Jiiu, .:.J$ Ut s C.aly d:L" 3: .}- il

o

@

.lsL;;*!* .-,-u
irrt.----lri

I

€,;

-c20r - - =-=0.625' 2m0),, 2(8X2)

r"o= C sint/= 6.2

x = 0.256 e-r'25' sinl 1.561r + 0.896)

:c*,1 ;.:.-



t61 c.,lrS cljl eibrl A-Y ot+

"rz = -0.01616 m =tr o

a*i.45li

q+/,c'-t gl4-a ct,,-i ,:r^ ( - ,la1o ,4 t oficl ,/,Afl y,17. 
"-t"o 

t 
,l@ d^b t - Y s ,2 <l|-rl> a9; a;( Uat dr.

.p|.e ;t-; ;e;, Jr"

A-Y dtoi 4J.1,,,.

d^{..7 .r){-; ss a" 6,1*-1\ c-.tr- ! ,-tU Je,i' U JA t
f f -,rl 6lB ost' \,55-S.i* ..1.* ,:1b .v*e -fi--K-

4- 6f jl J-V 'J Lr;lS.S .ty.t o:1.:.1lr! )g F ,Sst

.-t-llr.f ttr,l^JA -l .l.l t,;11 ,rirai." .St<L^rl ?--t'."r5 ;."*; l,

cafrJ" ;lx ol3c.J.r .rh,{t? .i. 6l;l q dL :l;l +..-.r; :rf.>

li OUe q dt- .i):L, ..:*l oJ-,i, o:lr gLLi ,fi: yr ti Af I
.-t-:tr.r

mj] FrNe-FrNo=mi
ol No+N, -my=o

ol . *, -(i* ")* =o

:g,tl: Jll a.l.:h, ;l Na S Ne .-iJ- tr

x+21*8 x=o

:l-. tal.rl r+l'i.1-r,lla.:1, ..'..* f r*,J.r-Sre &;-P q.-l....ltr"f A-Y a-J:L,. rit--A a.JrL,;--l

:U .:-l jt. *E J J<r- 
- 

t. ,s,+ o;S j J @n = JW
t-

f,,=fiJzF*Bla +lr

.t .q.o rgKi

;/ra-l ,rt;,fr1ri a2ba;t AtiLr' q)t UID> t cut 1,, +^ aX O

", u6tn g/6t otx /p-,"r/crop o.(:*t U.t d!) 9*e, 2rle J1o 4>b ,> @. 6to-2t; ,-zop a(7u6 o+y o;( u-t q O

iln ufu; ()"Ln e- D 6ut eep



.ft; C.-,lt I .-ib-,|- pi.r,A J'^ai ??,

.t = Y.COS\ 0/ mm :lf

u.\ (fi x ,r,-t-41$ , A-Y d.:*. a:.-.- .,r.: A-l'

rl>.J ;r lfi 6 ,-P.,-J C r..--i dt j jl e.E otf
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.str"r t Jt*.(,_ & 6lj: ;c r) .r;5 -!*-e

tJ xn Jx c--l,e olf: gb,.r-hrb 6lt g rl;l +.r..; :uf>

Xs = o.,r: Jik-l Jrt.li c.-rjl jl I ,-,gt, !b aJ x $f ,=i:. .C*l o:t-X

J:t-.; \t4iJ t jGg -p t; oJ-.x.:t--*,-l CWI jS ;fu' oJ.:{g

,r:-5.;U'.;-i .1: cr{-U 6st,;.-l3Q ."t-!"1 lx-xB tlJ, sr<iU-l

t: LAI-p .r--i-r jl ..r-tr"f k(\x-xil y'-t s Jl5s. rtnl 
"|,t5 

s,lsT cr*q)

6t* u, € rS e-y> ,F + b-t1t g-V I Fo 4F-V \ b c-,n5 .r-L ,lJJ"JLa crL-j .p.l t :J-

;-*,1;"* t-q eS 7 c".l: A-\V aJ:L" 
-,11 

6

1r- b

^ - A@lo\y

.r-:uu,(o= 0. rad/s;4F.r-ts.p ,@n=Jffi=rp =\Lt.radls u.:-,ltt, J,-r..:.i ,,,st

T T iFt!.qfr!tr

Ho#--'
ffi-
t
hx

fufuQs.9be;.Lii)

o

:4.>..il -,lr

@

o

o

:,rll: x C.*+



.lt; e*lr" I .-ib.ll- F:.ta J"ai ?V h

fzn" =*l -2k(2,x-rr)- lio-=nti

.. 5k 2kbcosov
LT-4

,L,,.,i=Jw
@"=@n=JW

:4)'u, 6

:! c*l llt fr,r"*b ,J*itS,i

=lr
.+io crtSi

2fr Dp Y-1 Ui,A; r> ,g Jr" 4r^W qr. b1F ,toa" afu,,,t 7;! O

.-t;-o ttl-4od*; ;t Otie ,rtU, c"!tt9a ,2 t, ,ffi,4a JW ,> ds C/-n Sloslt ,fg**| A-l Ui,b, o, by.p c-lat )l O

"ypt .rttut 6se -. n/u;"-t;;t ,tstn ol',-a,,,t u-t ui 16ot g*h , e ,fiat 6ti agno utrl / o2litotl ,21" ,fu .{
.i/rtp a+i >s^ rfie

A-t djtoi df,...

..r.21:;lri t = fo kl'{/m J1.r, t{ rJ 6- G, J. €f -LS to dj:.-,g

l.F tSss s. }c,>l1lt 11c = \Yo' N.Vm c-lt v-* !,r$.rU-tl 4
t-*'.J.,1r1l1 rlji 6il J.P = t' r I sinf rl Pa 9-9L:. Jt..l.i .J:Ss, J-e

otF q lt t-! ./-l4..tf+ .r:-,t o. (\ .-r) # -rlt. tl.1;-* I P p :
..r,-.11i .;,.r, lt qt, q r;it- JUJi ,Sti .Fll+ J o).,5 dr::., dt j jl .*U

(:-,-1J-lf .l- i.t f:*-* "* ,*il5i r-L*' t l'u.,l :.1:

,€,t

hn ci
QSo.Lir g;b1p J.ii)

''=f-=try =27'e radts

(=tr#Wr=o'4e8 (tv'es)

:ti,!;;a A-Y' rJsL, ;t U-b crlr

u -- 
Folk

^=

- t+oooXsoXro+l/bsto3)'l
=

= 0.00528 m t- 528 mm
o



tlt olr,i 6.,L>1,-ib,| A-Y dn

il-/r.l;;a A-Y \ d:L, ;l -11.i gl.1

6 =r^n-'l 
zful'" -]

Ir-@la)')
_ ^- - -, 1 z(0.+st\tol 27 .s)1
=tan'l-:klrrlreW)
=I.7L6 rad

:t-*,1i':+ A-YY aJrL" .i,11 da ;lr d^-- ;l U-! i5f Jtt' a.r-l l:

o

xp=X sin(art - Q)= 5.28sin(30r- 1.716) mm :lr
:o-U:51-r*. s t' 6si Lfr li .:.-l ;l_r .-! q l.:rt- Jtjrj| F6 6.2rr'

Fr, = k xo + c ir=& X sin(ar - 0 + ca X cos(ott - Q)

:L ,.:-l tlt, Fn tltb 15lt>

(r"),*- =JQ*(Y *Grxy =y,t1r1;r'
=e.ss52s@

=271 N :lr o

.t*i,o CrtSi

*/ zp,, stu,, ;:,,;Ty:,,'Yi:":f r:,:: :;"ff,:;';;;T;':,i :
,pt(lLr' o ( @ 4, lt ctrgo ,,0 onr^ o(oat. *;,t2 ,ta ,/gl ,tp cle fD qU ,> Q clufrsU;'l ,a4!) ,2 .l,rl4Lr'



.4t; er"l+ f .-ib.rl- Fii..o J"a! ?h,

F= 25cog ol N

A-rl <ll- Js.i

",1.r 
oJ.l5 -<t$.--- )_fu-t ,l-l-* --* Jtl-0.

o)9J-:vr ,.r-it1 C = f1 N.S/m tlJ, A-tq d:-. a:--.-
jl .'.jL5t C-! r-:,tr ;i.5t;t .* 5l.r @ ,-tr,,' ,*itsi
l"S tF :l-t+ .>^-o .*-22i t -"-tr, o5J,6 J:o5VO mm

..t 5 ,r1t-;1lA-tq 4L..- .7l;+ tr r lLir -;)

J-IJ,A-[q d:..-- a:^-.." .5--9.; ,J-S.f JtA-Ol

+5 jr.+ ,lLa l-l qj) c ,r,t- .r'.J,, ,.t.iti Al = l radls

.rf ;.:* Vo Inm jl t_ti 3*! r;rlr 6

s = ool1N.s/m *lr

p -p 2> L-; m = to kg fr+ r, ,rS;! A-oY

cgte 9 i*l o-r-i .ll;-,9i ft = f kN/m ,_fu q &-

-,4JL-jt bi i aJ >f4 r-2le rlitF=Yo.cos\otN

a-S uist' -lrll t+! 8)> X r:rl: '-t-ti",, r*tj.*

t * (.j-Jl) *l-tc ),*-s4-l*?-'4

./_tayt? U l-,1 l'-ocrl: d/,1 .J;5 J*.ni (J-lU 1.. N.s/m (-r)

..rr5 r*,-Ur rl 6" ,r(;U-t

A-Af df.... JK.i

6tr;l;-l teF = F. cos@t &i-;- 69r;A-ol

Cri-i.5 5-f ei6.t @,t )l$'.:t-Sg r;l9 rfi.l;tL,
9,.:-l 1.r.Q .rrr5 a:^-... .rUL; bl"J' 3 n

Jlit *
,S-l-* r5 +5 g_f ofi.l f5 nS 6,ssl9. V)
@ /@n= \ .2.r 6.,11-.rl t*! c,b d.,1-p q .:*l 6"-f

(..r;l: 1.,1 r9-;l.ti, Fl-t-

.'jt .ti. JFL..

912 u-f tlS \ ' lr- Atrt, cir X ub A-f'V

c = o (./) jc = 0r. N.s/m (-i-Jl) 6 J5 W G:y
.r:u

(.ijl) X = l/f tt(\ .-Y) m

(.-)X=Y/YY(\.-Y)m
=tr

[ = 100 kN/m

F = 1000 cos 120t N

A-l'gY df.... Jf.i

1-fu-S oJig! l-e ts- lJ? f:.-::. .(,- A-tA

t-..^i,16--7; F" .-rtt crb ti 
'$_r:1, ,SVli Ly

,-r-g.rt c*j r5 d)t' rr Jt .c*t .$b @ ,rg t J:

6L-! url: r-5 .r..-i cJ.rt-L ,J-5 .-it \ E \ jl @/@n

l; a:---.- ( ,-S-l-O r-Lj sJ,L-,rr .JbtS A 
='-t- 

L. ;.5 7
..t;5 '*;

6t-*,,,/f -# \". e,l:l l...t Jfu 4tt,A-f,{
d-11Er ,rlL c = " *.t:o t> .:F,l r;19 .r(;-7.11r

P! r:,.1r .li gljl q 6 to,S--rr- .*g-f 3r,9-rr.. ;*r;
.r:L? tJ Vo mm ;l t-t*

(l)< [/qq rad/s u @ > 1/41 rad/s :lr



tAl JEt... A-f ,Jii.f

--t' 
6,la;;,>,2 r5 oJ.i olt^ll gr;r ;:r 1r A-01

?lL..J:-^-.i ("^,-ft- 6lslD @/@1= \ Jr M u'.LSt
c-j ,51.,-.C C-l* cy--j 1.--> t j:V ir#; c#t

.-, & itb s ;1. ai,9l;l q 6,lttl

,lJ-)l .1., ,Stf-l q ./o kg 1.ft ^'. 621 V A-OV

Y N .S.1,=-,r<JU-l t* u. d .,rt<:'l t rJ$ J-a, Ji*
-51 

.t_#C L+it? t rnrn ojh-il , t-r.l JLrt6;5 +,

.S f f mm r.-:,.1: I t Hz ,.it5,.l L ,St'y u*
e -F * ftE urt'rJly. r:,lr,J.u gL+il l.1 ,lE .(JJrrt^

.I"=A/\omm

.-t;5 l-t- L

vlr

I

I

A-AY rlL... JS.i

xn = b sin416 . Lrl., U.B jsx ol.lt c.5; A-oA

+*lt @ St'- ,.J[.St o)9J-er.r r-? tr .ty,l g;,^,
9J-q.r' \b ;l ;'S r,lll r, c*i m lf c-Sy

I

A-AA dr..- JlSl

tk," = rl* :lr

A-Or <Us JS.t

ss )-fu-s o$,J l.* * - fJ- f+- .<,- A-Ot

St'u 6.tJ:, i,>; (a/an = \ ) lJ-.U g,* o;ls j h,-l;

j oJ-i trl-rr. ( ,t-l-e d*j tt .t-s e )tjt Ji;r.rt^
q-h, U-11 c.b -,1r l-2 R1 .'.5l5 J..a;r s.bst , /\ q ./\ 

-11

,ol-i r-t*, @ / (Dn = Y Ltl-y' c-rJ 5 Rr tf lt Rt .J#

A-\ I J<-! t(J u lJ .-l.at> 
6l.:.i ,r*-r: ..r.5 u,-U,.

.J:rr _ll-p .J/U, ))-f

o!-l .lrL.-

6l;lr ,,r-b .Jl:u.S J[*i ts - f f f:.-ii, A-OO

'S-l*V '-* ,jt-S t C = ,ll j-fu-t ,-S-l-* :-#V

f ,J;1-5-,t i,:3.u.,. A-\ \ JS*i,.11 orU:".| ! ..1|fi = 1Hz

.1i,gl;l r, r.5 rJ7 dJ-i.r.i ,it-i> lJ os,sl9 vt5L,* 69rr,

.raL+it? tJl -gt.11 o.t.;:S dt-i 4J> +-llr co.r-9Jau

.r-213 f.;h*l cSS-* dJt- ;: rJji.i jrt+; .li .,1--k-l

1l crLi:-l ti .r:ti ?JU:, cs2\ 69, U yt7 .9-2lIL .51-,1b

.+_U JtArl ls sf j4.*i A-Yf 4Jrt',

/< tnr Hz L- f ) vllHz :lf



.ft; C.-,t" g ,-Pb,l- p:.ia J"4t ? hl

:V -C..r5;;1t*; ./\o mm.ll oK:-r dU drtJ1l 6
.-r*!.r vlY kN/m Jt4 ,J:*- 6l1b 

'i
| ftA <fn < o/Y\ Hz *t*

xn = b cosalt ,*l 6r B Jl*"tl l:'a q A-lY

,_r-S-p 9 osyi c-...t, l, m lf cS7 drL,.r.1i.rr o:l:

oy lf .iULj 6 .r,-r-ei .>+ .,Jb ,Sl.t,lt @, jl*
.:-/ rL-; o.rUl

! ta=bco.ar,

I

A-tr dr* Js-r,

xB = b cos(ot 
"J;l 

67 B Jla:l fJ- c A-1r

.7.t5i 9 ossgi i*"*l.l m lf c-57 d:L, '.:;J.r, orlr

of lf .rtiLr; 15 J,-JJI c-+ ,,Jb ,Sl-tlt a, iln
fc*l -,1.r.i,7 ,s'-\t' ct;.r;j r[-; o:Ul

mi+(c, +cr)r I lu=-crbtosinal :lr
fk ? c\+cl@"=J- J b=

I m d-rm
I rg= 6 g6a ,t
F+

I

l-x
I

A-tl 4Us JS.i

A-Pf <f:..- JS.i

lfr -. .# ce-* :-r-f o6i-, 5;- A-Ol

:l.u,.l1r Yll kN/m 
'L 

C 4 r^ ;i 3.r .L-; Y. kg

6l.1lr o.t:S s.(L6:*.3: -11 &- ,-l .d. ."1 .J-i $l ;il

.)JJ-'L. .Utr.f c - oA N.s/m )-fu-: ,llf ?--t'
M alS;y.?.-t' U J-rLt $l_t',-l:4 t_rN c-e-

9-t K; 13t ; Y .,l-ti., ;l

N < \.4/\ rev/min

N > 'loYlo rev/min t
:tr

A-41 di..- JS.6

ft--.1- J;- f / 6il.,r. Oa;":, clrh--l A-1'

f :iia 6r .-$tt-l .J:t4yt? rt+,-l .:* ,oli, orlr gt-.i.i

t+) ,lrr .lJ ib- .rLr r3r-r J tl Sl .t-t-,-l ll .St"! y-i

4J J*f .uolr; ..."- l$ J+ .#U re -,rr ,(rl* ti*1t at.

9.r,-i 1: ..rftl t gt! c,ls U-f t ti ,'r..'- . ;;."

A-t' 4.... JS.l

J). J .ttr.f.Y kg .-r-: orlr gl"l^i ot51:-: lJ- A-1\

,.rUtl +:,b r5l .:-21:.llri .+l ."! e; ),a;' e6-p es:
,-'-\f,r.St-.,J6.,,', c)9J>r,r .SL '/\' IIlm rrlr, .r-! frE

-t-5.:-".- G:y 1r tr:J -ij.- c--!,r, aS \ ;f:t'



tAf 'FL.. 
A-f ,,l+

cJ--i J-al. ,glo.;L rr cJ-i orb rrL.l'! Jt*.;J A-11

.r-ltr.f f Hz ,.iuj ! .pl 6r-rJ[. ditJrl ,gl;b 6

9 ft = Y. N/m ;-i c+[-j , 4 = t l0 kg ,rlrr ot(:-r ;;+
.,1r .Jr__iu,rr c = \'N.vm rt\ )_fu.J 'l-l* ?-r4
rrl..,r t+! 'Sf '1) cJ-i g jx )lJ-j' .Fl.l> $t*
.J5 ,h:.j l.l ojL ,u 

'pl 
;-S 7 b tuls,riL X = Y mm

A-?? 43.'- JSA

crlr 4t i; A-11 d:,.., -1, ^t"i *- .,^K*: A-lV

tr 6 rrr.l;ti 6lo-1L ,ts| :tt- 6,13 ,;ls'J;l €-6 coJ^!

d+Li . ffl = r f r .l kg ;r--t .J-S .s, ..f f_ll o Hz r);ls t
.Li!c/ ( = ,lVo fll ,-rtl-* ?--r€ 3 ft = \0. N/m;i
l1 o;t .. dI;61 ,*rk-i Fl.t- ,J)l tl , mm /l/ x ,,:'lt fl

Armx = VO7. ltttz

.J-Li r '.1 ,JJ J.

qlr

qF es-,*.ri -r 6ls,!-f c.Sy drL,A-1A

c#! ,JuV7 
"llr -U Oi -il .'i 1 cri r-;19 jt+lE :*

P lfr .tef J ct-teyb | = o eLJ 
-,1r ..r;5 ,f t oss2i

.t:a 6,lta l-,11y "e- y.x jsj.j.-u^:tr.,. j.a txi-,o jt

.r;5 f*r, c59.11 ;$-
t*F

Fo

A-tA dL... Jtgi

A-PA 4!.... JSI

Fl-b {r-t '>)f {-i # r,-1.-r,--;,pi tt'$, j)V
J--fS r3-lL*t 6J.,p CU 

F" ,ril: r, i,-! q ltA;l 61r.;

?-1e I @n S @ , ( 
=*.* ,: 11 :9->,-.rl;ry .*l*l oJ-l

.r+s,)ti M ulvS:l

A-Pl'3 df.... JS.i

t-* lt.|rL: ,.rt-!t'j-,11 rt-+'-l d-J <,- A-10

;l &- 
'-t 

.,t:;rq,-r' .fu--6u- c.F- -i)ti.1: 5.:-l

,l-- r;> \ltm"= \ kg f -t tt ee f*6L;;
.-rl7 rrl.p9.r tp -21 .ri 1,'--r f I l-l'v,U 15 J::Ss,

.3"t-, f-.l t-.t ,Sll'J--S .* bcra ..r-tr.f e = \Y mm

Jt-S- {-:i.! ,sryV.JL..afJ? dU c.*r9 5 $lori

9r ;-*rr; c-.t-rlL, .!r-l \ . kg ot(;-t ,f f f .J::-^

{5.r.;rb.$* .JL^ji J.rL--, ft -p .+U 6,1y. ;rS.-' .1ls}.

;l 
";U 

6 \ o. . N Jlrt .:lL:. 6gra r;al:.J:o./ cjl+l

e,_! r-r c*l \4.. rev/min U.-, rr tri.F jt:yV

.4 Pi* ,l-1.* ';,t.*t: JLa;t crt.

ft = YYV kN/m U AYf kN/m -,1:z

F=Fogin or



..lt; C.-,t" r,.yb,rl- p:.b Jai ?hf

Ct-i .it.*;-rl u.l: j,-ird c--.1 ?t-b ) A-V\

1.6 uls-ta -,1) oJ.'! ,SJb.-f .i^t- g-- u. )4-zt' r55-t-
L- u-i;* Cyl.,2lte-f o>V Gtt.rlYo krn/h Uf

lf )l3 ory o" kg ,15.fr- fr+ .15 5f l-/-#
p 6t)l + Clt\ cri r: .tf -)rS.e olidbtn

cgss t.r mm oll-t-il c, ul5J+ .oJ-,i riUlrU Vo kg

;: o)t-; !'U;t, Jan 45 +5 ,_f-f .tr,/;ri-q llrl

elm t3-*, 4" dljl t .c*,1 .nV ,ll-e 9 o.ry ,rLj
g-L-s,J >9; slsb U-_*.1 .fftlrib U,

X = \t/Vo tnIII 9 Uc = \ O/Yf krr/h ulfr

50 mm

- -_t--{

A-Yl d:..- JS.8

.J t , P JIF $l ;J;t, 6\ 6;eL,\ ) A-vY

,:-t-*\,F .&u;..i-,st-! ;-S7 r,j,6 J<*,<"

CU .r+ .rl rr .JtjL.ol ,Sirl .i)til jl ..lJU )-fu-t
.rr .rLj tr aU+rF e-hlls 9 otj1F. sinalt ,glLel eli
, Lrlr 1l X ;si 9 n-5.: ,.1 xp=X sin(at -0) t"q ,>Sy

"p 
2 : ;fl(.L.al e J ll .t)\il :u1 1.-u l) . t -t-,1 o.rb A-Y'

,ll-e ?--t' c ai -2, eJ .:*l cidx -tr.dx ,sl4..V

jrL5 J+- 'S-- 6,e1 | ,J'\;r-l .rl ..t-:tr.f i-fu"t
(.+-L; fi-iJ ..)i t1^rc -,;Ui ),$; JlF,.;l

P=cX\o|fi :lr

1f $f drL, .ori o)ll L,t:j t':-.- .5ly A-11

fr-l lrr il .r;5 ,f s o43i grJ,r p 
- 

J.lsm

.+-U .fy a^.b 

"f 
l, .:ULj; ) $f Pit' AOC

*lr

= o,:u.coso,t

h1

I

l--
lra= bo cos all

t .i+ci*[t, * r,f\

:l_

A-tl dr* JS.3

t I d r.1l.: .1ll 6lo;t- ,3il -r-.1.g-,1t(;.;J A-V.

.Lssr.rL;-ll ,'Jti rl.url.1.r lA mm n;".|r 9 o Hz ;LS;

F .-rL-j s ttt = l kg -,-.lt cJ-::f 
'F 

d fr*
y ot^(it r,-! f .+ lfi csf .-r-tr.f k= \/o kN/m

u:r.,- r:rlt -t-.|-t lt 9 cJ-i !L-t dtij? 6kil..:-l 6g1

,;-l-* ?-t'.Jr)c/ ,.Jt:i t"tt $7 gp I ls Yt mm

.-1,5 1.-t^, l2c siS--9

A-Y. df..- JS.8



,Ad ,+l- t[..pls,itrtrl A-f oi;

-.b pl'..tf cpU.lf A-f

.tL+.tt? J-;:, 6oJ! .rt-L;.;l .,r, .$li"/ o;! .rt,.lhi.,;l J:!L.o L-LI 4rJ.." ,,r.: :-i- gt-.;l .rt-:l.j tl Cf y
eq":J ;.: .:-t-,1 elS +y :y,, (0) clll1: ,.b ..-l-." l*t --l ot-.:L;.rl .l: 6 Ji- st .tf ,-l :lt q-t, >yt @)

.JS s" ti,-l cSf oJ;W g.h 9ls j.al ri..ij jl.;3: ,5."Q: Jy."t

A-Y .gL-rr:n;: 6 e1.;i tr jK- oVl-t.gl.,1l: .J..a lt--?-l .,JlJJ.r ,."1-r;11 cSy aJ:L, d.r,-: f+lf
+-; d c,*l (yt' t'.i-l .1: cl)l.;! a, btJ, U' riL-a .-r-lr.l ,J-: +:,i5 .il-,p5 J[ill ..fftl ))_f s> A-\" -l

\L)tt + b-y.y g;Lrtb )l-t **.-l- 
"f-ta-:b 

Jlq ,:yl, p:*; .ll.: C-3 s,-la,t- Jr':" 4 .91r, ,n-.- rl.li

rr;.!r-L>r;-,;h*rF P,.#J"jl l.(1l ,Sbq"dti..it ,:+!dt+a5 Gt-r;F€cS7 aJ:L".1:

cS-lL- 6La,r3LLi5 S 6S-,: J* .S ,-l o:L l_2 ,rb ,gtra:..3- S*J_f f f:3"i oJe.; ,J<iU-l J:hj C".-.r-9". ;l
.JS 6, JL J"L; ffu q l, ,&K- jl ,r*U-l J:L; c4r3" ,r .rK..ri- c-4; *iI; 1:

dFt^ ,l-t' t lr.rti .St\al .rLiL;1| O) e t- s l-*E rt;i ;h;;t (a) ,>rr- t l-r )f e-*, 4<ll tSt+ q

.'JrL"al .rUtl ^l:.-' {r. i.1it-" ,a.,o: .llj L/)r. )1y s,.fi 7-b ol} ))-f )>A-Y I A-y 6Lar:n 1r 6

'fJt'"t l'

4q" "!.,.Cl.llc ci6tl
:lji a-"=".j A-\lb J<- ,""i -b I l, A-\1a J6J, c;ty<. 4ttr .t* ei- ,r,l.ler .rf-,| .JU, dtJ:e q
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lo: f,tnbz + ]Antz

Iu=f,rn(az+b2)

Iyrlr= f,mbz + lmlz

l- *:-r ea

-2h-3

I-=f,mrz+lmh2
Iror=f,mrz+lmh2

Iu = lmf
7o=lmrz+fitnhz

'Pt.,n ue

-4r'3n

_2h
-3

I :f

= lm4 + $rnhz

f :T'*l:rl 'ltlt

= f;mrz + lrnhz

Iu=fuf

'* 
= (*- #) **

I fE 22.v L2;v

-3h-4

Io:fim*+lmh2
Irrrr=fumr2+hnh'

Ir, = fimr2

7o=$mr2+fimhz



Vti ,5L Jelu>

(a.olsl) OS4! ,.1,,."1 ,flf D-f Jroe
(cli orl.: dt-:j f--+ f-fr = m)

Pe €At Jw

-r
n

-3ha--
4

T :I'Er

= $mrz + fimhz

Irrr, = Iro,

= *OnP + fimh2

Iu = $m*

t=(* -*)^,,
I Io=lm1g2+s21

Io=lm1a2+c2'1

I*=lm(o2+b2)
7o=tmt0'2+3?"r)

7o=lm@z+&rl

,2.y' z
_f_=_

a.2 62 c e.P t,Jrs,r...* Io=[rnb2+*rn,
Io=lmoz*i*t2
Iu=lm@z+bz)
7o=$rn(bz+i"rl

Io=t-@2+**rl

-dtr=-
4

-by=a

-cZ=-
4

/""=fqm(62+c2)

Io=fim4o'z+c2)

Io=fim{o'z+b2)

Io=$nz(62+cz)

7o=5mfu2+cz)

7o=Sm{rc,z+b2)

ffi:t
L-n--l*'n-a

- a2+4pzx=
2trY

Io=In=lrnBz+&*,
Iu=rnV2+1*o,



coUojlg VV.

(.+rG o .r....*l5i;t)aoUojlg

A Coordinates cartesian .rrr.r5 gLo!,*

Absolute motion jJJ.. rS f Coordinates cylindrical cslcleil c.,t a:i.

Acceleration
Coordinates normal and *-L. 9 c5rr-r .il.a!..
taneential

Accelerometer e- vb-l Coordinates polar ,rrl"! ot-..;
Action and reaction Jr*,Jl ,r-Sc , J'"t Coordinates spherical 69f tl,';:;'*

Active force diagram (jr) Jt s cstar.xr A-r-i Coriolis acceleration .,Jrr.rf ',s
Amplitude of vibration ,pUrl n-lc Couple ,* e$-,If
Angular Acceleration .91a,-911 .,b; Critical damping Gl.* c-l*
Angular displacement 6tqrl.i.d-qqb Cross or vector product ,-srlr_r b- ,-;''-tV vs-
Angular impulse 6.la"-e\ \- Curvilinear motion 1"'ill o;'- cS,>

Angular mometum dltu-9lj r#t' D

Angular motion ,9l4el;,5 g Degress of freedom ..5sl1i otTro

Angular vefocity ,g\a,-eli coy Density .-rp rr" - JK"
Apogee velocity egldaii.,J d"c;, Diagram 4-ii"i

Area moments of inertia et- ,r-rat .st"Ok" Direction cosines .grto .51or"9.-J

B Displacement c_ht+

Body F'? Distance &il*- d-Li

Body centrode ,rn -a crF Dot or scaler product tt5-lt_ ,rblc -,r-
Body cone r'..7 J.9g- Dynamic equilibrium .rfrnQc JoL;

C E,

Center of curvature l:->al f ,^ Elastic impact l.:-Yl ttf t
Center of mass e* f r Equations of costraint ogoi oYrL.

Center of percussion *r f ," Equation of motion 5.; oYcL.

Centrifugal force f r :l t_f ,s,* F-',;

Circular frequency ;lr9c ;tSi Force-displacement .dht" - ei +t
diasram

Circular motion ;lr9s .:Sr.' Force vibration ,.srl*l.jb.,l
Coefficient of friction .5t5l"-l ,*,-/ Free-body diagram ro,-* clji d-iri
Coefficient of restitution c-f;! .*,-r; Free vibration .:l;i ;U,1
Coefficient of viscous (d) :*-s,e.lt* +-*
damoine

Frequency 
"';l5j

Conservation of energy ajrl alrl Friction JlSL"l

Conservation of
momentum

1Fo9r.5tl Si,

Conservative force 9;19r,-S g,gra Gravitation force qit? 6t)#

Constrained motion ..rio 5p Gravity +rl?

Coordinates c,La:; Gyroscope v$sy-)



VVI a.oUojle

H Fi:ij

Harmonic motion d,;9.rto dr> Parallel-axis theorems 61191 6lar9=. ., .e

I Particles olrj
Impact rsf sl

Perigee volocity G,*-z> g,rr,
Impulse ,e Period rr-,
Impulse-momentum pLr - a,"; aJ.rL.
equation

Plane motion 6la-*;,o cSg

Instantaneous center of ,r"_,) ;lr9c ,r_;i #.,^
zero velocity (tsr.

Potential energy ,f*;U,,.5;11

K Potential function Jr-U,, el;
Kinematics .SjLo;* Power t-

r-l't
Kinetic energy eS*4-y o,t.,:-" 6;l Precession .-il.F**
Kinetic friction ,ri,ntr* .Sl-_fla.al

(,r'ltql
Principal axes of inertia .,-rql .,l-l cstorrft.

Kinetic .5-:-- Product of inertia 
't'p-l,,i)eE

[i,,,, Projectile motion .rbr c.fr
Linear displacement .,Lt ,r,-fr"b, Propulsion ci;l: c9t*
Linear impulse up; *.r; R
M Radius of curvature L;lgU
Magnification factor 

'-'Wirra 
a-r) Radius of gyration .r:*,llj tb

Mass
e.fr Rectilinear motion J"*Jlto*fr* 

'5,p
Mass center e* f :^ Rectilinear translation JdJl,t$j* J1;';l
Mass moments inertia ?.t dA.stoOL- Relative acceleration .+ vls
Matrix 

".,--iL
Relative motion .+- c5f

Moment center 6f ;9t;-tl f y Relativevelocity i --L# *.F
Moment of linear ,rL- n::. Jjh.it
momentum

Resonance (gr,u91.)) q-r-L;

Moment of inertia of eL-,.r-r+rl.rL"
area

Right-hand rule c*1, c-c o.rcLi

Momentum cfg ollsl_ d.t 9j Rigid body *L r..-+
Motion c.S, Rotating axes Jlr,.1r),,l9o cat ^s*

(el.19r

N Sr

Natural frequency ,,-*J".rJtJ;, Satellite orl:trL

Ngurtun,S l,-,,\.5 dr# d#lrj Simple harmonic motion o.rL .S;9.rla .15,r.>

Nutation ,-ilt Space centrode .r,tai s9;_
iCI;;li Space cone ,;;-Vi JosF
Orbit

,1" Space motion ,.*Lai cf,f
Overdamping ,g.l*tf Speed (rl.ri.) c.cr-

Spin axis ,-F* :t*



a..b-ojle VVY

Spin velocity o:;9 ccrt Unit vectors aJiJ_ .5torlc.;

Spring .f Sl..i.

Static friction .rs.;tj-lJttt-l Variable mass .* e*
Steady state vibration [t, .-ib-,, Vector ,lr,
Stiffness of spring p ,rt:*, Velocity (,.9r1cr,,) cc.p

System ar9.tu - Velocity displacement ,a,tarb - is){ A-i-,;
diasram

T, Vibration .ibrl
Theory of relativity .+ cs,rg Virtual displacement cajl+." .dht"
Thrust .rlr - os-reJe. ,Ssri. Virtual work cSjl+.,6
Transfer of axes b,,*. Jb ffi.i.'

Translating axes tUil .5to,,9:., Watt ijlr

U Weight ,ts
Underdaming ,-s-l* tf Work rF
Units Lou.'19 - cbl Work-energy equation 6jil- ,F nhl,

(.,-,,::lKil { !t*,)ti) aoUojlg

Conservation of energy .sjrl .st+ , l!
Conservation of F*"r 6q
momentum

Units lt-l

:Yi
Vibration ,jbrl

Period Jt-Ji Free vibration st;i;t;rl
Precession .)s*, Force vibration .srL+l,jb.,l

a:,: a::

lj{E Steady state vibration t-k ,jbrl
Potential function J*;ti eb Friction 5tst,l
Theory of relativity .-,,.*, 6rrs Static friction ,stpb-l5tS,l"-l
Diagram A-ii"i Kinetic friction (,;...;7y,rt;.:r- Jltt"-l
Free-body diagram p.q cl;I +; Transfer of axes b;9:.. Jtiil
Velocity - displacement, 1nV - &cr +;
diasram

Rectilinear translation 1-;,Jlro*i:* J1;;;l

Force-displacement .r-ht" - r* +J
diaeram

Potential energy J.;Lr, .sj.rl

Active force diagram (lJ.) Jt$ ,stal* 4^i-, Kinetic energy t.rS*l*y o.Lr-r+ 6;;l
Resonance (g,-U91,) r-.rs : :'tll

Dynamic equilibrium .rfue.: JcL; lmpact r;gsl
Power t-

r-llt Elastic impact {i-yl rsf f.
G

Vector ,1.,1

Displacement d-ht" Unit vectors 4 6Lorl.rr,



[!f a.Uo3le

Linear displacement .'t; .'alr,l:>
Gyroscope v*1,-) Angular displacement .51a,-9l1.dhf?

::ir.tJltl
Virtual displacement ..sjl4* dL?.it?

Stiffness of spring F ,j:;; Gravity a,jt:>

Velocity (;b;).:cr- Mass ?.t
Speed (rl,ri.) cc,r- Variable mass * e*
Spin velocity o,:;; gsy Body F.-?
Perigee velocity 

e;,.,2> c.sr. Rigid body .J- F.._"
Apogee velocity 6gleLij 1r c.c.p

,i2i
Angular velocity ,j,a.-e\ cor. Density eP Fr" - Jt<"
Relationvelocity : -^

Lt- *J-
,"8

Body centrode ._*.a olji Product of inertia c#rr,-l _ il-V
Space centrode .4Li o9;..:- Motion cS 9
SYstem 

^eg-eu- F:...- Projection motion 
.srbr" c5f

Kinetic !S-j.,td Circular motion ;lr9c cJr>
Kinematics &lo,- * Angular motion .seel; cJr.>

i,:,,urflf
Plane motion 6laz,;,a oS g

Acceleration *,bj Space motion . .,L'i 5,..>(.5- -- J-

Angular acceleration .9[911 .-,L.,1 Rectilinear motion L:.Jl ,.*i:-- cjf
Accelerometdr C! vLd Absolute motion ;It" o5r.>
Coriolis acceleration ,*J,,f vtJ Constrained motion .!j. c,fr.>
Relative acceleration : r- r.

I (jt* \tw Curvilinear motion b;Ji o;z* cS 9
Radius of curvatur. Lr.;l gt i Relative motion ,# g r
Radius of gyration 

Ol_l:r_j tH Harmonic motion J;9.rto g5,r.>
;:::if;:!::

:'.'iE Simple harmonic motion ocL .5!9.o.,ta .15:.;>

Cross or vector product 
.grl.rr1 L- ,gsV +r ,l

Dot or scaler product /fS-l t* ol;lc _,r"; Amplitude of vibration .f,b.,l ailo
Impulse q)E Degress of freedom .9cl1l obr.r
Linear impulse up; a,r; i
Angular impulse a'l-.$ +:_ Particles olrS
Coefficient of friction JKLat.+-; ::t

Coefficient of a,:S;L wt-r;
restitution

Work-energy equation 
"$tl 

_.,F .tr f1.,

Magnification factor 
4t^;S ry. ,"-r;



c.bojle YYf

Coordinates normal and 6-L.9.gccac itt
tansential

Coefficient of viscous (rJ) :fu-s,-el'. +-t-
dampine

Coordinates polar o*t! ol-.:; iE

Coordinates cartesian .lftl5 cita;i" Action and reaction J.,Jl ,r-5, , J".c

Coordinates spherical .59rf oL^ri.

Body cone ,# Jog.* Distance &iL-- d.aLi

Space cone .s-6 bt-* Overdamping ,g-l*lf
Orbite .rl- Frequency .Fltt
Instananeous center of ;,,9.r-.1);t.,9o,r;'i;5r.
zero velocity (&G.r_

Circular frequency ;1r9.:.p5ri

Center of curvature l;.:'il f ). Natural frequency .,-+.#ts.p
Center of mass e* f r Underdamping ,a1o #
Center of percussion q* f ,, Spring f
Moment center 6F:9W f ,"
Equation of motion c5.; oYcL.o Right-hand rule c-1., c-r o.rcl!

Equation of constraint cxp oYrL. Parallel-axis theorems 6;19". .9tor9:,. q;!
Impulse-momentum d-r- a,r; aJcL
eouation

$eutonTs lcus .J# O.il9e

Area moments of inertia eh- o-;1l.sto6t*
Mass moments of inertia p.fr *.gl.slloOL*. Work )l5

Moment of inertia of et-,r-r1l,rl--
Area

Virtual work 6jt+. Jt5

Momentum 5; ollsl- d!9, Direction cosines 6cla.gto.r"9qJ

Angular momentum .gla,-911 r.:-r Couple ,t e$-..hf
Critical damping Gl*'s-lo" i.it,.ri.itii:lr.'..ii.rli11't';.irll;lli|1lr,,lfi;--i1..'iilii.ii;ir$

I :ttr! Moment of linear .rl"; p-.-9" JrU-it
momentum

Nutation ylu
.li,:;ilil

:;a

Gravitation force a,St+ .s:.rr Matrix .)--iL
Thrust 

"Fl; 
- ostrJe. ,St* Satellite orlgaL

Propulsion uiil.r cjr:* Spin axis F* t*
Conservative force 9;19r.-S 696 Principal axes of inertia (#r--l ,rl,.l .9br9:..

Centrifugal force f r ;l t-f sti Translating axes tuil.gtarg:..
'.i r, r :! l:! :i:l:r. ir,::i:i

1., .,:,..':.i::f
r':,!.ll::1.!l:::: ! :i::::::

Rotating axes Jl- ,c).119r.9t-o.19r..

(el.19s

Watt iil, Coordinates gLa:i.

Weight .it Coordinates cylindrical ' 
.glcl9:-liil,a.:*.



VVA .-Lu1j +,.,-ls-

SI clpi { !d.lS;-J.T Jgfaii. oLrT.-U+' ?..1)-
lO.t*5 yf- 4J, jl,-1"-*p

r/. f^xl .-r '
Y/afx\ . -t *

1/Y1.fx\.

t/fA\tx\.

r/vPrt.xt.r
\/P. lAx\.

f/ffAYx't.r

f/f fAY

r/. f^x\ .-\ "

Y/afx\.-Y 
-

\/2rllx\.r
t/AAYx\.t'

f/aralx\.-t
\/fAlfx\.
t/.v\Ax\.-r

\/YAAA

./\ \Y1A

f \/tYrx\ . -^

-r

-fr

F /AJti ,ri-. 1m/s';

F /a;tj -,ri7. 1m/s'1

et';-@f)
61-2. 1- (m2)

I e.FN /..,S" p 1kg/m3l

ef # /t-'S. -;. (kg/m3)

F (m)

F@)
F (m)

F@)

r'flJ (kg)

rflJ (ks)

r"f9f (kg)

t'-,JF (N-m)

,- - ,jp (N-m)

,tfe Oli a., g- {ina)

(.-lzi)

ogi /a;ti .,9i*. (t/sec2;

6--l /a;ti rri*. 1in/sec2;

@L-)

6,r. of {ft2)

gr.64l(in2)

(JLc)

P -fr I y,/*s. @!-l (lbm/in3)

t"F $9i /.,-'S. e!-l (bnfft3)

9t'')
?,5(\"' lb)

,;se1(lb)

U*)
o9 6r)

6-_l(in)
("t^..;.J,-t) (mi)

(51L-rc ,.1,-u1 lmil

Qr)
pr.'s9a (lbm)

.r)-t (lb-sec2/ft)

&i (Y... lbm)

$2, yL:-:J)

lit'-.rjx tlb-ftl

Ao-l- "jl (lb-in)

@L- dAl;L-)
,ka oli q e.,"l

6;# (N)

ii# (N)

.ioSo rh; 't



..h.* .r._lf YYf

a.olol

.1c.gif 9,/ jl.lr-S

Y/Y6AA

f/f fAY

1/raaA

Y/YAIYXI.

V/fAV.X\.

l/. lYYx\.6

f/VAA.x\.

2/Alf^xl.r

I/VAIYX\.Y

Y/.f^x\.-t *

A/\fffxt.-r
f/fv. t x\ .-t '
\ /t. 1Y

Y/AYIVXI.

t/PrAYxt.

\/.AA\X\.

\/TAAA

Yl?.x\.?'

-r

Y

e:.F- ff F (kg-m2)

)-- ff N /qiB (kg.m/s)

efi- - ?f *-S /+li (kg-m2/s)

ole (W)

ole (W)

JIS-L, (Pa t- N/#)

JLtut, (Pa L- N/m2)

JK-l{ 1Pa t- N/m2y

,Je+ lF 1N/m)

.r. /aJU (rn/s)

;. /n;13 (n/s)

.r. /a.;tj (rn/s)

;-1.-S /,:,cL (km/hr)

.-rS.rt t#l
q^.(.oF (m31

Jri 0)

Jei 0)

Jrj (Jl

Q,g u-'*l;l-.)
a;Li ,9i:.. - o9s - sr1 db-ft-sec2)

qrh'; n:->9.)

a*rl; - $r+ (lb-sec)

16la-eN r:;'y)
a;ti - ijr.s - Jjr (lb-ft-sec)

Qtv)
$t - ore /a.ijo 6t-lb/min)

rl;, .,^-l (AA. ft-lb/sec)

t-l;;,tl*)
(crlsL-l) ri"-.il (l tlY lb/in2)

sx tgr o9 (b/ft2y

tix le:n ci,-l (lb/in2 L Psil

(* qt:t
se1 /g:,-l (b/inl

(cat-)

ijre /+U (ftlsec)

.sgtr1c of (.,rlr.,l mi/hrl

"f,-L 
/c.cL tmi4rl

,[L / c.cL (mi/hr)

(v"+>>

..'S. o9i 6t3)

.-& d,-l1in3y

Q;iat- /s)
,s-..JSrl .dtf .r-le (BTU)

.$r+ - ci:s tft-lb)

c,cL- oleeli <kW-hl

i* le.:.:-\
,y* le:'.t-L-

ey le..r"r\

-Y

-A

,,g3c rl.r,i. *



YVY cb1

.S#Lfu Jc SI oLrT
SI rl'; .pll t:r+t

(rL-,.t1>

I'

m/s2

rad/s2

m2

kdm'
N (= kg.m/s2)

Hz 1= 17s;

N.s

N.m.s

N.m
mn

kg.r'
kg.m/s (=N.s)

kg.m2ls (=N.m/s)

W (= J/s =N.m/s)
Pa 1=117621

mo

kg.r'
N/m
m/s

rad/s

m3

J (=N.m)

(=I/AAY km)
t (=\... kg)

(\/AAY km/h)
d

h

min

)-
?f *s

e;u

F /qiB r9i+.
6L-cl, /a;13 .,9ia.

e.,^ P
Pf 

'L-s 
l,+& ;a

df#
iP

- .l^Itr - at9ij
-.laAiJtr-F-U*

:- Uy
.'tra olr q F
c,-- Pf *s

r- ef # t+u
e..r")-- e.T# l+V

-tstt

JK-tr
,\a olr q F
e.rF - Pf *-s

,J;r'-lj-
F/+ti

6t-rl, /a;13

t=.tS"r..
lr

J9)

.l-t-;J 
"1,-L(.s.r.) cl,

(6.,Li.cl) orc
.lL-"1.1

of
)tt

.]cL
.; 'ic

(o,t^i',afu oL>$

.,tt -rt$
.9lar-9! .1b,i

cL-
JK"
,*

.t-ttp
,rh; a,,;

6|'a.,-911 aa,o

e; t9l:.:S

el"-,,r-.r.r-l 6t".
f)" d,p'lOL.a

tts tt*l'
calqglj ro&r.

oli
g!;i .rl 'i

et-,r-t1l -'*)oV
f fr 34-l '--g.l,r,b

,i9 C.{b

u!; c,cr-
6la,9l1 c,cr*

p+>

,s)tt,:6

Gl#S,'t Jt t rLE rto ;bD
(.51U-1l) diit*

f^t
.,gla:.i,a lr_91;

5laai,a ar-211

J3){

oLj
oL.i
,lLj

J*
f.F
,jLj
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.*.Jb 6lng.J Olijt ,Sll,. o.r.,--f; .lrftg

..t--;l: K; \... 1 ./\ .-rr !r,.*. t, ,.g.r-te y.:[i, ,rt-i.U,-:-; 
-,11 

orlii.,l tr (a) .\

6 LAf-?.' t Cb ,g,l.rr. 6s2ljt )l -* 1; .t-* Pl J,.ti L,.- ,lV :.r-: clSr ,rS,t .9t r-U.,..:l ;l .:ti:.'l .11 
(b)

.s*l ;1J,.1: tpi rt.r;, Jl ,>.;y,a:"-l ,"i, 1:

Ji---i :JL*") .:*l ?.5 AS J'-19 'Liil r.r;, !e- .tx tE rt-i ,gtoslj ;l ,5.:l-u .sl-* t<- lr t^r;r+ (c)\J r 
{mJ/g c eJtkg: N/mm +;1kN/m

(kMN d J GN J.--'.r :JU,) -t'5 ,Ssl>tF f" f *l J;.2.!1 9r rr.:ri .,1t* jl (d)

rbl ,-,[r:il .Y
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