72|
._{-rp 4‘_{‘-" are Perpznaﬁ'::ufz:r 5o *hat &S = 0
e b00x2n 81 +/2]+ 4k

- = pad/sec, U= [2i—b6]+ k
60 82422 44> ShTE - TS

So (5"_1'+f.;?j—!-‘f’f}‘(’ffj-éj+¢£_§)=0
f%—?f,ﬁ&’% =0, JL=-64 Ft/sec

U =124 (~6)*4 (-6)* = .70 Fbfec
R =few = )4.70/(20n)=0.234 Ft or B=2.9) /n.

a, =4, =rw*=0234(207)"= 523 fbfsec”
or a, = //,050 in.fsec”

K X 2) = =120 rqcl(se_:'

X 2xL) ) w =y,
NER -L20 rad)sec”

(= 34{4—2!5]5 n (-Fnr" F,:qﬁﬁ)
(_",qrtj out alyebre o sbtain

Gp = 358) - B0k In. Jsec”




T3 n.geap- §n rad/s
& _ &

Serr E.85T% Jim (780°-30°- /4, H?‘:)I
grm /35.143°

e B Jod
) Sz /9857 %QEJEE %
2 6%./ rad/s

ﬂ.-'ﬂ" 69./ cos /4. 852°
= 66.% red/s

o
E
»

]

o
RS

—M
S
v

_ _X

W= L‘{/r)_; +Ma£ (_lf:j“"a -
.ﬂ_dz_bw""’ta‘,afg ﬂn-___‘| &J:I’-

r - o

I —
b -5

W=, (-2 +k) b

* * -
A==y (-£0 )+ 0 where i=w,xi =2,




7/3 I — -,
/30 | w=0 P F 4L +fﬂ_d_‘f} w=Y4 % 10°%: fa.*r??

o= (Ux P = 4. x/ok = -40) rad)s’

7136 | Yp =g 4+ % S

Ga = Gp + W X Yo ‘:.W(‘:!KEMB)

I."ki fl.'@‘ rad/sec, ; c.:._'_= '2'34-3‘1 Ndlsttt
-{:"’*lﬁ = 5L f¢ , Vg = 3.2‘4 flsee Qg = 4 *F'tfsr.c_?'
Substihudten And, &’%ﬁali"ﬁrcmﬁm 3ie\d.

Vg = 3.2 -6k ftjse = Vg = 6.8 fse
Qp = ~7.20 +R4j - 15k Fed => aq = 20.3 Ffsec®

—

o

—




7/ET L1 = angwl/or velocily of axes X-Y-Z
w = . " w simulater =2+ p
Le A N= angular velocity ef Frame =0,2rad/s const.
P = o.9 rad/s cons?, ,.e, = 0.5 rad/s cons?.

LL= .t/_a +Jf NeosB ~k Nsing | =pbk
5—"—";5:9" a.ra‘_f + O. z___f +O. 9k rad/s
~rom K- ?/7 ol = f{f’_-i’ = f__".‘__’

7 — {ﬂ"ﬂ' JXV'Z {d'ﬁ g(y,;+J‘:lx£'u

of. = (g -/ M/s sing - k M/é cosd +0) r 2 x(2+p)
where Qx(D +p) = Nxp :(_.{,xé f—:,.r'Mcos/s -frﬂfs}nﬁ]x;:_ﬂ;
= L Npcos 8 -_Jﬁfé
50 Xy, =ENp <P - g
=02(0.9)¢ -0.9(0.15)s - 0.2 (o. ff&) rad/s
= a..r'é’_e- ~0./35) ~o.070 k rad/s*

755 | X-4-% are prﬁnc;‘pm’arﬁ so

8= -9.524

H=1 w [
- XX :3 *"?;'ﬂ 'énz i & & rads
1;5 =mk ~ = -,
=45(a,57aﬁ= 6.16 kg-m™
z +I = [ = ’ - o __ 200010°)/3800
.ZFI I g“{xx Iﬂf 2 -l'! wﬁ r - 0.920/2
So 4y = Sl =3.08 kg-m =~ /20,8 rad/s

wx'—'ﬂ?

About G, H_=0+308(-0.524)] + 6.6 (-120.9)%

He =—16/3 ) -744k kg-m?/s

About AJ I’.‘Ij '—'.@j +md =308 +45(0.2/5)" =5 /6 kg.m*

H, =0 +516(-0.524)]+6.06(-120.8) &

— —

_ffA = —2.?0J —744_‘“—‘ .éf.m"/j




7/61 ] About G ?
s =3
R

Hy, = I(n,+p) n,
(L Z
sz-(—ffmb )ﬂx’ .‘ ;_b_ --y
yy= (EI +mb°) 0, et y
/ 2

S0 Hy = I(Qy#p) + (L1 2mb?) 1,

= Lp + 2(I+mb? )N,
Jﬂw!f&fljf

H,=Ip + fof‘mbi)ﬁy

H, = Tp +2(Z4ms®) N,
Thus M. =Ip(Et/sh) + 2(T+mé?) N2

where Q=12,¢ 40 J,:ﬂ be

7/7@' r=/0o0mm W= 4mr rad/s

b= Z‘aamm b= V:.éa_.::a’)rrw’/s
m=2 kg

Y £, 7/t) holds for porn? O as

o
/@ a \}lfxf‘:f pﬂfﬁf D#7 ﬂ..l‘."fﬁ "f‘ﬂésé’

v = O, .{.u -—p-—é’)?ma;{; Lo, == “??'-?-d

. }, =0, fj,y—gmr --(’2}’0 )‘) = 0.0/ kg m?
Z,,= 0 J.E;‘qj'” Emr+mb_z(—af+a2)
= 0085 hg- v

v Z Wyrhly, e, =y (‘émr:ft’) "’5&"’”"“"&3}”

F4

52/ +[3+2]K)

= 2(0.1)%r ("é 2j +[g+4]k)= 0.25/(~ +#.25K)
Nem 5

H = E’(-a’@f'a-#xrgr)-azﬁ?(’-_j,: 4 25k)

J./5+6.7/ = 287/

=Moo |-

'S
Ay




z:g:".o mass ,{a-:r wn/t of pane/ @rea

C;‘“E b y f( Lecaso)2 sing)ecpdd
P ¥

% q-j_ﬁcb 5/n 26 for 2 ponels
2" Iy! I}‘ =0 by symmetry

Ly = 1,5 #+md? for cach panc

for fotal Ly, {%‘B_cf[c +(2bcos8) ]+2bc(:[a+ JI
46{:{9{3 aaaa +a +ac}

-{{ﬂ='&i‘”;- *é,w‘,& , m:dbc,a (fotal)

M= %-biw 528 L + mw J:,— t2%0s% ta +ac}k

Ey JJMMJ"}‘, pﬂ#dpd! axes are O-/ O- 2 o-y
2

Z: m{G;b *a fm:} (rmax)

rz: m{ ciia ,ﬁgc_f ffﬂ}&fﬂ#ﬂ’léiﬁ'}

Z, ¢ j‘m b* (rminimrum )

7, v N
/76 ‘ _Z;! " b y
@ Q | 2
& put-biin etod 0,

3 -

@pb('b)('%)“g'-‘“b 41 blle
@ 0 w lsb
® Pb(é}(.. b) = -2 pb? T

© pb(4)(-3b) = -Zpb>

E?‘ﬂ)"fa pbg( +—_§'-_§) - _2pba

From £9. 7/23 2= I @, e, =0

M =M, = - 2pb%0"




7/77 iMj= —IUE L::IE- I‘Iiml &“.'E:G

z)

K;e_:_gi;_mc, Wa = W= 10,000 (% = 1047 %’é—%—
m b=150mm wz = ~mbe =-6(0.15)(50) (17°)

e = - 45(10™%) kgm*

200mm Thus B(020) = 45(107)( 1047)

B <—| = 247N

z For origin of Coordinates K-y-2

at CJ 'ZM,:},*-‘D | Since T,,=0
Thus 0.35B - 0.15A =0 , A= :.'1355 (*2_4’1): Se N

/19 | EMy = I, a where L, 15 given by €. 8ra
with .-£=r:056_‘ m=g n* Sin &

Ty *ya®Lys =9

Thuws = z -4 z
-[z &f; f‘l:,ym 4.).:1!1 + O
= .f;'taﬁzﬁ - f.ffivaé
So A= ({ cos® + Is;hz‘a)gf
AA7

oL =
% cos® +I5/n20




Ll .
1187 £%= ez @z ) -{xi=ﬁx’-¢a5c()(’x'5rn «) dm
|
Pw . Sm 2 4
2 R4

o
wherve I = - mp?
v i 4
5 - 4 25/,
ﬂ—z::z" e S S

i _ ’.‘ z \ 2 B
2 Thus _%—(wgmr Sin2et)e0”

Burt moment on shaf# /s
M:(.&‘imriwi.:ﬁ? 2u))

ZFy=ma, : P=o
A
=My " Ta @2y
J B gktdm = j,x@(-&‘q—m)fdi
- Us
Where (= mass/(':{"(:ump. of |enjﬂ1)
R ER _ Pl
| Iu‘wmf}”hm“‘“z—
-
¢ Iz 2 2
.5.:: M_}"' - "m'jr— -Zg—mﬁ ¢
g for Mzo0, w= 2 ﬁ;ﬂ

Se precessin s CCW wnen viewed From obave,



M H H
| M oH
(Side View) (Overhead view )

M 3 The woment exerted on the handle

by the student © H 13 The Whneel angulor
I — _ . o hH
mamentum , From M= _|'_} = At ) We See

—

Tt AH s in the same direcion as M,
R' is the ned anguler momentum . The studet
will sense o 'h'!nclgncj of The wheel Ho rotate

> her r‘ffn}‘rﬁ: .
7199 | %

_ 48x2IT_
= %o " 5.03 rad/s

Il z
= =mr
L= 3

=.£7r:ra)(a. 350)"

= J.06 kg m?
-V
P== = é;'e:f’f-?iaa
- Jso
R=50(9.81) + 4R
= 8.62 rad/s
M=LNp = 3.06(503)8.62)
= )32.6 M-m
A= AR (& AR = ;52,{,:
f )? 0.600 2

Thus R=50(9.87)+ 22/ = 7/2N




_ [0 _ rad
7//03 ”'}Eb” =0.1745 Se¢ .
P 60 £ s L1

Z=222 0% 435 M
FEET fheppesed KR
M=ZQp _
= d35(0.1745)52.4 L .
=3970 /b-F+ X . ——
As viewed by passenser

. | look ing forward
Conclewsion . CCW deflection

7/107 | From Eg. Y30 with & small so thot

Cos @ X/ e precessconal rare /s
y x I'Jb fo J *
= £ = =6 rev/mn

&L (L)1 4 v/

o

Where Fhe msnus Sr9m G viares refrograde
prece s3/on

- 2m_ rad
p=1725 éo - /50,6 Sec
1 N= 48 f—-g=£aa g
Jed

&8
? - w'= 5 /4
R M

T Stake reactions
Jr 20 b AR R=420=/0/b

AR
M = fﬂPJ' 2(4R)(6/12) =§T?r%§l%’£aa)(;5a;-s)
Ar=2.20 /b
R= 10 -2.20 = 7.80 /b
Ry = 1Q #2,20 = /2.20 Ib



7/113 I AsSeerrse
r1GART Feern

refer
mass .
mo e 7
oy J
i )
I
I
.

£

n=v/e mg/2 "Gz
Y _ ey VIEwS P
ma = muvoe ,' fMo: w2 h SO AA = "?Z’ZA/E

N =TLp [ meh_ zZr
J = = makfep

o = 22 vh opposite diroctron
f?‘?a P _'-"‘E.‘J r"?-‘-’?e??‘t:-)p; ﬂf

;.‘J}}-I.'GJ’S
7122 | _
Bj Stjmm&f'r‘g l’xy =};z=f =0

for whole propeller.

L.f.z‘/o= £ls) be mass per unit /ength
so dm =/Dd.s =F£s) ols
Blade I: I, =0, Iyy-fffJ}n’srsi =7
Blades 2§ 3: "'i:x = [£ls)dls (s cpsja‘)":g__[
.2;3 = [#(s)ds (s sin 30°)* = =1

Thus For the three blades w, =N sinﬂ n}x =Nnpcos®P
Ln 0v2(31)- 21 I ey
Z,. =1+2(3I)=21I wy=%=p, &y =0
Lpy = 31

From £5. 7/21 M, =Ixx“:'x -{'_Z;"-_j;i)m#wg

=2 Inpcos¥-(21-31)apcos¥ = 3Lnpcos ¥

My =Ly Sy =Ly -1, e, o,

:kéjf‘_:lp;;‘n ;9) —-(.'j'I - %I)ﬂp sin¥= ‘jfﬂj_? sin ¥

acf‘;'nﬂ on fmb_; reaction on shaft has opposite signs.

The magnitucle of M s M:i,fM; "'"%L =31ap




