J A & s 8 (H4E) AS=2H 20 SRS (2023 A

w, = 3 rad/s, z, = 1.2 mm, v, = 2.34 mm/s, «(t) =? Compute and plot.

z(t) = A sinlw,t + ¢) #(t) = w, A coslw,t +¢)
z(0) = 4 sing = z, = 1.2 mm >0 e D

: Yy 2.34 mm/s

l‘(O) = wy, A cCos¢ = Vg = A cos¢ = a)_n = Td/s =0.78 mm >0

sing > 0, cosg > 0 °]|E=Z, O<¢<%

D2+ @ = 4= \/(1.2 mm)® +(0.78 mm)* = 1.431 mm

N _ 1 (1.2mm)
@ . @ = (b - tan (078 mm)

z(#) = 1.431 sin(3.00 ¢t + 0.994) mm

= tan"'1.538 = 0.994 rad (= 57.0°)

x(mm)




1.21  [wE W3 A8
T 1D ody HE>
SM, = Jb AFARARAE ] = m?)
= -mg (I sinf) - k(I sind) (I cosd) = (m 1) 6
ﬁleé+(mg+klc059)lsin9=O, 1 + 0,

= ml 0+ (mg+ kil cosf) sind =0

<y 2>
XF, = ma, (V&% o, = 10)
= - mg sind - k(I sind) cosd = m(10) T
= ml 6+ (mg + kl cosf) sind = 0 \ /7t

k (I sinf) cosf
#=0 o] sinf=0, cosfh=1 A&

. mg sinf
= mlf + (mg + kD 6 =0
S b (L Eyp-o i%ﬂ%¢wn=\/i+i
[ m l m
[N A ]
o 1 s 1 o 1 9 22
FEA XA T=—mv= =m0 = =ml0
2 2 2
920l 117 U= mgl (1 - cosh) + k10)
d _od 1y _ 1,00 _
dt(T+U) dt[2ml9 + mgl (1 - cosf) + 2klt9] 0

= mP060 + mglsind 6 + k100 =0,
#=0 °|™ sinfh =40
[ml 0+ g0+ k2016=0 = mio+ (mg+ k)0 =0



[1.34]
1.54 w, = 2 rad/s, ¢ = 0.1, v, = 00]aL, Z27]¥$] 2, = 10, 100 mmeol 3] z(¢) plot.

z(t) = ot sin(fwyt +¢), () = 4 e ¢t [-Cw, sinlw, t +¢) + w,coslwyt +¢)]

()—A51n¢—:170 >0 - @
z(0) = A4 (-Cw, sing + w,; cos¢) = =0

_ Cwn‘ro _ C _ 0.1 _
= A COS¢ = w, = 17C2 Ty = ﬁxo = 0.1005 Zg >0 - @
D*+ @ = 4= y1*+0.1005% z, = 1.005 z,
- — -1 1 — -1 — o —

O+ = ¢ = tan 0.1005 tan '(9.95) = 84.2 1.471 rad
Cw, = (0.1) (2 rad/s) = 0.2 rad/s, w,; = \/1 —0.12 (2 rad/s) = 1.990 rad/s

x(t)

1.005 z, ¢ %" sin(1.990 ¢ + 1.471)

o = 10 mm¥ =,  z(t) = 1.005 (10 mm) e **' sin(1.990 ¢ + 1.471)
= 10.05 e *?' sin(1.990¢ + 1.471) mm

x(t) = 10.05 exp(-0.2 t) sin(1.99 t + 1.47) mm
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t(s)

o = 100 mm¥ ®,  z(t) = 1.005 (100 mm) e "' sin(1.990¢ + 1.471)
= 100.5 e *?' sin(1.990¢ + 1.471) mm
x(t) = 100.5 exp(-0.2 t) sin(1.99 t + 1.47) mm
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1.80 statics J = %mrQ, kinematics x = r6, z = "o
spring Al = (r+a)0
1 + 2 1 '2 1 “\2 1 2 '2 3 92 52
= — + — = — + — (— = —
T me 2J¢9 2m(r9) 2(2mr)9 4mr¢9
U=2 [%k (AD? ] = kl(r+a)8 = k (r+ a)? 6
d

E(T—F U) = %[%mrQéQ + k(r+a)?6?]

=[%mr25+2k(r+a)zf)]é=0, 0 + 0

equation of motion %m 20+ 2k(r+a)?0 =0,

B 4k(a+7r)? _ _a+r k
natural frequency w, = 5 =2
3mr r 3m

[1.5%]

1.84 m=1200kg, 1 =020m, b=012m, J=12 kg - m?,
steel £ = 200 GPa = 200x10° N/m? , G = 80 GPa = 80x10Y N/m?
A =5 =(0.12 m)? = 0.0144 m®

S UV ' 34.56%10° m!
J, 6b 6 (0.12 m) 34.56X107° m

longitudinal vibration

EA _ (200x10° N/m?*) (0.0144 m*)
0.20 m

k= = 14.40x10° N/m

l
[k [14.40x10° N/m _ _
Wy = \/m - \/ 1,200 kg - 3’464 rad/s = (wn )Iongitudinul - 3’460 rad/s

torsional vibration

GJ 9 2 m’
o= O (8010 N/mO)Q(()?’fGXlO mY) _ 13824x10° N - m/rad

tT

'k, _ 6N -

w, = \/—t = \/13 SXA0N - m/rad _ g7 gss = (w,) = 1,073 rad/s
J 12 kg * m

Longitudinal frequency is larger.



1.113 <¥¥ 1> Euler’s 2nd law F.B.D.
SM, = J6
. . . l
my g (551110) + myg (Isinf) - 2k551n0 (50059)
_ (1 2 AN QkL o~
1 . 1 2 . 1 2
= (5m1+m2)glsm9 - fkl sinf cosf = (gml-l—mQ)l 0
02
0~ 0 o, sind = 0, c059%1—7x1
1 1 1 -
= (5m1+m2)gl9 - 51@120 = (§m1+m2)129
= (i + )lé+[lkz—(l + He=o
3m1 my 9 2m1 myl g
< 2> energy method
1 : 1 : 1/1 -2 1 -2 1/1 -2
T = 5171 6> + 51]2 0> = 5(§m1l2)9 +§<m212)9 = §(§m1+m2)129

1 2 l
2[—k(i9” - m195(1 —cosf) — mygl(1l — cosh)

v 2 12

= %kl2 9% - (%ml—FmQ)gl(l — cosf)
d

- 1
E(T—i— U) = %[%(%ml—ﬁ-mQ)lZ 0" + %kﬂ 6* — (Em] +m2)gl (1 —cosf)| =0

= (%ml—i-mQ)lQéé + %klzé)é - (%m1+m2)glsin9é =0
1 25 J 1 o
= (gml-kmz)l 0 + gk‘l 0 - (5m1+m2)glsm9 =0
6 ~ 0 o™, sinf =~ 0

= (%ml—FmZ)lZé + %I{:ZQG - (%ml-l-mQ)gle =0

1 - 1 1
= (§m1+m2)19 + [gkl_(5m1+mz)g] 0 =0
Y HE
lk:l—(lm +m)g >0 oH
2 2 1 ’
B %kl—(%m]—i-m?)g
0+ w20 =0 w, =
1
(§m1+m2)l

jw

0(t) = a, " + aye 7" = A, sinw,t + A, cosw,t AE = <A (stable)

%kl - (%ml-l—mQ)g =0 o4,

6 =0 = 0(t) = a, + ayt H]

™
oift
olN
It

=  E<ot4(unstable)



=

E-o14 (unstable)



