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) , ) o] ZAEH x,(t)E Laplace WeH o2 Fatefe},
machine health ( @ ). If a system’s frequencies are
measured and monitored over a period of time and a T+ wir = ficoswt + f, 8 - (w#*w,, t>0)

change is observed, then some change in the system’s
(@) or (@ ) must be the cause. A change in ( @ )
could imply a cracked or malfunctioning part and a

change in ( @ ) might reflect excessive wear.
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1. (a) @ 7F27]|(shaker T+ exciter),
@ 7F =74 (accelerometer)

(b) @ #FA](monitoring), @ Z=F(mass),

2. (a) 21 EZEHH
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@ 3 W3l7](load cell =+ force transducer),
@ 77 (stiffness)

T7=4s,z, =075 cm, z, = 0.21 cm

§ = I~ = Ingoy = In3.571 = 1.273
¢ = 0 - (1.273) = 0.19856 > ¢ =0.1986
Var? + 6 Var® +(1.273)°
_ 2mrad _ 27mrad _ m _
w, = T 1+ 5 rad/s = 1.571 rad/s
w
w, = = 0T rad/s_ _ 4 6097 rad/s = w, = 1.603 rad/s
V1—¢ V1—0.19856>
(e ¢ - 1213 ong v, = 1.571 rad/s _ 1.604 rad/s)
2m 2m V1-10.203°
— }A’—' —(w,t . N — ﬁ’ —CQu,t .
(b) z(t) _mwd e sinwgt ,  x(t) _mu)d e (—Cw, sinwyt + wy coswyt)
z(t;) =0 = —(Cw,sinwgt; + wgcoswyt, = 0
wg V1= V1-0.1986
tanwgyty o, c 0.1936 4.935
wyt; = tan 1(4.935) = 1.371 rad
_wgty 1.371 rad _
b= = Ta7lradfs 0.8726 s = t, = 0.873 s
. V1-0.203 4 1.366 rad
TC = = = - - =
(E= 5205 4.824, tan'(4.824) = 1.366 rad, T i/ - 0870 s)
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A A ZH(settling time) t,7F Aol A (MATLABO. 2
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5. (@ z(t) + wlaz(t) = f, coswt (w#w,)

LWE = X))+ wlX(s) = f, 70—

s? + w?
s As + B Cs +D
X(s) = = +
h (82 Jru)n?)(s2 +w2) h 52 +wf 2 +w?

(As + B)(s*+w?) + (Cs + D)(s*+w?) = s

A+ =0, B+ D=0 WA+ wC=1,

w’B+ w’!D =0

> C0=-4, W -wH)A=1 = A:%, 02_212
w —w, W T wy,
D=-B (W -w)B=0 = B=0, D=0
J1 s s
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a)2—wi 52 +w3 s+ w?
Xp(s) — 2f1 - _ - S - — 2fl - 5 S >
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() = L7' X ]=L1[ }= t
xl( ) p(S) u)f*cu2 s? + w? u)n?*w2 cose
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L ¥ = $2X,(s) +w’X,(s) = ']?2 e
~ 1 — —5 .];2 u)n *LS
X(S) = 2w — e 2w
’ f2 (52 +(Un?) Wy (82 +(,On2)
z,(t) = L7'[X,(s)] = ~ sinw, (t— %)
(0) = a,00) + w(0) = —2 c L - )
x,(t) = z,(t Tolt) = wf—aﬂ coswt o, sinw, (¢ 20
w, = 20 rad/s
f@t) = 3 + i(i)sirﬂnt (N/kg)
2 n=1 nmw
$p(t) =z, * Eanin(Qnt—Hn)
n=1
F m .
pp = 202 Mo o L5N/Kke o375
k k w, (20 rad/s)
-3

" w?— (nw,)? (20 rad/s)’— (2n rad/s)’
M7 = 6, =0
- 3
, (&) = 0.00375 - ———F———v sin2nt (m)
:E[( ) 712:]1 4n7r(100 - n2) smant A

n7r(400 — 4n2) o



7. (a)

Fy coswt k, (x — Jia)
1 f
m m,

1 k‘a(x—xa) 1

Ekx 5]43&3
- 1 1
max = —Ekx - Ekx - k,(x—z,) + F, coswt
= mz + (k+k) x -k, z, = F, coswt
man.c.a=ka(33—xa) = maaga—kax+k:aa:a=0
m 0 a: N k+k, —k,|\(xz) _ [Fycoswt
0 m, Lg _ka, ka Tq - 0
(b) = w, Ek,—mw=09Y 7
— kaFO — _FO
¢ (k—l—k:a—mu)Q)(O)—k:a2 k,
£y

z,(t) = X, coswt = - coswt

k

a

(c) m = 400 kg, m, = 10 kg, k = 2,000 N/m, k, = 900 N/m

a

m 0 Z’(t) + k+ka 71{3@ {:L‘(t)} — {0} {I(t)} - {U}eijw”t
0 m,| |z,(t) —k, k| =) of xz,(t) u,
—wfm—l—(k:-i—ka) —k, {u} B {O}
_ka _anmu + k(l ta B 0
—wim+(k+k,) —k,
det )
_ka — Wy ma,+ka,

=(w'm + k+ k)wim, + k) - (~k)k) =0

- (mk, + myk + m,k,) w,* + kk, =0

(400)(10)w,! - [(400)(900)+ (10)(2,000)+ (10)(900) w2 + (2,000)(900) = 0
= 4x10% w,) - 389x10° w, + 1,800<10% = 0

w? = ﬁ[389 + /(3897 —4(4)(1,800) | = 4.87, 92.38 (rad/s)’

w; = 2.21 rad/s, w, = 9.61 rad/s



