MEEN 364 Solotions to Final Exam

Solutions to Final Exam

1)

The motor 15 characterized by the following two equations:

I, =&AL

v = K‘E
Wrting the voltage balance equation for the electric circutt, we have

Lg Ry

Ay

+i (AR +K 8 =v_. (1)

Free body diagram of the electric moior

BE, b6 -0,)
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Weknowthat, J& =T, +% T
T,=Ki(f) and 3 T=-B6 -5(0-6,)-k6 -6,).
Substituting the values we get

JB +8(6 -0.)+K6 -8,)+B6 =K.i (2)
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Free body diagram of the shaft and load
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Similarly, from the moment balance equation for shaft and load we have:

T8 =%r

and 3 T=50 -6,)+k(6 -6,)=

T8 +8(0, -8)+ kB, -6)=0 (3)
b)

Let x =0, . x. =5':,x__ =8 .x

4

=8.x, =0 ()

Using the above relations and equations we get

I =X
K B k
I, =r—x,——x,t—x, +—x,
"jr_ 'I_: . £
I, =x,
k b k {b+ B) K
Ty =—X +=—X3 ——X3— X, +——1,
I";II-I [ I"'il-l I";Il.l I
R, K, 1
E=——X; —— X, +—V,
LE L: Lﬂ
Writing 1n matrix form we get,
[ © 1 0 0 0 ] e
% S k i o [x
= g5 J, g, 3. 0 _
0 0 0 0 1 0 . 0 Since the output of the
X = k A E (b+B) K, + v, 5ystem 13 defined to be
x, "'Tl "'TI ";rl "rl "'Tl Xq Ili:l thea.ugulﬂr
%] | ¢ o o -X _Alxl|Z
| L, L - 2




MEEN 364 Solotions to Final Exam

dizplacement of the load, we get

Pl s

=F=l 0 0 0 0]x

X,

X.

2) The nonlinear differential equation is given by
mx(f)+ 2e(x® - Dx(f)+ ke = 0.

To determine the equlibrinm point, equate all the derrvative terms to zero. Therefore we
get

x = 0, 13 the equilibrium valve of the variable, “x’
Define a new variable

Ax=x()—-x_,

where “xp’ 13 the equilibrium value of, “x".

Applyving Taylor seriez expansion to the above equation, we get

mA x(f) + 2ex” () x(£)

By + % [Ecx:{r} i‘{r}] (x(-x,)+ i(lr:.t: [f}x[f}j (x(f) — x0)

zmil dx

i

— ZeA x() + E(Ax() +x ) =0,

= mA x() - 2eA x () + kAx(£) = 0.



