Mechanical Engineering Department
University of New Mexico

Ph.D. Qualifying Examination
Controls Section

Fall
2013

INSTRUCTIONS:

Closed Book

There are 3 problems worth a total of 100 points
2 Hours

Calculator allowed

You MUST show work to get credit.



Problem 1. (40 points)

Given the transfer function

ct) D+4

rt) D*+5D+6
where D is a derivative function, determine the response as a function of time to an input
r(r)=2e"" if all initial conditions are zero.




Problem 2. (30 points)

For the following system,

R(s) +
8(s+K)

—

(s+1)(s* + 75 +10)

find the values of K that make the system stable




8.1%¥10° +(4*107)s
Bode paper (magnitude in dB)

For the following transfer function, create a bode plot, changing the frequency values as

Problem 3. (30 points)
needed.
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Table 2.1 Laplace transform table

Item no. fit) Fls)
1. 5(1) I
|
2 uls) 5
1
3; tuli) 7
n!
4. ufr) FzY
2 1
. e~ ulr) ek
11 w
6. sin wtu(r) =
4 ) i S
- cos wiu(t . rage
Table 2.2 Laplace transform theorems
Item no. Theorem Name
1. Lf(0) = F(s) = f f(ne dr Definition
0_
2. Ekf(D)] = kF(s) Linearity theorem
3: E[H@) + (0] = Fi(s) + Fa(s) Linearity theorem
4. Lle”™f(1)] = F(s + a) Frequency shift theorem
5; LUE-T) = e*TF) Time shift theorem
6. £ f(an) = ‘%F(g) Scaling theorem
i L [g] = sF(s) - f(0-) Differentiation theorem
8. sz[%' ] = s°F(s) = 5f(0-) — f(0-) Differentiation theorem
9. SE[Z—%] = S"F(s) - i s’""j*"(O-—) Differentiation thecrem
k=1
!
10. .‘£U f(7) d-r} = F—f:z Integration theorem
D_
1. f(=) = lin(x)sF(s) Final value theorem'
=3
12. f(0+) = lim sF(s) Initial value theorem?
K ind ]

! For this theorem 1o yield correct finite results, all roots of the denominator of £(s) must have
negative real parts and no more than one can be at the origin.

? For this theorem to be valid, f(¢) must be continuous or have a step discontinuity ats = 0 (1e.,
no impulses or their derivatives at 1 = 0).



