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[ ¢104%0) Consider a stawdasd mass-spring-damper syitemy,
mE ok Fkx =,
whers m, ¢ K are mass, damping coeificicnt and spring constand, respectively, wnd
% ared 0 are masg position ang Inpat foree, B the condigon, $=3x4 >0, 1= and

u=4, stabla? Why?

2 Consider the system as shown below, whers nass m is & magnedic bar moving
Ireciionlzesty n a miagsbezs solonoid movned on nmss M Eet xand x4 b the

gbrolote position of M znd m, respectively A linear fores F 5 applied to moin the
positive x direction if 3 positive vollage V15 applisd 19 1hs soleooid, and F=ud,
wheme L 15 a constant, For simplicity, kst pef .
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() (3% Dosive the gowerning eqoation and che seaps spaco  realierion,
&= Ax + BY, of the syswem,

() (&%) §s the system stable? Whyt

ey £79%) Assyme zero iniliad condition, what is the controllable subspace of the
system?

() (F7) Based on Mewton's law of mxocon, give & pliysical cxplastation of your
anzwer to probbam (o),

3 (13%) Consider 1he Tollowing 2™ order systiem

(1) +‘ I e N g
- §+1 &

This sysien bas a noolingar device which saturats at 10, This sysiem is o b

excibed by a sinuzeidal inpoe of (he following form
W) = Ad L) 5in 04

Find the runpe of the anplitude A ag 4 fanction of frequénsy o and k, so that ths
NGRiinGeT Gevice won't Siiurate in sieady SLALE FeSpORST. '
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4. Deterning the (ransder fusetion 1',,,'|::5; of the foblewdng netvnek. (1255
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% Draw the locus of the following ¢lusedsloop syatem podes on the splan wilh respeet o eho
wning parameter k (k> F and find the following: (20%4)
(). Asvinplotes (B Breakowny aid bresk-in points (ok Vhe cange of k for syslum stibility
(d]. The value of ¥ (0 yicld 2 .5 damping tatio for the domrinent second-order pair
. 2Eth 10 ¥ :
Et10 s[5+3)
6. Readthe fallowing evstent characteristics from the grin-phase elot of an open-loop sable
systemn shown below. (1%}
ta), Gaio margin {b) Fhase muargin {6). Clazed-laop bandwideh with univy foedback
{t%, Gain erossover fredquesney (o), Plase crossover (peguency
{f). What kind of the coniepller can beused ta inerease the closed-loop bandwidth with the same
pdaze wacgin ?
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Qpen-Leos Phase (dedg)




