
Final Exam 

Dcccmbcr 21. 2005 


180 rninntcs 

Ilhlkcr LIcmorinl 


1. This cxamirlat,ion consist,^ of four prohlcms. Work all prol)lcrns 

2. 	This cxamirlat,ion is closed hook. Calciilat,ors arc allo\~rcd. Helpfill cqiiations ant1 t,hc 
root,-locus rules appcar a t  the crltl of t,llis packct. 

3. 1-on LIUST snrnrnarizc your solutions in the answer sllcct,s inclndctl in t,his packct,. Draw 
all skct,rhcs neatly ant1 clearly nrhcrc rcq~lcst,ctl. Rcrrlcrrlhcr t,o label .%LL import,ant, 
fcat,urcs of any skct,rhcs. 

4. 	Llakc sure t,hat your narnc is on car11 anslvcr sllcct and on car11 cxarnination i)ooklct,. 

5. .I11 problcms 11;1,vc cqiial \~,cight,. 

I l k  cnco~lragc yo11 to do t,hc ~vork for all of the problcms in t,llc anslvcr sheets as \ ~ ~ l l .  If 
yon find that t,hc answer sheets do not cont,ain cnongll spar,c for your sr,rat,rh ~vork. yo11 may 
(lo additiorlal ~vork in t,llc acr,ornpanying cxarnination booklet,. LIakc sure that yo11 clcarly 
tlcnot,c ~vhich prol)lcrn is on each page of the cxamirlat,ion booklet,. Your cxarnination i)ooklct 
~vill also he read by the gratlcrs, but only if your ans\~~crs  shcct,s.appcar on t,hc ans \~~cr  

Good luck, 
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Problem 1 

Feedforward Compensation 

Ilk'vc talked abollt a nnrnhcr of cornpcnsation tcrhniqiics for this class: lead. lag. rrlinor 
loop. ctc. But t,hcrc is at  least one other irlt,riglling p~ssihilit~y, ~vhich is called fcctlfor\vard 
cornpcnsation. 

(a)Corlsitlcr t,hc follo\~.ing i~lock tliagrarn: 

*Y(,h I' ( s )  

~crtlF2 

(i) Dcrivc an cxprcssion for a nc~v t,ypc of crossover frcq~lcncy; uf., for which t,hc rnag- 
nitiidc of the Pat,h 1 gain equals t,hc rnagnit,~ltlc of t,hc Pat,ll 2 gain. 

(ii) Dcri~rc the transfer filrlct,ion a x(.?)' How tlocs t,llc location of t,llc zero rclatc to wSc:) 

(iii) \Vrit,c tlo\vn approximat,ions for for the regions: w >> wfc ant1 w << wf,.
X( .? )  

Now suppose nrc 11:1,vc a feedback syst,cnl t,hat r,an he motlclctl as follo\~rs: 

(b) Sho\v, by \vllatc~~cr rrlctllod yon rhoosc, t,llat, 

(i) Tllc syst,crn is very nearly ~lnstablc. 

(ii) The stcatly st,at,c error in response t,o a step is zcro 
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(i)  Clloosc a K snrll t,llat t,hc PI1 of this fcctlhack loop is 90". 

(ii) Show t,hat t,llc st,cady st,at,c error in response t,o a st,cp is st,ill zero. 
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Problem 2 

Bode Variety Pack 

Irnport,ant,: Using st,raigllt,-line approxirnat,ions t,o corlstr~lct Botlc plot,s. find the crossover 
frcqiicnr,y(rad/s). phase rnargin(dcgrccs), and gain margin of t,hc follo~ving systcrns ant1 
indicate nrhct,hcr or not t,llc overall closed-loop syst,cm $(s) is st,al)lc(ycs/no). 

Docs t,hc st,al)ilit,y of t,llis systcrn change if the fcctlhack pat,h gain is rhangctl from nnit,y t,o 
2:' Explain. 

Cite as: James Roberge and Kent Lundberg, course materials for 6.302 Feedback Systems, Spring 2007. 
MIT OpenCourseWare (http://ocw.mit.edu/), Massachusetts Institute of Technology. Downloaded on [DD Month YYYY].



Problem 3 

Speed Control 

Yo11 arc dcsigrling a fccdl)ar,k r,ont,rollcr for the cruise r,ont,rol for t,hc criiisc r,ont,rol in your 
car. The spccd lirrlit is 50 mph, but yon can only t,olcrat,c going lrnph under as you 11:1,vc 
an intcrvic\v t,o cat,rh. Tllc polir,c will give a lcc\vay of a l~ont  10 rrlpll over t,hc speed lrrlit as 
long as it,s for a short \vhilc. 

.% hlor,k tliagrarn for t,hc cruise corlt,rol syst,cm is: 

G, (s )  

0 + 50 rnph 

Tllc plant for t,llc criiisc r,ont,rol is: 

10 
G,(s) = 

(10s+ 1 ) 2 ( o . i ~+ 1) 

(a) TVhat, spcr,ificat,ions for t,llc stcatly st,at,c error and pcak-orcrshoot arc rcqnirctl for t,hc 
syst,cm'? 

(h) Docs t,hc systcrn mcct specifications ~irithG, = 1:' Do yo11 rrlakc it to the int,crvic\~r on 
tirnc'? Will yo11 get pnllcd over? Explain. 

(r,) Design a lag cornpensator of t,hc forrn: 

Choose K and r1 SO that yo11 \!rill 	 011 t,i~rlc and the crossover get t,o yo11r i~lt,rr~'icw 

frcqncncy rcrrlains as in part 1). nrit,h approximat,cly 5" less phase margin. 


((1) Noxv atltl a lead corrlpcnsat,or t,o your cornpensator of part c. so t,llat t,hc final r,ornpcn- 
sator is: 

Find ~~:~ , lncs  for hrZant1 7~ such t,hat the syst,c~rl crossover freq11~11cy rc~rlai~lst>llc same 
as in part r, and phase margin is incrcasctl by approxirnatcly 40". 

Do ncot nsc an asymptotic, approxirnat,ion t,o t,llc Botlc plot for t,llis part of tllc pro1)lcrn. 

(c) Docs t,llc corrlpcnsat,ion of part 	d save yo11 from 1)cing pnllcd over:' Do yo11 still get t,o 
your irlt,cr\ric\r on timc'! Expla,in. 
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Problem 4 

Describing Functions 

(a)The inpllt,-ollt,pnt rclat,ionship for six frcq1lcncy-i1~tlc~)cnc1.~11t~nonlincaritics arc sho\vn 
bclo~v; along ~vit,ll eight possiblc tlcscribing fiinctions. Sclcr,t t,hc dcscribing fiinctiorl 
that is assor,iatcd nrit,h each of t,llc nonlincarit,ics. .%lso tlct,crrrlinc the ~ ~ : ~ , l n c s  of t,hc 
qnant,it,ics CI ant1 C2 indir,at,cd on cach sclcct,cd dcscribing filnct,ion. It rnay help t,o 
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(b) .% ncgatirc feedback loop incllltlcs a linear port,ion r,ombincd nrit,h a nonlincarit,y. Tllc 
angle of t,hc linear t,ransfcr fimr,t,ion is sho\vn. This t,ransfcr fimr,t,ion is mirlimilrn phase 
~vit,lla rrlonot,noic decreasing gain vs. frcqncncy ant1 has a DC gain of K.  If t,hc non- 
lincarit,y is -4, can t,hc system cx11il)it a st,ahlc arnplit,udc osr,illat,ion (for sorrlc range of 
v:~,lncs of I<) at  ul? .%t u2?.kt d3.! 

Tllc nor1 linearity is changcd t,o C. Can t,his syst,crn cxhibit st,al)lc amplit,~ltlc oscillat,ions 
at  t,llcsc frcqncncics! 
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