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Introduction 

T l ~ e  goal of t l ~ i s  lal~orat,ory is t l ~ e  design of a. posit,ion cor~trol loop t , l ~ ro~ lg l~  the use of t,lx rr~at,hernati<:al 
rr~oclel ol]taine(i for t,lx servorr~ecl~ar~isrr~ in la11 1.1. Measl~rernents are rr~arle in t l ~ e  1al)oratorj~ t,o verify 
reslllts ~:al~:l~laterl in the prelr~l). 

Equipment 

For this lal). you will need to pick 111) the follorrir~g it,err~s frorr~ the eq~~iprnrnt  desk: five UKC c:al)les, 3 BNC 
T-conne<:tors, ar~rl t,lx capacitor illat you <:al<:~~laterl in the prelal). 

Measurements 

Configure t l ~ e  servo-rnechanisrr~ as she\%-n l~elo\%- A I ~ I ~(rerr~ernt)er the fly\%-heel.) Use the ' . S l l~ r~~r~ i r~g  / COIII-
~~ensat,or' 'sect,ior~on the left side of t,lx cor~trol t~ox.  Set its srrit<:hes to the "flat" sett,ir~gs and rlial in a 
<:ornpensator gain va111e of 8.0. 
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1. Drive t l ~ e  systern i n p ~ ~ t  wit11 a s t j r ~ a r r 'v~nor'of voltage ar~rl rrleasure the percent oversl~oot and rir~gir~g 
freq~lency (rlarr111e(i r~at, l~ral shr%ft 110siti011. Find t,lx vahles of < and d,,thatfreq~lency) of t , l~e n ~ ~ t p l ~ t ,  
corresponrl to your rneas~~rernents. Corr~pare your experimental ar~rl ~ : a l ~ : ~ ~ l a t e ( i  Be sure thr%t V?%~IIPS. 

yo11 d011't river-drive and saturate the systerrl ~vhile taking your rneas~~rernents. 


2. Drive t l ~ e  systern wit11 a sfne ii~avf! of voltage and fir111 the peak r r~agr~ i t~~r le  (gain) of the closecl loop 
response and t l ~ e  freqllency at  rn11ic:h t l~ i s  peak o<:cllrs. Ue very careful r~o t  to over-drive the syst,err~, as 
a srr~all i n p ~ ~ t  rnagnit~lde is reql~irecl for t l ~ i s  rneasllrernent. Find the va111es of < ar~rlw, t l ~ a tcorrespon(i 
to yollr rneasllrernents. Cornpare yollr experimental and calc~llat,e(l V?%~IIPS. 

p1.ace a <.apacitorof t l ~ e  yo^^ <:al<:~~laterl terrr~ir~als r%r~d. . .. . va111e r r l~ ic l~  across t,lx "(;jco,j7' nf t,lx ( : ( > I I I ~ I ~ I I s ~ % ~ o ~  
rrlove it,s s\%-it,ch to t,lx "lea~l" set,ting. T l ~ e  syst,ern is rlow configllrr(i with a. ~~roportionalp111s clerivative 
<:ontroller. (Plus an a(irlitiona1 pole rn11ic:h is fast e11o11gl1 t,o ignore.) 

1. Repeat t l ~ e  al~ove rr~eas~~rerr~er~t,s (tirne rlorr~air~ ar~rl freqllency (lornain) on t l ~ eP+D cornpensaterl sys- 

tern. Not,e t l ~ a t  it is q ~ ~ i t e  to ac<:~~rately 
cliffi<:~~lt rrleasure the ring freq~lency of t,lx step response. n l ~ y  
is t l ~ i s  so? \ I e a s~~re  nvers1100t x ~ ( i  rr~eas~~reclthe ~lercer~t  t,lx tirr~e to 11eak. You \%-ill notice t , l~at t l ~ e  

va111es of Po and AI,, rlo not rrlat,cl~ the ex~~ec te ( i  
va111es 1)asecl on t l ~ e  < and d,,,of a pole pair. IThy? Use 
\IAITL.lU to plot the st,ep and freq~lency responses of t,lx rno(iele(1 systern wit11 t l ~ e  P+D controller. 
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2. 	Drive t l ~ e  syst,err~wit11 a. triangle wave of volt,age and rrleasllre t l ~ e  steady stat,e error t,o a rarnp inpl~t .  
By llsirlg the slope of t,lle i r ~ p l ~ t  your error rrleasllrerrlerlt to t,llat \%-llich \%-olllrl t)e rarnp. r~orrr~alize 
ot)t,ainecl frorr~ a llr~it size rr%rrlp. Note illat t,lle errnr is the SII~IIof the irq)llt 0,. Use tlle '.Char111e1 
\1at,hn fim<:tior~ on t l ~ eoscilloscope t,o ft%cilitate illis rneas~~rernent. 

Write Up 

The \%-rit,e 1111 for this la11 sl~ol~lrl  1)e prepared in t l ~ e  sarrle spirit as last meek's: short, sirnple. arlrl inforrrlal. 

Useful Formulae 
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