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Instructions: 

1. This cxamirlat,ion consist,^ of a hlotor Lal) Il?itcnp ant1 two prol)lcrns 

2. 	h n rrliist (lo the mot,or lal) nrritcnp .4LOXE. Yoii rnay disr,~lss yonr lal) rcsiilt,~ ~vit,ll 
your partner but the ~vrit ,c~lp must he tlonc solely by yoii. .Is for t,hc qiicst,ions, t,rcat, 
this assignmcrlt as an cxarninat,ion. DO XOT discuss t,hc q~lcst,ions or your answers 
~vit,ll ot,hcr st,ndcnt,s. 

3. This quiz is cornplctcly open l~ook.  Yo11 may consiilt ~vit,ll t,hc 6.30% st,aff and any not,cs, 
books, r,ompntcrs, or ot,llcr irlanirrlat,c objcr,t,s t,llat you find hclpfill. ~vit,ll t,llc cxr,cpt,ion 
of r,oiirsc hil~lcs, nrhich yon rnay not iisc. 

4. 1-our hIot,or Lab \Vrit,ciip along nrit,h ans\~~crs t,o t,hc prohlcrrls in t,his quiz m~ls t  bc 
hantlcd t,o a 6.30% staff rncrnl)cr no later than 400 prrl on t,hc allore dnc tlatc. Xo 
cxt,crlsions ~vill bc given. 

6. 	1-our solutions to the prohlcrrls r,an bc ~vrit~tcn by hantl and shonltl i)c stapled scparat,cly. 
Plcasc ncat,ly siimrnarizc those on one page stapled t,o t,llc front of tllcrn. You \!rill bc 
pcrlalizcd for not follo~ving tlircctions. Draxv all sketches neatly and r,lcarly. Rcrrlcrrlhcr 
to lahcl .4LL irnport,ant fcat,urcs of any skct,rhcs. 

7. 	hlakc sure yon put your narnc on both t,llc ili-it,cup and t,llc problem soliit,ions. Clip 
tllcrrl togct,llcr ~vi th  a paper clip. 

8. Neat soliit,ions get rrlorc partial credit than sloppy sol~lt,ions. This isn't fair. 1~1 t  itj's a 
fact of life. If yonr solution is n~ i t t , cn  in ciirsivc nrit,h a hliint,, hard pencil. t,llc grader may 
not t,akc the tirrlc to carcfillly read crcry word of yonr analysis. That nro~lld prol)ably 
have iinfort,~lrlat,c conscq~lcnccs on your final gratlc. 

9. 	Orlcc again. t,rcat this assignrncnt as an cxarnination. Do not discuss the t,wo problcms 
~vit,ll ot,hcrs. Infrar,t,ions will he dealt ~v i th  scvcrcly. 
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PART 1 
Motor Lab Writeup 

Assignment 

No\v t,hat yo11 have cornplct,ctl all of t,llc short rrlotor lab assignmcnt,~. ~vi th  t,llcir associat,ctl 
inforrrlal ~vrit,c~lps, \IT ask yon t,o r,omplct,c a formal \vrit,ciip of all four labs. This sinnrnary 
shoiild inr,liidc a nrcll organized i~ricf tlcscription of t,llc cxpcrirrlcnts yo11 pcrformctl ant1 \vhy, 
a very brief siimrrlary of rcsiilts; and any r,ornrncnts \vhirh support yonr prcscnt,at,ion. 

Your report sho~lld dcrr~o~~st,ratc that yo11 fully ~lntlcrstand what you did in the labs 
and what your results mean. 

I4:hat \IT arc looking for is a conr,isc t,cchnical rcport t,hat dcscribcs ho\v t,o rharar,t,crizc 
and iisc a mot,or t,o build vclocit,y loops ant1 posit,ion loops. Yoii sho~lld be a l~lc  to kccp t,llis 
paper as filt,urc rcfcrcnr,c. in case your cvcr nccd t,o design a scrrorncrhanism professionally. 
IT? arc XOT looking for a play-by-play of the rncasnrcrncnt,~ yo11 rnadc in lab (~vc alrcatly 
have that) ;  but inst,cad a snrnrnary of the corlccpts that yon tlcmonstrat,cd. I lk  arc looking 
for yo11 to make t,hc r,onncr,t,ion bct,\~~ccn t,llc laborat,ory cxpcrimcrlt,~ and t,llc concepts \IT 

have i)ccn prcscrlt,irlg in lcct,~lrc and rccit,at,ion. 
Tllc lab rcport,s must i)c n~ i t t , cn  individually, must be typed, neat, and professional 

looking, and should be NO MORE than 6 sides of a page long (equivalent to 3 
two-sided sheets of paper) - INCLUDING figures. .4ddit,ional lines of t,cxt beyond 
6 pages will i)c pcnalizctl 1%off yonr gratlc for car11 line. additiorlal figiircs i)cyontl 6 pages 
~vill i)c penalized 0 % off yonr grade for each figure. Do not shrink t,llc font sizc (rninimnrn 
sizc 10pt)) in order t,o rnakc it fit,. Tllc use of illiist,rati~~c Nyqiiist and Bode plot,s Root LOCIIS. 
rrligllt be gootl idea. Inr,orporat,c t,hosc irlt,o the report nrcll, ~vi th  appropriat,~ rcfcrcnccs ant1 
labels. Yo11 rnay inclndc a corer page for your rcport nrhich will not i)c r,oiint,cd against yon. 

Examples 

-4s a brief example of t,hc kind of report that ~ v c  arc looking for. hcrc is a short cxccrpt from 
a very good (but fir,t,ional) rcport. 

... Tllcsc rcsiilts rrlakc scnsc. -4s ~ v c  can scc from t,hc Botlc plot in Figure 13; 
lead cornpcnsation v;~,st,ly improves t,hc phase margin of the syst,cm, rcdiicirlg the 
ovcrshoot t,o 10%'. This is less than t,llc cxpcctcd orcrslloot,, but this tliscrcpancy 
r,an bc cxplaincd by cornparing the ass~lrncd dcnsity of t,llc r,orn syrup t,o the 
rncasiircd dcnsity. Pliigging t,hc rrlcas~lrctl dcnsity irlt,o Eqnat,ion 0 rcdnr,cs oiir 
rncasiircmcnt crror t,o five pcrcc~lt,, as sho\vn in the table on Page 3... 

.4nd hcrc is an cxccrpt from a w r y  bad report, 

... Then \IT set t,llc cornpensator tlial t,o 734 ant1 applictl a square ~v;~,vc of 2 Hertz 
ant1 rncasiircd t,llc risct,irnc. Thcrl \IT rncasnrcd 45.349 rns, 44.026 rns, 39.926 rns; 
ant1 51.004 ms. the average of ~vhich is 45.07620 ms. n~hicll is an crror of 43.651% 
from t,hc rcsiilt that \IT got in the prclai). This is probably tl~lc t,o mcas~lrcrrlcrlt, 
crror ... 

Do a gootl job :-) 
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Problem 1: Motor Response 

For t,llc rrlotor that yo11 llsctl in the lal~oratory, skct,rh the position oiit,p~lt H for t,llc follo\ving 
t,cst inpiit,s. In your sketches, la l~cl  t,llc cllarar,t,cristir,s of car11 curve (linear, cxponcnt,ial, 
ctc.). IIakc rcasonahlc approximat,ions hascd on your cxpcricnr,c \vit,ll t,llc dynarnir,~ or rat,c 
of response of the mot,or. .klso. plcasc not,c t,hat inputs .k D assnrnc a volt,agc drirc I,;,; 
\vhilc inputs E F ass~lrnca r,llrrcnt drirc I,,. 

B.) 


Unit Step 


t,irrle 

D.) 

Unit Step Plus 
IkHz Sine-TYiwe 

F.) 


Unit Step 
 .t,irr~e tirr~e 
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Problem 2: Morning Coffee 

Just as yo11 arc ahoiit t,o grirltl sorrlc rrlornirlg coffcc. the pourer in your ho~lsc goes oilt,. 
Yo11 arc rclicvcd, ho\vcvcr, \vhcn yo11 find a rrlot,or idcnt,ical t,o t,hat in your coffcc grintlcr, 
hcr,aiisc you intend to hook it up  as a gcncrat,or, as sho~vn in t,llc scllcrrlat,ic l>clo\~r. Yo11 
may assiimc no fiiction losses in t,llc mot,or; ant1 t,hat t,llc t,orquc rcqiiircd to grind r,offcc is 
11cgligil)lc. 

Lga Rga Lma h a  

/
(-y-f-',-",p/\ : '<-r~x-'u...,/\+ 

generator motor 

(a) 1-on kno\v t,hat your coffee grinder spins a t  1200 rpm. If t,hc t , \~~o  mot,ors that yon 
h .  . .  ' 1c~lt,icalpcr~rlanc~lt,DC mot,ors (s~lch as t,llosc yo11 have ~lsctl in lab). ant1 yon avc ale I< 

hantlcrank t,llc gcncrat,or, \!rill yon bc able t,o grirltl up sorrlc coffcc? 

(h) Noxv, ass~lrnc t,hat bot,h of t,hc mot,ors arc idcntir,al and field-n~o~lntl. plan t,o r,onncr,t, h n  

the field ~vindings t,o t,~vo tliffcrcnt r,~irrcnt sollrr,cs. Dra~v t,hc i~lock diagra,rrl for t,hc 
syst,clrl nrit,h dg(,s) as yo11r input and urn,($)as your out,pnt and find %(s). 

(r,) Tllc po~vcr r,omcs back on, 1)ilt yo11 arc st,ill intcrcst,cd in t,ryirlg the syst,crrl of part (1)). 
.kssilmc that t,llc fast,cst yo11 can hanrlr,rank the gcrlcrat,or shaft is 40 rprn. \\:hat is t,hc 
rrlinirrl~lrrl rat,io of If, t,o If,,for t,llis t,o \vork'! 

((1) Skct,rh t,llc step response of tllc systcrn of (r,) for a unit st,cp inpiit in u,.Lal~cl the final 
~ ~ : ~ , l n cant1 the init,ial slope. 
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