(ONTROL THEORY part 2

Ja + B3 + D = #

(twe point 15 10 got lineor egunakons instad of
Aitferunhiol  equatons)

- we do twhe loglale transtrm using these & rules

1) diffeennobon in time dowain  becomes
mulh P lic ahon by S in laflace donwnin

a) inttygrokion in time domain  becomes  division
by S in loplace donwnin

For example©  Ja+ B¢+ D= £ — Js*6 +BsH + D= £

Setpoint controllers :  tontvollers that drive & rolot to a
given seefoint, These ontvolles in principle WICK by measuring
tue vadoble (theta - the angle 0f the akuator) ond
(ompaving 1t to the setpoint The (ontller then uwes &
feed back WOOP {0 adjust tme actuator auntil  tue variabkle
reahes and maintans the desired set pont.
trollers - 2 o L=l

The types of  (on S € - 04-0 --0
- Proportional (P): Ul = Keel®) (time)

UCs) = KpE(sY) (loplace)
- Proportional duivabve (PDY - U) = Kp elt) + K4 e (t)

U(sY= Kp (Bd-6) - Kas6
- pID U= Keelh) + Kaéle) «+ K [elt) at
UiGsY = (Kpt Kas + Ki/s) €(s)



\‘(S) = owtewnk
H(s) - X(s) = inpnt

/ Ly 1€ we set twie dtmominatdr 0 O , we can
Hnt W e She Wlle ™we eguaxion 1o 4ind 1ne  2eloS of tue
polYnomiol egquakion . This IS wWeful fr determining tue
2 () stability of twe  fystem.

= yowr task s to fnd  tne  tronsfer 4unchion  Hiac

casiest approon is to s the controlur egual to tiae
A\ov\ow\ic Jystem eguation and Soive for Q.

Example 2027 e¢xom :
Tosk:  £ind +ne tranSfer

B fanthon betweun  inpwt
- - 8d ond Hm. TA is O
otor Tda Dynamics or iS used
P C ISP A Ny gy A and o P (ontroll :
T+Td = T* sometines twnet o

— AMffogunt ways to read
twne diagroms | whiln
Wil (ead 4o digge rent
Mmcwods of soluing and
ALfetnt vesules

Metvod 1 fnd U contol  ( controller Cq,U\Os.\iOV\\ ondk  Usys CAyynamic
cguoion for sxos-l'twﬂ and seb them egual 4o eath other Ly
reading the diogrom.

U conkal = Ke (8m-04)

Us\d.s = kmi *bSGW\ +S"9m

Metnod 30 (ook at  how tue tlotk disgcam is  Stuctured
and 9t an  eguation {rom that



In twis oSl we ccan See o summation Sign et

ambints the ekt and Might  part of twe  diagram  acording o
AWs  equant on:

=T +T4

1) We know tuwat TA =0

L) We nawe T Hom twe lekd side of the block diagrom :
T= Kmi —bSBm .

) Fom fie blotk disgram  we also  have that = Ko e (s)
= KelBd- 0u).

LI) Wt insert tas into T Keokm (Bd- B ) - bsBm
) We hate T* from twhe (et side: T = §20m
6) Wt oassemble e €qunbpn:

T=T%Y = Kokm (Bd-6m) - bSBm = 5?0
) Then we solu¢ F0r Bm:

KekmBA - KekmOm -bs Om = §* fm

Ko Ko Bd = O (8% +Kpkim 4 bS )

O - Ke K Gd -
st 4 bs + Kekm

(meaving Koy Ka ond Ki)

=S {WiS IS dutrmined by the, MM ARNASHC  polynomiL (.Q(s))
fowa  the transfer tuncion (the deer minont)

We wse a gencial damped second order  system. TWS is given by

s+ ws+ w? =0
o Aamping (abiD /
- £ §=1, tue
system is ur{b'ca\\v
damged



= A goaral AOMEEA SenA OfdU SYSEM S A pakheb ol model
used 4o deScribe the bunawdov ofF a §Ystem that con osciloke
aound o equilibiiunn  point In fesponse to an external  force.

S ln robotics we wwnally we a criticolly domeed  Jystem
(ware G=1). Tnis is o oMl gystem tat is dusigned 1o
recurn o its  equiliiium  stoade o8 gty as possi ble withiouwt
oI5 hooting.

A wibicolly damPed system  strikeS o balon bebvecn  these
two  extremdtS by damring e olillntions  just eaonglh  to
Prevent ovefshoot , whilk  gbll vetwwning 4o tune  eguililriuw

posttion.  as  quiCkly o5  possible .
The wtically dawped fysem  will W €3unoation:

ST + Aws + wt =0

S0, W bnd fOlwmalas Hr e ool const oNts, we use
e idea of a  hcaly domped cystum wita -t
dutimamnont (e charalkeiSHC  polynomial ) of Mo banife
Lfun (Hown.

Whax we do i85 to gk the chovocterishe rol-dmw-iat on tie
Brm oF W Jarely domped  SYstepn (son bas ik (S already
m tnet fom) and Sk it 40 0. Then matlh g tams in
botHh exprissions wHA  eath  oting-



Exoamele:

N0Y = Jst+ Bs + Ke  (Huis 15 e dhora iShe  poly namial

of WL transkes fndhon Yo ound
last  gession )

N(s) = 0 = Jst+Rs+Kp =0
St « §s+fdf-_o

We wow ek o wilical systtm and tne ‘\o\&:; QM:\& 2\
S W W A
OWr S\.’)S'KW\ D 9gNen by: ;?snm Wi ort deaing

whhs - bk if it crih'Cvay
sz.t D\UJ.S + w"x=0 and domged efr.
Kp
i - <+ —_— =
S + A S g 0)
Ke

Firw\\\\J | SO eSS  we

wart  an expression for  The ctrady
okt errof.

= The ska\duv Stoe  ercor i8S twe dAifference berween tue

desired outeut of & contol §ysdtm ond +ue alttal owntrut
whent  the sysStenmn hos reatatd o sketady st/ a
stalkle  operoating cCondition

S\ i & measure of aclwWALy of the wnkol ¢y itemm
in Aralking e veferunue inplt ow AR | after any
+Honsient rvesponse Was  Aied out.



To  fnd  4he siCady state error |, we  Use v ‘Baal valu e
e DruM. This velaxes the #eqnundy domain b tht tme
domain - as e apploadacs infinity . This torim  sauys -

{\iw\ {4y = \im s£(s)

§-50

The steady state efror 1§ the effor wwen £

Css = lim SF(S)
$-0

Sor fs s tue Hrmnln pe wonld wse 4o fnd the stikody state
Crrof, Twus means that we have 0 fnd aant e xpression  fof tne
error (Bed- B) using on  expression 4o € and wwe Huis.

Hert 18 on  exawmple:

Agan we wse 1 examplt o  last  session , where WL raas+¢/
fanction was

KeOd -0 _ Ke@d4 - D £l = Jst+Bs+ Kp
Jst4 Bs + Kp o

We then dekne twe erfof and vewlitt & o bik:

_ _ _ Krbd -D
E(sY= Ba -8 = Od 1T Bs e K
B4 D
= g4 - —Ke —
DstiBs+ Ky | dsEABs4 Ky
04 (Ms*+Bstkp) -Ke B4 . ___ D
JST+ Bs 1Kp Jsti Bs + Kp
_ J$*04 + Bs OA + KeBd - Kp B , — D
JsZ 1+ Bs + Kp JsT4 Bs + Ko
. BA(Js* 4 Bs) D

Jst+ Bs«Ke Vst Bs + Ky



Thean |, O VAWML Tl vesponst OF e §Yiftm |, e upe o Sp
fegeren input . Thiy is on  input  Signal TYpPe ot consists of &
Sudden  dangt [sHp  In referunce value a8 o SpeiRC brwe | followsed
by & conttovit Vot Offer that  time. T tnis is wsed 45 eualuatt

hows Tl Systmn fesgonds 1o Sudh a0 sudden  Unange.

To do twis , e ved o nakt ok adyustments e e fore we
set
d = st +Bs+ w?
N D
04 (s\ = e and DY = o

Thenn we o W 4w formunla:

d D
i S‘E(S\ - S J‘i— (JSL-I- 55\ + S s
§i=-0 —Q— Q
- Q10s*+Bs) . b
Q n
Q1(4st+ Bs) D
= 7 +
JsTt Bsike Js?2+0Bs+Kp

¢ $20 then we haug:

D
ess = —
§S KD






