GTU - Elektronit Miihendicligi

Kontrol Sictemleri
Final galgmas: ¢éziimleri (Routh, hata, kik yer egrisi)

Orijinal not: Final-cozum.pdf

UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

Soru 1
) 1
e o Gekil: Sayfanmin Ust kisminda basili sinav sorusu 1 (Ingilizce) bulunuyor; !
| dijitallestirilmedi. Dort madde: Routh tablosunda tim satirin sifir i
I: olmasy, kalict hal hatasinin nedenleri, kararliigin giris isaretine bagliligy, i
i sifir ve kutup yerlesiminin kararlilik, dogruluk ve performansa etkisi. :
: (orijinal notta, s. 1) :I
7 e s O A P PP P T 8 P e 0 s s T P08 P, Pt s A e P -
a) Not always. When an entire row in Routh table becomes zero, it means that at least two poles
are on the imaginary axis or real axis or complex poles symmetric with respect to the origin.
X X
X
X X
b) The steady state error is related with the input of the system and the type of it. For example a
type 1 system can follow an step input while inputs like ramp or parabolic signals are not follow
accurately.
o) No, stability is a characteristic of the system itself and does not depend on the input signal.
d) pole placement:
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Soru 2

! 1
i P 4 Sekil: Sayfanin Ust kisminda basili soru 2 ve blok diyagram bulunuyor; :.
i dijitallestirilmedi (K1 ve K2 kazanglar, birim basamak bozucu igin kalici hal i
i hatasi -0,00001 ve birim basamak giris igin 0,002 olacak sekilde belirlenecek). |
i Elle eklenen: bloklarin Ustine G1(s) (ilk blok) ve G2(s) (ikinci blok) yazilmis. i
i (orijinal notta, s. 2) :I

R—€=C
R—E=(EG +D)Gy
)2—€=€G1G2+DG2
{C—-(EG1+D)&2 | = 56'16'2"'6_:,2—0&2
E=R-C = R — D&y
1+G’1&2
- R . GoD
T+ ai1Gy 1+GGo

= — — 1 s,e SﬁzD
e(o0) = ess = S[%SE(S) - 5(% T+mGa 1+ @&

0)-D(s) = g 2(s) = 0

k2
J -G . s(s+4)
-0,00001 = lim ——=— = lim —
sl—ﬂQ)T+G1G2 sl—r:/\o 14 ki(s+2) ko
s+3 s(s+4)

RT /(2(S+3) . 3/(2 _ 3
= 000001 = im et A koG D) - 2k, 26

= k= 150000

1
b) For R(s) = < D(s)= 0 = Ess = 0,002

. . 1
SU—%T+G162 ’-sh—r;/(\)1+ ki(s+2) ko
s+3 s(s+4)
i s(s+3)(s+4)
s—0s(s+3)(s+ &) + kiky(s + 2)

0,002

\

so the second condition may not be satisfied, and for any value of k5 the system tracks unit step
input!!
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S’om 3

& Sekil: Sayfanin st kisminda basili soru 3 bulunuyor; dijitallestirilmedi
K(s+ 6)
s((s +0.3)(s +1.2)(s2 + 0.85 + 6)]
aktarim fonksiyonunda sistemi kararli yapan K aralig
isteniyor; kapali gevrim denklemi 1 + KG(s) = 0).
(orijinal notta, s. 3)

(bant sOric igin KG(s) =

1+ kG(s) =0
| k(s + 6) _s[(s+0,P)(s+1,2)(s? + 0,85+ &)+ k(s + 6) _ 0
s[(s+0,7)(s+1,2)(s2 + 0,85 + 6)] s[(s+0,#)(s+1,2)(s2 + 0,85 + 6)]
s[(s+0,2)(s +1,2)(s% + 0,85+ 6)] + k(s + 6) = 0
= (s2+0,25)(s> + 0,852 + 65 +1,25% + 0,965 + 2,2) + ks + 6k = O
= (s2+0,2s)(s3 + 252 + 6,965 + 2,2) + ks + 6k = O
= 5%+ 258 46,9653 + 2,252+ 0,257 + 1,453 + 4,82252 + 5,045 + ks + 6k = 0
= 5”4+ 2,25% +8,365% +12,0225% + (k +5,08)s + 6k = 0
G 1 8,36 k+5,0
s4 2,7 12,072 6k
3 2,7836-12,072 _ 2,7(k+5,048) - 6k _ —3,3k+13,608
2,7 = 2,7 ] 2,7
2 | (3,89)(12,022) - (-3,3k +13,608) _ 33,35 + 3,3 »
3,89 7 3,89
g k? + 28,37k — 41,53
—8,24 - 0,82k
s9 6k
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2 1 7,3 bt 5,04

y

s 2,? 12,022 6 A

27800000 2,3 (he500) -6k

:,-u 2.% -;-LSIZ:-—:'»‘OJ“
st (3.39)(12,031) _ (-3,340 + 13,60%) e 0 I
L
379 @
A ~¥s

S LL.{- LT, 97 - 1S

=% - 6TL L
s’ 6l
orijinal ¢izim, s. 3

in order to have no change in sign, all components of the first columin must be positive which
gives the following conditions

Nk>0 «+ dominant

2)33,35+3,3k>0 k> -=10.1

Let’s check the last condition
k% + 28,32k — 41,53

>0
—-8,24 - 0,832k

and k alway k> 0
= k% +28,32k-41,53<0

eq
k< -29,726 — eq>0 X
-29,76 <k < 1,395 — eq<O v
k>1395 — eq>0 X

So in total the acceptable range is 0 < k < 1,395
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Soru ¢

P & Sekil: Sayfanin alt kisminda basili soru 4 bulunuyor; dijitallestirilmedi
K(s+1)
s(s = 1)(s2 + 6s + 30)
igin kék yer egrisi, b. grafige gore kararlilik igin K araligy, c. ayni
sistemin pozitif geri besleme yapisindaki kdk yer edrisi; puan 40/100).
(orijinal notta, s. 4)

(birim negatif geri beslemeli sistem; a. G(s) =

2ero: 2 = —1
poles: p1 =0, pp =1, p3q = -3 = jV21
unmatched branches: n—m = 3 = 3 asymptotes
(Do = 60°
2k +1

Dy = 180 — { @y =180°
n—m
@, = 300° = —60°

So asymptote angles are £60° and 180°

The centroid of asymptotes may be determined as

i 2 real part of poles — Zreal part of 2eros | _g - _1,33

n—m
Now, let’s calculate the breaking points by using the characteristic equation

s(s = 1)(s2 + 65 + 30)
s+1

s(s=N)(s?+65+30)+k(s+1)=0 = k=

dk _ L (s—=1)(s?2 +6s+30)+s(s?2+6s+30)+s(s—1)(2s+6)—s(s—1)(s? + 6s + 30)

ds (s +1)2

s1=0,44 v
= 357 +14s3+ 3952 +485-30=0 sy =—2,601¢
s3,0 = 1,25 2,6 x
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A g
€ X
+—O e P )
-} ‘L/1|‘531 f\
Py *

orijinal gizim, s. S

Centroid:
Y poles, — X 2eros,

n—m

—3-3+1-(-1) _-6+2 -4
3 T S T I I

Now lets determine the angle of leaving from the complex pols

* leaving angle: 180° — X angles of other poles w.rt this pole from p3
IF Z 4’5 h n seroes n h

\

180° - (20°) - (180 — tan™" ¥2)
— (180 —tan™ 21} + (180 - tan~ ¥21)
~50,75°

\

for pole pg the leaving angle will be 50,?5°
We can also determine the intersection of the root locus with the imaginary axis by using the
routh table as:
s(s=1)(s?2+6s+30)+k(s+1)=0
= s(s3+ 652 +30s—-52 - 65-30)+k(s+1)=0
=s%+5s%+ 2452 - 30s+ks+ k=0
=s?+55%2 42452+ (k=30)s+k=0

s4 24 k

s3 5 k- 30 W&>0

52 30—§ k @30—2>O—>k<150
g K2-155k+4500 k? —155k + 4500
! /<—k150 k—150

S

In order to be stable, all the above conditions must hold.
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So k2 — 155k + 4500 < O then 38,68 < k < 116,31 to make it happen

and finally all the three condition are satisfied for 38,68 < k < 116,31
There are two cases where we can construct a full zero row in the s' row
for k = 38,68 and k = 116,31 this row becomes zero.

The auxiliary equation for these two cases are
K\ 2
30 - g s“+k=0

@k=38,68: 22,26s2+3868=0
® k=16,31: 6,74s2+116,31=0

so the jw crossings are

512 <= :‘-‘jT,32
$3,4 = ¢j4,75

According to the current data, we can plot the root locus to a high degree of accuracy but if we

i N (Za

|,

/]

orijinal gizim, s. 6
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(']
(1
A" 3
v
b
v

orijinal gizim, s. 7
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