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Przyklad Go(s)

B k
- s(Ts+1)2

T_?— GO(S)

Rys. 38. AM > 8[dB], Ag > 30° = 7/6
k
G.(jw)| =
|Go(jw)| »

(W2T2 + 1)’
Zapas modulu:

T = 0,1]s]

Po(w) = —g — 2arctgwT

arg Go<jw—7r) =7
—201g |Gy(jw_r)| > AM = 8[dB]  (201g |G,(jw_r)| < —AM)

1
—g—Zarctng = —m — —arctgw] = —g = W =5 = 10[rad/s]
201g|Go(jwr)| < =8 = g|G,(jwr)| < —0,4

1Goljw_r)| < 107 = 0,308 ~ 0,4

k k k
o ) . — — [ — < 74 kj <
CGoljw—r)l = T r ey 00D 20 S 5

Zapas fazy:
arg G,(jw,) = —m + Ay
201g |Go(jwp)| <0 (|Go(jwp)| < 1)

—m/2 — 2arctgw] = —7w + 7/6 = =57 /6 — —2arctgwl = —7/3
arctgwl = g — w,T=+3/3 = w,=10V3/3
k k 9k

— <1

wp(@2T? +1) ~ 10V3/3(1/3+1)  40v/3
k < 40V3/9 ~ 7,69
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14. Uklady dynamiczne drugiego rzedu

Przyklad
°—|:|—m—‘—°
R L
u,(7) C — |
1
Us(s) Za(s) sC
G(s — —
)= Ts) ~ Zi(s) + Za(5) Bosl+ L
sC
L
_ 1 _ LC
s’LC+sRC+1 ,, R 1
TN Ie

k

G(s) =
(5) T2s? 4+ 2(T,s + 1

RC  RC R [C
k=1, T,=VLIC, AT, =RC=(=gm= =347

o /
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Przyklad
—> x(?)
AVAVAVAS
o— m .
| 1
— 1 ! b
SO0
Rys. 41.
 dPa(t)
fo(t) = ks [0 — x(t)] + b [O - da;it)] :
fl(t) + f2(t) = 0,
f@%:md;?)_ﬁ@%:md;§)+#€gﬁ+hﬂw’
F(s) = (ms® 4+ bs + ks) X (s),
1
X(s) 1 k.
G(s) = = — = -
F(s) ms%2+bs+ kg k_882+k%8+1
k
Gls) = 1252 +2¢T,s + 1
1 m
s VR

b b N b
2T:_ pu— p— _
=g TN o

o /
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S

k

2
kw?

G — =
(5) 1252 +2¢T,s + 1

k — wzmocnienie,

T, — stata czasowa,

rOwnanie charakterystyczne:

§% 4+ 20wps + w2 =0
A = 42— 1)

¢ — wspolczynnik ttumienia (rozwazamy ¢ >

s2 + 2Cwps + w?

0),

~

(39)

w, = 1/T,, > 0— pulsacja drgan niettumionych (p. naturalna),

a) uktad przetlumiony (ang. overdamped): ( > 1, A > 0

VA = 2w,7/C2 — 1
—2wp( 2w,/ C? — 1

S1/2 = 5
51 = —wn(( — V(% — o = —wn(C+ /2 — 1), (40)
S182 = w?L (Cz — (CQ — 1)) = w?L
2 2
G =G kf?”— ) 1 = I =
S — 81)(8 — 82 S189 (——s—i-l (——s—i—l)
51 S92
k
~ ; 41
(Tys + 1)(Ths + 1) (41)
1 1 9
gdZie Tl — — T2 - -y aWtedy T1T2 = oY Tl —|—T2 — _C
o 52 n W,

o /
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T —t/Tl _T —t/TQ
h(t) = k (1 _ e 2¢ ) 1(¢)

T =1
b) ukiad tlumiony krytycznie: ( =1, A =0

2Cwy,

S0=— 5 = ~(Wn = —Wn, (42)
kuw? kuw? k
e ey e @
1 1
gdzie T' = o
_ el N Ron Vo —wnt
=c {o e { i k-t 10
przebieg aperiodyczny krytyczny (44)

c¢) uklad niedotlumiony (ang. underdamped): 0 < ¢ <1, A <0

VA = \A42(( — 1) = j2w,y/1 = ¢
—2w,C £ 2w/ 1 — (2

S1/2 = 9 ) Wa =WV 1= (7
S1 = —wn(C —Jv1- CQ) - _wnc — Jwd (45)
——wnc—l—]m :_wnc—i_]wd
Alms Alms 4 Ims
3 VS — +0,
= * > ¢
S S Res 5o Res O Res
2) b) S1x 7777777777777777 0 c)
Rys. 42.
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15. Odpowiedz skokowa elementu oscylacyjnego

Gls) = ——Tn el —
824 2wps w2 (54 Cwy F jwa) (s + Cwp — jwg)
k 2
_ Wn, (46)

(s 4+ Cwn)? + w3

przy czym w, = wyy/1 — (? — ttumiona pulsacja naturalna

H(s) = G(s) kw? 520w sFwi — 52 —2Cwys
s (824 20wpstw?)s (82 4+ 2Cw, s + w?2)s
1 5% 4+ 2¢w, s 1 s 4+ 2Cwy,
=k|{ - 73 2 =k -~ 3 2 | —
s (824 2Cwps + w?)s s 8§24 2w, S + w?
o\ (5 Cwn)?+w? (sHCwn)?+w?)
1 s + Cwp Cwn, Wd
=k(—-— - 47
(s (s+Cwn)?+ w3 wy (s+ Cwy)? +w§> (47)
(o | sHGon | _ e~¢wnt cos(wgt ) 1(t) \
2 2| d
TR L ()
! = e~ sin(wqt) 1 (¢
\E T o Tl e sin(wgt)1( )}

B(t) = £ {H(s)) = £ {G(S> } _

S

%6_@’"’5 Sin(wdt)> 1(t) =

=k [1 — e~ Cwnt (cos(wdt) + \/%CQ sin(wﬂ))] 1(t)
o /
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1 —
-

( = cosf

v/1—(?=sinf

1 —

h(t)

i

I

1 —

.

(\/W cos(wat) + Csin(wdt))] 1(t)

(sin 6 cos(wqt) + cos 6 sin(wdt))] 1(t)

sin(wqt + 0)

sin 0 1 —(2
przy czym 6 = arctgcoS 5= arcthC, Wy = wpy/1 — (?
B(t)|,_y= K [1 _ sin (wnt v g)} 1(t) = k [1 — cos(wnt)] 1(£)  (49)
2k ‘
CZO Wnl wn2=%wn1
h(t) ¢=0,2 i)
¢=0,5
kL
k L
t=1
=2
0 m 27 3T ot 0 ;
(a) (b)

Rys. 43.

BN

1(t)

/
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k

Rys. 45.
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przyjmujac sin(-) = £1 otrzymujemy z h(t) réwnanie obwiedni:

e—gwnt
e1/0(t) = k[ 1+ —— | 1(¢ 50
AN()
ye1(0)
\
\
\\
/\\\\yel(f)
k o=
R0
//
0 l‘»
Yer(0)
Rys. 46

1 1
Ye1/2(0) = k (1 + \/1—_7g2> : T, = ——

16. Charakterystyka amplitudowo-fazowa elementu
oscylacyjnego
, kuw? kw?
G(]W) — : 5 - 5 = 5 5 . —
(Jw)? + 2Cw, (Jw) + w2 (W2 —w?) + J - 2¢wyw
o (Wi —w?) = J - 2Qwnw
"(w2 — w?)? + 4wl w?

= kw

(51)

zatem Q(w) < 0,za$ P(w) > 0dlaw < w, lub P(w) < 0dlaw > w,

o /
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G(jw) = |G(jw)|e?) (52)

2Cwnw

— w2

Rys. 47.

K(w)Zkzwﬁ/]G(jw)f:(wi_w) 4C%20

dK(w)
dw

= 2(w? — W) (—2w) + 8 wiw =
= —dwiw + 4w® + 8C%W? w—4w(w + 2¢%w? —wz)

w=0 V w=w(1-2) = w =w,V1—-2

przy puls. rezonansowej w, modul |G(jw)| osiaga maksimum:

| | kuw?
M, :m3x|G(]W) ‘ = ‘G<]WT) | - \/[wz—wz (1— 2C2)]2+4C2W4 (1 —2C2) =
few? _ kw?, _ k (53)

N VAW A 4wt —8wict VAwr(? — 4wl 2°V1 = (2
2wy Wy 2Cw2\/1—2(¢2 \/1—2(2
q

w2 —w? ——arctg 2(1—1+42¢?)
(54)

o %
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S

k N |Q(wn)| <
|Q(w

Ofon) = IM{Gwn)} = ):

w, = wp,V1 —2¢* — rezonans wystepuje jedynie dla 0 < ¢ < -

(0)

P
31(0)

Re G(j
k e Qa2

.

)

inerc. 2-go rz.

oscylacyjny

/
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17. Charakterystyki logarytmiczne elementu oscylacyjnego

)
201gk +20lgw? —20lgw? dla w < wy,

20lgk +20lgw? —20lgw? dla w> w,
\

(201 k dla w < w,
(k > 0)

201g/<:—401gi dla w > w,
\ w

n

nachylenie Lm(w) dla w > w,, wynosi —40 [%}

Lm(w,) = 201gk - 201g (2¢/T— )

czyli ¢\, = Lm(w,)

Lin(o) & G S <!
201gk el e 6=,
| >
: lg ®
|
| _40 dB/dek
|
o(o) A |
| >
lg o
2=
e e e e

.

Lm(w) = 201g|G(jw)| = 201g(kw?) — 201g v/ (w2 — w?)? + 4 2w2w? =

(55)

(56)

/
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