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MOT PHUONG PHAP TAN SO TiNH UNG RA CUA HE TU DONG

TUYEN TINH KHONG DUNG BANG H-ham sé

NGUYEN VAN MANH

Abstract. In this paper we present a method of determining the time-characteris
- tics of a automatic control system decribed in complez domain. In results of the
method we have obtained a simple formula defining the time-characterisiics of any
control system acted by arbitrary input signal, which is described in Laplace reflection
form. The system can be steady or non-steady and can have the time-delay elements
i its model.

-

1. MO DAU

Trong qua trinh tinh toan thiet ké hoac nghiém thu chat lwong moét hé thong dieun
chinh tu dong theo phuwong phap tan so, can thye hién mét bude quan trong la xay
v , ~ ~ « PN A 3 e , ~
dyng dac trung qud do cud hé thong. Xua nay dé xay dyng mdt dac tinh qué do
b A~ ~ A bl ~ , A ~ } N , ~ ’
cua hé thong dieu chinh tu dong theo phuong phap tan so nguoi ta dua vao céc
A ’ N o) ’ ~ , o e . ,l ’ ~
c6ng thire ¢o dién rit ra trén co s& phép bién doi Furie ngugc [1-6]. Vi du cdc cong
’ N [N PO N N
thirc c6 dién, dé tinh ham trong luong la-

2

w(t) = -

/000 P(w)cos(wt)dw, (1)
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va dic tinh qua dé 1a
h(t) = %/ @sin(wt)dw,' . ’ : (2)
0

trong dé w 1a bién tan s; ¢ 1a bién thoi gian; P(w) 13 phan thyc cud dic trung Tan
s6- Bién - DG - Fa (vé sau viét tat la TBF) cud hé thong theo kénh tu‘o‘ng ung véi
dau vao nhat dinh; h(t) la dép dng ra ddi véi xung bac thang don vi; w(t) 14 dap
ling ra d6i vdi xung Delta 1, 6].

Nhwoge diém cud cic cong thire tinh dap rng thoi gian theo phu‘o‘ng phap b dlen
5, 6] 1a khai hro’ng tinh toan 1én va rat phién phite khi thay ddi dang tin hiéu vio.
bo chinh xdc cud phuong phap nay trong nhiéu trudng hop bi han ché.

D& gidm bét khéi lugng tinh toan, xwa nay ngudi ta van diing cdch xap xi phan
thire P(w) bdi tdng cac ham co ban dang hinh thang hodc hinh tam gidc (2, 6].
Nhung céc phuwong phap xap xi hinh thang hodc hinh tam gidc ddi hdi st dung
bang H-ham s6 hoic bang gia tri cac tich phan xac dinh cua ham sinz/x. Dieuw 44
vat bt tién cho viée tinh toan trén may tinh dién td. Mt khac do chinh xdc rit
han ché.

Ngoai nhirng nhuge difm trén, cac cong thire xax dinh dic tinh thoi gian trén
co s& phép bién doi Furie ngugc chi c'Lp dung dwoce déi véi truomg Hop hé thdng
on dmh (khi phuong trinh dac tlnh Cua n6 chi cé nghiém véi phan thue am). Hon
nira, van dé sé trd nén phire tap néu tin hidu dau vio cé dang giao dong khong tit
hodc la ham tang theo thoi gian.

Dé thoat khéi han ché va nhuge diém trén day cud cac cong thive ¢d dién van
dung Xura nay, tlong bat béo nay ching toi dé xuidt mot cong thire xac dinh dap
trng tho‘1 gian cud hé thong tuy déng tuyén tinh bat ky (6u dinh, trung tinh hoac
khéng on dinh) véi tin hiéu vao bat ky- duge md ta dudi dang anh Laplaxo [2].
Céng thie kha don gidn, dé dang thue hién bang cich tinh tay (khong can dung
bang), thuan tién va cho do chinh xdc cao néu chay trén may tinh dién tir. Cong

“thite duwgce rit ra trén co s& phép bién d6i Laplaxo tong quat.

1. CONG THUC TINH PAP UNG THOI GIAN
THEO ANH LAPLZXO CUA NO

Xét hé thong tir dong tuyén tinh véi dau vio v(t) (dunh Lap]zu\o‘ cla (1) ki hidu 1a
V(s)) va dau ra tuong ing la y(t) (dnh cud y(¢) la Y(s)) Gia st ham truyén tuong
ung tu dau vao v(t) dén dau ra y(t) la W(s) (xem hinh 1).

Y(s)=V(s), »(t)=0 vGimoit<O0. (3)
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Dé& dang chirng minh dugc réng, sau khi thay s = p + jw vao biéu thirc (5) va dua
vé dang (10), phan thuc P,(p,w) 12 ham chan con Q,(p,w) 12 ham 1& theo bién w. Sau
khi thay (10) va (11) vao (9), ta dugc

nexp(-p)y() = [ [y(.0) +3y(pllcos(ot) + jsin(willde,

2mexXp(—pt)y(t) = /—00 [Py(p,w)cos(wt) — Qy(p,w)sin(wt)]dw+

[ itRpwisinen + Q(pw)cos(@tlde, (12)
Tir (12), dé& thiy r&ng bifu thirc trong tich phén thit nhat 14 mét ham chin con
tich phan cudi cung la ham 1&. Viy theo tinh chat tich phan déi xing, ta o

>

rexp(—pt)y(t) :/0 [Py(p,w)cos(wt) — Qy(p,w)sin(wt)]dw S (13)

Gia st v6i t < 0 hé thong nam & trang thai cin bang: v(t) =0 va y(¢) = Q. thay t bdi
—t trong (13), ta cd

0:/ [Py(p,w)cos(—wt) — Qy(p, w)sin(—wt)]dw. (14)

-0

Cong (13) véi (14) va bién déi, ta duge

| y(t) = 27re—x71)(p_t) /ON Py(p,w)cos(wt)dw. : (15)

Dé dang thay ring cac cong thire (1) va (2) chi 1a trudng hop riéng cud (15).

1. CONG THUC XAP XI HINII THANG

, e \ 3 A . \ , . .« N A A X
Trude hét, dung d6 thi phan thue P,(0,w) va xdc dinh gid tri tan so6 toi da sao
cho Py(p.w) = 0 v&i MO w > winax. Sau d6 chia khodng 0 + wpax thanh N doan nho
PSR . Y.
vgi cac diém chia la 0 = wo, wi,...,wn = wmax (Xxem hinh 2).

Ki hiéu 4;, i=0,1,..,N, la diém nim trén duong cong Py (p,w) ung vdéi tan s6 w,.
C6 thé dung cac hinh thang vuong nhan doan A;_; — A; lam canh xién, con canh
vudng nam trén tric tung va hai ddy song song véi truc hoanh.

Hién nhién thay ring duong gap khiic ndi lién tiép Ag—A,—..— Ay xap xi véi dudmg
cong Py(p,w). Hinh thang thi i tao thanh & day gom céac dinh B,_;, Ai_y, A, Bi.
Néu goi P, la chiéu cao cud hinh thang thir i (P, > 0 néu day nhd B;_; — 4;_; nim
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Py(?, w)]| Ao
A4
&i-+4 Ai-1q
8i Ai AN
0 — l\\ — » W
wi-4 Wi \/‘;N

Hinh 2

A~ ’ s rd . A ~ v A ~ N Y ~
trén ddy 16n B; ~ A;, P; <0 néu nguwgc lai). D cao cud mot diém bat ky nam trén
n , ’e ’ ’ , REETY . . <
doan gap khic B;_; — 4; so v6i day 1én B; — A; ¢6 thé biéu dién bdi ham

P; " néuo <w < wio
Ti(w) = Pi(w—wi)/(wic) ~wi), NeUwi_; <w <wj, (16)
0, ‘ IléuwSO&wai.

\ ~ x ~ Y ~ [y ~ N Y ~ N ~ ’
Tu day de thay rang tung d6 cua diém bat ky ndm trén duwong gap khic 4y — A, -
, N . v . ~ ’ N , N , Y ~
..An c6 thé biéu dién bang dai s6 cac ham Ti(w). Tic la cé thé xap xi

N 3

Py(0,w) =Y Ti(w). ' (17)

Thay (17) vao (15) va d3i chd giira dau tdng va déu tich phan, chi y ring P,(p,w) =
0, Yw > wn, ta co

N w;
y(t) = %Lf(pt) Z/ Ty(w)cos(wt)dw. (18)
i=1 0

L7)
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Bay git thay (16) vao (18) va xét riéng biéu thirc tich phan, ta c6

/%T,-(w)cos(wt)dw =/w;—l P,‘(w)cos(wt)dw+/wi Pi—w—_LCOS(wt)dw

Wi-1 i—1 — Wy

_ Py[cos(wi_1t) — cos(w;t))
- 12(w; — wi . (19)
Thay (19) vao (18) ta dugc

{

u(t) = 2wexp(pt) Z cos(w;-1t) — cos(w; t) | (20)

w2 im Wy — Wij—1

Néu d& ¥ ring chiéu cao dai s3 cud mdi hinh thang c6 thé tinh theo céng thirc
P, = P,(0,w;_1) — P,(0,w;), thi cong thirc (20) cé thé viét duéi dang

»

wi) [cos(wi-1t) — cos(wit)]. (21)

o(t) = Qwexp(pt) Z Py(p,wi—1) — Py(p,

Wi — Wi-1

IV. Vi DU

Gid st c6 hé thong tu dong cho trén hinh 3, gdm d8i twong va b diéu chinh véi
cac ham truyén tuong ing la

: 9 -5
wa(s)z%%l)jl, Wi(s) = Co/s + . (22)
v(t) —=O—= Wa(s) - Wa(s) —= y(t)
Hinh 3

Xét dap ng ra y(t) cud héthdng tuwong tng véi tin hiéu vio

v(t) = ag + a1t + a»sin(0.5¢). (23)
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Anh Laplaxo cud v(t) trong trlr(‘m.g hgp nay la

V(s) = ao/s + a1/s®> +0.5/(s* + 0.25)a,
_ @+ a5 +(4a; + 2a5)s% + 4a,s®
s2(4s2 +1) ’
Ham truyén hé théng theo kénh vio ra twong ing la
Wi (s)Wa(s)

1+ Wi (s)Wa(s)
_ 0. 9(00 + Cls)
T S(A1Ts + Ljexp(5s) +0.9(Co + Ci s)’

Anh Laplaxo cud d4p ing ra la

(24

W(s) =

(25)

4y(f)=V(s_)W(s)‘ o (26)

Gid st bd diéu chinh cé cdc tham 6 C, = 0.086; C; = 0.615. Hé théng trén day
én dinh (d3c tinh hé hé: Wa(s) = Wy(jw)Wa(jw), trong trudng hop fiay khéng bao
diém (-1, j0)). Tir day két hop véi (23), ta thay anh Y(s) cud dap ing ra khéng.cé
cuc ndm bén phai truc do. Vay theo (7), ta c6 thé chon p = 0.01'va thay s = p+ jw
vio (24)-(26) d& xac dinh phan thuc P,(p,w) vi dap tng ra y(t) theo (21). Céc tinh
toan dwge lap trinh bing ngdén ngi PASCAL vi chay trén mdy vi tinh. K&t qud
tinh todn din trén d3 thi hinh 4, trong d6 dap tGng y(t) ddi véi tin hiéu (23) 1a cdc
dudng cong s6: 1 (khi ap = 0; a, = 0.01; ay = 1), 2 khi ap = 1; a; = a5 = 0), 3 (khi
ao = a; = 0; az = 1). Dudng cong s6 4 13 dic tinh xung hay dap ung y(t) 601 véi xung
don vi (V(s) =1).

Trén hinh 5 din két qua tinh dic tinh xung (dwdng cong s& 1) va ddp ng cud
hé thong d8i véi tin hidu vio v(t) = 0.5+ 0.01¢ + sin(0.5t) trong truong hop hé thong
khong én dinh (khi do Co = 0.258; C; = 1.845). Trong truong hop nay chuong trmh
tinh toan khong ¢6 gi thay déi. Chi c6 mot diéu dang chii y 14 phai chon hé s& hoi
tu p sao cho dic tinh TBF fhé rong Wy(p + jw) cud hé théng & trang thai hd bao.
diém (-1,j0) trén mdt phang phtec'1/2 1an (113 s& nghiém cud hé h& véi phan thuc
dwong). Cu thé & day p =0.1. Thdi gian tinh toan vi du trén diy trén may vi tinh
XT-Datamini mat Khong qua 60 gidy. Néu tinh tong thdi gian (vio ra s& lidu, thay
d8i céc phwong 4n khéc nhau, trinh bay vi in d6 thi) thi mat khong qua 15 phit.

¥

V. KET LUAN

Phuong phap xac dinh dac tinh thoi gian theo dac tinh tdn s8 cda hé thong tu
‘ddng diéu chinh trinh bay trén day dé dang chwong trinh héa va cho d6 chinh xac
cao. Phuong phap c6 thé 1am co s& rat thich hop cho bd chuong trinh héa thiét ké
cac hé théng tu déng cong nghiép.
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t [gidy]

Gl

0 S50 mb \ et gidy1

 Hinh 5

Y nghi ng dung cia phuong phap khong hé bi han ché & diéu kién &n dinh cda
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hé théng va tinh hiru han cda tin hiéu vao.

Phuong phép suy luan ding trong bai nay cé thé dp dung tuong tu dé rit ra
cong thirc xac dinh dc tinh thi gian cda hé thong diéu chinh xung - s6 theo dic
tinh tin s6 cda né. :
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