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PHWONG PHAP CHINH PINH BO PIEU KHIEN PID
THEO MIEN BDAM BAO “CHi SO DAO DPONG MEM” CHO TRUOC

PID REGULATOR ADJUSTING METHOD THAT GUARANTEES THE GIVEN
DOMAIN OF SOFT OSCILLATION INDEX

V& Huy Hoan', Nguyé&n Van Manh?®

YTruong Pai hoc Pién Iuc, > Trong Pai hoc Bach khoa Ha Noi

Tom tat:

Hién nay cé nhiéu phuong phap dé chinh dinh bd diéu chinh trong cac hé théng diéu khién trong
cdng nghiép. Mdi phuang phdp c6 mdt thé manh riéng, nhung cac phuong phap &y it dé cap tdi du
trlr &n dinh nén nhitng hé thdng diéu khién chinh dinh theo cic phuong phap dé thudng mat 6n
dinh sau mot thdi gian hoat dua vao hoat dong. Bai bdo nay trinh bay mét phuang phap chinh dinh
bd diéu chinh c6 tinh dén du trir 6n dinh trén co sG “chi s6 dao ddng mém”. Khi &p dung phuong
phap nay dé chinh dinh bd diéu chinh, trudng hop hé thng rai vao vung can bién gidi 6n dinh thi hé
thdng van khong mat on dinh. Phuong phap cé thé (g dung t6t dé chinh dinh cac hé thng diéu
khién trong cong nghiép.

T khoa:

Dac tinh tan s6 ma rdng, chi s6 dao ddng mém, tré van tai, ddi tugng, du trit 6n dinh.

Abstract:

There are now many methods for tuning controllers in industrial control systems. Each method has
its own strengths, but these methods pay little attention to stable reserves, so the control systems
tuned by those methods often become unstable after a certain period of working time. This paper
presents a method of adjusting the regulators, taking the stable reserves into algorithm on the basis
of “soft oscillation index”. When this method is used to adjust the regulator, in case, the system falls
into a stable boundary, the system still keeps being stable. The method can be applied to fine-tune
control systems in industry.
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1. DAT VAN BE thuong xuyén duoc dit ra va giai quyét &
giai doan thiét ké ciing nhu trong qua
trinh lép dat va van hanh hé théng. No da
Ngay nhan bai: 27/11/2017, ngay chap nhan thu hl:lt Su quan tetlm cha y Clila nhicu tac
dang: 8/12/2017. gid ké tor dau thé ky XX dén nay. Khi

Bai toan chinh dinh hé théng didu khién
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chinh dinh hé théng thi ciu tric cua luat
diéu chinh 1a cho trude. Van dé 1a can xéac
dinh céc tham s6 ciia n6 sao cho hé thong
c6 do dy trit 6n dinh cho trudc va chi tiéu
chét luong cua hé théng dat gia tri tdi wu.

Trong sb cic phuong phap chinh dinh
kinh dién, phd bién trong coéng nghiép
phai ké dén phuong phap cua Zigler-
Nichols [1] va nhitng bién thé cta no,
phuong phap moé hinh noi (IMC) cua
Morari va cong su, phuong phap bién du
trir on dinh theo chi s6 dao dong nghiém
ctua Pudnikov [2,3,4]...

Tuy nhién, cac phuong phap ndi trén co
nhitng han ché co ban do nhitng nhuoc
diém riéng cua chung. That vay, két qua
chinh dinh theo phuong phap cua Zigler-
Nichols thuong cho qua trinh qua d6 cua
hé théng c6 dao dong khd manh. Phuong
phap moé hinh ndi cua Morari va cong su
[5,6] dam bao du trit on dinh cho trudc
ctia hé thong bang cach Iya chon tham sb
(4) dua theo ham nhay, nhung d6 nhay
cia hé théng la dai lwong khong cd y
nghia vat ly tuong minh va kh6 chon mot
cach hop ly dbi v6i mdi truong hop cu
thé. Phuong phéap ciia Pudnikov dua trén
chi s6 dao dong nghiém khong ap dung
dugc cho dbi tuong c6 tré van tai [7].

Hién nay phuong phép chinh dinh dua
trén khai niém “chi s6 dao dong mém” [7]
c6 tinh tong quat cao, chit ché vé 1y luan
va rit c6 hiéu qua vé mit ap dung so voi
cac phwong phap dién hinh néu trén.
Trong bai b&o nay trinh bay phuong phap
xay dung mién dy trit 6n dinh trong
khong gian tham sé trén co s¢ “chi s6 dao
dong mém”. T d6 xac dinh cac tham sb
chinh dinh t6i wu ciia by diéu khién PID

trong cic hé thdng didu chinh c6ng
nghiép 0 thé ¢ tré van tai.

2. CO' SO PHWONG PHAP CHiNH DINH
THEO CHi SO DAO DPONG MEM

Gia st ddi twong cho dudi dang ham
truyén tong quat:

O(s) =& "Opr (5), Opr (S) = A(S)/B(S)
. (1)

trong do, s — bicn so phirc; A(S), B(S) —

cac da thuc cua s.

Ham truyén ctua bd diéu chinh PID co

dang chung:

R(s)=cCy/S+C, +C,5 = K(1+_|_L+TD3)
S
[

, )
trong d6, K = c1: hé sb ty 18; T, = cu/cy:
thoi gian tich phan; Tp = Cy/c;: thoi gian
vi phan; bd tham sb (o, C1, C,) hay (K, T,
Tp) goi 1a cac tham s6 chinh dinh.

Bai toan chinh dinh t6i wu & day I xéac
dinh cac tham sd cta bo diéu chinh sao
cho hé thong (hinh 1a) c6 d6 du trir on
dinh cho trudc (theo chi s6 dao dong hay
hé s6 tat dan) va sai s6 tich phan cta qua
trinh diéu chinh dat gi tri bé nhat.

Theo so d6 hinh 1a, ham truyén ctia hé ho
& W(s)=0O(s)R(s). Thay s = —-mw +jw,
ta duoc dic tinh tan s mo rong:
W (-me + jo), trong d6, j 1a don vi sd
40; o 1a bién tan s6; m=—[In1—y)]/2x
1a chi sb dao dong; v : hé sb tit dan
nghiém cta hé thong.

Hau hét cac d6i tugng diéu chinh trong
cong nghiép 1a hé vat 1y on dinh véi hé s6
tat dan du 16n (thudng 16n hon 0,75 hoic
16n hon 0.9). Mach mic ndi tiép ddi

S6 14 thang 12-2017



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

tugng v6i bd diéu chinh (2) tao thanh mot
hé ho bao ton hé sb tit dan cua ddi tuong.
Theo tiéu chudn Nyquist, néu dic tinh tin
$6 mo rong cua hé¢ ho khong bao diém toi
han (-1,j0), thi sau khi khép kin bang
phan hdi 4m, hé kin nhan duoc s& duy tri
hé sb tat dan khong nho hon cia hé ho.
Néu dic tinh d6 di qua ma khong bao
diém (~1,j0), thi hé kin ndm trén bién du
trit 6n dinh véi hé 6 tit dan da cho.

Dua vao két luan trén Pudnikov dua ra
phuong phép xac dinh tham sé cua bo
diéu chinh sao cho hé kin ¢6 chi sb dao
dong cho trudce, dya trén co so thoa man
diéu kién (hinh 1b):

W(-mo+ jo)=-1.

ER
/\T A
_1 ~

b, W(-mw +j w)

3)
Al
O(s)

A
v

Hinh 1. Hé théng diéu chinh va dic tinh tan s6
mé réong cua hé hé twong trng

Néu d6i tuong khong co tré véan tai
(r = 0), thi diéu kién (3) cho phép xac
dinh cac tham sd chinh dinh sao cho hé
théng nam trén bién gidi du trir on dinh
v6i chi s6 dao dong khong nhé hon gia tri
cho trudc. Ngoai ra, diém chinh dinh coi
nhu t6i vu, khi hé s6 dau tién cua bo diéu
chinh (o - d6i v&i cac luat phi tinh: I, PI,
PID; c; - d6i v6i cac luat tinh: P, PD
[2,3,4,8]) dat gia tri cuc dai.
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Tuy nhién, nhu da chi ra trong [7,9-11],
néu ddi tuong c6 tré van tai thi hé kin
khong thé c6 chi s6 dao dong m > 0
(twong ung w > 0). Noi cach khac, voi
m = const > 0 tir diéu kién (3) khong thé
nhan duoc 161 giai dung. That vay, véi dbi
tugng (1) ta co:

W (—mw + jw)

_ eff(fmw-#jw)OPT (_ma) + Ja))R(—mCO + ]C())

W (-mw + jo)
— ™oy e—./rwoPT (Mo + jw)R(—mw + jo)

(4)

Khi @ = 0— o thi 7 — o va e™ — o,
Do do, bién do va fa cua (4) s€ tang
dan t6i vo han, khong phu thudc vao cac
biéu thic con lai. Nhu vay, dic tinh
W(-me +jw) s& bao diém (-1, j0) mot sb
lin tuy ¥ va theo tiéu chuin Nyquist
khong thé dam bao hé kin c¢6 chi s6 dao
dong m = cosnt > 0. Khi d6, diéu kién (3)
tré nén vo nghia, dong thoi, cac phuong
phép tinh toan chinh dinh tuong tng trd
nén bét kha dung.

3. PHWONG PHAP CHINH PINH THONG
SO PIEU CHINH THEO CHi SO DAO
DONG MEM

Diéu bé tic cua khai niém chi s6 dao dong
theo nghia kinh dién thé hién ¢ chd 1a su
doi hoi chi sé dao dong c¢b dinh cho toan
b6 dai tan tir 0 dén oo 1a v6 cin ctr. V& mit
thuce tién, yéu cau do tat dan qua trinh qua
d6 cua hé théng cb dinh ddi v6i moi tan
s6 13 qua ngit va khong phu hop. Két qua
phan tich ban chét dong hoc cua cac h¢
diéu khién trong thuc té cling di dén két
ludn rang d6i voi cac tan sd vo cling 16n,
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do tat dan va bién d6 dao dong nghiém
cia hé théng déu giam dan téi khong
[11,12]. Vay, c6 thé ndi 1ong yéu cau tat
dan nghiém theo chiéu ting tan sd.

Dua vao luan cu nay, dé khic phuc nhugc
diém cua khai niém chi s6 dao dong theo
nghia kinh dién (m=const), trong [7] thuc
hién mém hod yéu cau bang cach giam
dan chi s6 dao dong theo tan sb nhu sau:

m=mef(a0), f(a,w)=01-e)/aw,
0<a<r, (5)
trong d6, mo = const 1a chi s6 dao dong
theo nghia kinh dién [2,3]; f(e,®): ham
mém hod; & : hé s6 mém ho4, cé thé chon
a =7, 7 thoi gian tré van tai coa doi
tuong.

Dai lugng m theo cong thic (5) goi la
“chi s6 dao dong mém” (CDM), la ham
clia tan sb va dugc xéc dinh boi « va mo,
Ham phtic W(-mo +j @) teong ung goi 1a
“dic tinh mém” (DTM).

Trong [11,12] d4 chting minh, mic du d6i
twong co tré van tai, nhung PTM cua hé
hé luon ludn hoi tu vé géc toa do. Diéu do
cho phép ap dung tiéu chuan Nyquist mot
cach binh thuong. That vay, gia st hé ho
c6 d6 du trix 6n dinh theo CDM cho truéc,
h¢ kin s& bao ton do du trit 6n dinh do,
néu PTM ciia hé ho khong bao diém
(-1, jO). Pinh 1y nay ap dung dugc cho
hau hét cac hé thong diéu khién ton tai
trong thuc té.

Nhu vay, néu m 1a chi sb dao dong mém,
thi (3) 1a diéu kién dam bao cho hé kin
nam trén bién du trit 6n dinh véi CDM
cho trude. T (1), (2) va (3) ta suy ra:

O(-mw+ jo)R(-Mo + jo) =-1 =
R(-mo+ jo) =[0(-mow + jo)|*
P, + Qg =P +JjQ, =

Pr=PR, Qr =Q, (6)
trong do:

R(-mo+ jo) - Pr+ jOr:

[O(-mo+ jo)™ =p, +jq,.

Tu (2) ta co:

R(-mo+ jo)

=Cy/(-Mw+ jw)+C, +Cy(—M+ jo)

Do d6

Py =-mc,/[(M? +1)w] +¢; —c,mae,

Qr =—Co/[(M? +Dw] +c 0. )

Thay (7) vao (6), sau do6 giai theo cdp
C1-Cy, ta duoc:

{cl = —P, —mQ, +2mc, /[o(1+m?)], ®)
¢, =—Q,/w+c, /[w*(1+m?)].

Tuong ty, d6i v6i cdp ¢1-Co, ta co:

¢, =—P, +m[Q, + 2ax,]

{co = w1+ m?)[Q, + ax, ]. ®)

Khi thay ddi @ = wmin — Omax, trén co s&
quan h¢ (8) hodc (9) s€ hinh thanh trong
khong gian tham s €1-Co-Co mot bién du
trir on dinh vi CDM cho trude dudi dang
mdt mat cong ba chiéu co6 hinh dang mot
qua nui nhon nghiéng (hinh 2a).

Vi ¢y da cho theo (8), hoac ¢, theo (9),
dé dang dung duoc dudng bién gidi thudc
mit bién CDM cho trude. Khi ting dan
Co, C1, C2, cic dudng bién nay co hep dan
va tién dén dinh chop. D6 1a diém chinh
dinh tbi vu can tim.
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Trén co s& cac hé thire (8)-(9) c6 thé thiét
lap qua trinh chinh dinh t6i wu theo
nguyén tic lap. Bat dau véi c,=0, qué
trinh 1ap gdm 2 budc sau:

Buére 1. Véi ¢, di biét, xdac dinh co Va ¢y
theo (9) sao cho cq Ién nhdt. Theo quan
hé (9) dung duong cong trong mit cit
C1-Co VO1 @ = Whin—> Wmax. Puong cong nay
bao quanh mdt mién chinh dinh (bé nhat)
dam bao CDM da cho. Trén bién cua
mién nay xac dinh diém (c1,Co) twong tmg
vGi gia tri Co 10n nhat.

Buéc 2. Véi co da biét, xac dinh ¢y Va C;
theo (8) sao cho ¢ Ién nhdt. Tuong tu,
theo quan hé (8) dung duong cong trong
mit cit C1-C; VO @ =@min—> Wnax V& XA&C
dinh mién chinh dinh dam bao CDM da
cho. Sau do, xac dinh diém (C1,C2) ung voi
c; 1on nhét trén bién cta mién nay. Tai
day, quay tr¢ lai bude 1 véi gia tri ¢ moi.

/7
5
o />
Q

s — ¢y =const

a

-~ cj=const

. L —,
Hinh 2. Bién gi&i dw trir 6n dinh
véi “chi s0 dao dong mem cho trwéc”

(ISSN: 1859 - 4557)
Qua trinh 13p thuc hién cho téi khi céc
mién chinh dinh trong cac mat cit ¢;-Co va
C1-Co co nho lai cho dén khi dat d¢ chinh
xac cho trudce. Bo gia tri (Co, C1, C2) nhan
duoc cudi cung 1a 10i giai chinh dinh
t61 wu.

Dbi véi cac trudng hop riéng cua PID, cac
tham s chinh dinh x4c dinh duogc ngay
ma khong can budce lip thi hai. Vi dy déi
v6i b diéu chinh P, I va PI chi can dung
duong bién theo hé thire (9) véi ¢,=0. Cac
tham sb tdi wu cta PI xac dinh tai diém
cuc dai trén bién theo cdp C1-Co. bdi véi
bo diéu chinh P, thi ¢; dugc xac dinh tai
giao diém gitta duong bién va truc ¢;. D6i
voi bo diéu chinh 1, gia tri Cp tdi wu xac
dinh tai giao diém gitra duong bién va
truc Co.

3.ViDy

Xét hé théng diéu chinh nhiét do
cia 10 luyén kim dung luat PID. Dbi
tuong didu chinh c6 ham truyén
O(s) = 2,5 /(L7s +1)? . Cho CDM v&i
me=0,5; a = 0,17 = 0,1. Bién dy trit 6n
dinh twong g dam bao hé sb tat dan qua
trinh qué do cua hé thong theo cong thirc
(5) 1a: y1>0,9 trong dai tin @ [0 +6,5]
va y>0,75 d6i véi w [0 +20].

Qua trinh 1ap theo cac quan hé (8)-(9)
thuc hién v6i khoang tan s6 = [0,1+5].
Bit dau bang ¢, = 0, sau 9 budc lip
nhan duoc: ¢ =0,642; ¢,=1,233; ¢,=1,008
(twong ung: K = ¢; =1,233; Ti = ci/co
=1,92; Tp = Cylcy = 0,818). Cac mién con
phang gi¢i han theo CDM, {mg véi cac
budc lap, dan trén hinh 3a.
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cO=0.642
cl=1.233
c2=1.008

ci

c2

c2=0,728

0.9 -+

Co=0,139

+ cl

A( a)) AI’ES

(res Wmax

N

f
2 0

i —

()

Hinh 3. Db thj biéu dién qua trinh l&p chinh dinh bd diéu chinh PID

y(®) Y2, Z =1(t)

(@)

Ya s A :l(t)

l\v//lin t, phlﬂ
(b)

Hinh 4. “D&c tinh mém” cta hé hé va cac dac tinh qua doé caa hé kin sau khi da chinh dinh téi wu

bic tinh bién do cua hé kin dan trén hinh
3b. Pic tinh mém cia hé hg, dyng theo
chi s dao dong mém (5) voi my = 0,5;
a=0,1 dan trén hinh 4a.

DTM cta hé ho (hinh 4a) di qua ma
khong bao diém (~1,j0) ching to rang cac
tham s6 chinh dinh nhan dwoc dam bao hé
kin ¢6 do dy trit 6n dinh can thiét. Bién do
cong huong & tAn sO wres = 0,925 (hinh
3b) va dai tin cong tic cua hé thong la
@ = [0+2] nam trong pham vi [0+6,5]
chtng to chi s6 dao dong cua hé théng
dugc dam bao trong dai tAn cong tac.

Céc d6 thi qua trinh qua d cta h¢ théng
(v6i nhiéu bac thang don vi tic dong vao
ddi tuong va tdc dong dinh tri bac thang
vao bo diéu chinh) dan trén hinh 4b. Cac
qua trinh qua do c6 hé sb tit dan khong
nhd hon 0,9 hoan toan phu hop véi yéu
cau dit ra.

4. KET LUAN

Trong bai bao dé xuat phuong phéap chinh
dinh t3i wu cac bd diéu chinh dién hinh
(ho PID), trén co s& khai niém “chi s6 dao
dong mém”, 4p dung cho ddi tuong cong
nghiép c6 thé c6 tré vén tai.
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No6i dung cua phuong phap la dung bién
du trir On dinh hé théng theo “chi sé dao
dong mém” va xéac dinh cac thOng s6 tdi
vu cua bo diéu chinh trén bién nay theo
nguyén tic lap.

Phuong phép chinh dinh t6i wu cac bod
diéu chinh ho PID c¢6 thé hién hinh hoc

(ISSN: 1859 - 4557)

sang suia, d& 1ap trinh va dé thuc hién trén
may tinh di¢n tr, cho 101 gidi nhanh, co
thé 1am co sé cho cong tac chinh dinh cac
hé théng diéu khién cong nghé trong cic
giai doan thiét ké, lap dat va van hanh
nha may.
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