Nghién ciru khoa hoc cong nghé

NGHIEN CU'U, THIET KE BQ PIEU KHIEN TRUYEN PONG
BAM TOC PQ KENH TAM CHO THAP PHAO
TREN TO HQP PPK TU HANH ZSU-23-4 CAI TIEN
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Tom tdt: T6 hop phdo phong khong (PPK) tw hanh ZSU-23-4 dwoc trang bi hé thdng
truyen dong thuy lyc sir dung cac dong co va bom dang piston huong truc cho phép diéu
khién thdp phdo quay vé tam va hwéng voi cdc toc do khdc nhau théng qua viéc dzeu khién
hew lwong ciia cdae bom. Trong d6, bom tam dwoc diéu khién luu heong nho co cau tay ldc
sw dung cuon hut dién tir, bom huong dwoc diéu khién luu luwong nho co cdu tay ldc sir
dung dong co dién khéng dong bé 2 pha. Bai bdo dé xudt gidi phdp thiét ké bé diéu khién
truyén dong tam cdi tién thay thé cho bé diéu khién nguyén ban trén co sé vmg dung cong
nghé diéu khién cong sudt ché do xung va dé xudt thudt toan diéu khién bam téc do kénh
tam cho théap phdo.

Tir khoa: Té hop ZSU-23-4; Diéu khién bam tbc do; Thust todn ADRC.
1. MO PAU

Trong chién tranh hién dai, vii khi céng nghé cao luén duoc sir dung nhu chia khoa cho cac
d tac chién khac nhau. Bén canh viéc dau tu mua sam vii khi, khi tai hién dai thi viéc nghién
clru phat trién vii khi méi cing voi cai tién, nang cip, hién dai hoa cac loai vii khi, khi tai hién c6
trong nudc ciing rat quan trong. Xuat phat tir nhiém vu cai tién t6 hop PPK tu hanh Zsu-23-4,
can phai thiét ké bo diéu khién truyén dong bam téc do cho thap phéo. Pay 1a mot nhiém vu quan
trong trong tong thé xay dung hé thong diéu khién hoa luc, quyét dinh kha ning tiéu diét muc
tiéu cua to hop. Tu thyc té khao sat hé théng, nhan théy trén to hop Zsu 23-4 ¢6 nhiéu yéu td,
tham sé hé thong khong do dac dugc va viéc phat sinh nhiéu tir nhiéu ngudn thiét bi cao tan 1a
kho tranh khoi, nhom tac gia da lya chon giai phap thiét ké bo diéu khién c6 kha nang uéc luong
trang thai va loai bo nhiu. Trong bai bao ndy, nhom tic gia gidi thiéu vé& phuong phap diéu
khién chu dong loai bo nhiéu ADRC (Active Disturbance Rejection Control). Day 1a mot chién
lugc didu khlen manh mg, v6i kha nang giam nhiéu da kénh va quan sat trang thai, trong diéu
kién khong sin c6 théng tin mé hinh di twong. Viée udce tinh truc tuyén cua trang thai méi nay
dugc thuc hién bang cach st dung bd quan sat trang thai mé rong (Extended State Observer —
ESO). B6 quan sat nay c6 nhiém vy theo d6i va udc lugng cac nhidu tac dong truc tiép, cac sai
sO ctia viéc md hinh héa déi tuong so véi thuc té.

2. THIET KE BQ PIEU KHIEN TRUYEN PONG KENH TAM CHO THAP PHAO
TREN TO HQP PPK TU HANH ZSU-23-4 CAI TIEN

2.1. Xay dung m hinh ddi twong diéu khién

He¢ théng truyén dong kénh tim ciia phéo trén t6 hop ZSU-23-4 1a mot hé co dién — thay luc
phirc tap, lién két voi nhau qua nhiéu khau. Dé don gian trong viéc mo hinh héa toan hoc, ta st
dung str dung k¥ thuat phan tich gia tri riéng SVD (Singular Value Decomposition).

Bing viéc thuc hién kiém tra dap mg xung cua h¢ thong va st dung k¥ thudt phén tich gia tri
riéng SVD, xac dinh duoc bic cua dbi twong diéu khién truyén dong bang voi gia tri hang cua
ma tran Hankel.

Xét mot hé théng sau:

x(k +1) = Ax(k) + Bu(k) )
y(k) =Cx(k) + Du(k) ' @

v6i k =0,1,... oo 1a tham s Markov.
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phu thudc thoi gian ké tir thoi diém bat dau dit
gia tri xung tac dong nhu hinh 1.

Ham truyén cta hé thong c6 dang:

G(z)=C(zl -A)*B+D.

Dbap ung xung g(k) thu dugc sé la:
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CA“'B k>1.
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¢6 kich thudéc mxn, 1a ma tran chéo co cac gia tri trén duong chéo

) goi la cac singular value.
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C6 thé viét lai ma tran H dudi dang tich cta 3 ma tran cé kich thudc rat gon:

H=U> V.

(6)

Trong d6 U,va V, 1a cdc ma tran tryc giao théa man diéu kién U/U, =VV. =1.

Theo [5], bac ciia ham truyén hé thng bing

tirc 1a bang véi gia tri 1.
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Tir dir liu trén, dé 1ap ma tran H theo cong

thicc (4), chon m=n=7 ta tinh dugc gia tri
SVD:

Hinh 1. D6 thi déap vmg xung ciia hé

thong kénh tam ciia phdo Zsu 23-4.

]

Zr =dlag[01,02,63,0'4,65,0'6,6

=[3.205,0.556,0.0028,0.0017,0.0014,0.0010,0.0001].

C6 thé nhan thdy, o; ~0=>rank)_ =2 nén bac cua ham truyén h¢ théng truyén dong kénh

48

C. D. Chinh, ..., N. V. Vii, “Nghién citu, thiét ké bé diéu khién ... tw hanh ZSU-23-4 cdi tién.”




Nghién ciru khoa hoc cong nghé

tam cua phéo bang 2. Ham truyén cua hé thong c6 dang nhu sau:
S K
6= ___
u(s) T°s°+2DTs+1 (7)
< T2(t) + 2DTy(t) + y(t) = Ku(t).
Trong d6, tin hi¢u diéu khién u(t)1a dong dién diéu khién cuén hit déng mé van tiét luu,
y(t) 1a téc d6 bam cua kénh tim phéo trén t6 hop ZSU 23-4.
2.2. Thiét ké bd diéu khién tuyén tinh ADRC
Dé xay dung bo diéu khién tuyén tinh ADRC, ta can thiét ké bo quan sat trang thai mo rong.
Trong bai bdo nay nhom tac gia sir dung bd quan sat trang thai Luenbeger. Trudc tién, ta viét lai
phuong trinh (7) v6i sy bo sung cua tdc dong nhicu nhu sau:

) 2DT . 1 1
y(t){— Tz YO-= y(t)+T—2d(t)+AbU(t))+bou(t)

(8)

= f(t) +byu(t). v

Trong (8), ta da dat b= T£2 =h, +Ab, va bo sung thanh phan nhiéu d (t) . Tong f (t) la gia

trj tin hiéu bao gdm nhidu va sai sé khong thé do dugc trong thuc té, nhung c6 thé uéc lugng qua
thanh phan trang théi cua bd quan sat trang thai m¢ rong. Nhu vy, h¢ phuong trinh mé ta khong
gian trang thai co6 thé viét rat gon:

x®7] [0 1 0o][x@®] [0 0
%) [={0 0 1| x,(t)|+]b, [ut)+|0]|f(t)
% ()] [0 0 0f|x@®)]| [0 1
A B . (9)
X (t)
yt)=[1 0 0] x,(t)
c X, (t)

Trong bd quan sat trang thai mé rong, mot thanh phan ma tran do loi L dugc thém vao dé hoi
tu 16i du bao trang thai !ime((xi —%)) =0, thoa man diéu kién:
é=(A-LC)e. (10)

Ta c6 hé phuong trinh biéu dién khong gian trang thai clia bd quan sat trang thai mé rong nhu
dudi day:

x| [0 1 o][x@®] [0] l,
%) [=[0 0 1| %) |+|b, [ut)+]1, |[-(y(t)—%(t)
%) |0 0 0]|x@)]| |0 1,
A B_ L . (11)
% (t)
yt)=[1 0 0] x,(t)
¢ Ix()

Tir cac hé phuong trinh (9), (11) ta xdy dung luét ciu trac vong diéu khién sau:
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Hinh 2. Cdu triic vong ldp diéu khién ADRC tuyén tinh.
Trong cAu tric vong lap diéu khién & trén, viéc loai bo nhiéu duoc thuc hién thong qua luat
dicu khién sau:

FGRIC)
b

0

V6i Uy (1) = K,.(r(t) - (©) - Ko - V(1) (12)

Phuong trinh ddc tinh ctia h¢ kin trén s€ c6 dang:

det(sl —(A—LC))=s>+1,s* +1,5+1,. (13)
Phuong trinh dic tinh ctia hé mong mudn c6 dang:
(s—A)*=s*-34s* +34%s - 1°. (14)
Véi 213 nghiém cuc mong mudn. Pong nhat hé sb ctua phwong trinh (13), (14) nhan duoc:
l, =-34; 1, =31%1, =-2°. (15)

Viéc tim ra |, I, |, s& dua trén nguyén tac gan cac diém cuc hop 1y cho by quan sat. Cac
diém cuc A cua bd quan sat phai dugc dit & bén trai di€ém cuc cua vong kin. Co thé chon nhu
sau: A=(2+10)s".

Véi h¢ kin c6 thoi gian qua do T, theo tiéu chuin 2%, thi gia tri s duoc tinh gan ding:

" 4

r——, 16
S (16)

qd

3.MO PHONG THUAT TOAN DPIEU KHIEN BAM TOC PQ KENH TAM
CHO THAP PHAO TO HQP ZSU-23-4

trang thai = _’ Emo
Hinh 3. M6 phong diéu khién ADRC kénh tam phdo trén t6 hop PPK Zsu 23-4
trong phan mém Matlab.

yit)

Li L: " B0 quan sat ["“4’@]

50 C. D. Chinh, ..., N. V. Vii, “Nghién citu, thiét ké bé diéu khién ... tw hanh ZSU-23-4 cdi tién.”



Nghién ciru khoa hoc cong nghé

Khi thiét ké bat ctr bo didu khién nao, ta cling cén khao sat d6 bao hoa diéu khién, bao gf)m
gii han vé cong suét bo diéu khién, gio1 han vé gia toc cia hé thong truyén dong, ving hé thong
khong hoat dong,... Vi bo diéu khién ADRC ciing twong tu, néu ta chon gia tri nghiém cyc
mong mudn A cang 16n, hay thoi gian qua do cang nho s& lam cho gia tri cac phan tir ctia ma tran
do loi L cang tang. Diéu nay giup tang toc do hoi tu sai s0 trang thai du bao, nhung lai tao ra tin
hiéu diéu khién rat 16m, c6 thé vugt qua cong suat cia bo diéu khién thuc té va khong an toan cho
hé thong. Dé md phong trang thai bdo hoa ctia bo diéu khién, ta dit gii han cho tin higu didu

khién |u(t)| <10, va xem két qua tac dong lén hé thdng cua bd diéu khién khi thoi gian qud do
thay doi.

Céu truc diéu khién ADRC trén kénh tAm phao ZSU 23-4 dugc biéu dién nhu hinh 3
Chon céc gi4 tri thoi gian qua do T, =0,3(s), T, =0,4(s), T, =0,5(s), T, =1,2(s).
Bing phép thir thyc nghiém chon gia tri K =(s*)*; K, =-2s*;1=3s*

Theo cong thirc (16) sé& tinh duoc cac gia tri twong Gmg s* va ma tran do loi L

- : . . K
Theo tai liéu tham khao [2], c6 thé udc lugng tham so hé thong by = — =4,95.

Két qua thir nghiém diéu khién bam tdc do sau khi ding bo diéu khién ADRC v6i kénh tam
phéo trén to hop PPK ZSU 23-4 dugc the hién ¢ hinh sau:
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Hinh 4. Pdp itng xung don vi ciia hé théng kénh tam nguyén ban — y,(t)
va hé thong khi sir dung b diéu khién ADRC- y,(t).

~ Nhan thdy bo diéu khién ADRC da hoat dong hiéu qua, gitip lam giam thoi gian tac dong va
s0 chu ky dao dong cua dau ra h¢ thong diéu khién truyén dong kénh tdm trén m6 hinh phao ZSU
23-4 giam tir 4 chu ky dao dong xudng con 1 chu ky dao dong (hinh 4). Viéc dicu khién bam toc
do tai nhﬁng diém dat khac nhag voi tin hiéu diéu khién nhu trép hiph Sa thi dau ra dugc xac lap
dam bao chat lugng theo yéu cau theo thoi gian qua do da thiét ké. Tuy nhién, véi gia tri thoi
gian qua do T, =0,3(s),T, =0,4(s), thi do vot 10 cuia dau ra kha cao va bién d¢ tin hiéu dicu
khién u(t) ciing rat 16n, vuot ngudng gidi han dit ra ban dau |u(t)| <10, (hinh 5b). Véi gia tri
T, =0,5(s), thi do vot 16 dAu ra bang khong, bién d6 tin hiéu diéu khién nim trong dai cho phép,
nén c6 thé két luan day chinh 1a gia tri thoi gian qua d6 nhé nhét cho phép thiét 1ap cua bo diéu
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khién ADRC. Bé dénl} gia toe‘u} dién hon, ta so sanh chfit lugng diéu khién cua bo diéu khién
ADRC v6i bg diéu khién PID két hop vai b loc thong thap (LF).

a) Dap (rng néc clia hé théng

Tin higu dat r(t) [—

y (ly giac)

thoi gian (s) 15

b) Tin higu diéu khién u(t)

—==== T1=0,3(s) |~

- T2=0,4(s)
T3=0,5(s)
s T4=1.2(8)

20~ 4
| 1
0 5 10 thoi gian (s) 19
Hinh 5. DBiéu khién bam toc do tai nhitng diém dat khac nhau.
a) Nhiéu dau vao 10% u(t)
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Hinh 6. (@) Tdc dong ciia nhiéu dau vao 10% u(t); (b) tac dong ciia nhiéu dau ra 10% y(1).
'Nhén xét: Trong thue té, bo diéu khién PID thuong dugc sir dung két hop V01 bd loc thong
thap dé han ché su nhay cam ctia khau vi phan véi nhicu do luong va su thay d6i tin hiéu diém
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dgt. Trén hinh 6 (a), (b) thé hién dap tmg ctia h¢ théng khi cho nhidu tac dong 1én ddu vao va dau
ra. D€ thay vdi ca hai bo diéu khién, hé thong déu it bi tac dong bdi nhiéu dau vao 10%u(t). Con
khi téc dong nhi€u dau ra 10%y(t) tai thoi diém T = 15(s), hé théng nhanh chéng dap tat tac
dong sau 0,4(s) d6i voi by diéu khién ADRC va sau 1(s) di voi b dicu khién “PID+LF”. O ca
hai tméypg hqp, k}}i st dung bo giiéu khién ADRC thoi gian dat duoc gi‘é tri xgic lap nhanh hon va
dd vot 10 dau ra bang khong, thap hon so véi truong hop st dung bo diéu khién“PID+LF”.

4. KET LUAN

Hé thdng diéu khién truyén dong kénh tim trén t6 hop phio ZSU 23-4 duwa trén nguyén ly
diéu khién van tiét luu bang cudn hut dién tir, c6 nhitng yéu t phi tuyén tac dong nén rat khé xac
dinh dwoc mot md hinh toan hoc mé ta chinh xac. Bai bao da dwa ra mot phuong phap diéu khién
chu dong loai bo nhiéu ADRC cho hé dao dong bac hai dya trén khao sat dap iing xung cta hé
thong va k¥ thuat phan tich SVD. Két qua mo phong trong phan mém Matlab da thé hién dugc
gi4 tri ddu ra bam nhanh so v&i gia trj thiét 1ap, d6 vot 16 thap va it bi anh huéng boi nhiéu tac
dong. Phuong phép diéu khién cling thé hién dugc vu diém khi so sanh voi bo diéu khién PID
két hop voi bo loc thong thap. Két qua nghién ctru nay mo ra mot hudng nghién ciru Gmg dung
phuong phap dleu khién ADRC cho hé truyén dong kénh hudng cua thap phao va cac hé truyén
dong khac trén td hop PPK ZSU 23-4, tir d6 co thé so sanh, danh gia toan dién hon kha nang
giam nhiéu da kénh cua bo diéu khién.
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ABSTRACT

RESEARCHING AND DESIGNING A CONTROLLER
FOR ANGULAR RATE TRACKING OF GUN-TURRET IN ELEVATION PLANE
ON IMPROVED SELF-PROPELLED AINTI-AIRCRAFT GUN ZSU-23-4

The self-propelled anti-aircraft gun ZSU-23-4 is equipped with a hydraulic

transmission system using axial piston pumps and motors that allows the gun and turret to
be rotated in elevation and azimuth plane at different speeds throught pumps’s flow
control. In particular, the elevation pump’s flow is controlled by a mechanism using
electromagnetic coils, while the azimuth pump’s flow is controlled by a mechanism using
2-phase asynchronous electric motor. The article introduces a solution to design an
improved controller with output works in pulse mode and proposes a angular rate
tracking control algorithm in elevation plane for the gun-turret.

Keywords: ZSU-23-4; Rate tracking control; ADRC algorithm.
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