Nghién ciru khoa hoc cong nghé

NGHIEN CUU NANG CAO CHAT LUQNG DU LIEU
TRONG PIEU KHIEN BE HOA LU'C PQ CHINH XAC CAO

Lé Tran Thing , Nguyén An Hai, Nguyén Thi Lé Na

Tom tit: Piéu khién cdc hé thong vii khi, khi tai luén doi héi dé chinh xdc cao, dong thoi
do hé théng hoat dong trong diéu kién khdc nghiét nén chdt lwong diéu khién ciing nhir tirng
thanh phan trong hé lhong phai dam bao cdc yéu cau thiét ké. Bé phong tén lira Igla trén xe
ZSU23-4 la mot trong s6 cdc hé thong diéu khién héa luc hién dang dwoc thiét ké, ché tao
tai don vi. Pé néng cao do chinh xac diéu khlen sur dung thiét bi resolver do sai léch dau
cudi, tuy nhién, cdc sai sé tw than thiét bi, sai sé do ldp rap, ché tao co khi dan dén dir liéu
nhdn dwoc ciia hé thong nam ngoai ddi chat lwong yéu cau. Bai bao trinh bay phirong phdp
nang cao chat heong dir liéu thu dwoc tir thiét bi do sai léch vi tri tuyét doi dau cudi ciia hé
théng, dam bdo cho sai s6 hé thong nam trong ddi yéu cau ky thudt dit ra.

Tir khoa: ZSU23-4; Sai s6; Sai léch vi tri; Resolver; Didu khién.
1. PAT VAN PE

T6 hop phong khdng tim thap tu hanh ZSU23-4 dugc trang bi cho Phong khéng Luc quén
Lién X6 vao nim 1962, sau d6 dugc dua vao trang bi cho nhiéu nudc thudc khbi xa hoi chi
nghia trong d6 c6 Viét Nam [1]. Khi tai c6 nhiing tinh ning wu viét lic biy gid nhu: kha ning co
dong, hé thdng tinh toan ty dong, toc do ban I6n,... Tuy nhién, qua thoi gian st dung khi tai can
c6 nhirng cai tién nang cip dé dap wng yéu cau chién tranh cdng nghé cao hién nay. Viéc cai tién
nang cap t6 hop ZSU23-4 hoan chinh, nham nang cao kha ning chdng tra cic muc tiéu trong
chién tranh hién dai can tién hanh theo nhiéu budc, mot trong cac budc do 1a tich hgp tén lta
phong khong tim thap (PKTT) 1én t6 hop ZSU23-4. Bé cac hé thong vii khi trén t hop lam viée
hiéu qu4, ting x4c sut tiéu diét muc tiéu thi yéu cu cac hé thong diéu khién phai ddng bd va co
do6 chinh xéc cao, viéc nay lién quan dén cac thong tin va dit liéu hé thong. Trong t6 hop ZSU23-
4 cai tién tich hop tén lira PKTT viéc xac dinh vi tri cia bé tén Itra thong qua cac dau do goc
dl]ng resolver véi cac wu diém 13 cam bién co dién, do phan giai cao co thé chiu duoc diéu kién
khac nghlet trong mot thoi gian rat dai, day su lua chon tbt cho hé thong quan su. Tuy nhién, thuc
té thiét ké, ché tao trién khai tich hop hé thong ludn tdn tai sai sd, sai s6 nay lam giam d6 chinh xac cua
dit lidu. Bai bao trinh bay phuong phap nang cao chét luong ciia di liéu trong diéu khién bé tén lira tich
hop trén t& hop ZSU23-4 cai tién, dua trén co so dir liéu thuc té thu dugc tir thiét bi chudn va thuat toan
tuyén tinh timg doan dé x4c dinh gia tri bu sai léch cho hé théng.

2. MO HINH PAU PO VA HE THONG PIEU KHIEN

Theo yéu cau dit ra cho hé thong thi d6 phan giai vi tri phai dat 0.1 mrad tuong mg voi
60.000 xung/vong va sai sb tinh cua hé théng 1a 1 mrad. Bé dam bao dat dugc do phan giai nay
cling nhu sai s6 diéu khién hé théng, trong thiét ké da lya chon dau do Resolver [3] (Dﬁu do la
cam bién dang bién ap xoay cos-sin). Trong d6, phan cam 1 cudn day dugc quan trén rotor
(R{R;) va phan tmg 1a hai cudn ddy quén trén stator c6 vi tri 1éch nhau 90° (S;S; va S,S,) nhu
trén hinh 1. Tin hiéu kich thich cé dang hinh sin dugc dit vao cudén cam. Khi d6, vi tri cia truc
rotor so voi stator s& dugc xac dinh thong qua ti 1€ bién do gilra hai tin hiéu trén hai cudn day
phan mg va pha ciia cac tin hiéu nay so véi tin hiéu kich thich.

Goi 55 = Apsin(wt) 13 tin hiéu kich thich dit vao cudn day phan cam. Do hai cudn diy phan
g dat 1éch nhau 90°, ta c6 tin hiéu trén mdi cudn day sé la:

S; = KAgsin(wr) va S, = KiAqcos(wt) , (1)

trong do, Ks 1a hé ) truyén dat cua cam bién.
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Hinh 1. Cau tao bén trong ciia cam bién resolver.

Dé thu nhan, xu 1y tin hi€u (1) str dung IC 16 bit, téng sb xung nhan dugc 65.536 xung/vong.
Trong qua trinh ché tao, tich hop hé thong ludn ton tai sai s0 duogc hinh thanh tur: sai so thiét bi
do; sai s0 do 1ap dit; sai s6 do nhidu tic dong; sai s6 do xu ly tinh todn,... Sai s6 nay lam cho do
chinh xé4c diéu khién cua hé thong khong dam bao yéu cau dé ra (sai sb vi tri khong 16n hon
Imrad). Pé giam sal s6 can dua ra phuong phép xtr Iy phu hop. D& nhén thay sai s dau cudi cua
hé thng chinh 13 tong hop céc sai s6 ctia cac khau trude d6 (hinh 2).
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Hinh 2. So do hé thong diéu khién bé.

Do sai s6 dau cubi gém nhiéu thanh phﬁn bt dinh nén viéc xac dinh theo giai tich toan hoc la
khéng kha thi, c6 nhiéu nghién ciru xac dinh sai s6 bang cac thuat toan nhan dang theo mé hinh
hodc nhan dang bing mang no ron, sau dé bu trir trong qua trinh diéu khién nhim ting chét
luong hé thong, tuy nhién vi nhiéu 1y do khac nhau trong thyc té chua ing dung cac thudt toan
trén. Sau ddy s& trinh bay thuat toan di dugc tmg dung trong thuc tién trién khai nhiém vu tai
don vi.

3. XAY DUNG THUAT TOAN BU SAI SO
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Hinh 3. Mé hinh xdc dinh sai sé hé thong.

56 L. T. Thing, N. A. Hai, N. T. L. Na, “Nghién ctvu ning cao chit lwong ... dp chinh xdc cao.”



Nghién ciru khoa hoc cong nghé

Trong thyc té trién khai nhiém vu do bé tén lira gan trén thap phdo nén kénh diéu khién
huéng dugc ddng bo theo chuyén dong cia thap phao, d& tai tip trung vao diéu khién kénh tam.
Goc diéu khién ciia kénh tim nam trong gidi han tir 0 d6 dén 90 d6 (twong dwong tir 0 dén 1500
ly giac), 1a goc tao thanh tir mat phang bé tén lira va goc quy 0. Dé bu sai s6 cho kénh tam & day
da st dung mo hinh twong duong nhu trong hinh 3.
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Hinh 4. Luu do thugt toan bu sai sé.

Trong md hinh nay géc quay tim ciia bé tén lira dugc xac dinh thong qua: Cam bién do
nghiéng do chinh xéc cao [4] do goc nghiéng thuc t€ cua mat phang b¢ tén lua (1a gia tri chuan),
sai sO cua thiét bi lay so liéu chuan nho hon sai s6 can dat ctia hé thong; Cam bién do goc tuyét
doi [3] xac dinh gia tri dau cuoi ctia hé thong truyén dong.

Dua vao sd liéu ctiia 2 cam bién trén s& xac dinh duoc sai s6 can bi. Qua trinh x4ac dinh sai sb
14 qua trinh xay dung tap dir liéu dugc tién hanh theo cac budc sau:

Buéc I: Lap dat, thiét 1ap hé thdng, quy 0 cam bién do goc tuyét dbi va cam bién do
nghiéng dd chinh xac cao (st dung cam bién do nghiéng ZCT-CX09 goc do trong khoang 90
do va sai so dén 0,005 d9).
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Bude 2: Piéu khién hé théng theo cac goc nam trong dai do, budc do dugc lya chon tuy
thudc vao bién doi sai sé hé thong (budc do co thé thay d6i trong timg doan). S6 liéu thu dugc
12 hiéu sb giita cam bién chuan va cam bién cua hé thng.

Buoc 3: Lap lai budce 2 véi sb 1an lap phu hop dé co thé danh gia dugc sai ) 1ap lai cua hé
théng (phu thudc vao cam bién, viéc lép dit va ché tao cc co cdu truyén dong,...). Néu sai s
l3p lai ciia hé théng 16n thi quay lai budc 2 véi budce do giam, vi du bude do dang tir 30 ly gidc
c6 thé giam xudng thanh 15 ly giac,...

Buée 4: Lay trung binh sai sé tai cac diém do, day 1a gia tri t6i wu nham khir sai léch 13p lai
Ia thap nhat. Lap bang sai Iéch, 1a bang céc gia tri trung binh sai s (ng voi cac diém do.

Sau khi chuén bi tap dit liéu dau vao, tién hanh x4y dung thuat toan bu sai s6 theo cac budc sau:

Bude 1: Poc dit lidu tir cam bién do goc tuyét doi (Resolver);

Buéce 2: Kiém tra dir liéu thu duge tir cam bién do goc tuyét ddi, néu sai bao 156i quay lai
bude 1, néu ding sang budc 3;

Buoc 3: DPoc dit liéu goc tra vé tir cam bién do gbc;

BuGc 4: Tra bang dit liéu dé 14y dit liéu vé bu sai so;

Bude 5: Str dung phuong phép tuyén tinh timg doan dé xac dinh gia trj bu, thuc hién bu sai s;

Buéc 6: Kiém tra didu kién ding, néu sai quay lai budc 3, néu dung sang budc 7;

Buoc 7: Dung thuat toan.

Luu d6 thudt toan dugc thé hién trén hinh 4.

4. KET QUA AP DUNG THUAT TOAN

Ap dung cac thuat toan thu thap dit liéu trén cho bé phong tén lira Igla tich hop trén xe
ZSU23-4 thu dugc cac ket qua nhu sau.

Tién hanh khao sat sai 1&ch hé thong va xay dung tap dit liéu, thuc hién 2 1an 1dy dit liéu cach
nhau 2 tuan, diéu ki€n mdi truong trong khi thir nghiém: nhiét do tir 33 do C dén 36 d6 C; d¢ am
khong khi tir 75% dén 85%; &p suat 1 atm.

Khao sat sai 1éch gi4 tri do lan 1
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Cac diém do (0.1 1y gidc)
Hinh 5. Két qud cac phép do trong lan ldy diF liéu thir nht.
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Khao sat sai léch gia trj do lan 2
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Cdc diém do (0.1 ly giac)
Hinh 6. Két qud cdc phép do trong lan ldy dir liéu thiz hai.

Nhan xét cac két qua thu duoc: Cac yéu t anh huong dén sai léch phép do bao gom:

- Cac két qua do trong tung budi kiérr] tra kha tap trung quanh duong sai Iéch trung binh, sai
so nay la sai so 1ap lai cua phép do. Sai s0 do do ro co khi, khe h¢ banh rang,... tai timg diém do,
lay gia tri trung binh Iam giam sai s6 xuong thap nhat co thé.

- Céc duong trung binh & cic phép do tai cac thoi diem khéc nhau (bién dong nhiét do, do
nghiéng chan de, phan bo tai,...) co6 khac nhau, nhung twong doi 6n dinh. Gia tri sai s6 I6n hon 1
ly giac (1mrad).

- Buong cong trung binh sai s nguyén nhan 1a do lap dat co khi, do léch tam, udn van, bién
dang co khi,... Sai s6 nay 6n dinh & cac phép do, va co thé bu duoc bang viéc khao sat toan dai
va bu sai léch.

Ap dung thuat toan bu sai léch, tién hanh kiém tra sai s6 hé théng thu duoc:

Kiém tra lai két qua sau khi trng dung thuat toan bu sai sd
0.8

0.6

Sai s (ly giac)
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Cdc diém do (0.1 ly gidc)

Hinh 7. Sai s6 hé thong sau khi bii sai so.
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Nhén xeét: Sai. s6 hé théng van con, day chinh Ia thanh phan sai s6 ngu nhién, tuy vay, gi tri
sai s6 h¢ théng nam trong ngudng yéu cau, khong 16n hon 1 ly gic.

5. KET LUAN

Tir céc két qua thuc nghlem va kiém tra trén hé thong ta thay duogc thuat toan bu sai sb da
phat huy tac dung, gitp giam sai s6 hé thdng vé ngudng yéu ciu, gitip ning cao chit luong dleu
khién, bam bat muyc tiéu bé phong. Thuat toan da dugc thr nghiém va ing dung vao thuc té,
trong tuong lai s& so sanh két qua ciia thuat toan véi cac thudt toan nhan dang sai s6 khac dé
danh gia.
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ABSTRACT

RESEARCH FOR ENHANCED DATA QUALITY
IN HIGH ACCURACY LAUNCHER CONTROL

Controlling weapons and weapons systems always requires high accuracy, and
because the system operates in harsh conditions, the quality of control as well as each
component in the system must ensure the necessary requirements. The Igla missile
launcher on the ZSU23-4 vehicle is one of the fire control systems currently being
designed and manufactured at the unit. In order to improve control accuracy, a resolver
device is used to measure the error of the terminal, but the errors of the device itself,
errors due to assembling and mechanical manufacturing lead to data received from the
system being out of date. required quality range. This paper presents a method to improve
the quality of data obtained from the absolute absolute position deviation measuring
device of the system, ensuring that the system error is within the specified range of
technical requirements.

Keywords: ZSU23-4; Error; Position error; Resolver; Control.
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