Nghién ciru khoa hoc cong nghé

NGHIEN CUU PHUONG PHAP XAC DPINH PQ TROI
CON QUAY TEN LUA CHONG TANG B-72

Dd Tién Can’, Nguyén Pha Théng, Lé Quang S§

Tém tit: Bai bdo trinh bay phirong phdp xdc dinh do tréi con quay B-72 bang phiong
phdp mé phong sé. Trén co sé mé hinh todn phwong trinh chuyén déng cia con quay 3
bdc tw do trén tén lika B-72, cdc tac gia da xdy dung dwoc chwong trinh mé phong theo
phirong phdp mé phong sé trong méi truong Matlab-Simulink.Véi s tro givip ciia chirong
trinh mé phong, cé thé khao sat anh hirong mét sé tham sé téi do tréi cia con quay tén
lia B-72. Bai bao ciing trinh bdy phuong phdp thir nghiém xdc dinh do tréi con quay B-
72. Két qua mé phong sé di gép phan trong viéc hiéu chinh con quay khi thir nghiém.

Tir khéa: Con quay 3 bac tu do; Tén lira B-72; D troi.
1. PAT VAN DE

Con quay 1 bo phan quan trong trong hé thong diéu khién tén lira. Trong tén lira B-
72, con quay dam bao chirc nang dua ra tin hi€u thong tin vi tri géc quay cua tén ltra mot
kénh. Con quay trén tén Itra chong ting B-72 1a con quay 3 bac tw do ¢6 nhiém vu thong
bao vi tri goc cua tén lira trong khong gian vé dai diéu khién mat dat. Con quay duoc
quay khi phong va tiép tuc quay theo quan tinh trong qua trinh bay. Con quay co cau tao
gom: Roéto, khung trong va khung ngoai (hinh 1). R6to gé 1én khung trong, khung trong
g4 1én khung ngoai, khung ngoai ga 1én than tén lira. Roto dugc khoi dong bang 16 xo cot
v6i toc o quay 27.000 vong/phut. Thanh quét ndi v6i than tén lira, thanh quét quay khi
tén lira quay. Loa phut quay do gin véi than tén lira. Cho nén thanh quét bao tin hiéu cho
biét vi tri gbc hién tai cta tén lira dé diéu khién.

i

Hinh 1. Két cdu con quay tén lira B-72.

Van d¢ lién quan t6i do chinh xéc cua con quay tuy da dugc nhiéu tac gia trén thé giéi
quan tdm nghién ciru giai quyét, song cac bai toan vé giai hé phuong trinh chuyén dong
con quay thuong giai theo phuong phap giai tich, do do, cac gia thiét thuong dugc don
gian hoa. Str dung phan mém mo phong s6 1a phuong phap don gian, tiét kiém nhung
cho két qua tuong d6i chinh xac. _Cung sdi sy phat trién clia cong nghé thong tin, cang
ngay cac phan mém mo phong sO cang cho phép xay dung cac bai toan co do phirc tap
cao, sat voi diéu kién thyc té. Trong bdi canh diéu kién lam thyc nghiém con han ché va
tén kém, thi viéc xdy dung chuong trinh mé phong phuong trinh chuyén dong con quay
tén lra B-72 dé khao sat anh hudng cua cac yéu td két ciu va dong luc hoc téi do chinh
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X4c clia con quay B-72 ¢ ¥ nghia thiét thuc, gop phan phan tich danh gia dua ra cac
phuong 4n hop 1y khi kiém tra hiéu chinh con quay. D¢ chinh xac con quay B-72 chinh
la d6 tr6i cua khung ngoai va khung trong con quay, dac biét la do tréi khung ngoai boi
vi nd gin lién vdi viée xac dinh vi tri goc quay cua tén lira B-72.

2. PHUONG PHAP XAC PINH PQ TROI CON QUAY TEN LUA CHONG
TANG B-72 BANG PHUONG PHAP MO PHONG SO

2.1. Phuwong trinh chuyén ddng ciia con quay tén lira B-72

Xem xét so d6 dong hoc cua con quay tén Itra B-72. Trén hinh 2 so d6 dong hoc cta
con quay tén Itra B-72 ¢6 cac hé toa do sau:

O&ne - Hé toa d6 gdc (hé toa do quan tinh);

Ox,y,z, - Hé toa do gan voi khung ngoai;

Oxyz - Hé toa d6 gan véi khung trong;

Oxp y,z, - Hé toa do gén vo1 10 to.

(Z.22

(5 3 & LY VY,

Hinh 2. So @6 déng hoc con quay B-72.

Trén hinh 2 cac h¢ toa d6 nam & vi tri dong nhat. Vi tri cta ré to con quay dugc xac
dinh boi vi tri twong doi cla céac truc OX,y,z, va O&ng , c6 nghia la dugc xac dinh béi
céc goc a, B va ¢ . Viée dich chuyén hé toa do gan véi 16 to tir vi tri ban dau O&n¢ dén
vitri Ox,y,z, duoc thue hién boi 3 goc quay (hinh 2,b):

- Quay quanh truc khung ngoai 1 géc «;

- Quay quanh truc khung trong 1 géc f£;

- Quay quanh tryc chinh 1 goc ¢.

Khi 1ap phuong trinh chuyén dong ctia con quay, chung ta gia thiét rang:

- Céc truc OXH,pr; Ox,,0z va Oy p,OZ vudng goc vai nhau;

- Khung ngoai, khung trong va rd to la cic vat cing tuyét ddi;

- TAt ca cac phan tir ciia con quay dugc can bang dong tuong dbi so voi diém treo
con quay.

- Cac md men quan tinh cua r6 to twong dbi so voi cac truc vudng goc véi truc quay
cta no6 va di qua diém treo con quay bang nhau.
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Phuong trinh chuyén dong ciia con quay tén ltra B-72 trong hé toa d quan tinh duoc
miéu ta boi hé phuong trinh [2, 5]:

AG + J (¢ +asin ﬂ)ﬂcosﬁ+2Ddﬁsinﬁcosﬂ+JO[%(¢+dsin Alsinf=M_;
Bf +J,(¢+asin B)d.cos B—Da’sin fcos f=M,; 1)
JO%(¢+dsinﬂ) =-M,

Trong cic phuong trinh ndy cac mé men Agva B/ 1a md men luyc quan tinh do gia
toc gbc gay ra, cac md men J,(@+dsin B)acos B va J,(¢+asin B)FcosS - md men
con quay chinh, md men Dgfsin Scos B va 2Dafsin fScos B- Cac md men con quay
b sung.

Hé phuong trinh (1) 1a cac phuong trinh vi phan khong tuyén tinh v&i hé sb thay
doi A(p).

Trong d6, A(B)=J,,+(J,+J,)cos’+J, sin’ g;D=J,,—J,-J;

J,, - M0 men quan tinh cta khung ngoai twong ddi so voi truc Oz, .

Mo men can M bao gdm mod men ma sat va md men can khi dong ré to. Truong hop
riéng ddi v6i 16 to dang hinh try dudng kinh D, chiéu dai L quay trong khdng khi thi md
men can khi dong theo mat ngoai dugce tinh theo cong thirc:

M, =1,61-10°n""[p]*"[1+ 4,4%]D4'4 (N.cm) )

Nhan xét: Hé phuong trinh chuyén dong ctia con quay tén lira B-72 1 hé phuong trinh
chuyén dong 3 bac ty do, trong do, khac voi cac con quay co dién khac, con quay tén lua
B-72 1a con quay hoat dong theo quan tinh. Do d6, doi voi phuong trinh chuyén dong
cua réto, do lyc can khi dong va mé men ma sat vong bi va khong c6 dong co dién bu trur
nén roto con quay s€ quay voi toc do gidm dan va do tréi cua con quay ciing tdng 1én
theo thoi gian.

2.2. Xay dung chwong trinh mé phéng sé xac dinh dd tréi con quay

Trén co so phuong trinh chuyén dong cua con quay tén lira B-72, ta c6 thé xdy dung
chuong trinh mé phong duoc thuc hién trong Matlab-Simulink (hinh 3).

Mot s6 thong s ban dau ctia con quay nhu sau:

Bing 1. Céc théng sé khéi lwong, qudn tinh cdc cum khoi con quay.

Cum R to m1 (g) J, (kg.m?) J, (kg.m?)
136 185.10” 184,64.10”

Cum khung trong | m2 () J, (kg,mz) Iy (kg.mz) J,, (kg.mz)
30,62 71,1110 47,205.10°" 105,94.10”

Cum khung ngoai | m3 (g) J,, (kg.m? J,, (kgm?) J,, (kg.m?)
22,18 70,58.10°" 63,18.10°" 126,66.10"
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- b6 cing cua cac khung theo céc truc nhu sau:

+Pdi voi khung trong: C,, =2,2-10'N.m, C,, =1,8-10 N.m, C,, =2-10" N.m.

+Pdi voi khung ngoai: C,, =1,5-10" N.m, C; =1,8-10" N.m.

- M6 men ma sat theo cac truc nhu sau:

M, ,=1510°, M, ,=2510° M  =2510°

ms_y ms_roto

- Téc d6 quay ban dau cua réto: 27000 vong/phlit.
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Hinh 3. M6 hinh mé phong phwong trinh chuyén dong con quay tén lira B-72.

Mo hinh mé phong gom 3 khdi chinh: khéi khung cac dang ngoai, khéi khung cac
dang trong va khoi roto con quay.

Nho chuong trinh mé phong trén cho phép tu dong hoa qua trinh tinh toan, danh gia
cac tham s0 thiét ke, khao sat anh hudng cua cac tham so6 két cau va dong luc hoc to1 do
chinh xac con quay tén Itra B-72, 1am co s& khi thiét ke, ché tao va thur nghiém con quay

tén ltra B-72.

2.3. Khio sat xac dinh dd trdi con quay bang phwong phap mé phéng sb
Trén co s6 m6 hinh mé phong ta co thé nhan duogc két qua toc do tréi cua con quay
theo thoi gian. Dudi day 1a do thi toc do tré1 con quay (khung ngoai va khung trong):

Toc do troi (do/phut)
E N w s o o N ®

Do thi toc do troi con quay B-72

h f
|
Ll .’ﬂ, (e X
Khung trong
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hung ngoai
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Thoi gian (s)

Hinh 4. Do thi toc do tréi khung trong va khung ngodi.
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Véi mé hinh mé phong, ta cling c6 thé khdo sat danh gia danh gia anh hudng cua cac
yeu to dén cac chi tiéu chat lugng cia con quay:
- D6 thi anh hudng cia moémen ma sat tdi toc do trdi cua khung ngoai.
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Hinh 5. Khdo sdt anh hieong ciia mémen ma sdt t6i toc dé tréi ciia khung ngoai.

Khi 16 to con quay quay nhanh, néu con _quay co sy mat can bang dong s& sinh ra cac
qua tai dao dong tac dong Ién cac tryc cua 6 truc vong bi. Cac dao dong do 16 to mat can
bang dong gay ra tao ra cac ap luc tac dung 1én truc rd to ciing nhu khung cac dang. Cac
qua tai dao dong nay dic biét nguy hiém dbi voi cac vong bi 1am ting do ro theo phuong
truc va theo phuong hudng tam, déng thoi lam ting mo men ma sat. Diéu nay lam giam
dd chinh xac cta con quay.
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Hinh 6. Khdo sdt anh huong cua mat can bang toi toc do tréi cua khung ngodai.
Theo thoi gian, do lyc can khi dong nén toc toc d§ vong quay cua rod to cang giam va
mo men can khi dong cling giam. Tuy nhién, do toc d§ vong quay cua 16 to giam nén do
troi cua con quay tang 1én.
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Hinh 7. Khado sdat mémen can khi dong cua ro to theo thoi gian.
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- D6 thi goc troi khung ngoai :

Do thi goc troi khung ngoai

Goc troi (do)
s
S

\

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Thoi gian (s)

Hinh 8. Dé thi géc tréi khung ngodi.

Qua mot s6 két qua khao sat co thé rat ra mot sd két luan nhu sau:

- B§ trdi cua con quay phu thudc vao cdc mé men ngoai lyc cé hai tac dung vao cac
cum chinh cta con quay: réto, khung cac dang trong, khung cdc dang ngoai. M6 men
ngoai luc ¢6 hai cang 16n, do trdi ciia con quay cang cao.

- Theo thoi gian, do lyc can khi dong nén tdc toc dd vong quay ciia roto giam nén do
tro1 cua con quay tang l1én.

- Bang viéc s dung chuong trinh m6 phong, cho phép danh gia dinh luong anh
huong cia cac yéu td két cau va dong luc hoc dén do chinh xac cua con quay.

3. PHUONG PHAP XAC‘ PINH PQ TROI CON QUAY TEN LUA CHONG
TANG B-72 BANG PHUONG PHAP THU'C NGHIEM
3.1. Thiét bi thir nghiém xac dinh dé trdi con quay

Thénh phﬁn thiét bi thir nghiém xac dinh d6 tr6i con quay (hinh 8) bao g@);n ban xoay,
thiét bi chi€u laze va man hing thu nhan anh. Con quay thir nghiém dugc lap ban xoay.
Ban xoay dugc quay voi véan toc 8,5 vong/gidy, m6 phong theo chuyén dong quay cua
tén lura B-72. Gid tr1 do tro1 khung trong va khung ngoai dugc thé hién trén man hig c6
vach chia.

Gia tri toa dJ y chi thi do tr6i cia khung cac dang ngoai AX = A, gia tri x chi thi do
trdi cuia khung cac dang trong Ay = AfS .

Téc d troi ctia con quay duoc tinh bang cong thirc

_Ba_ M AB Ny 3)
At At At At

At duge do bang ddng hd do thoi gian.

Viéc do cac khoan cach AX, Ay ta st dung phuong phap st dung man chén ¢ do chia.
Khoang cach gitra man chi€u va guong bang 57,28 mm thi trong truong hop nay, mdt do
chia 16n (10mm) trén man hing tuong ing vadi goc troi 1°,

Do troi gﬁa khung céc dang dugc do bdi do 1éch cua chum sang dén laze phan chiéu
tor guong lap trén khung trong con quay 1én man hing. Trén man hing, 6 vi tri ban dau
khi ma con quay dang ¢ trang thai khoa, chum sang ¢ vi tri 0. Sau khi tdng toc 16 to con
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quay bang hé théng khi nén dat 27000 vong/phut, con quay dugc mé khoa, danh dau vi
tri d¢ Iéch cuia chum séng trén man hung.

Hinh 9. Thiét bi do dé tréi con quay
1- Ban xoay; 2- Pen laze; 3- Man hirng; 4- Con quay.

Viée do toc do quay cua ro to con quay duoc tién hanh bang cam bién quang khong
tiep xtic. BE mt 16 to con quay duge bdi den 1 phan. Khi rd to quay, phan bé mat den
hap thu anh sang, con phan sang phan chiéu anh sang tir cam bién anh sang, di- 6t anh tao
ra cac xung vuong ti 1¢ voi toc do quay cua ro to. Tan s tin hiéu tir di-6t dugce do bang
thiét bi do tan sb. Dé do chinh x4c tan sd, chum sang tir cam biét anh séng phai vubng
goc va1 mat dau 10 to va khong co6 cac anh sang khac (nhiing anh sang co6 thé thdy duoc
trén tin hiéu di-6t anh huong dén di-6t anh).

Nhu vay, bang thiét bi do d6 troi con quay ta c6 thé két luan vé d6 chinh x4c con quay
xem chung ¢6 con du tiéu chuan lam viéc theo thiét ké.

- Giao dién phan mém kiém tra d6 troi con quay

KIEM TRA DO TROI CON QUAY

THOIGIAN TANG TOC js]  THOIGIAN CHAY $A s
_ 0.0
UV

THC B0 BAN XOAY (Vi)

Hinh 10. Giao dién phan mém kiém tra dé tréi con quay.
3.2. Thir nghiém va hi¢u chinh dg tréi con quay
- Nhan nit cip khi dé gia toc 10 to con quay. Khi van tc 16 to dat 27000 vong/phut,
nhat nut “Ngung cap khi”, thao chét ham con quay trén ban xoay ra.
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- Nhén nit “Run Servo” dé ban xoay quay voi van téc goc 8,5 vong/s, twong tmg voi
diéu kién 1am viéc ciia con quay trén tén lira CTVN.18.

- Xéc dinh do troi cua con quay bang cach quan sat vi tri cia chum sang trén man
htng. Do tréi ciia khung ngoai va khung trong twong tmg véi su di chuyén cta chum
sang theo truc tung va truc hoanh. Sau 30 s, d0 tréi cho phép ctiia khung ngoai 1a +1°, ctia
khung trong la -4° + +3°.

Duya trén phan tich danh gia anh hudng cua cic tham sb dén do tréi con quay trén
phan mém mo phong, nhém dé tai di dua ra phuong phap hiéu chinh do tréi con quay
phu hop. Khi khung trong trdi theo chiéu kim dong hd thi chdm sang trén man chiéu dich
chuyén sang phai va nguoc lai, khi khung trong tréi ngugc chiéu kim dong ho thi cham
sang dich chuyén sang trai.

Néu nhu d6 tr6i cta khung cac dang trong theo chiéu kim dong hd 16n hon (khi nhin tir
phia trén xudng tryc khung céc ding) thi can ting s6 cac dém bu lip trén khung ngoai. Néu
d6 tréi nguoc chiéu kim dong ho 16n hon thi can giam sb dém bu. Diéu nay thé hién qua
viéc thay doi gia tri My trong cong thirc (1). Con dé thay doi do troi khung ngoai can lap
cac vit chinh vao cac vi tri trén khung trong. Tuy nhién, trong truong hop nay s& anh
hudng dén ca do troi khung ngoai va khung trong nén can c¢6 chién lugc hiéu chinh hop 1y.

Bang phuong phap hiéu chinh nay, nhom dé tai di can chinh thanh cong nhiéu con
quay B-72 va con quay CTVN.18 stir dung c6 gop khong tiép xtic, ddm bdo thanh cong
cho nhiéu dot ban thir nghiém tén Iura.

4. KET LUAN

Bai bao trinh bay phuong phéap xac dinh do trdi con quay B-72 bang phuong phap mo
phong sd. Trén co s¢ md hinh toan phuong trinh chuyén dong ciia con quay 3 bac tu do
trén tén ltra B-72, cac tac gia da xay dung dugc chuong trinh mé phong theo phuong phap
mod phong s trong moi truong Matlab-Simulink. Két qua mo phong s thé hién ding qui
luat chuyén dong ctia con quay. Véi sy trg gitp ciia chwong trinh mé phong, c6 thé khao
sat anh huong mot sd yéu t6 két ciu va dong luc hoc téi d6 chinh xac cia con quay tén lira
B-72 phuc vu tinh toén thiét ke. Bai bao ciing trinh bay phuong phap thir nghiém xéc dinh
do trdi con quay B-72. Két qua mo phong sb di gop phan trong viéc hiéu chinh con quay
khi thir nghiém, dam béo thanh cong cho nhiéu dot ban thir nghiém tén lira.
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ABSTRACT

RESEARCHING METHOD OF ANTI-TANK MISSILE B-72
DRIFT DETERMINATION

This paper presents a method to determine missile B-72 gyro drift by numerical
simulation. On the basis of motion equations of the gyro with 3 degrees of freedom
on a B-72 missiles, the authors have built a simulation program according to
numerical simulation methods in Matlab - Simulink environment. With the help of
the simulation program, it is possible to investigate the influence of some
parameters on the drift of the B-72 rocket gyroscope. The paper also presents a
test method to determine missile B-72 gyro drift. Numerical simulation results
contributed to the calibration of the gyroscope when testing.

Keywords: Gyroscope with 3 degrees of freedom; B-72 missile; Drift.
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