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TOM TAT
Bai bdo trinh bay phwong phdp tinh todn déng luc hoc thiét ké mdy ldi dién tir ciia khi cu bay

co diéu khién kieu OM111. Trén co so xdc dinh ngogi luc tac dong lén canh ldi thiet bi bay, cdc
tham so két cau - dién tu, ldp va gidi hé phuwong trinh vi phdn chuyén dong, tinh todn dong luc
hoc may ldi, lam co so xac dinh mién thong so thiet ke may ldi theo mau théng qua khdo sat anh
hwong cua cac tham so két cau-dién tir toi do tre chap hanh diéu khién may lai. M6 hinh toan cé
thé ap dung dé tinh toan thiet ké may ldi role dién tir cho mot so khi cu bay tuong tu.
Tir khoa: May l4i role dién-tir; Khi cu bay c6 diéu khién; D6 tré.

1. MO DAU

May l4i dién tir khi cu bay (KCB) chéng ting c6 diéu khién 1a co cdu chdp hanh hoat dong
kiéu ro-le, diéu khién bang tin hiéu dién dang xung, st dung nang luong dién trén khoang khi cu
bay, giup diéu khién KCB bay theo goc hudng va goc tdm bang cach str dung cac canh 1ai khi
dong. Ciing nhu cac bd phan cdu thanh quan trong khac cia KCB, may 1ai dugc tinh toan thiét
ké, ché tao, thir nghiém theo mét quy trinh chit ché, khoa hoc. Viéc thiét ké theo miu ngoai viéc
nghién ctu, tim hiéu két ciu, vat liéu, cdng nghé ché tao caa mau can thyuc hién tinh toan, khao
sat dong luc hoc (PLH), x4c dinh mién hop Iy cac thong sb két ciu, diéu khién, khi dong luc,
DLH,... dé dat duoc chi tidu do tré chip hanh tin hiéu diéu khién phu hop va mét sb chi tiéu hop
Iy khac cia may lai. Stir dung két qua khao sat trén day so sanh véi két qua thir nghiém mau, dé
chinh xac héa mé hinh tinh toan DLH may l4i ro-le dién tir dinh hudng thiét ké, ché tao méi may
lai theo muc dich sir dung trén co s& mau.

Hinh 1. C&c cum dién tur - may lai.
Trong pham vi bai bao, nhom tac gia xay dung mé hinh toan va khao sat DPLH may 1ai KCB
kiéu OM 111, trén co s¢ do khao sat anh huong va luan giai xac dinh mién hop 1y cta céac thong so
két cau-dién tir dén d¢ tré chap hanh tin hiéu mdy lai T va dam bao cac chi tiéu ky thuat may lai.
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2. MO HINH TOAN PONG LUC HQC MAY LAI KHi CU BAY 9M111

2.1. Hé toa d9 khao sat

Trén moi KCB lép mot may lai g@)m 2 cum tmyén dong dién tir (cum dién tir) trén than may lai
(hinh 1), cum dién tir I: cp 15i tir v6i cac cudn day diéu khién C1, C3, truc I gin tAm hut I, cap
canh 1i khi dong 1, 3; twong ty cum dién tir IT voi cudn day C2, C4, tryc I, tAm hat 11, canh lai 2,
4. Hai truc I va I vuoéng goc voi nhau va nam trong mit phang vuéng goc vai truc doc KCB, cudn
day C2, C4 phia dau KCB va cudn day C1, C3 phia sau so v6i mat phang 2 truc I, II. Tuy két céu,
[ tri 2 cum dién tur khac nhau nhung vé ket céu co ban va nguyén 1y lam viéc 13 giéng nhau nén
s& tién hanh khao sat tinh toan dong luc hoc méy 1ai d6i voi 1 cum dién tir (cum I).

Str dung hé truc toa d6 Dé-cac OmXmymzm gan theo truc KCB va truc canh lai v6i tim On, 12
giao diém cua truc I va truc Il ciia méy lai (hinh 2) truc OmXm tring véi truc doc KCB, truc Omym
trung voi truc I, truc OmZm trung voi truc 11 cia may lai.
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Hinh 2. M6 hinh co — DLH may ldi.
2.2. Cac giai thiét co ban

- Hai cum dién tir ciia may lai c6 nguyén 1y két cdu va hoat dong twong ddng, dong luc hoc
cuia mot cum (cum I) dai dién cho hoat dong ciia may lai.

- Coi két chu trén truc I dbi xung qua mat OmXmZm V& OmXmYm ca v& hinh hoc, két céu, phan bd
khoi luong, do dan hoi cua cac 16 xo,... tirc 14 cum I khi khéng c6 dién ap dat vao cac cudn day
diéu khién (1, 3) thi tam hat, cac canh lai ¢ vi tri trung gian va doi xing hoan toan qua mat
OmXmZm V& OmXmYm.

- Coi truc may lai, tim hit, cac canh l4i 12 chat dlem c6 khéi lugng dugc quy d6i vé tim quan
tinh truc I, thuc hlen chuyén dong cung KCB tinh tién véi van tdc vy khong ddi, chuyén dong
quay voi van tde oq 6n dinh xung quanh truc doc KCB trong giai doan bay hanh trinh va chuyén
dong quay tir vi tri goc 14t 16n nhat bén trai (-Omax) dén vi tri goc 14t 16n nhat bén phai (+8max) véi
goc quay 8(t)=0—>28max, Smax la goc 1t t6i da tinh tir vi tri cAn bang ciia truc may 1ai, phu thudc
két cau may lai.
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- May lai (trong d6 bao gom truc canh lai) chuyén dong véi van téc chuyén dong tinh tién va
van toc chuyén dong quay xung quanh truc doc KCB, véc-to van téc cia KCB c6 phuong khong
do6i trong mot hanh trinh cta tim hat nén lyc quan tinh cia truc may lai theo phuong song song
véi truc doc KCB. Nhu vay, hai chuyén dong véi vy va wq cia KCB chi gay ra luc qué tinh déi
v6i khéi lwong quy ddi truc may 1ai, khong gy ra luc ly tim d6i véi truc may lai.

- Khi chiu tac dung luc, ngoai cac 16 xo canh l&i bién dang trong vang dan hdi, cac chi tiét con
lai cia may lai la cang tuyét ddi, khong co su bién dang, dan no.

- Tir thong cua cac cudn day diéu khlen qua 15i va truyén toan bo dén cac dau cam tir, bo qua
su 10 ri tir thong, duoc déc trung bdi hé sb tu cam cia cudn day; bé qua ton that nang lugng dién
sinh nhiét trong cac cudn day.

- P clmg ctia 16 xo0 can bang lap trén cac truc may lai twong duong nhau, sinh lyc (moé men)
dan hoi bang nhau khi truc may l4i quay goc nhu nhau so véi vi tri trung gian.

2.3. M6 hinh toan dong luc hgoc may lai KCB 9M111
2.3.1. Phuong trinh chuyén dong co ban cua mdy ldi

d?s
Icc'Fsztl_Mdtf"Mkd+Mlx_Mms'
khi:My —M j3+M, + M, —M_ >0; )
L3999
“dt? T dt
i khi: My —M 4;+M + M, — M <O.

Trong hé phuong trinh trén: I - MO men quan tinh hinh hoc cum may lai dbi véi truc quay,
kg.m2 & = §(t) - Quy luat chuyén dong quay ctia cum dong may 14i, rad; Mau- M& men dién tir
tac dung 1én tdm hut tir phia cuén day diéu khién bén phai C-1, N; Mz - M6 men dién tir tac
dung 1én tdm hut tir phia cudn day diéu khién bén trai C-3, N.m; M- M6 men tai khi dong canh
14i, N.m; Mix - M6 men cin bang cua 10 xo tac dung 1én cum dong may 1ai, N.m; Mpms - M men
ma sat 6 d& truc may lai, N.m.

2.3.2. Phuong trinh thay déi liec dién tir mdy ldi

Phuong trinh thay ddi luc dién tir trong cac cudn day (hinh 3) duoc xay dung tir phuong trinh
can bang ning luong ciia nam cham dién: dién nang nguon nudi Ey sau thoi gian t duogc chuyén
thanh tir ning nam cham dién E,, va ton hao nhiét ning do dién tro thuan Eqy [2]:

t 174 t
E, =E, +Eg, ticla [U.ldt=[1.dy+[1%Radt
0 0 0

Trong d6: U - Pién &p xung tin hiéu diéu khién tir du ty dan dua dén cuodn hat diéu khién, V;
| - Cuong d6 dong dién xung tin hiéu diéu khién tir dau ty din dwa dén cudn hut didu khién, A;
R - Pién tro thuin cua cudn hat diéu khién, Q; W - Thong luong qua cudn hat diéu khién, Wb:
¥ =d.0=L.1; o - S5 vong ddy ciia cudn hut didu khién, vong; L - Do tu cam cia cudn hut
diéu khién, H: L =,.S, .0° /(X + X, —X); po - HE sO tir tham ctia vat liéu dau cam tir trong
chan khéng, Him: g, =4.2.107"; Se - Tong dién tich tiét dién ciia dau cam tlr, m* S, =2.a,.0,

- Hanh trinh tAm hat theo phwong ngang tdm dau cam tir, m; x - Khoang cach tinh tir diém
giita chiéu cao dau cam tir (be/2) t6i tAm hut theo phwong ngang, m; act, bet - Chiéu rong, chiéu
cao dau cam tir, m; @ - T thong tao nén trong cudn hit nam cham dién, Wb: phu thudc vao luc
dién tir khi cuon day nam cham di¢én c6 dong dién chay qua:

D =244y -S -Fy
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Vi Fa, Fau - Luc hut dién tor tac dung lén tam hut trén cum dong may lai tir phia cudn d@y
dicu khién bén phai C-1, N; Fus- Luc hat dién tir tac dung 1én tam hit tir phia cudén day di€u
khién bén trai C-3, N.
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Hinh 3. Quy tdc It ciia tam hit.
- Thong luong qua cudn hat diéu khién, Wb: ¥ =@.w=L.1; o - S6 vong diy cta cudn

hat diéu khién, vong; L - Do tu cam cta cudn hat diéu khien, H: L= 1.5y .0 [ (X, + X, —X);
Lo - H& s6 tir tham cia vat liéu dau cam tir trong chan khong, H/m: 4, =4.7.107" ; Se- Tong dién
tich tiét dién cua dau cam tir, m?: Sy =2. att 3 Xa- Hanh trinh tam hut theo phucrng ngang tam

dau cam tir, m; x - Khoang cach tinh tir diém giita chiéu cao dau cam tir (b«/2) téi tim hut theo
phuong ngang, m; ac, bet- Chiéu rong, chiéu cao dau cam tir, m; @ - Tir thdng tao nén trong cudn
hat nam cham dién, Wb: phu thudc vao luc dién tir khi cuén ddy nam cham dién c6 dong dién

chay qua:
@ =[2, .Sy Fy

V6i Fa, Fau - Lyc hat dién tur tac dung 1én tAm hit trén cum dong may lai tir phia cudn day
diéu khién bén phai C-1, N; Fas- Luc hat dién tir tic dung 1én tim hut tir phia cudn day diéu
khién bén trai C-3, N.

Déi vé6i cuon hat diéu khién cua ro-le dién-tir trong bd chuyén dbi tin hiéu dién-co ciia may
l4i, hé sb tir thim po dé dua vao tinh toan la hé so tu-dién, z_, - Dac trung cho d6 tir thim cia vat
licu phan ung va phan cam cua b chuyén doi tin hiéu dién- co, do tur tham cua khe hé khong khi
giita ddu cam tir va tAm hat, do khdng Ién chat, khong dong déu quan day e-may cia cudn hi, . .
M, duoc Xac dinh bang thyc nghiém.

Sau khi tich phan va bién dbi ta thu dugc phuong trinh ting lwc dién tir khi tin hiéu xung diéu
khién U; = Umax 6 nam cham dién 1.
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dyFs R +%—X) = U @
- ' dtl
dt 2.4ty By Dy @ 2.0ty 8y Dy
dyF R.(X, + X
wo__ RO6*X) e ®)
dt 2.4y 8y 0y .0

Do hoat dong quay, lc, dong mo tam hat trén cum dong may lai giéng nhu hoat dong cua role
trong mot mach tir kin (hinh 3), ¢ day tim hat chuyén dong quay goc & voi khoang cach giira tim
hut va cuc tir phia dudi va phia trén ty 1€ nghich, nén dé don gian, ta s€ tinh luc dién tur gén dang
v6i khoang dich chuyén tAm hut x tir mat cam tir (vi tri diém gitta chiu cao dau cam tir be/2) toi
tam hut theo phuong ngang song song voi ox va cach truc quay may lai doan g, nhu sau:

x:x7m+ oy *tan(8.) +(h*cos(s.) — 1, ) *(tan (8.) —tan (5. +7))

Trong do:

g =b—£‘+b0; h=r/siny; a =t *tan|s,|; a, =(y -1, )tan|o,];y =h*cos;; 6. = 6 = 5y,

Nham giam thicu d¢ tré cho may l4i, mach dién diéu khién duoc thiét ké dé xung dién ap tac
dung 1én cudn 3 ngay sau thoi di€m tré ve 0 s€ doi dau véi gia tri dién ap hop ly tic dung lén
cudn 3 dé cat giam do tré tr du cua cudn day, khi do:

d./Fys R.(% +X) U
=— " j Fis + L 4
dt 2.4ty By by 07 @ 2.0\ iy B by @

Trong d6: U, :Ul*[%_lJ khi t<t, va U, =0 khit>t

Véi: Ui - Dién ap d6i dau do nhiéu mach diéu khién, V; U - Mtrc dién &p am l6n nhat, V;
t1 - Khoang thoi gian dién ap tro vé 0, s.
2.3.3. Cdc ham sé lién hé giira cdc bién sé, cac biéu thirc xde dinh cdc tham so trong hé phwrong
trinh co ban

Trong cac phuong trinh vi phan (1) — (3) ¢6 cac biéu thire, ham sé xac dinh céac luc tac dung
1én tam hat va cac tham so6 khac, do la:

*Mé men quan tinh hinh hoc cum déng may lai ddi véi truc quay

M6 men quén tinh hinh hoc cum dong may 1ai déi v6i truc quay 1a md men quan tinh ddi voi
tdm truc quay cta cum truc may lai xuat hién do trong tdm cum truc may lai (gom 2 canh lai, truc
V@i tam hat trén truc,...) khong ndm trén duong tdm cua truc may 1i, duge xac dinh qua ban ve ket
cau cum truc canh lai. Gia tri mé men nay dugc xac dinh qua mo hinh 3D trén phan mém inventer.

*Mo men tdi khi dong canh lai

Luc khi dong Fiac tac dung 1€n canh lai tai tim ap khi dong canh 1ai, tao ra md men quay truc
canh lai - mé men tai khi dong canh lai My, luc khi dong Fuac 1a hop luc caa luc nang khi dong
va luc can suon khi dong tac dung Ién canh lai, n6 phu thudc vao hinh dang va kich thuéc cua
canh lai, vao goc tan o (la goc dugc tao boi hudng véc to van toc tdm khoi va truc doc tén lua),
goc lat & cua canh lai, khoang cach ri tdm ap khi dong cua canh lai so vai tdm truc quay, goc
quay cua tén Itra xung quanh truc doc tén lra. Theo [1] m6 men tai khi dong canh lai Myg dugce
xac dinh nhu sau:

2
M, :Sc.p.V?“.(Cy.COSé'k +CSING, )i G =@+ Sy — 5
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Trong dc')Z hé s6 luc can sudn khi dong canh lai Cy va hé sb luc ning khi dong Cy, duoc xéac
dinh phan mém ban thuc nghiém Missle Datcom.

*MO0 men cin bﬁng

M6 men can bang 1a mé men trén truc may 1ai do luc dan hoi cta hé 10 xo can bang
Mix = Kic*(8max-0); v6i: Kix - Hé s6 dan hoi twong duong ciia hé 10 xo, xac dinh bang thyc
nghiém, Nm/rad.

Nhu vay, ta da xay dyng dugc mf) hinh toan BDLH may lai KCB 9M111 96m 3 phuong trinh
vi phan khép kin (1) - (3) va cac biéu thirc rang budc, vai 3 bién so la an s6 doc lap twong tng
gom (3=3(t) - Quy luat chuyén dong quay ciia cum dong méy lai; Quy luat thay d6i md men
dién-tir tac dung lén tam hat Mgu(t), Maa(t).

3. KHAO SAT HOAT PONG MAY LAI KHi CU BAY 9M111
3.1. M6 phéng kiém chirng mo hinh dong luc hoc may lai

Trén co s6 md hinh toan DLH may lai 9M111 dugc xay dung ¢ trén, nhom tac gid ’tié’n hér]h
mo phong hoat dong may lai bang 1ap trinh trong moi truong MatLab. Cac thong s6, s6 liéu dau
vao cho mo hinh toan DLH mdy 1ai 9M111 duoc xac dinh tir tai liéu hudng dan st dung; qua do
dac mau thyc, thyc nghiém va tinh toan ctia nhom tac gia (thdng so ket cau, do cang 10 xo...); va
mot so thdng so khac tham khao tir cac tai liéu khac [1-4].

Giai hé phuong trinh vi (1) - (3) va céac biéu thirc rang budc béng phuong phap Rungekutta
bac 4, lap trinh trong méi truong MatLab, chung ta nhén dugc cac két qua mé ta qua trinh DPLH
may lai, sy bién thién ctia mot s6 tham so6 quan trong dugc biéu dién trén do6 thi dién hinh sau
(hinh 4, hinh 5).
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Hinh 4. D6 th; bién doi Xt), Mau(t), Maa(t), Mix(2) khi khéng coé tdi khi dong lén canh ldi Myg=0.
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Hinh 5. D6 thi bién déi &t), Mau(t), Mawa(t), Mi(?) khi c6 tdi khi dong 1én canh ldi Miq.
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Tir d0 thi (hinh 4) thdy rang, trong truong hop khong co tai khi dong, do tré chap hanh tin
hidu 1a t = 10,9 (ms). Két qua do d¢ tré chap hanh tin hiéu may lai mau 9M111 © = 10,4 (ms).
Chiing t6 mo hinh toan dugc xay dung l1a dang tin cdy.
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Hinh 6. Quy ludt thay déi cac md men cia may lai.

Hinh 7. D4 tré chdp hanh tin hi¢u may lai mau 9M111.
Db thi (13‘1nh,5, 6) mo ta hoat dong 01’131 may lai trong ca chu ky trong truong hop co tai khi
dong. DO tré chap hanh tin hiéu may 1ai mau 9M111 © = 12,5 (ms).
3.2. Xac dinh mién hop Iy ciia cac thong sb két cAu-dién tir may lAi

Trén co s mo hinh toan xay dung dugc, nhom tac gia thue hién khao sat anh hudng cua cac
tham s6 két cau - dién tir toi do tré chap hanh tin hiéu may 1ai. Can cir yéu cau thiét ké hé thong
va hé théng diéu khién vé do tré chap hanh diéu khién caa may lai, c6 thé lva chon mién thong
s6 két cAu - dién tir dam bao yéu cau chi tiéu cua may lai. Tir d6 thuc hién tinh toan, thiét ké
DLH may lai, thiét ké két cau cho may li va tinh toan cong suét tiéu thu ciia may lai dé hé thong
ngudn trén khoang tén lra phai dam bao.
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Hinh 8. B thi khdo sdt anh hudng ciia cdc tham sé vong day dén dé tré chap hanh may ldi.
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Két qua khao sat hién thi hinh 8, thuc hién khao sat s6 vong diy o, dién tré R anh hudng dén
do tré cho thay: vdi cung s6 vong day, doi voi cudn day co dién trd nho hon thi cho do tré nho
hon. Thém vao do, vdi cung gid tri dién trd, khi ting s6 vong day s€ lam tang do tré may lai.

4. KET LUAN

Bai bao di trinh bay phuong phap xay dung mo hinh tinh toan DLH may lai role dién tir kiéu
KCB co diéu khién kiéu OMI11. Thuc hién khao sat nguyén 1y hoat dong va xac dinh cac tham
sO thiét ké ctia may lai méu, nhém tac gia da thiét 1ap dugc hé phuong trinh vi phan mé ta
chuyén dong ciia hé tim hat-truc quay-canh lai, mo ta qua trinh thay d6i ciia mot sé thong sd
quan trong trong mot chu ky hoat dong chap hanh diéu khién ctia may 14i. Trén co s¢ d6 gilp ta
c6 thé khao sat duge anh hudng cia cac tham s6 két cAu, tham sb dién tir t&i chi tiéu quan trong
cia may lai 1a do tré chap hanh diéu khién va dam bao cac chi tiéu hoat dong khac trong qué
trinh thiét ké nhu mo men tai ddu ra cia may 1ai lam co so dé thiét ké may lai. M@ hinh toan
DLH nay ciing c6 thé 4p dung dé tinh toan thiét ké may l4i ro-le dién tir cho mot sé6 KCB tuong
tu (KCB kiéu 9M113,...).
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ABSTRACT

Developing the method calculation dynamics for the design electromagnetic relay steering
machine of a guided flying machine type 9M111

In this paper, the method of calculation dynamics for design in the form of an
electromagnetic steering machine of flying machine type 9M111 is presented. On the basis
of determining the external force acting on the rudder of the aircraft, structural-
electromagnetic parameters for steering motion, establishing and solving a system of
differential equations of motion, and calculation dynamics of steering machine, as a basis
for determining the design parameter domain of the model steering machine through
surveying the influence of structural-electromagnetic parameters on the steering response
delay. The mathematical model can be applied to calculate the design of an
electromagnetic relay steering machine for some similar flying machines.

Keywords: Electromagnetic relay steering machine; Guided flying machine; Time delay.
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