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KHAO SAT QUA TRINH CHUYEN DONG LAY PA CUA MAY BAY
DO SANH, BINH VAN PHONG, LE QUANG, BO DANG KHOA, NGUYEN TUAN ANH
I. MO PAU
Qua trinh cit canh s& duoc chia 1am 4 giai doan: chay da, chuan bi chac ngdc, chuc ngoc va
bay 1én. Trong khudn khé bai bio nhom nghién ctru da dua vao cac yéu cau cua tung giai doan
dé xay dung cac phuong trinh dong lyc hoc tir d6 cho phép tinh toan mot 5O thong s6 co ban
nhu: thoi gian va quang duong cat canh... ¢ 3 gi ai doan dau. Trong giai doan déu chuyén dong
mdy bay dugc xay dung mo hinh vat ran chuyén dong tinh tién thang theo duong bang chua co
tac dong cua luc khi dong do dudi ngang gay ra. Trong giai doan thir hai, may bay chuyén dong
phang dong thoi chiu tac dung cua lyc khi dong do~du6i ngang gay ra. Trong giai doan thu ba
may bay, voi pénh trudc gﬁ roi dat va hai banh sau van cham dat va bai toan dugc xay dung theo
mo hinh chuyén dong phang hai bac tu do.

II. CAC THONG SO VA Ki HIEU

Hinh 1. M6 hinh may bay chay trén duong bang

Xét mo6 hinh may bay chay trén duong bang (hinh 1), ta st dung cac ki hiu sau:

-t vas, 1§n luot 1a thoi gian va quing duong may bay chay trén dudng biang dén khi dat
dugc van toc cat canh. Trong giai doan nay dudi 1ai ngang & vi tri 0°.

-hvas, lan luot 14 thoi gian va quang dudng mdy bay chay trén duong bang tir lac phi
cong diéu chinh dudi 1ai ngang dén khi hai banh trude roi duong bang.

-tz va Sy lan luot 1a thoi gian va quing dudng Ung véi giai doan tir luc banh trude rdi
dudng bang den khi hai banh sau ro1 dudong bang.

- 1 1a khoang cach gitra hai truc banh trudc va sau.
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-a 1a khoang cach tir trong tim dén truc banh sau.

- b 1a khoang cach tir tim lyc day dén trong tim may bay.

- ¢ 1a khoang céch tir tam khi dong dudi ngang dén truc banh sau.

- d 12 khoang cach tir tim luc ddy ctia may bay dén truc banh trudc.

- h, 14 khoang cach tir tim luc kéo dén mat duong bing

- h, 12 khoang cach tir trong tim may bay dén mat duong bang

- m la khéi lugng cét canh ctia may bay.

- Jc la momen quan tinh cia may bay dbi véi truc quay khéi tim va vudng goc voi mit

phéng chtra phuong trong truong va truc doc than may bay.

- T 1a lyc day cua dong co.

- L 1a lyc nang cua may bay.

- D 1a lyc can khi dong.

-Nj, N; lan lugt 14 cac phan lyc phép tuyén ¢ banh sau va banh trudc may bay dbi véi mit dudng.

I11. KHAO SAT TUNG GIAI POAN
1. Giai doan chay da
O giai doqn nay, may bay khoi dong voi cong sudt dong co tbi da trén duong bang. Goc
8.=0° va gdc tan cua canh la o = 5°.
Phuong trinh chuyén dong cua may bay la
dv

m—=T-D-F, (3.1)
d

k
trong d6: Lyc ma sat: F =—(P-L). (3.2)
r

V6i r 1a ban kinh ciia banh xe, k 1a hé s6 ma sat lan, P 1a trong luong may bay,
L=0.5p.8C,v;.

Luc ddy dong co: T =2303-11,267v;
Luc can khi dong: D=0, SpZSCZv;
20—z

trong do: p, = 20 1,225, z 14 dd cao khéi tim may bay, p, =1,225.

+z
Tich phan phuong trinh (3.1) véi diéu kién dau v(0) = 0 ta s& c6:

v =F|(t). (3.3)
Thoi gian t; d& may bay dat van tdc cat canh (v..) duoc tinh:
vee = Fi(t). (3.4)
beé xac dinh quang duong di dugc ciia may bay ung vdi thoi gian t;: ta tich phan phuong trinh:
==k, ()
Tt day nhan duoc:
X =X(t;) . (3.6)
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Quiéng duong lay da ciia may bay ung voi thoi gian t, 1a
Si=x(t). (3.7)
2. Giai doan 2
Khi may bay dat vén toc cit canh Vce, phi cong diéu khién thay d6i goc tan cua canh lai do

cao (elevator). Luc d6 phuong trinh chuyén dong cia may bay c6 dang (3.1) nhung trong d6 luc
ma sat can dugc tinh theo bi€u thirc:

Fo=Kprr-1 (3.8)
r

trong do: F, la lyc khi dong do dudi ngang taora, F, =0.5p_S %3,62.0:,\/1,2 ; Si: dién tich tham

t
chiéu dudi ngang, a duogc tinh bang do.

Dé nhan dugc diéu kién banh trude roi duong bang, ta tinh biéu thic ctia phan luc phap
tuyén cta banh trudc do tic dung cua duong bang. Mudn the dat luc quéan tinh va sir dung
phuong phéap tinh hinh hoc - déng luc. Luc quan tinh c6 biéu thirc F* = —p % =T +D+F-

t

Tt phuong trinh momen luc ddi voi diém 1, , ta tinh dugc:

N, = %(P.a +T.hy—Lb—F.c—Dh—F"h). (3.9)

Trong d6 cac luc khi dong duoc tinh toan véi goc tan ctia canh elevator 8.= 8.* = 10°. Cho
triét tiéu phan luc N, , tr phuong trinh:

Pa+Thy—Lb—F,.c—Dh —F"h =0 (3.10)
ta tinh dwoc van téc v, =v,* clia may bay lic banh trudc roi duong bang.
Vz* = Vz(tz). (31 1)

Dé tinh khoang thdi gian t, tir khi phi cong thay ddi goc tin cua canh elevator dén khi banh
trude cia may bay roi duong bang ta tim nghiém phuong trinh (3.10). Khoé khan khi tich phan
phuong trinh nay la thong sé diéu khién goc 8, 1a dai luong thay d6i tuy thudc vao su di‘éu,khién
ctia nguoi phi cong. Cho dén nay theo ching t6i duge bict chua c6 mdt tai liéu nao it nhat la ¢
Viét nam, dua ra qui luat thay d6i nay. ¢ day céc tac gia de nghi luat dicu khién c6 dang:

v—v *

5{3 :*7w.§e (312)
V2 - vcc
trong 46 O, 1a gi4 tri thong s6 didu khién ng v6i thoi diém t,, tic 1a thoi diém banh trudc roi
duong bang. Lay 8.= 10°. Tich phan phuong trinh (3.9) v6i . tinh nhu bicu thic (3.12) voi diéu
kién dau vy, = v ta nhan dugc:
Vy = fz(t) (313)
~ Tu phuong trinh trén ta tinh duoc thoi gian t, tir luc goc tan ciia elevator bat dau thay doi
den khi banh trudc roi duong bang:
V; = fz(tz) (3 14)

trong do v; la nghiém cua (3.10).
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Dé tinh doan duong may bay chay trén duong bang trong khoang thoi gian t, ta tich phan
phuong trinh:

dx
= - 3.15
” £ (3.15)

v6i diéu kién dau x(0) = 0.

Goi nghiém cta phuong trinh la: X = X,(t).

Quéng duong cia may bay chuyén dong trong giai doan nay 1a

S, = Xy(ty). (3.16)

3. Giai doan 3

Giai doan nay may bay chiic ngéc, banh trudc roi mat dat, va may bay chay trén dudng
bang vdi hai banh sau. Nhu vay phan luc duong bang 1én may bay chi con phan luc N;. Trong
giai doan nay, may bay chuyén dong v6i hai bac tu do. Chon cic toa do suy rong 1a x va 0.
Trong d6 x 1a thong s6 xac dinh vi tri tim ctia banh xe sau doc duong bing, 0: goc chic ngoc
(gitra duong than may bay va phuong ngang)

?XXXXXXXXX/&XXXXXE-‘T’XX PN

F me m=k.N,
Hinh 2
Biéu thirc dong ning clia may bay s& duoc viét nhu sau:
T= %mvf +%Jct9'2

(3.17)

= %mxz +%[JC +m.(a’ +h ):l 0* —m.(asin @+ h cos 0)x6

trong d6 J.: 12 momen quén tinh ciia may bay ddi véi truc thang goc mit phang chira phwong
trong trudng va truc doc may bay.

Luc suy rong ing véi cac toa do suy rong x va 0 sé la:
Q. =(T'-D)cos@+(F —L)sinH—EN1
r

N, =P+(Ff —L)cos O+ (D —T)sin @ —ma(sin 6.0 +cos 0.0%) (3.18)
Q,=D.c+Lb+D.h’—T.hj —P.(acosO—hsin0O)

Phuong trinh chuyén dong ciia may bay c6 dang
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mx —m(asin @ + h’ cos 0)0 —m(acos 6 — h’ sin 0)6* :(T—D)cosa+(F,—L)sin@—fzv1 (3.19)
7 .

—m(asin@+h’ cos @) + [JC +m(a’ +h” )] 0 =F.c+Lb+D.h’ —T.h, —P(acosd—h’sinb)
Tich phan hé phuong trinh trén vé6i diéu kién dau:
x(0)=0; x(0)=v,; 8(0)=0; H(0)=0
ta co: x3=x3(¢); 0 =0(2).
Dé tim diéu kién banh sau roi duong bang (tirc 1a bat dau chuyén sang giai doan bay 1én) ta
tinh phan luc N; giita banh sau va duong bang va cho triét tiéu phan luc nay.
Theo d6, ta viét phwong trinh chuyén dong khéi tim theo phwong dung:
m.y, =N, +Lcos@—P—F,cos@+Tsind—Dsin6 (3.20)
trong do: ¥y, =acos 0.0 - h sin 0.0 —(asin@ + h cos 0)6*. (3.21)
Tt déy ta nhéan duoc:
N, =m| (acos@—hissin@)d—(asin@+h{ cos0)6” | +(F,~L)cos0+(D-T)sind.  (3.22)
Diéu kién banh sau rdi duong bang 1a N, = 0.
Thay nghiém cta (3.19) va cac dao ham vao phuong trinh (3.22), ta c6 duogc
Ni(H) = G(t) = 0. (3.23)
Tir (3.23) ta tinh dugc khoang thoi gian t; ké tir khi banh trude roi duong bang dén thoi

diém banh sau roi duong bang. Goi T la khoang thoi gian tir khi mdy bay bat dau chuyén dong
trén duong bang dén khi may bay roi hoan toan duong bang:

Con S 1a téng quing dudng cua 3 giai doan:
S=81+85+8; (3.25)
voi S3 = X3(t3).
IV. MOT SO KET QUA

Ap dung tinh toan cho ba giai doan trén vdi cac sb lidu cu thé sau [4]: L = 1,827 m,
a=0,037m,5=0,37m,c=2,893m,d=1,457m, hl =0,73 m, h12 = 1,69 m, m = 470 kg, J =
623 kgm®, g =9.81 m/s*, v,=22,711 m/s, oy = 10.0". Ta thu duoc két qua nhu sau:

Trong giai doan 1, giai doan chay da:

- Thoi gian chay da: 5,3994 s;

- Van tdc cét canh: 20 m/s;

- Quang duong di dugc ciia may bay: 58,234 m.

D6 thi quing dudng va van téc cia may bay trong giai doan 1 duge thé hién trén dd thi
hinh 4, 5.

Trong giai doan 2, giai doan chuan bj chuc ngdc, ta co:

- Thoi gian chay: 1.041 s;

- Van téc cudi giai doan: 22.711 m/s;

- Quang duong chay dugc: 22.267 m;
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Céc d6 thi quang duong va van toc clia may bay trong giai doan 2 dugc thé hién trén hinh

6, 7.

Do thi quang duong tong gial dean 1
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Trong giai doan 3, giai doan chic ngdc, ta co:

Hinh 4

Do thi quang duang trong qlal doan 2

Hinh 6

- Thoi gian chay: 0.19597 s;
- Van tdc cudi giai doan: 23.42 m/s;

- Quang duong chay dugc: 4.5206 m;

- Goc xoay 0: 0.027339 rad,

- Vén tbe goc 0 0.28945 rad/s.

Céc d6 thi quang dudng, van tdc, goc xoay va phan luc phap tuyén banh triroc duoc thé
hién trén hinh 8, 9, 10, 11.
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Do hi guang duong trong giai doan 3

Do thiwan toc trang giai doan 3
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Bai bao da gidi thiéu qua trinh xdy dung mot phuong phap khao sat chuyén dong cua may
bay trong giai doan chay ldy da trén duong bing. Phuong phap dugc ap dung khao sat chuyén
dong ciia may bay VAM 1 va cac két qua nhan duoc kha sat v6i cac thong sd cia VAM 1 da
duge cong bo. Thém vao d6 mot két qua dang chi ¥ 13 qui luat diéu khién (3.12) dugc dé xuat
trong cong trinh nay da dugc khing dinh qua bai toan dwoc khao sat.

Cong trinh dwgc hoan thanh véi sy tai tro clla chwong trinh nghién clru co ban trong Khoa hoc
tw nhién.
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SUMMARY
INVESTIGATION OF AIRCRAYFT TAKE-OFF PERIOD

For the first study of the designing process of superlight planes, the paper presents a
method to study the take-off period. This period is divided into 4 regimes: Run-up, Pre-lift up,
lift- up, and take-off. In the paper, we build dynamical equations for the first 3 regimes based on
each regime’s conditions. By that we can calculate some parameters such as: speed, time of take-
off ... . The result is compared with data of VAMI.

Dia chi: Nhdn bai ngay 12 thang 4 nam 2004
Khoa Co khi, Truong Pai hoc Bach khoa Ha Noi.
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