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KHAO SAT TiNH ON PINH CUA MAY BAY UAV PHUN THUOC
TRU SAU NG DUNG TRONG NONG NGHIEP

SURVEY THE STABILITY OF UAV SPRAYING PESTICIDES APPLICATION IN
AGRICULTURE

Hoang Thi Kim Dung
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT

Bai bao nghlen ciiu, khao sdt tinh 6n dinh tinh va on dinh déng cia may bay khong nguoi lai
(UAV) phun thuéc trir sdu ung dung trong nong nghiép voi su tro giup cua phan mém XFLRS. Pau
tién, UA Vdu'oc thiét ké dé kiém tra dac tinh khi dong, sau do khao sat dac tinh én dinh. Két qua cho
thay mady bay on dinh tinh tai van toc 13 m/s va géc tan 0,2°. May bay én dinh dng véi hau hét cac
dang chuyén déng, ngoai triv chuyén dong Spiral.

Tir khéa: My bay khéong nguoi ldi; Tinh 6n dinh; XFLRS.

ABSTRACT

The article researches and investigates the static and dynamic stability of unmanned aerial
vehicles (UAV) spraying pesticides application in agriculture with the help of XFLRS sofiware.
First, the UAV is designed to test the aerodynamic performance and then investigate the stability
performance. The results show that the aircraft is statically stable at speed of 13 m/s and attack
angle of 0.2°. The aircraft is dynamically stable with most motion, except for Spiral motion.

Keywords: UAV; Stability; XFLRS.

1. PAT VAN DE

Mot may bay phai c6 d6 6n dinh dé
duy tri quy dao bay dong nhat va phuc hoi tir
cac luc nhidu dong tac dong vao. Vi thé, dé dat
t61 hiéu qua tét nhat, may bay phai c6 dap tmg
thich hop véi chuyén dong cua diéu khién. On
dinh 1a thudc tinh ctia mot trang thai can béng,
1a trang thai bay binh 6n ddng nhat, véi tong
cac luc va cac mo-men dbi voi trong tim may
bay déu bang 0 [1-4].

Véimuc tiéu nghién ctiru may bay khong

ngudi lai dang canh bang tmg dung phun thude
trir sdu trong noéng nghiép, ta s dung phan
mém XFLRS5 [5] dé thiét ké may bay, sau do
xac dinh dic tinh khi dong dé khao sat tinh 6n
dinh 1am tién d& cho viéc x4c dinh ché do lam
viéc cho may bay sau nay.

2. LY THUYET ON PINH

C6 hai dang 6n dinh chinh 1a 6n dinh
tinh va 6n dinh dong. Trong do, on dinh tinh
khong phu thudc vao thoi gian con on dinh
dong nghién ctru dién tién theo thoi gian chuyén
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dong clia may bay sau khi né bi nhiéu dong tac
dong. May bay c6 thé 6n dinh tinh nhung c6 thé
khong 6n dinh dong. On dinh tinh vi thé khong
dam bao cho sy On dinh dong. Tuy nhién, may
bay mubn on dinh dong thi trude hét né phai on
dinh tinh.

2.1. On dinh tinh

Diéu kién dé may bay 6n dinh tinh la:

Cy cgvaC, >0khi C,=0 (1)

oo

Trong fio: C.C.a tuong ung la hé so
mo-men, h¢ s6 luyc nang va goc tan.

2.2. On dinh dong

Trgng tiem - I

(6
U' - i

Hinh 1. Hé truc toa do gcfn voi may bay

M4y bay co sau bac tu do, gdbm ba
chuyén dong tinh tién theo ba phuong va ba
chuyén dong quay quanh ba truc (Hinh 1). Bé
don gian héa, ta phan chuyén dong ctia may bay
thanh hai dang 1a chuyén dong doc va chuyén
dong ngang. Vi mot nhiéu dong trong chuyén
dong doc khong anh hudéng dén chuyén dong
ngang. Anh huong cia chuyén dong ngang tGi
chuyén dong doc & nhiéu loan nho 1a rat nho, ¢6
thé bo qua duoc nhung khi nhiéu loan 1a 16n thi
nhitng anh huong d6 cé tac dong dang ké dén
chuyén dong doc.
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a. Chuyén dong doc

Chuyén dong doc 1a cic chuyén dong
doc theo céc truc doc Ox, truc dung Oz va
chuyén dong quay quanh truc ngang Oy véi
diéu khién 12 d6 1&ch ctia cnh 14i d6 cao va ché
d6 luc day. Phuong trinh trang thai cua chuyén
dong doc dugc tuyén tinh héa theo phuong
phap nhiéu doéng nho nhur sau:

x=Ax+Bn, )
Trong d6: x la véc-to trang thai, n_1a

véc-to diéu khién, A va B la cac ma tran chira
dao ham 6n dinh.

x=[Au Aw Ag A8] n.=[AS AS,] (3a)

X, X, 0 -8
Z, Z, U, 0
A= (3b)
M +MZ, M +MZ, M +Mu, 0
0 0 1 0
I X& Xér
V4 Z,
B= 5 5 (3C)
My +MZ; M, +M,Z,
0 0

Trong do: (p, q, 1), (u, v, w), (X, Y, Z2),
(L, Ma N)s (Ixxa Iyy” Izz)a (Iyza Ixz’,Ixy)’ (\lla es ¢)
tuong ung la van toc goc, van toc dai, luc khi
dong, moé-men khi dong, mo6-men quén tinh,
md-men quan tinh ly tdm, goc Euler theo truc
0x, Oy, 0z; o, o, lan luot 1a goc 1éch génh lai
chinh va canh lai d§ cao; g la gia toc trong
truong.

Nghiém cua phuong trinh (2) dugc
phan thanh hai loai:

- Chuyén dong dai han (long term hodc
phugoid): chuyén dong vi mé, c6 nghiém tng
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Vo1 chuyén dong do do I¢éch cua canh 1ai do cao
va thay doi cua van toc (ché do ga) gay ra.

- Chuyén dong tirc thoi (short term):
nghiém ng véi chuyén dong do do 1éch cua
canh lai dg cao gay ra.

b. Chuyén dong ngang

Chuyén dong ngang 14 cac chuyén dong
chuc ngoc (pitch) theo truc ngang Oy, liéng
(yaw) quanh truc dung Oz va xoay (roll) quanh
truc doc Ox v6i hai kénh diéu khién 1a canh lai
huong (rudder) va canh lai liéng (aileron). So
di két hop chuyén dong trong hai mat phing
Oxy va Oyz 1a vi khi canh 1ai hudéng 1éch di
thi canh lai liéng cling léch theo va nguoc lai.
Phuong tr1nh trang thai ctia chuyén dong ngang
dugc tuyén tinh hoa theo phuong phap nhidu
dong nhod nhu sau:

y=Cy+Dn, 4

Trong do: y 1a véc-to trang thai, n, la
véc-to dleu khién, C va D 1a cdc ma tran chua
dao ham 6n dinh.

V6i mo-men quén tinh [ = 0, ma tran
C va D duogc rut gon thanh:

y=[av Ap Ar Ag] p, =[AS, AS] (Sa)

VY, ~(4-1) -geosh, 0y
L L L 0 Ly L
o R " D= ™ "1 (5b)
N, N, N, 0 N, N,
0 1 0 0 0 0

Trong d6:9,, 6, lan luot 1a gbc 1éch canh
liéng va céanh lai huéng.

Céc dang chuyén dong ngang gom:

- Chuyén dong xoay (roll): Chuyén
d6ng hoi tu nhanh thuan tiy tng voi diéu khién
ctia canh liéng. Chuyén dong roll khong c6 dao
dong do c6 goc nhi di¢n lam 6n dinh bén.

- Chuyén dong xoén dc (spiral): Ché do
spiral, cting nhu roll, n6 khong dao dong. Ché
do spiral co thé 6n dinh hodc khong on dinh.
Tuy nhién, diéu nay khong quan trong do hing
s6 thoi gian ctia ché do spiral 16n cho nén du
khong 6n dinh nhung vi dién ra rit cham cho
nén phi cong hoan toan ¢ thoi gian dé xir 1.

- Chuyén dong dao dong co6 can bé voi
tan s6 nho (dutch-roll): 13 su két hop cua ba dao
dong “Yaw” quanh truc dung Oz, “Roll” quanh
truc doc Ox va “Pitch” quanh truc Oy, do vay
lam may bay c6 xu hudng lic chao déo.

Hinh 2. M6 hinh may bay

Hinh 3. Phdn bo lwc ning

Nghiém cua phuong trinh trang thai (2)
va (4) 1a nghi¢ém phuac A v6i tan s6 dao dong
riéng o = [Im(},)I, chu ky T = 2n/w, thoi gian dé
bién d6 dao dong giam mot nira hay ting gip
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doi TV2hay2 = 1n2/|Re(k)| Néu phan thuc cua
du’orng/am thi chuyén dong 1a khong 6n dinh/
6n dinh. Tuy nhién, néu phan thyc 4m nhung
thoi gian T'2 qua 16n thi chuyén dong dé ciing
khong 6n dinh.

3. KET QUA

Phan mém XFLR5 dugc su dung dé
thiét ké va sau d6 phan tich dic tinh khi dong
clia may bay dé dua vao khao sat dic tinh on
dinh.

a. Luc ndang

b. Hé s6 phdn bé dp sudt
Hinh 4. Phan bo lyc ndng va ap suat

3.1. M6 hinh may bay

Mo hinh méy bay c6 canh chinh hinh
chit nhat, bién dang NACAS8414, sdi canh
1500mm, chiéu dai day cung 200mm va gbc
nhi dién 6°; canh du6i ngang hinh chir nhat, bién
dang NACAO0010, sai canh 486mm, day cung
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canh 140mm; va canh duo6i dung hinh thang,
bién dang NACAO0010, ntra sai canh 230mm,
day cung gbc 196mm va day cung mat 100mm
(Hinh 2). Tong khéi luong cua may bay la
2,520 kg. Toa do trong tam & vi tri (72,508; 0;
0,131) mm v61 mo-men quan tinh I oL L, Ixy
lan luot 13 79494,18; 62431,24; 130363 54; va
-16316,96 kg/mm?.

3.2. Két qua khi dong

O goc tan 0° va van toc bay 12,34m/s,
luc nang ¢ dudi ngang hudng xudng dudi, no
gitip cAn bang mo-men vdi lyc nang hudng 1én
trén cua canh chinh va lam cho may bay can
bang (H1nh 3). Phan b6 lyc nang va phan bd hé
s6 4p suét dugc thé hién trén Hinh 4a, b. Luc
nang ting theo goc tin va van tdc bay (Hinh 5).
Luc can cdm ung va luc can hinh dang trong
qué trinh bay cua may bay (Hinh 6).

]
50 b 50 1.2 i50

Hinh 5. Luc ndng theo géc tan va vin toc bay

Luc can cam ung (mau vang) sinh ra do
chénh 1éch 4p suat cao & dudi canh va ap suét
thip & trén canh, tao ra dong xody ¢ dau canh
(Hinh 7). Buong dong phia dudi c6 xu huong
léch vé phia miii canh, duong dong bén trén
canh c6 xu hudng 1éch vé tam cua canh. Xoay
hap thu ning lugng va 1am ting lyc can goi la
le can cam tmg. Luc can cam Gng giam tir dau
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mut canh vé gc canh. Bién phap dé lam giam
lre can cam tng nay 1a lam ting ty s6 dang cua
canh, lam canh c6 dang thon va c6 tam chan &
dau canh.

Hinh 6. Luc can cam ung

Hinh 7. Puong dong

3.3. Khio sat tinh 6n dinh
a. On dinh tinh

Khao sat v6i van toc bay tir 10 dén 20m/s
va goc tan tir -10 dén 10°. Piém can bang cla
may bay (C_=0) duoc xéac dinh tai van tdc Vi
= 13m/s (Hinh 8). Diéu do c6 nghia la viéc phan
b6 khoi lugng trén may bay cho phép may bay
can bang trong dai van toc tir 10 dén 13,1m/s
(C_<0). Hinh 9 chi ra rang may bay s& bay 6n
dinh véi goc tan khoang 0,2°. Tai d6, hé s6 luc
nang C, = 0,8 (Hinh 10). Chét luong khi dong,
C,/C,, 16n nhat tai van toc 13-14 m/s, gan nhu
trung voi van toc tai di€ém can bang ciia may
bay (Hinh 11). Nhu vy, may bay on dinh tinh
tai voi van tbe V= 13m/s va goc tan 0,2°.

Hinh 8. C theo vdn téc

Hinh 9. C theo goc tan

Hinh 10. Cm theo CL

Hinh 11. C,/C,, theo vdn toc
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b. On dinh dong
* On dinh doc

Nghiém dic trung cua chuyén dong
doc xac dinh duoc 1a 7‘1,2 =-6,77+11,151 va k3’4 =
-0,02241,0761. Phan thuc ctua cac nghiém déu am,
nhu vay cac chuyén dong doc déu 6n dinh dong.

a. Ngcfn han - /1]’2 =-6,77+11,15i

b. Dai han - 1, , = -0,022+1,076i
Hinh 12. On dinh doc

- Chuyén dong ngin han (Hinh 12a):
tan sd dao dong riéng = 11,15, chu ky T =
0,563 va thoi gian bién dd dao dong giam mot
ntra T2 =0,102s.

- Chuyén dong dai han (Hinh 12b): tan
s6 dao dong riéng: © = 1,076, chu ky T = 5,836
va thoi gian bién d§ dao dong gidm mdt nira
T2=31,507s.
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* On dinh ngang

Nghiém dic trung cua chuyén dong
ngang tim dugclai, =-15,06+0i; A, = 0,231+0i;
A, =-1,915+6,134i.

a. Roll — A, =-15,06+0i

b. Spiml—i2 =0,231+0i

c. Dutch-roll —13'4 =-1,915+6,134i
Hinh 13. On dinh ngang
- Chuyén dong Roll (Hinh 13a): Nghiém ¥
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A coO phan thyc 4m, nén chuyén dong 14 6n dinh
dong. Thoi gian dé giam mot ntra bién do dao
dong 1a 0,046s.

- Chuyén dong Spiral (Hinh 13b):
Nghiém A, ¢ phan thyc dwong, nén chuyén
dong nay khong 6n dinh dong. Thoi gian dé
bién do tang 1én hai 1an 1a 3s.

- Chuyén dong Dutch-roll (Hinh 13c¢):
Nghi?m Ay, €O phan thuc‘ ém,,nén chuyén dong
nay on dinh dong véi tan s6 dao dong riéng
6,134, chu ky 1,278 va thoi gian bién d¢ dao
dong giam mot nura 0,362s.

Nhu vay, may bay 6n dinh dong véi hau
hét cac dang chuyén dong, ngoai trir chuyén
dong Spiral. Thuc té, nguoi didu khién can phai
phan tng nhanh véi loai chuyén dong nay dé
may bay c6 thé bay 6n dinh.

4. KET LUAN

Mo hinh may bay khéng nguoi 14i toc
d6 thap ung dung phun thudc trir sdu dugc
thiét ké, phan tich dic tinh khi dong va khao
sat tinh 6n dinh st dung phan mém XFLRS.
Vi sai canh 1500mm va viéc lya chon phan
bd cac thanh phén trén may bay, két luan nhan

duoc 12 may bay bay on dinh tinh & dai van toc
10 dén 13m/s, goc tan 0,2°. May bay ciing 6n
dinh dong voi hau hét cac chuyén dong ngoai
trir chuyén dong xoan 6¢ spiral. Tuy vy, phi
cong diéu khién c6 thé phan Gng nhanh dé xur
Iy do thoi gian chuyén dong 16n. Ngoai ra, co
thé nghién ctru cai thién hinh dang méy bay dé
cai thién tinh 6n dinh. <
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