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NGHIEN CU'U THIET KE HE THONG VOI PHUN CHO MAY BAY UAV
PHUN THUOC TRU SAU PNG DUNG TRONG NONG NGHIEP

RESEARCH AND DESIGN SYSTEM OF SPRAYING PESTICIDES FOR UAV
APPLICATION IN AGRICULTURE

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

TOM TAT

Bai bdo nghién ciru thiét ké hé théng voi phun cho may bay khéng nguwoi ldi tng dung phun
thuéc trir sau trong néng nghiép. Mdy bay cé sdi canh 1,5 m, bay véi van téc 20 m/s phun thuéc cho
canh déng dién tich I hecta. Hé théng dan phun c6 chiéu dai 1 m gém bén voi phun. Bom va binh
héa chat dwoc bé tri tai vi tri trong tam ciia mdy bay dé tang tinh on dinh khi hoat dong. Két qua
thir nghiém cho thdy hat phun ra khd nhé, leu heong qua méi voi phun khodng 0,1 lit/phiit véi thoi
gian phun la 1,7 phut.

Tir khéa: Mdy bay khéng nguwoi ldi; Dan phun; Thudc triv sdu.
ABSTRACT

The article researches and designs the spraying perticide system for an unmanned aerial
vehicle (UAV) application in agriculture. The UAV has a wingspan of 1.5 m, flying at speed of 20
m/s, spraying pesticides for an area of 1 hectare. The spray system has a length of 1 m including
four nozzles. Pumps and chemical tanks are located at the center of gravity of the aircraft to
increase operational stability. The test results show that the sprayed particles are quite small, the
Sflow through each nozzle is about 0.1 I/min with a spraying time of 1.7 minutes.

Keywords: UAV; Spraying System; Perticides.

1. PAT VAN PE

Trong nong nghi¢p, hién nay, may bay
khong nguoi 1ai gom ca dang canh quay va
canh bang dugc tmg dung phun thude trir siu
kha rong rdi. Tuy nhién, quy trinh thiét ké, ché
tao dan phun thudc trén may bay con it dugc
nhic dén.

Dé co thé thiét ké hé thdng gian phun

trén may bay UAV, trudc hét phai tim hiéu hé
thdng gian phun trén may bay ndng nghiép
thyc té. Hé thong voi phun trén may bay ndng
nghiép phai dap Gmg duoc cac yéu cau vé: kha
ning phan tan héa chét t6i muc tidu chinh xac;
Puoc hiéu chuan chinh xéc, ¢ hé théng giam
sat dé dam bao do chinh xac lién tuc; C6 kha
ning xa nhanh trong truong hop khan cap; D&
dang 1am sach; Chdng dn mon; Chdng ro ri: Su
10 1i ¢6 thé gdy nguy hiém cho céc thanh phan
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khac ctia may bay, gay 6 nhiém cho méi truong
va con ngudi, va dic biét co thé gy ra nguy hai
cho céc khu vuc khong can st dung thude trir
sau [1].

Céc thanh phan chinh ctia hé théng gian
phun bao gdom: Thing chira, bom, van dicu
khién, thiét bi do Iuu lugng, 4p suat, bo loc, hé
thong duong 6ng, gian phun, thiét bi chéng nho
giot, voi phun [2].

Gian phun 1a bo phan phan phdi chét
long téi cac voi phun doc theo chiéu dai sai
canh, duoc lam tir vat li€u chéng an mon t6t nhu
thép khong gi, dong thau hodc nhom. Gian phun
dugc lip dat & dudi mép ra cia canh 10 in theo
phuong thang dimg va 6 in theo phuong ngang,
chiéu dai cua n6 khoang 70% sai canh (dé tranh
so troi dat cua hoa chét do hiéu ung xody O dau
canh). Cac voi phun duoc bd tri doc trén gian
phun vai khoang cach tir 15-35 cm [3].

Voi phun str dung trén may bay c6 thiét
ké twong tu v6i cac voi phun dugc sir dung trén
mat dat. Dudi ap suat cao, sau khi di qua miéng
voi phun dudng kinh nho, bi cit boi dong khong
khi chuyén dong tuong d6i voi may bay, chat
long s€ bi danh tan ra thanh céc hat nho. Viéc
lya chon loai voi phun, kich thudc, $6 luong,
phan bd trén gian phun 1a rit quan trong, né
anh huong dén mat do phun, kich thudc hat,
su déng nhat cac hat va sy troi dat trong khong
khi [4]. C6 rat nhiéu loai voi phun khac nhau
nhung 5 loai voi phun hay duoc sir dung nhét
trén may bay la: flat-plan, variable-orifice-
flood, voi xoay, full-cone, hollow-cone.

2. LY THUYET TiNH TOAN
2.1. Mat do ap dung

Cac nha xan suat thuoc trur sdu da chira
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hang triéu d6 la dé nghién ctru cach st dung san
pham ctia minh mét cach chinh x4c va hiéu qua.
Nghién ctru ndy bao gom viéc xac dinh dung
lugng thude trir sdu dé ap dung kiém soat sau
bénh, dich hai. Viéc st dung luong thudc sau it
hon so véi qui dinh nha san xuét dwa ra 1a duoc
phép xong khong du dé kiém soat sdu bénh,
lang phi thoi gian cling nhu tién bac. Piéu nay
ciing c6 thé din t6i viéc sau bénh khang thudce
va phat trién hon. Con viée str dung qué luong
thudc sau dua ra la khong hop phap va ¢ thé
gy ra cac hau qua nhu:

- Hiéu qua kiém soat sau bénh: C6 thé
lam chét nhiéu sinh vat khac c6 loi;

- Anh huong xau t6i sttc khoe con ngudi;

- Méi truong: Gay 6 nhiém khong khi,
nguén nudc trén mat dat, nude ngém, dat. No
c6 thé tich tu lai va anh huong dén cay trong
cac vu mua sau;

- Gay lang phi va tang gia thanh cua
ung dung.

Ultra-low-volume (ULV): Pay la mot
thuat ngir duoc dung trong linh vuc phun thudce
trir sau, n6 qui dinh liéu luong thube sau ap
dung cho ting loai cdy trong. Cu thé 1 nhé hon
5 1/ha d6i véi canh dong hay dudi 50 1/ha cho
cay cong nghiép. Phuong phép nay ciing dugc
sir dung trong céac chién dich phun trén khong
16n chéng lai sinh vat gdy bénh nhu tse tse-bay
(mot loai rudi hit mau dong vat gay dich bénh
tai chau Phi). Loi ich chinh cua tng dung ULV
1a khéi lwong cong viéc 16n (mdt dién tich 1én
vai hecta c6 thé dugc diéu trj trong mot ngay).
Pay 1a mot su lwa chon tt cho phuwong phap
phun thudc trir sau.

Céc diéu kién ap dung:
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- Dién tich dat 16n dé diéu tri;
- Yéu céau diéu tri nhanh;

- It hodc khong c6 nudc dé 1am hdn hop
thung thuoc trur sau;

- C4c van dé vé hau can ddi voi vat tu;
- bia hinh kho tiép can truc tiép.
2.2. M6 hinh phun

Phuong phap hiéu qua nhat dé kiém tra
mo hinh phun cua gian phun may bay la thém
mot chat chi thi mau nhu huynh quang hoic
thudc nhudém vao hoa chat va tién hanh phun
thir. M6 hinh phun dién hinh cé thé 1a: phun
hinh chit nhat, phun hinh thang hodc phun
hinh tam giac. Trong do, m6 hinh phun hinh
chir nhat 12 hoan hao nhit néu c6 khoang cach
gitra cac voi phun la hop ly. M6 hinh phun hinh
thang hodc tam gidc cling nhu vay nhung mat
d6 phun ctia duong bay dau tién va cudi cing
1a khong déu nhu cac duong bay ¢ giita. Khi
phun, vao cudi mdi vat cit phi cong nén nging
phun thudc va nén bay di xa ngoai khu vuc ap
dung dé cho phép diéu chinh toc do ciing nhu
hudng 1ai trude khi vao vat cit tiép theo.

2.3. Céc buéc tinh toan dé lra chon thiét bi
phu hop

Viéc tinh toan hé théng voi phun dugc
thue hién lan luot theo cac budc sau:

- Buée 1: Xac dinh mat do yéu cau.

4
AR = (1)

Trong d6, AR 1a mat do yéu cau (lit/
hecta), V 1a thé tich hoa chat (lit) va S 1a dién

tich can phun (hecta).

Can ctr vao mure do sau bénh va khuyén
céo dua ra clia nha san xuét cho timg loai hoa
chét dé xac dinh mat do phun ap dung cho dién
tich can phun.

- Budc 2: Xac dinh chiéu dai dan phun.
[=0,7L )

Trong d6, L 1a sai canh (m) va 1 1a chiéu
dai dan phun (m).

- Budc 3: Xac dinh s6 lugng voi phun
(n) s€ lap dat trén gian phun.

/
n=—+1 3
A 3)
Trong do, Al 1a khoang cach gitra céac
voi phun (m). Khoang cach lap cac voi phun
trén gian phun thuong 1a 0,15-0,35 m.

- Budc 4: Xac dinh Iuu lugng tong cua
hé thong.

AR v
= 4
0 500 “4)
Trong d6, Q 14 luu luong tong (lit/phit),
v 1a tbe d6 bay (m/s).

- Budc 5: Xac dinh luu luong yéu ciu
voi mdi voi phun.
q== )
n

T d6, ta c6 thé lua chon duoc voi phun
phu hop.

- Budc 6: Thoi gian bay.

T= (6)

v
Q
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Chu ¥: khi yéu cau vé mat do thay doi,
voi voi phun da lua chon, ta co thé thay doi
bang cach thay doi 4p suat ciia hé thong theo
cong thic:

P =P (ﬂ] (7

b
Véip, va q, 1a ap suat va luu lugng tiéu
chuan cua voi phun do nha san xuat dua ra, con
q, la Iuu lwong phun hiéu chinh tuong tmg véi
ap suat p,.

3. KET QUA

May bay khong nguoi lai dang canh
bang dugc thiét ké sir dung phan mém XFLRS
[5]. May bay c6 canh chinh hinh chit nhat, bién
dang NACA8414, sai canh 1,5 m, chiéu dai day
cung 0,2 m va goc nhi dién 6°; canh dudi ngang
hinh chit nhat, bién dang NACAO0010, sai canh
0,486 m, day cung canh 0,14 m; va canh dudi
dtimg hinh thang, bién dang NACA0010, ntra
sai canh 0,23 m, day cung gdc 0,196 m va day
cung mut canh 0,1 m.

3.1. Bai toan

Thiét ké, lva chon hé théng phun thude
trir sau cho may bay UAV cé sdi canh L=1,5m
bay & van téc V = 50km/h phun thude cho canh
ddng dién tich 1 hecta véi mat d6 1a AR =5 lit/
hecta.

3.2. Tinh toan thiét ké

Véi bai toan dat ra, ta tim dugc: L= 1,5
m, V =2 lit, v=50 km/h, AR = 5 lit/ha.

Viéc tinh toan thiét ké hé théng dan
phun duoc thyc hién nhu sau:
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- Bu6c 1: Mat d6 phun yéu cau da biét
5 lit/hecta.

- Bué6c 2: Chiéu dai cta gian phun theo
cong thuce (2) 1a: 1= 1,05 m.

- Budc 3: Chon khoang céach gilra cac
voi phun Al = 0,32 m. S6 lugng voi phun theo
cong thire (3) 1a: n =4 voi phun.

- Bu6c 4: Luu luong tong cta hé théng
theo cong thuce (4) 1a Q = 0,6 lit/phut.

- Budc 5: Luu luong qua mdi voi tinh
theo cong thuce (5) 1a q = 0,15 lit/phut.

Véi luu lugng 0,15 lit/phut, ta chon voi
phun ATR80 white (Hinh 1). Voi phun ATR80
tao ra hat kich thudc rat tot (ma mau do — ki
hiéu 1a VF) & ap suat 40 PSI. Day la dang voi
phun hollow cone, qé thong s luu luong q,=
0,2 lit/phut tai ap suat p,=5 bar, véi luu lugng
la 0,15 lit/phut thi ap suat hoat dong dugc tinh
theo cong thuc (7) 1a 39,4 PSI.

1
g @ HCA / ATR 80° - Hollow Cong
S PEl 50 PE1 6O PS) TOPSI BOPSI 0PSI 100PS1 135 PEI 150PS) 3S0PSI

loai HCA/ATRS80

- Budc 6: Thoti gian phun tinh theo cong
thtrc (6) 1a T = 3,6 phut.

Nhu viy, gian phun c6 chiéu dai 1 m,
trén d6 co lap 4 voi phun, mdi voi cach nhau
32 cm, gbc cua voi phun 1a 45°. Bom va binh
hoa chit s& nam tai vi tri trong tim cta may bay

dé tang tinh on dinh khi hoat dong (Hinh 2). ¥
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Hinh 2. Hinh anh gian phun thiét ké
3.3. Lip dit va thir nghiém

- Thing chtra: Thung chira hoa chat
duogc lam tir nhya, c6 thé tich 0,65 lit. Trén than
binh ¢6 duc 3 15 twong Gmg v&i dudng hoa chat
vao bom, dudng vé cua dong hoa chit sau bom
(c6 tac dung khudy tron hoa chat lién tuc) va
16 con lai dugc dung nhu 6ng théng hoi (tranh
tao thanh chan khong trong binh trong sudt qua
trinh hoat dong cta h¢ théng);

- Bom: Bom la loai bom banh rang c6
cong suat S0W/60W (12V/5A). Dai dién ap ma
bom c6 thé hoat dong binh thuong 1a tir 9 dén
14VDC. Ap lyc tdi da tao ra 1én téi 120 psi va
cung cap tir 5-6 lit/phat. Kich thudc ctia bom 1a
16x12x8 cm;

- Pin: Pin Lipo dién 4p 11,1V, dung
lugng 2200 mAh, dong xa 30C;

- Cong tic va servo: Mot cong tac két
hop véi 1 servo qua 1 tay link bang thép. C6 thé
diéu khién dong ngat cong tic thong qua servo
bang tay diéu khién tir xa;

- Voi phun: Qua tinh toan & phan trudc,
voi phun dugc lua chon s€ c6 luu lugng vao
khoang 0,15 lit/phut, nhung ¢ thi truong Viét
Nam, chi ¢6 loai voi phun véi Iuu lugng 0,1 1it/
phut. Voi phun nay c6 két hop thiét bi chong
nho giot bén trong. Co cau d6 bao gdm mot 10
X0 va mot tru tron co gén dia & mot dau. Khi
bom khong hoat dong, 10 xo s€ déy dia tron bit

miéng ra cua voi phun, ngan chan sy nhé giot
xay ra;

- Puong 6ng va phu kién: Puong 6ng
chinh str dung cho gian phun c¢6 duong kinh la
8 mm. Ngoai dé din hoa chat tir bom t6i gian
phun, tir thuing chira téi bom, con c6 duong dng
phu sau bom, dung dé dan ngugc dong quay trd
lai thung chtra dé thyc hién chtc ning khudy
tron hoa chét.

Hinh 3. Hé théng dan phun ché tao

Hinh 3 13 hé théng gian phun duoc ché
tao, lép dat trude khi dugc tich hop trén may
bay. Sau khi ché tao, thir nghiém cho két qua
hat phun ra kha nho, luu lugng qua mdi voi
phun 13 khoang 0,1 lit/phit. Thoi gian dé phun
hét 0,65 lit thudc trir sau 1a 1,7 phat.

4. KET LUAN

H¢ thong voi phun thude trir siu dugc
nghién ciru, thiét ké va ché tao cho may bay
khong nguoi 1ai dang canh bang sai canh 1,5 m
nham phun thudc trir sdu canh dong 1,5 ha. Két
qué thir nghiém cho thay, hat phun ra kha nho
véi Iuu lugng 0,1 lit/phit cho mdi voi phun va
thoi gian phun 1,7 phat. <
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