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(57) Sang ché mé ta chi tiét quy trinh thiét ké cang khong thu tha dam bao tdm nhin khi

trinh sat cho cac dong UAV hang nhe, cat/ha canh thang dimg kém theo cac yéu cau ky

thuat can dam bao. Dé dat dugc cac muc dich trén, _quy trinh duoc dé xuat trong sang ché
bao gdém cac budc: budc 1: xac dinh cac tham s6 yéu ciu dbi véi hé théng cang dap,
camera, cac tiéu chuan thiét ké can tuan theo, cac bai bay khi trinh sat; budc 2: thiét ké

cang dap cho UAV; budc 3: ché tao cang; budc 4: thu tai dudi mat dét cho cang; budc 5:

bay thir nghiém véi camera trinh sat. Quy trinh ndy dam bao thiét ké b cang dap khong

thu tha danh cho cac dong UAYV trinh sat hang nhe dat dugc cac yéu cau k¥ thuat h¢ théng,
dac biét cac yéu cau vé truong nhin ctia camera khi thuc hién nhiém vu.
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Linh vue k§ thuit dwoc dé cap

Séng ché dé cap dén quy trinh thiét ké cang khong thu tha dam bao tAm nhin khi
trinh st cho cc dong UAV hang nhe, cét/ha canh thang dtimg. Cu thé, quy trinh thiét ké
dugc d& cp trong sang ché giup UAV hang nhe cit/ha canh thing dung thudc linh vuc
may bay khong ngudi lai trong k¥ thuat hang khong.
Tinh trang ky thuit ciia sing ché

My bay khong ngudi l4i c6 kha ning cit/ha canh thing ding da duoc néu ra tai
sang ché CA2929254A1 “Unmanned Aerial Vehicle (UAV) Having Vertical Takeoff and
Landing (VTOL) Capability” (06/11/2017). Sang ché di dwa ra cAu hinh mot may bay
khéng ngudi 14i ¢6 bén dong co, c6 kha ning cit/ha canh thing dtmg. Tuy nhién hién nay
chua c6 sang ché nao trinh bay diy du, 15 rang quy trinh thiét ké cang dam bao tAm nhin
khi trinh séat cho cac dong UAV hang nhe, cAt/ha canh théng dung. Dac biét a6i véi dong
UAV hang nhe, viéc t8i wu khéi luong timg thanh phén trén may bay c6 ¥ nghia vo cung
quan trong vi anh huong dén khéi luong tai hitu ich ma UAV c6 thé mang khi thyc hién
nhiém vu. Viéc thiét ké hé cang dap khong c6 co ciu thu tha khi cdt/ha canh cin dam bao
trudmg nhin ctia camera khi trinh st dya trén cac yéu cau déu vao: thong sb vé cang (hinh
dang, kich thuée, khdi lwong, vi tri cang), thong s ctia camera (truong nhin ciia camera-
FOV), khoang cach tb1 thidu tr camera téi mat dat, khodng cach an toan cho canh quat
theo tiéu chuan FAR 23.925, 46 bén két cdu ciia cang, d6 6n dinh cia UAV, dic diém bai
bay khi quan sat (dién tich quan sét, do cao bay, ban kinh bay).
Ban chit ky thuit ciia sang ché

Muc dich thir nhit cta sang ché 13 d& xuét quy trinh thiét ké cang khéng thu tha
dam bao tAm nhin khi trinh sét cac dong UAV hang nhe, cit/ha canh thang démg. Yéu cau
quan trong nhét 13: quy trinh phai quy dinh 18 céc yéu cau dau vao khi thiét ké cang dap
loai khong thu tha cho dong UAV trinh sat, quy dinh cac budc dé hoan chinh qué trinh
thiét ké cang dap.

Muc dich thtr hai ctia sang ché 1a dé xuit cac yéu cau k¥ thuat dé dam béao khi
bay thuc hién nhi€ém vu cang khong bi vudng vao camera trinh sat. Cu thé cac yéu ciu

k¥ thuét gdm c6: thong sb vé cang (hinh dang, kich thude, khdi lwong, vi tri cang), thong
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s6 ciia camera (truong nhin cta camera-FOV), khodng cach t6i thidu tlr camera téi mit
dat, khoang cach an toan cho canh quat theo tiéu chudn FAR 23,925, d6 bén két ciu cua
cang, do¢ dn dinh cua UAV, dic diém bai bay khi quan sat (dién tich quan sat, do cao bay,
ban kinh bay).

Dé dat duoc cac muc dich trén, quy trinh dwoc dé xuét trong sang ché bao gdm
cac budec:

Bude 1: xac dinh céc tham sb yéu ciu dbi véi hé thng cang dap, camera, cac
tiéu chudn thiét ké can tuan theo, cac bai bay khi trinh sat; myc dich cia budc nay 1a
1am co s& dé bit dau tién hanh viée thiét ké cang dap & budc 2.

Budc 2: thiét ké cang dép cho UAV; day 1a nhiém vu chinh cua quy trinh, viéc
thiét ké tai budc ndy can dam bao dat cac yéu cdu ¢ budce 1 va sin sang chuyén thiét ké
phuc vu giai doan ché tao & bude 3.

Bude 3: ché tao cang; viée ché tao & budc ndy can dam bao theo thiét ké & budce
2 nham dénh gia tinh dung dén cua viéc lya chon vat liéu, cong nghé ché tao va kha
nang gia cong, ché tao

Buée 4: thir ti duéi mat dat cho cang; muc dich ctia budc nay 13 danh gia chat
lugng cua cang, kiém chung lai viéc thiét k& & budce 2 va ché tao & bude 3, dam bao
cang du an toan trudc khi lép 1én UAV, thuc hién cac bai bay thuc té

Budc 5: bay thir nghiém vdi camera trinh sat; day la bude cubi cing cla quy
trinh, danh gia toan dién chét lugng thiét k& cum cang dap, dam bao cic yéu clu hé

thdng ban dau.

M® ti vin tit cac hinh vé
Hinh 1: 12 hinh v& minh hoa vi tri twong d6i giita cang va camera;
Hinh 2: 13 hinh minh hoa don gidn hoa vi trf twong dbi giita cang va camera;
Hinh 3: 13 hinh v& minh hoa trang thai cia UAV tai khu vuc trinh sat;
Hinh 4: 13 hinh v& minh hoa trang théi ctia camera, cang va UAV khi trinh sat;
Hinh 5: 1 hinh v& minh hoa két qua quy trinh thiét ké theo sang ché.
MO ta chi tiét sang ché
Sang ché mé ta chi tiét quy trinh thiét ké cang khong thu tha dam bao tam nhin khi
trinh sat cho cac dong UAV hang nhe, cit/ha canh thing dtmg kém theo cac yéu cau k§

thuat cAn dam bao. Nhitng mo ta trong sang ché va két qua thiét ké chi nham muc dich
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minh hoa, sang ché c6 thé duoc thyuc hién & ché d6 cai bién hoic thay d6i ma khong nam
ngoai pham vi sang ché duoc x4c dinh boi cac yéu céu bao ho.

Quy trinh thiét ké cang khong thu tha dam bao tim nhin khi trinh sat cho cac dong
UAV hang nhe duoc dé cp trong sang ché duoc md ta chi tibt qua cac budc dudi day:

Budc 1: x4c dinh cac tham s& yéu cdu dbi voi hé thong cang dap, camera, cac
tiéu chuin can tuan theo, cac bai bay khi trinh sat;

- X4c dinh cac tham s yéu ciu dbi voi hé thong cang dap bao gom:

+ Hinh déng cang: cang dap loai khong thu tha cho UAYV trinh sat s&€ c6 hinh déng
dam bao anh hudng it nhat dén cAu hinh khi déng UAV vi trong qué trinh bay cang s&
dugc gitt nguyén (khong thu tha).

+ Gi6i han vé kich thude cum cang: tiiy theo ting loai UAV s& dit ra yéu ciu vé
kich thudc cang dap dé phu hop va théa min vé mat thAm m¥, vé d6 6n dinh cia UAV
khi ha canh: chidu cao: x (m), chiéu réng: n (m);

+ Gidi han vé khéi luong cum cang: yéu ciu nay dugc dwa ra tir hé théng than
vd UAV (tdng khéi lwong than vo: m, <30% MTOW: téng khdi lugng ct canh cua
UAV). Khéi lugng t6i da bd cang dap: m (kg).

+ Vi tri twong dbi gilra cang va camera trén UAV dugc thé hién trong Hinh 1, va
Hinh 2.

- Xéc dinh céc tham sb cta camera trinh sat st dung trén UAV (truong nhin, do
phong dai): mdi loai camera s& c6 thong s k¥ thuat trinh s4t khac nhau, quan trong nhét
12 phai dam bao viéc thiét ké cang khong bi vuéng trudng nhin cua camera: trudng nhin
cta camera - FOV: (6°)

- Xac dinh cac yéu clu k¥ thuat cAn tuan theo: dya trén dau vao 1a cic tham )
vé hinh dang, kich thudc, khdi lugng clia cum cang, ciing nhu yéu cau ctia hé thong thiét
ké than vé UAV, lua chon céc tiéu chuén cin thiét ké, cu thé nhu sau:

+Yéu chu vé do bén ctia cang dép: theo chuin STANANG 4703 danh cho loai UAV
hang nhe, cac chi tiéu tuén thu bao gOm hé sb qua tai (n), hé s6 an toan (f).

+Yéu ciu vé khoang cach tir camera t6i mit dat: dwa vao két qua mo6 phong tinh
todn khi UAV ha canh va thyc nghiém khi UAV cAt/ha céanh thi khoang cach thép nhét
tr vi trf thip nhit ctia camera t&i mit it trong cac trudng hop: a (cm). Ngoai ra trén
- UAV cn x4c dinh khoang cach an todn tir canh quat t6i mat dAt theo tiéu chudn FAR

23,925. Tix dy xéc dinh do cao t6i thidu cia cang dap: x (m).
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- Xac dinh céc bai bay khi trinh sat (dién tich quan sat, d cao bay, ban kinh
bay).

Dbi v6i UAV trinh sat ¢6 thé thuc hién rat nhidu bai bay ¢ cac ché d6 bay khac
nhau, vi du bay thang va trinh sat hai bén, bay vong tron va trinh sat & khu vuc bén
trong, bay vong tron va trinh sat khu vire bén ngoai, bay két hop nhiéu dang, .... Tuy
nhién thudng xuyén nhit van 13 bai bay vong tron véi ban kinh r (m) tai d6 cao b (m) va
quan sat mot khu vuc bén trong, trong qué trinh bay UAV nghiéng t6i da mot goc (B),
cu thé trang thai cia UAV khi trinh sat duge mé ta trong Hinh 3, Hinh 4.

Budc 2: thiét ké cang d4p cho UAV.

Sau khi c6 ddy du cac tham s6 yéu cau dé thiét ké cang dap loai khong thu tha

danh cho UAV trinh st, cum cang phai dap Gmg cac yéu cau k¥ thudt nhu bang dudi

day:
TT Chi tiéu Yéu cau Ghi cht
I Thoéng sb vé cang
Pam bao hinh
Hinh 3
01 inh dang cang dang khi dong
‘. Dam béo téng khdi luong tha
02 Khoi lwong cang (kg) <m 1am a0 fong K01 Tomg than
VO < my
03 Kich thuéc cang
DPam bao khoang tréng ctia canh
- Chiéu cao tdi thiu (m) X quat theo tiéu chuan FAR
23,925
- | Chiéu rong tdi thiéu (m) 2%n Trong d6: n 1a khoang cach tir
cang dén trong tim may bay
theo phuong doc truc;
_ | Khoang cdch gilra 2 cang 20 Kich thuéc niy dé dam bo o
01 thiéu (m) 6n dinh ctia cang khi cAt/ha
canh.
Khoang céch tir camera . Kich thuéc nay dé dam bao an
i dén mit dat (m) toan cho camera khi cit/ha canh
II Thong sb ctia camera
01 | Trudng nhin - FOV (0) 0 <2*a Theo datasheet cia camera
o Theo tiéu chua .
111 bJ beén két cau cang STi:TtZlé}C 4;1(?; bam bao an toan khi ha cadnh
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TT Chi tigu Yéu ciu Ghi chu
vV Dic diém bai bay
01 | Ban kinh ving quan sat r
02 Tréan bay b Theo yéu cau thuc t& khi thuc
. A , . hién céc nhiém vu quan sat
Goc nghiéng cua may
03 b
bay

Két qua thiét ké cang dap trén UAV hang nhe duoc thé hién nhu Hinh 3.

Budc 3: ché tao cang;

Sau khi hoan thién thiét ké cang ching ta tién hanh ché tao cang. Tuy vao két qua
md phong, tinh toan thiét ké cang, co thé Iya chon cang 1am bang vét lidu kim loai
(nhdm, thép) hodc composite (carbon); phuong phap ché tao co thé 1a phay, duc, cit
CNC (néu 13 kim loai), hodc dip tay, hit chuyén nhua, vai prepreg (néu 1 composite).
Tuy nhién du lam bang vét liéu va phuong phép nido cin dam bao san phim phai dap
g day du cac yéu cau ki thuat, dic biét cac yéu ciu vé kich thude, khéi lugng va thAm
my cua cang.

Bude 4: thir tai du6i mit dat cho cang;

Sau khi ché tao cang, can tién hanh thir tai dudi mat dt ddi véi bo cang, dam bao
d6 bén nhu thiét k& (STANAG 4703) vé hé s6 qua tai va hé sb an toan. Thuc hién bai
thir tai tinh va thir roi (drop test) d6i v6i cum cang dap. Chit tai 1én may bay va kiém tra
khoang céch tir vi tri thip nhAt ctia camera t6i mit dét trong cac trudng hop, dam bao
yéu cau ki thut.

Budc 5: bay thir nghi€ém vdi camera trinh sat;

Sau khi thir tai bd cang dudi mat dét, tién hanh 1ip cang 1én than vo UAV, tich
hop camera 1én UAV va cho méy bay thuc hi€n cdc nhiém vu trinh sat, cho UAV bay
vong tron voi ban kinh r (m) tai d§ cao b (m), quan sat khu vuc bén trong, danh gia
truong nhin ctia camera c6 che khuét boi cang khong.

Tham chiéu Hinh 5, két qua cudi ciing ctia sang ché sau khi thuc hién theo quy

trinh nam budc dugc moé ta & trén.
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Yéu ciu bio hd
1. Quy trinh thiét k& cang khong thu tha dam bao tAm nhin khi trinh st cho cac dong
UAYV hang nhe, cit/ha canh thing dimg bao gdm cac budc:
buée 1: x4c dinh cac tham sé yéu ciu dbi v6i hé thdng cang dap, camera, céc tidu
chuén cin tudn theo, cic bai bay khi trinh sét;
xac dinh cac tham s6 yéu cdu dbi v6i hé thdng cang dap bao gbm:
hinh dang cang: cang dap loai khong thu tha cho uav trinh st s€ co
hinh d4ng d4m bao anh huéng it nhit &n cAu hinh khi dong uav vi trong
qua trinh bay cang s& dugc gilt nguyén (khong thu tha);
gi6i han vé kich thuéc cum cang: tily theo timg loai uav s& dit ra
yéu cau vé kich thudc cang dap dé phi hop va théa man vé mit thAm my,
vé d6 bn dinh cua uav khi ha canh: chidu cao: x (m), chidu réng: n (m);
giéi han vé khéi luong cum cang: yéu cau nay duoc dua ra t hé
théng than vé vav (tong khéi luong than vo: m <30% mtow: tdng khdi
lwong cit canh cia UAV); khéi lugng t6i da bd cang dap: m (kg);
vi trf twong d6i giita cing va camera trén UAV;
xé4c dinh céc tham sb cua camera trinh sat str dung trén UAV (trudng nhin, do
phéng dai): mdi loai camera s& c6 thong s6 k¥ thuat trinh sat khac nhau, quan trong nhét
13 phai dam bao viéc thiét ké cang khong bi vudng truong nhin clia camera: trudng nhin
cta camera - FOV: (6°);
xac dinh cac yéu cau k¥ thuat cAn tudn theo: dua trén diu vao 1a cac tham sb vé
hinh dang, kich thudc, khéi lugng clia cum cang, ciing nhu yéu cdu cua hé thong thiét
ké than vo UAV, lua chon céc tiéu chudn cAn thiét ké, cu thé nhu sau:
yéu ciu vé do bén clia cang dap: theo chuin STANAG 4703 danh cho
loai UAV hang nhe, céc chi tiéu tudn thu bao gém hé sb qua tai (n), h¢ s6 an.
toan (f);
yéu cau vé khoang cach tir camera téi mit dat: dua vao két qua md
phong tinh toan khi vav ha canh va thuc nghiém khi UAV cAt/ha canh thi
khoéang cach thap nhét tir vi tri thap nhét ctia camera t&i mit d4t trong cac
trudng hop: a (cm); ngoai ra trén UAV can x4c dinh khodng cach an toan
tor canh quat téi mat dAt theo tiéu chuén FAR 23,925; tir day xac dinh do

cao toi thiéu cua cang dap: x (m);
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xac dinh céc bai bay khi trinh sat (dién tich quan sat, 4§ cao bay, ban kinh bay);
d6i v&i UAV trinh sat c6 thé thyc hién rét nhidu bai bay & cac ché @6 bay khac nhau, vi
du bay thang va trinh sat hai bén, bay vong tron va trinh sat & khu vuc bén trong, bay
vong tron va trinh sat khu vic bén ngoai, bay két hop nhidu dang, ... tuy nhién thuong
xuyén nhét van 13 bai bay vong tron voi ban kinh r (m) tai 4§ cao b (m) va quan sat mot
khu vuc bén trong, trong qua trinh bay uav nghiéng t6i da mot goc (B);

budc 2: thiét ké cang dép cho UAV;

sau khi c6 ddy da cic tham sb yéu cdu dé thiét ké cang déap loai khong thu tha

danh cho uav trinh sat, cum cang phai d4p ting céc yéu cau k¥ thuat nhw bang duéi day:

tt : chi tiéu yéu ciu ghi chu
i thong s vé cang
dam bao hinh
1 hinh d 2
0 i cang cang déng khi dong
‘. ddm béo tong khdi 1 tha
02 khoi lugng cang (kg) <m a}m a0 tong X0l lugng tan
VO < my
03 kich thudc cang
dam bao khoang tréng ctia canh
- chidu cao tdi thiéu (m) X quat theo tiéu chuidn FAR
23,925
- | chiéu rong tdi thiéu (m) 2%n trong d6: n 13 khoang céach tir

cang dén trong tAim may bay

theo phuong doc truc;
khoang cach gilia 2 cang

. e 2%n kich thugc nay dé dam bao do
toi thiéu (m) 2 C s . A
on dinh cia cang khi cat/ha
canh.
khoang cach tir camera kich thuéc ndy dé dam bao an
- . . a i ,
deén mat dat (m) toan cho camera khi cat/ha canh
il thong sb cia camera
01 trudng nhin - fov (8) 0 <2*a theo datasheet cua camera
T, theo tiéu chuin \ \ . . ,
il d6 bén ket cau cang dam bao an toan khi ha cdnh
statag 4703
v dic diém bai bay
01 | béan kinh ving quan sat r
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tt chi tiéu yéu cau ghi cht

02 tran bay b theo yéu cau thuc t& khi thuc
hién cac nhiém vu quan sat

goc nghiéng ciia may

03
bay

budce 3: ché tao cang;

sau khi hoan thién thiét ké cang ching ta tién hanh ché tao cang, tuy vao két qua
md phdng, tinh todn thiét ké cang, co thé lva chon cang lam béng vat liéu kim loai
(nhdm, thép) hodc composite (carbon); phuong phap ché tao c6 thé 1a phay, dtc, cét cnc
(néu 13 kim loai), hodc dip tay, hut chuyén nhya, véi prepreg (néu 13 composite), tuy
nhién di 1dm bang vt liéu va phuong phép nio cin dam bao san phim phai dap tng
day dﬁ cac y8u ciu k¥ thuat, dic biét cac yéu cau vé kich thudc, khéi lwong va thAm m§
cla cang;

budc 4: thir tai dudi mat dit cho cang;

sau khi ché tao cang, can tién hanh thr tai du6i mat dat d6i voi bo cang, dam bao
d6 bén nhu thiét k& (stanag 4703) v& hé s§ qua tai va hé s6 an toan. thurc hién bai thir tai
tinh va thir roi (drop test) dbi v6i cum cang d4p. chat tai 1én may bay va kiém tra khoang
cach tir vi tri thdp nhAt ciia camera t6i mit dét trong cac trudng hop, dam bao yéu ciu
k¥ thuat;

budce 5: bay thir nghiém vdi camera trinh sét;

sau khi thir tai b cang dudi mit dat, tién hanh lap cang 1én than vé uav, tich hop
camera 1én uav va cho may bay thuc hién cac nhiém vu trinh sat, cho uav bay vong tron
v&i ban kinh r (m) tai d§ cao b (m), quan sat khu vuc bén trong, danh gid truong nhin

cua camera c6 che khudt boi cang khong.
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