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TOM TAT

Trong nghién ciu nay, nhom tac gia da tién hanh tinh todn va thir nghiém mét thiét bi bay toc
dé cao, dwoc viét tat la TLM-515. TLM-515 dat van téc cuc dai khodng 750 m/s va do cao t6i da
khoang 10 km. TLM-515 mang theo hai thiét bj dién tir t nghién ciru quan trong la thiét bi dinh
vi vé tinh GPS va thiét bi do qudn tinh INS (du’oc goi chung 1a thiét bi trén khoang), nham kiém
tra kha nang hoat dong déc lap va két hop ciia chung trong méi truong bay toc dg cao. Két qua
thir nghi¢m cho thay, TLM-515 ¢6 quy dao bay on dinh va thiét bi trén khoang do dwoc cac thong
SO dong hoc ciia TLM-515, qua do, danh gia dwogc kha nang lam viéc trong moi truong toc dé cao

Cua cac thzet bi dién tir dwoc mang theo. Gidi phap nay phan nao da chirng minh dwoc mirc do tin
cdy cao néu dp dung thir nghiém cho cdc doi twong twong tir.

Tiwr khoa: Pong luc hoc; K&t chu; Thiét bi bay.
1. MO PAU

Trong linh vuc hang khong vii tru, cac thiét bi dién tr dong vai tro then, chét trong vige diéu
khién, giam sat va thu thap dit liéu tir cac phuong tién bay, dit liéu khi quyen hay quan tric méi
truong. Nhiing thiét bi nay phai hoat dong hi€u qua trong mdi truong khac nghiét cua khong glan
bao gom nhiét d6 bién ddi 16m, ap sudt thap va luc gia tbc manh,... gdy ra cac hong hoc hodc sai 6
céc phép do anh huong dén két qua muc tidu. Pic biét, trong cac glalqdoan bay tpc do cao nhu giai
doan phong, giai doan bay si€u thanh va khi quay tr¢ lai bau khi quyén (hoac ti€p dat), cac thiet bi
dién tir phai chiu cac tic dong manh tir nhiéu khi dong, rung lic va qua tai. Viéc dam béo tinh 6n
dinh va d6 chinh xac cua cac thiét bi nay 1a yéu t6 then ch6t dé mang dén thanh cong cho cac st
ménh khong gian. Do do, viée thir nghiém céc thiét bi dién tur trong moi truong bay thyc té 1a vo
cung quan trong dé dam bao chung hoat dong ding chuc nang trong diéu kién thuc t€ [3, 4].

Thiét bj bay tdc do cao kiéu TLM-515, véi kha nang mé phong mot s6 diéu kién khic nghiét
ma cac thi€t bi dién tir s€ gap phai trong khong gian, 1a mét trong nhitng cong cu quan trong duge
st dung d€ thu nghi€ém va danh gid hi€u qua cua cac thi€t bi dién tu trong di€u kién bay toc do cao
trude khi 1dp dat 1én cac thiet bi bay dat tien va phirc tap hon. Céc thir nghi¢m trén TLM-515 giup
giam thi€u rui ro, dam bao tinh kha thi va tang cudng d9 tin cdy cua cac h¢ thong dién tur trude khi
trién khai vao cac nhiém vu thuc té.

Muyc tiéu dat ra cia nhiém vy la phong va tao ra toc do vuot am (I6n hon 515 m/s - theo quy
dinh ciia MTCR [2], cdc thiet bi dién tir thuong mai bi han che tran toc do bay nay) trong thoi gian
khong it hon 3 s cho thict bi bay TLM-515 c6 mang theo 7,5 kg khoi thiét bi (bao gém ca than vo).

bé giai quyét duoc van dé néu trén, nhom tac gia can thyc hién cac ndi dung sau:

1. Xay dung co sé khoa hoc dé tinh toan, thiét k& mé hinh dong luc hoc cho thiét bi bay TLM-515.

2. Thyc nghiém kiém tra danh gi4 hiéu qua ctia mo hinh trén thyuc dia.

2. NOI DUNG CAN GIAI QUYET

2.1. M hinh thiét bi bay TLM-515
Céc gia thiét sau day duoc st dung dé xay dung mo hinh tinh toan:
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- TLM-515 st dung 01 dong co day, duoc phéng gan thang ding nham dam bao thuén tién cho
cong tac thu hoi va phu hop véi cac trudong ban cé kich thudc nhd ¢ Viét Nam khi thir nghiém.

- Qua trinh tach dong co dugc thuc hién trong giai doan bay thu dong cua TLM-515.

- Coi bé mat trai dét 1a phang tuyét dbi. Bo qua chuyén dong quay cua trai dit quanh tam.

- Coi khong khi dtmg yén so vdi trai dat. Bo qua anh hudng cia cc yéu té khi tuong.

- Quy dao bay cia TLM-515 nam trong mdt mit phang thang dung.

- Vi tri phong TLM-515 c6 do cao b:lfmg voi myuc nude bién.

- Gia toc trong trudng thay ddi theo dd cao, ti 16 nghich v6i binh phuong d6 cao tdi tAm trai dat.

- Céc tham s6 khi quyén thay ddi theo d6 cao theo tiéu chudn BCA-60 [1].

Véi cac gia thiét da néu trén, mo hinh thiét bi bay TLM-515 dugc xdy dung va thé hién nhu
trén hinh 1.

féng co Khoang téch-di  Khoang di chém didu khién GPS INS
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Hinh 1. Mé hinh thiét bi bay TLM-515.
2.2. Thiét 1ap mé hinh toin chuyén dong ciia TLM-515

Vi TLM-515 hoat dong véi trin bay thip (< 30 km) nén c6 thé xac dinh quy dao bay cuia TLM-
515 théng qua hé phuong trinh co ban mo ta chuyén dong cuia khoi tdm nhu sau [5]:

d_V =———>—(Qsing

t m m

. (1)
g d d .

—f@=—-——cosf; —X=Vcosd; —Y =Vsind.

dt \ dt dt

Trong d6: V - Van téc TLM-515, [m/s]; g - Gia téc trong truong, [m/s?]; P - Luc ddy dong co,
[N]; m - Khéi luong TLM-515, [kg]; 0 - Goc tao béi véc to van tdc voi phuong ngang, [d6]; X, Y
- Toa d6 cua khdi tim TLM-515 trong hé toa d6 mit phang ban, [m]; t - Thoi gian, [s]; Rx - Luc
can chinh dién ctia khong khi Ién TLM-515, [N], dugc xac dinh theo cdng thic:

V: DT
R = — g2 _C (M).

Trong do: p(y), T(y) - Mét do, nhiét do khong khi theo do cao y, [kg/m3], [K]; Cx(M) - Hé sb

can khi dong theo s6 Mach dugc xac dinh theo cong thire [5]:

0,62 if 0<M<0,8;
C,(M)={M -018 if 0,8<M <1, 3)

0,02+% if 1<M <5.
M
V6i M - s6 Mach c6 dang:
~ {0,00294 V(1+1,21-10°y) if 0<y<11000;

4
0,00294-V -1,133 if 11000 < y < 30000. )
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_ Do trong qua trinh bay, nhién liéu dong co b tiéu hao nén }(héi luong TLM-515 giam dan. Gian
dd bién doi khoi lugng TLM-515 theo thoi gian tinh tir thoi diém phong dugc the hién nhu hinh sau:
m

mo ‘\ [ Hét BCP
mi| ‘
S
} Téch ting —-1 Cham dét—=|
0 tocr trr tend ;

Hinh 2. Gian do khéi lwong TLM-515.
Vi mo 1a khdi lugng TLM-515 khi phéng, m 1a tc d tiéu hao nhién liéu dong co, m; 1a khdi
luong TLM-515 sau khi hét nhién liéu, m; 1a khoi lugng TLM-515 sau tach tang, ta c6 m6 hinh
khoi lwong TLM-515 nhu sau:

m=m,—-mt if t<t,,
m=m if ty,, <t<t, (5)
m=m, if t, <t

Gia téc roi tu do & do cao R so vé6i tam trai dat duge xac dinh b::ing biéu thirc sau:

_4 Ro_ Ro
g—goR_goRo+Y’ (6)

Trong d6: Ro=6371,21 km 1a ban kinh cong cua trai dat; go= 9,81 m/s? 1 gia téc roi ty do tai
mat dat (coi nhu bang voi myc nudce bién).
2.3. Thiét ké phéi tri khi dong TLM-515
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Hinh 3. So do phoi tri khi dong TLM-515.

TLM-515 c6 than dang tron xoay voi chop gi6 dang non. St dung 04 canh phang bb tri & phia
duodi thiét bi bay. Bé dam bao yéu cau vé cong ngh¢ va do bén st dung canh c6 chiéu day khong
d6i voi profin dang 6 canh. So d6 phéi tri khi dong ciia TLM-515 nhu hinh 3. Cac tham s6 dé xac
dinh phoi tri khi dong thiét bi bay TLM-515 la [6]:

+ Céc tham s6 phoi tri than: Chiu dai TLM-515 - Ly; Chiéu dai khoang thiét bj - Lz; Chiéu dai
chop gio - Lnose; Chiéu dai phan dubi - Las; Puong kinh than - D; Puong kinh dudi - Das.

+ Céc tham s phéi tri canh: Sai canh - Leann; Dy cung gbc canh - bo; Day cung mut canh - by;
Go6c mili tén - X; Chiéu day canh - ¢; Phan day cung phang - La; Phan day cung vat mép - Lmax.

186 H. T. Diing, ..., N. T. Thanh, “Nghién ciru gidi phdp trng dung ... hang khéng vii tru.”



Nghién ciru khoa hoc cong nghé

3. TINH TOAN, THU NGHIEM VA THAO LUAN

3.1. S6 liéu dau vao
Céc thong sé dau vao ciing nhu cac chi tiéu can dat dé tinh toan thiét ké thiét bi bay TLM-515
duoc liét ké nhu trong bang 1.
Bing 1. Cdc thong sé dau vao cho tinh todn thiét bi bay TLM-515.

TT Thong s6 Don vi Gia tri
1 | Khéi lugng khoang thiét bi kg 75
2 | Thoi gian TLM-515 dat toc 46 > 515 m/s s >3
3 Qua tai doc truc g <30
4 | Puong kinh than TLM-515 16n nhat mm 122
5 | Goc phéng dé 80
6 | Van toc quay quanh truc 16n nhat, khong 1én hon rad/s 19

3.2. Két qua tinh toan
Céc tham s thiét ké phoi tri khi dong than canh TLM-515 duoc lya chon bao gom: Chicu dai

chop gid Lenop = 0,35 m; Chiéu dai day cung goc canh bo = 0,25 m; Chi€u dai day cung mut canh

by = 0,15 m; Sai canh Lcanh = 0,15 m; d6 du trlr 6n dinh tinh 1a -0,357. Hinh dang phdi tri khi dong

cua TLM-515 c6 dang nhu trén hinh 4.

1784 250

150

350 1689 86,5

Hinh 4. Phéi tri khi déng TLM-515.
Céc thong s6 lam viéc tinh toan dic trung ctia thiét bi bay TLM-515 dugc xac dinh nhur trong
bang 2.
Bing 2. Cac théng so lam viéc cia thiét bi bay TLM-515.

TT Tham s PVT | Gia tri
1 | Chiéu dai thiét bj bay TLM-515 mm 2137
2 | Khbi lugng TLM-515 ban dau (khi lugng phong) kg 35
3 Géc phéng doé 80
4 | Lyc diy l16n nhat cua dong co N 10 100
5 Luc déy trung binh cua dong co N 6 300
6 | Thoi gian chay nhién liéu (& 20°C) s 43
7 | Thoi diém TLM-515 dat tdc dd 515 m/s (tinh tir thoi diém phong) s 2,5
8 Khoang thoi gian téc d6 TLM-515 vuot 515 m/s S 6,4
9 | Thoi diém tach dong co (tinh tir thoi diém phong) s 34
10 | Téc dd bay 16n nhit cia TLM-515 m/s 763,9
11 | Gia tdc doc tryc 1én nhat cia TLM-515 m/s? 308,4
12 | Tran bay 16n nhét m 10 230

3.3. Két qua thir nghiém va thio luin
Thiét bi bay TLM-515 dugc thir nghiém trén thuc dia voi cAu hinh va nguyén 1y hoat dong nhur
trén hinh 5.
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12305 H~10km w

Tach dong co, bungy

Khoang thiét bi roi
trér lai mat dat

t=4.3 s Dong co
ngung hoat dong g

i

PO V%Sflﬂlm/’s
t: 0 S.AKJJUI Tlép dat
dong dong co -

Hinh 5. Thir nghiém TLM-515 trén thuc dia.

TLM-515 dugc phong trén ray trugt cia gia thir voi goc phong khoang 80°. Sau khi dong co
cia TLM-515 duoc kich hoat, TLM-515 chuyén dong hét ray trugt, dugc tang toc dén téc do 515
m/s & thoi diém tinh toan 2,5 + 3 s, sau d6 toc do TLM-515 tiép tuc ting dén (700, ..., 800) m/s
sau 4 + 5 s (thot gian chay nhién liéu dong co). Sau khi dong co ngimg hoat dong, toc do TLM-
515 giam dan va dat 515 m/s ¢ thoi diém tinh toan 810 s. Trong giai doan nay, khi gia téc doc
truc cia TLM-515 dat 10+15 g, bao hiém quan tinh trén khoang gilt chdm diéu khién dwoc mo,
cAp ngudn khoi dong cac mach dién tir diéu khién tach dong co va ‘bung du. Sau thoi diém phong
khoang 33+35 gidy, mach gitr chdm kich hoat thudc hoa thuat, thudc hoa thuat chay tao ra ap suit
cit dit cac chot gitr, tach khoang dong co ra khoi khoang thiét bi (Itc nay, TLM-515 dat d6 cao
~10 000 m, tbc d6 TLM-515 khoang 5070 m/s), dong thoi, du trong khoang dugc giai phong,
khoang thiét bi roi tro lai mit dit véi du. Khoang thiét bi tiép “dAt voi van toc tinh toan 5+10 m/s.

Céc thiét bi do ghi dugc st dung trong thuc nghiém bao gém: Camera trén khoang; radar
doppler mat dat va thiét bi dién tir trén khoang. Két qua do ghi cu thé nhu sau:

- Tur dir liéu trich xut thu hdi tir camera trén khoang thiy rang: TLM-515 bay 6n dinh, quay
cham véi téc d6 quay nho hon 3 Hz, dén thoi diém 34,56 s (tinh tir thoi diém phong) khoang thiét
bi dugc tach khoéi dong co.

- D) thi vén tdc, gia tdc TLM-515 (hinh 6) dugc do boi thiét bi Radar doppler mat dat va boi
thiét bi trén khoang twong dong vai két qua tinh toan 1y thuyét. DS thi d cao sau thoi diém tach
dong co (hoac sau thoi diém dat do cao cuc dai) co6 bién dang khac biét do trong tinh toan khong
tinh dén dnh hudng cua gié va cac yéu to khi tugng khac, nén khoang thiét bi sau khi tach khoi
dong co co thé bi dat boi cac yéu tb nay. Do thi van tdc do bai thiét bi Radar chi thu dugc trong
khoang thoi gian 3,959 s (twong (mg dd cao 1500 m) vi thiét bj nay bi gi6i han boi khoang cach
do khi dién tich phan xa cia TLM-515 khong du dé phan hoi tin hiéu radar.

- Sai sb giita gia tri do va gia tri tinh toan ndm trong gi6i han chap nhan duoc (hdu hét nho hon
5% - bang 3). Riéng véi gia tri gia toc co sai s6 16n hon, ¢6 thé dugc 1y gii 1a do khi gia tdc TLM-
515 tang nhanh (gin nhu dot ngdt) lam cho phép do cua thiét bi trén khoang c6 thé bi qua tai (sbc
tam thoi).
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Hinh 6. Két qud do do cao, vin téc va gia toc thiét bi bay TLM-515,
Bing 3. Két qua thure nghiém thiét bi bay TLM-515.

R £ , £ Két qua do, ghi
Thong 0 Ly thuyet Camera Rada(r1 TI% trén khoang

Van tdc 16n nhat, m/s 763,9 - 701,903 738,67
Thoi diém dat Vinax, S 43 - 3,959 49
Thoi gian TLM-515 ¢6 toc d6 bay vuot 6.4 i 1,282 6,13
515 m/s, s

Thoi diém bung du, s 34 34,56 - 34,16
Do cao 16n nhat, m 10 230 - - 10 498
Thoi diém dat Huex, S 38,5 - - 40,2
Vian toc goc 16n nhat, Hz - 3,03 - 2,891
Thoi diém dat Omax, S - 2,83 2,825
Gia tc doc truc 16n nhat, m/s? 308,4 - - 398,1
Thoi diém dat Amex, S 1,85 - - 1,78

4. KET LUAN

Nghién ctru nay da thyc hi¢n thanh cong viéc thiét ké, ché tao va thir nghiém mot thiét bi bay
toc do cao. Qua cac két qua thir nghiém, TLM-515 da dat dugc mot s6 muc ti€u dé ra, bao gom:

- TLM-515 dat van toc thuc nghiém cyc dai khoang 750 m/s va d¢ cao thyc nghiém lon nhét
khoang 10 km, chirng t6 rang thiét ké dong luc hoc va dong co dap ing dugc yéu cau vé hiéu suat

bay trong mdi trudng téc do cao.

- Céc thiét bi dién tur trén khoang gdm hé thdng dinh vi GPS va thiét bj do quan tinh INS da
duogc kiém tra kha nang hoat dong trong diéu kién bay thuc té, ket qua nay cho thay kha nang lam
viéc hi€u qua cua cac thict bi trong diéu kién toc do cao.
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- Qua trinh tach khoang thiét bj khoi dong co dién ra thanh céng & d6 cao gan 10 km va vén toc
khoang 75 m/s. Nho hé thong dinh vi GPS, nhom nghién ctru di xac dinh duoc vi tri roi ciia khoang
thiét bi va thu hoi dir liéu ghi lai trén thé nhd, trong d6 bao gdm cac hinh anh quan trong ghi lai
boi camera gén trén khoang.

Nghién cuu da khang dinh tinh kha thi cta viée st dung thiét bi bay TLM-515 nhu mot phuong
tién thur nghiém cac thiét bi dién tir trong moi tru:orng toc do cao. Mic dii c6 mot sb sai sot can
duoc khic phuc trong cac nghién ctiru tlep theo nhu viéc nang cao d6 chinh xac cua dir liéu do dac
va cai thién hé théng thu hoi, cac két qua thu dugc da cho thay mirc d tin cdy cao cua giai phap
nay khi ap dung cho céc thir nghiém tuong tu.

Cubi cung, nghién ctru ciing mé ra hudng phat trién tiép theo trong viéc cai tién thiét ké thiét
bi bay TLM-515, déac biét 1a trong viéc tang cudong do chinh x4c cia hé théng do ludong va dam
bao an toan, hidu qua cho qué trinh thu hdi thiét bi sau khi hoan thanh thir nghiém.
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ABSTRACT
Research on the application of high-speed flight vehicles for testing aerospace electronics

In this study, the authors conducted calculations and testing of a high-speed flight
vehicle, designated as TLM-515. TLM-515 achieved a peak velocity of approximately 750
m/s and a maximum altitude of around 10 km. The vehicle carried two critical, self-
developed electronic devices: a GPS satellite navigation device and an inertial navigation
sensor (INS), collectively referred to as onboard systems. The objective was to evaluate their
independent and combined operational capabilities in high-speed flight conditions. Test
results demonstrated that TLM-515 followed a stable trajectory, and the onboard systems
effectively measured the vehicle's kinematic parameters, thereby assessing the functionality
of the electronics in a high-speed environment. This solution has shown a high level of
reliability, suggesting its potential applicability to similar experimental platforms.

Keywords: Dynamics; Structures; Flight vehicles.
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