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TOM TAT

Trong nghién ciru nay, nhom tac gia da tién hanh tinh todn va thir nghiém mot phwong an tach
tang déng co phong va bung du thu hoi khoang thiét bi trén thiét bi bay toc do cao bang phuong
phap sir dung thuéc hod thudt. Ket qua tinh todn da lwa chon dwoc khoi lwong lhuoc hoa thudt can
thiét va co ché tach bang cdch cdt dirt cdc chot giir dwdi tae dung ciia lie dp sudt khi thuée. Nhém
tac gia da tzén hanh thir nghiém mo hinh mau trén mat ddt va trén thiét bi drone, thir nghiém co
cdu tach tang bung dii trén thiét bi bay thuc té. Két qua thir nghiém cho thdy, gidi phdp tach tang
bang thudc hod thudt 1 tin cdy va cé thé img dung dwoc vao thue té.

Tir khéa: Thudc hoa thuat; Tach tang; Thiét bi bay.
1. MO DAU

Trong thiét ké va phat trién cac hé thong tén lra tAm ngén va thiét bi bay 0 nho (sau day viét
tat 1a TBB), viéc tdi ru hoa kha niang van hanh va do chinh xac cia TBB la yéu t6 rat quan trong.
Trong qua trinh TBB bay, dong co phong duoc tach ra khql than TBB sau khi hoan thanh nhiém
vu phéng ban dau. Bong co phong gitip TBB dat duge toc d6 va hudng di can thiét truge khi
chuyén sang giai doan bay thu dong hoac kich hoat dong co hanh trinh. Tuy nhién, néu khong
duoc tach roi dang cach, dong co phong c6 thé [am anh hudng dén hi¢u suat bay va do 6n dinh
cua TBB [2].

Trong sb cac phuong phap tich tang hién nay, phuong phéap st dung thudc hoa thudt
(pyrotechnics) da chimg minh dugc tinh hiéu qua cao nho kha nang thuc hién qua trinh tach tang
nhanh va tin cdy ma khong cin cac co cau co khi phirc tap, ngoai ra, co céu tach hoa thuat c6 thé
dugc tich hop d& dang vao cac thiét lge TBB nho gon. Dleg nay déc biét co loi trong cac hé thdng
TBB ¢& nho, noi khong gian han ché va yéu cau giam thiu s6 luong cac chi ti€t 1a vu tién hang
dau. Thuoc hoa thuft c6 kha nang sinh khi nhanh, tao ra ap sudt cao trong thoi gian ngén, phé vo
céc két ndi co hoc gitra cac tang TBB hodc giitta dong co phong véi than TBB, gitp giam thiéu do
tré va dam bao qué trinh tach dién ra chinh x4c va nhanh chong. Tuy nhién, viéc mg dung thudc
hoa thuat trong tach tang doi hoi sy nghién ctru ky ludng vé dic tinh chay, mirc dg an toan va kha
nang tich hgp vao hé thong tong thé ctia TBB [3, 5].

Bai bao nay s€ tap trung nghién ciru vé giai phap tach dong co phong khoi khoang thiét bi
(Payload) cua TBB sau khi thu6c phong dong co chay hét. TBB c6 toc dg t61 da khoang 750 my/s,
d6 cao 16n nhat khoang 10 km.

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

1. Xay dung co sé khoa hoc dé tinh toan khéi lugng thudc hoa thuat, ap suét va thoi gian tac
dung ctia ap luc cat dat két noi co hoc gitta dong co phong va khoang thiét bi.

2. Thuc nghiém kiém tra danh gia hiéu qua tach dong co phong bang thudc hoa thuét.

2. PHUONG PHAP NGHIEN CUU

2.1. M hinh co cu tich ting
Céc gia thiét sau day duoc sir dung dé xay dung mo hinh tinh toan:
- TBB duoc phong & goc phong tir 80° dén 85° nham dam béo thuan tién cho cong tac thu hoi va
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phu hop véi cac truong bén co kich thu6c nho ¢ Viét Nam khi thi nghiém. Véi c4u hinh phong nay,
gia thiét rang trong qua trinh bay toc do cao, phuong trong luc ctia TBB trung véi truc doc cua no.

- TBB hoat dong on dinh, khong quay quanh truc hodc quay quanh truc véi tdc do thép.

- Luc d?ly cua dong co khong tac dung lén chdt co hoc két ndi dong co voi khoang thiét bi.

- Lién két gitra dong co va khoang thiét bi 1a lién két tuyét dbi cimg.

- Qua trinh tach dong co phong duoc thuc hién trong giai doan bay thu dong cia TBB.

- Qua trinh cit dut cac chdt co hoc 1a tirc thoi, dong thoi.

- Céc hat thudc hod thuat chay dong thoi, hoan toan.

- Budng tao 4p dugc coi nhu tuyét ddi kin.

- Gia tbc trong trudng & vi tri phong TBB, liy bang g = 9,807 m/s?.

Véi cac gia thiét d néu trén, mé hinh co céu’téch tang st dung thudc hoa thuat duoc xay dung
la m6 hinh 3D ung dung cho TBB thir nghiém toc d6 cao dugc thé hién trén hinh 1.

fong co Ll

Thudc hod thust ] Khoang thiét bj
Hinh 1. Mé hinh co cdu tach tang bang thuéc hod thudt.

Khi thudc hoa thuat chdy, sinh ra khi thubc dién day budng tao ap (1a khong gian dugc gioi han
boi duong kinh d va chiéu cao | ¢ thoi diém ban dau - hinh 1), ap suét trong budng tang dan tao ra
ap luc 1én day khoang thlgt bi. ’Khl ap 11_153 tang dén gia tri nhat dinh, cit dat cac chdt gitt dugc ché
tao tur hop kim nhg”)m. Khoi thiét‘ bi chuyén d@ng tach roi khoi dong co theo hudng doc truc, duy tri
dugc hudng chuyén dong ban dau do khong xuat hién luc ngang.

2.2. Thiét 13p cac diéu ki¢n tach dong co phéng

Luyc t6i thiéu cat dut cac chdt giir [1]:

min __ nﬂ-dc2
FC - 4 [ ]

7], 1)
trong do: n - Sé lugng chdt; d. - Puong kinh chdt, m; [t] - Do bén cét cua vat liéu ché tao chét, Pa.
Ap lyc tdi thiéu dé tach dong co:
Fan =F™ +0-g, )
trong d6: q - Khéi luong khoang thiét bi, kg.
Ap suat tdi thiéu sinh ra boi san pham chay (SPC) thudc hoa thuat dé tach dong co:

min F::::m
P =5 ®)

& day, d - Duong kinh ban du cua day budng tao ap, m
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2.3. X4ac dinh khéi lwgng thudc hoa thuit cin thiét
Téng dién tich bé mit chay cia thudc hoa thuét:
[0
, 4
6 p (4)
Trong do: o - Khéi lwong thude hoa thuat, kg; e; - Bé day vom chay cta hat thube, m; p - Khéi
luong riéng cua thuoc hoa thuat, kg/m?.

S:

Dién tich bé mat xung quanh bén trong ciia budng tao ap [6]:

4W,
F =—29,
b= ®)
Trong d6: Wy - Thé tich budng tao ap, m®; d - Puong kinh budng tao ap, m
Thé tich tu do ban diu cua budng tao ap:
aw
W, =W, ——. (6)
Yo
Khdi luong thude hod thuat can thiét dé cat dit cac chdt giir [6]:
@-U, Pape — Pa
p =——=-—" , (7

€ o

Trong do: pa - Ap suét ban dau trong budng tao ap, lay bang ap suat khi quyén; u; - Van tdc cia
thudc hoa thuat phu thudc vao ap suit, m/s.Pa; a1 - Hé sé dic trung cho qua trinh chay thudc hoa
thuat, dugc xac dinh bang cong thue [2]:

a1=k_1Qwul(1_v'G' el Fbj' (8)

W, e R-Q wu,
Trong do: k - Chi s6 doan nhi€t qua trinh chay thudc; Q - Nhiét luong riéng cua thudc hoa thuat,
J/ kg; v - Hé s0 cé’tinh dén su qhénh 1éch gitra nhig‘:t do SPC thudc hoa thuét va nhiét do thanh
buong; R - Hang s6 khi SPC thude, J/kg.K; o - HE s0 truyén nhiét, J.m/kg K.s.
_ Vi khoi luong thudc can dé cat dirt cac chdt ludn ludn nho hon khdi lugng thude hoé thudt ban
dau, nghia la wc < w, nén ti (7) co6 thé rut ra diéu kién sau:

a > ( Phe = Pa)- ©)
Tir (8) va (9) xac dinh dwoc khdi Iuong thuoc hoa thuat tbi thiéu dé cat dit cac chdt giir nhu sau:
W, e u, min k-1v-o
“nn = 2)00 [ o (PRl —pa)+ = } (10)

Phuong trinh ap suat sinh ra boi san pham chay thudc hoa thuat dugc xac dinh theo [2]:
p(t)=p, e, (11)
Tai thoi diém cat dut cac chdt gitr, vi mot luong thude da chay nén thé tich ty do ciia budng tao
ap tang 1én va bang:

W, =W, + 2. (12)
o)

2.4. X4c dinh van toc khéi thiét bj sau khi tach roi khéi dong co

Tir hinh 1 thiy rang, sau khi cac chdt dugc cit dut, khoang thiét bi s& bi déy,vé phia truge do ap
luc cia khi SPC mét khoang L trude khi tdch hoan toan khoi dong co. Ap suat trung binh & cuoi
doan tach dugc xac dinh nhu sau [4]:
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S, -€e

“2puqL -

P

Trong do6: S; - Dién tich mat day khoang thiét bi sau khi cat chdt, m?; g - Khdi luong khoang
thiét bi, kg; L - Do dai doan trugt cua khoang thiét bi, m; ¢ = K + 32 - Hé s6 khéi lugng co tinh
q

dén ton that nhiét, trong d6 K = 1,02...1,05 1a hé s6 phu thudc vao kich thudc va tdc do ban dau
cua khoang thiét bi.
Vin tdc khoang thiét bi (v1) va van toc dong co (V2) sau khi tach roi 1a nghiém ctia phuong trinh

dac trung [4] c6 dang:
c
V, = +4/C2+C,; v2=—v—2. (14)
1

Céac hé s6 trong cac nghiém (14) duoc xac dinh nhu sau:
‘W ‘w- 2p, W
CZZQ @ Ul;C1:0,5C_(1—051'p) Py & Ul;CQZ—pO E—
Si-€ S, e (k-1)¢-q

3. KET QUA VA THAO LUAN

(15)

3.1. S6 liéu dau vao
Lua phon loai thude hoé thuat 1a thuc den hat nho c6 k,ich thude tor 1 mm dén 1,5 mm. Cac
thong so dac trung ctia thuoc hoa thuét [6] va mo hinh co cau tach tang (hinh 1) dugc liét ké nhu
trong bang 1.
Bing 1. Céc théng s6 ddu vao cho tinh todn co cdu tach tang.

TT Thong $6 Pon vi Gia tri
1 | Khbi luong khoang thiét bi kg 7
2 | Puong kinh x chiéu cao budng tao ap (d x 1) mm 80 x 80
3 | Puong kinh x d¢ dai doan truot (D x L) mm 115 x 50
4 | Puong kinh x s lugng chdt gitr mm 4X6
5 | Do bén cit cua vat liéu ché tao chdt MPa 207
6 | Ap suét ban diu trong budng tao ap (pa) MPa 0,1
7 | Chi s6 doan nhiét qua trinh chay thudc hoa thuat (k) - 1,25
8 | B& day vom chay cua hat thudc den (e1) mm 0,68
9 | Nhiét lugng riéng ctia thudc hoa thuét (Q) kJ/kg 3726
10 | Mat do thudc hoa thut (p) kg/m? 1600
11 | Hang s6 khi san pham chay (R) J/kgK 358,4
12 | Tdc do chay thude (ug) m/(MPa.s) | 1,5
13 | Hé s6 truyén nhiét (o) Jmikg.Ks)| 4187
14 | H¢ sb chénh léch nhiét do, v - 0,9

3.2. Két qua tinh toan
T (3), xac dinh 4p suét tbi thidu dé cit dut cac chdt 1a 3,12 MPa. Tir cong thirc (10) xac dinh
dugc khoi lugng thudce hoa thuat toi thi€u dé cat dut cac chot gitr 1a 4,136 g.
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Tién hanh khao sat ddi véi mot sb truong hop khoi luong thude khac nhau, két qua tinh toan duoc
cho trong bang 2. O day, thoi diém cat dit cht 1 thoi diém khi ap sut trong budng tao ap p(t) ting

dén bang gié tri ap suat tdi thiéu p

min
spc "

Bing 2. Két qua tinh todn véi cdc truong hop cu thé.

. z bon Khoi lugng thude hoa thuat, g
l Thong 50 vi [4136] 46 ] 5 [ 55| 6 | 65| 7
1 | Thoi diém cat dut chdt s [0,515/0,379(0,309 | 0,250 | 0,211 0,182 | 0,160
2 | Van tdc tach roi cia thiétbi | m/fs | 41,70 | 42,20 | 42,64 | 43,21 | 43,78 | 44,36 | 44,95
3 | Van tbc tach rdi ciia dong co | m/s | 33,20 32,75 | 32,37 | 31,91 | 31,45 31,01 | 30,57

Theo tinh toan thiét ké hé thong dan dao TBB, tai thoi diém tach dong co phéng, TBB c6 tbc
do khoang 50 m/s, do vy, viéc tach dong co phong vira phai dam bao d9 tin cdy cao, vua phai
dam bao it anh hudéng den quy dao bay tiép theo ctia khoang thiét bi. Tir phuong trinh (11) xay

dung duoc db thi 4p suat trong budng tao ap theo thoi gian nhu trén hinh 2.

p, MPa

Do thi ap suat

j%ﬂifzéi?g | /
| i 4
Jommness arey v
4 S aAVA
3 / yas
2 / /,.////
1 g/f et
_ o—0—0

Hinh 2. B thi dp sudt trong buong tao dp cho cdc truong hop khdo sdt.

3.3. Két qua thir nghiém

Tién hanh thir nghiém tinh trén mat dit kha ning tach ting cua co cdu trén gia nim ngang ddi
v6i cac truong hop sir dung khdi luong thude hoa thuat 5 g, 6 g va 7 g. Cac goi thude hoa thuat
dugc kich hoat boi 02 hat lira dién MB-2N. Trong md hinh thir nghiém, dong co va khoang thiét
bi dugc thiét ké dang mau mo6 phong c6 khdi lugng 14,5 kg (dong co md phong thoi diém chay
hét thubc phong) va 7 kg (khoang thiét bi mé phong); dong co mé phong duoc lién két v6i khoang
thiét bi mo phong bang 6 chdt giit duong kinh 4 mm dugc ché tao tir nhom 6061; budng tao ap
dugc 1am kin boi cic giodng cao su. Két qua thir nghiém cho thay, dong co md phong duge tach
hoan toan ra khoi khoang thiét bi mé phong, khoang cach nhé nhit do dugc (tir vi tri gia thir dén
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diém roi trén mat dat ciia khoang thiét bi) 1a 2,5 m. Do mdi ghép giita dong co va khoang thiét bi
¢6 phan tru dinh huéng dai (~ L = 50 mm), nén sau khi tach ra khoi dong co, khoang thiét bi chuyén
dong thang doc theo tryc ban dau.

Dé mo phong trang thai tach tﬁng sat v6i thuc té, tién hanh thu nghi€ém mo hinh trén thiét bi
bay khong nguoi lai Drone. M6 hinh thir nghiém dugc Drone nang lén d6 cao khoang 300 m, sau
dé duogc tha roi tu do & tu thé théng dang theo truc doc ciia mo hinh. Theo tinh toan, khi mé hinh
thir nghiém dat tdc d6 roi 50 m/s (& d6 cao 170 m) twong dwong téc d6 bay cia TBB ¢ thoi diém
tach dong co phong, thudc hoa thuat duge kich hoat dé tich dong co md phong ra khoi khoang
thiét bi m6 phong. Két qua cho thiy, co cdu tach ting hoa thuat lam viéc theo dung nguyén ly.

Va cudi ciing, co cdu tach ting dong co phong duoc tich hop ban thir nghiém trén TBB thyc té.
Thoi diém kich hoat tach tang 13 34 s tinh tir thoi diém phong TBB, khi d6, TBB dat d6 cao khoang
10 km. Két qua thir nghiém cho thay, dong co dugc tach hoan toan khoi khoang thiét bi (hinh 3).

bong co sau Du dugc bung

tach tng \ / sau tach ting

Hinh 3. Thir nghiém kha nang lam viée ciia co cdu tach tdﬁg trén TBB.
4. KET LUAN

Tom tai, viéc ing dung thudc hoa thuat trong tach taing TBB dd chimg minh 1a mot giai phap
hidu qua va dang tin cdy, dic biét di voi cac phuong tién mang toc do cao. Bang cach sir dung
cac co ché chay-nd, qua trinh tach tang c6 thé duoc thuc hién nhanh chong va chinh xé4c. Didu nay
dam bao rang cac khdi luong khong can thiét, chang han nhu cac dong co di chay hét, duoc loai
b6 mot cach hidu qua, cho phép TBB duy tri quy dao va hoat dong nhu mong muén. Ngoai ra,
phwong phap tach tang bang thudc hoa thuat di thé hién kha niang thuc hién cac chirc ning quan
trong nhu trién khai vit mang vao quy dao, kich hoat cic bd phan (vi du bung du - hinh 3), ma
khong 1am anh huéng dén do bén cau tric hodc chirc ning cua cic tang TBB con lai (trong thir
nghiém 1a khoang thiét bi). Nghién ctru nay khang dinh ring cac giai phap dya trén thudc hoa thuat
mang lai nhidu vu diém trong viéc tach ting, gop phan vao sy thanh cong va do tin cay tong thé
ctia hé thong TBB.
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ABSTRACT
Research on pyrotechnic-based stage separation solutions for flight vehicles

In this study, the authors conducted calculations and experiments on a stage separation
method for the booster engine and the parachute deployment system to recover the
equipment bay of a high-speed flight vehicle using pyrotechnics. The calculations
determined the required amount of pyrotechnic charge and the separation mechanism by
severing the retaining pins under the pressure force generated by the pyrotechnic gases.
The authors carried out prototype tests on the ground and with drones, followed by full-
scale tests of the separation and parachute deployment mechanisms on actual flight
vehicles. The experimental results indicate that the pyrotechnic-based stage separation
method is reliable and feasible for practical application.

Keywords: Pyrotechnic; Stage separation; Flight vehicle.
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