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TOM TAT
Bai bdo trinh bay két qud nghién civu, ché tao va thir nghiém déng co hanh trinh thiét bi

bay MTBOI sir dung thuéc phéng rdan RST cua tén lita V. Trong dé, da nghién ciru tinh todn
thiét ké ché tao liéu phong, cong nghé ché tao 16p phii chong chdy cho théi thuéc phong ran va
thir nghiém dong co hanh trinh. Két qua cdc déng co thir nghiém hoat dong on dinh, cdc thong
$6 chinh thu dwoc nhw sau: Ap sudt Pmax = 61,9 bar; thoi gian chdy 31,75 gidy; lwc ddy déng
co trung binh 670,7 N; tong xung lwc ddy 21247,9 N.s; nhiét @6 vo dong co trong khodng thoi
gian dong co lam viéc twong dwong nhiét do moi truong, sau khi dong co nging hoat dong
nhiét @6 vé dong co tang dén 86 °C. Pdy la dong co hanh trinh sir dung thuéc phéng rdn cé
kich thide 1om nhat do cac don vi trong nuée phoz hop nghién citu va ché tao, trén co sé do
tao duwoc mot logi muc tiéu bay MTB0O1 moi co téc do 1ém nhat dat 248 m/s, thoi gian bay
khong nho hon 60 gidy.
Tir khéa: Tén lira; Muc tiéu bay; MTBO1; Thudc phong RST; Pong co tén lira.

1. MO PAU

Trong thoi gian qua Quén ddi ta ludn duoc Pang, Nha nudc quan tim dau tu dé tién thing 1én
hién dai. Bén canh viéc trang bi cac khi tai, tén lura thé hé méi phuc vu tryc chién sin sang chién
du thi cong tac huin luyén chién du ciing duoc quan tdm hon cho luc luong tén lira, phéo
phong khong. Mot trong nhimg ndi dung huén luyén quan trong cho bd doi tén lira, luc luong
phao phong khong 1a hudn luyén tiéu diét cac muc tiéu trén khong, trong do sur dung cac thiét b1
phuong tién bay khong nguoi lai dé 1am muyc tiéu ban. Tir nam 1993 dén nay, trong nudc chi yéu
str dung céc loai thiét bi, phuong tién bay khong ngudi 1ai nhu bang 1 sau:

Bing 1. M{t s6 loai thiét bi, phirong tién bay khéng nguoi ldi & trong nurdc.

Chi tiéu, Muc tiéu bay
l tinh ning VT M96 M100-CT M400-CT
1 | Chiéu dai m 1,7 2,1 2,4
2 | Sai canh m 2,2+2.4 3,0 3,26
3 | Khéi luong kg 8,0+15,0 25 65+67
4 | Loai dong co - 2 ky 2 ky 2 ky
5 | Nhién liéu - A92+ nhét A92+ nhét A92, 96+ nhot
6 | Tdc do bay m/s Dén 50 36,1+41,7 69,4+77,8

Céc loai myc tiéu bay nay hang nam tham gia tich cuc trong huin luyén sin sang chién du
cua lyc Iugng phao phong khong, luc Iugng tén Itra, ngoai ra con tham ra trong qua trinh nghiém
thu tén ltra do cac doi tac trong va ngoal nude cai tién. Mot diém dé nhan ra cia cac muc tiéu bay
bang canh quat nay 1a toc do bay thap, nén cac muyc tiéu nay thuong dé dugc tiéu diét.
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Hinh 1. Cdac muc tiéu bay (tw trai qua phai) M96, M100-CT va M400-CT.

Ngay nay, trong chién tranh hién dai, cac luc luong sir dyng tén lia tan cong co toc do bay
nhanh dé ap dao vé bau troi va mat dat thi viéc tac chién, huan luyén chién du dé chdng lai tén
lta 1a mdt vin dé mdi. Do 7d0 ylec huén luyén bo do6i ten’ lu’a} doi 1}01 phai sat véi thuc tién dé
nang cao kha nang bao vé to quoc tur som, tir xa. Cho nén rat can thiét phai som dua ra dugc mot
loai thiét bi bay c6 kha nang mo phong tén lira chién thuat, trong d6 thiét bi bay MTBO1 ¢6 tbc
d6 bay can 4m dang duoc trién khai nghién ctru. Thiét b bay MTBO1 c6 chiéu dai khoang 2920
mm, kich thuéc than 182 mm, sai canh 16n nhat 775 mm, khéi luong toan b6 thiét bi bay la 117,5
kg va thoi gian bay 16n hon 60 gidy. Phuong an s dung cac thoi thuée phong RST dugc thao ra
ttr dong co phong tén lira V d€ nghién ctru, ché tao li€u phong cho dong co hanh trinh c6 tinh kha
thi, do loai thuoc phong nay c6 duong kinh 16n dat t6i 157 mm. Chinh vi vay, trong bai bao nay
trinh bay két qua nghién ctru ché tao, thir nghiém li€u phong cho dong co hanh trinh thiét bi bay
MTBO1 tir thuée phong RST.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciru

Nghién ctru, ché tao lidu phong cho dong co hanh trinh thiét bi bay MTBO1 tir thudc phong RST
duoc thao ra tir dong co phong cua tén ltra V.

2.2. Vit tw, nguyén liéu va trang thiét bi

Thoi thude phong ran ballistic RST hinh tru, 1 15, c¢6 chiéu dai 2700 mm, duong kinh ngoai
157 mm va duong kll‘lh 16 42 mm nhu trén hinh 2,

Hinh 2. T hoz thuéc phéng RST nguyén ban théo ra tir tén lira V.
DPong co hanh trinh dugce thiét ké nhu trén hinh 3 sau:
2

Hinh 3. Két két cau dong co hanh trinh MTBOI
1- Ndp dau; 2- Liéu phéng hanh trinh; 3- V6 ddng co; 4- Lop bdo vé nhiét; 5- B¢ moi;
6- Ong noi; 7- Léi loa phut; 8- Loa phut.
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DBong co MTBO1 dugce gia cong ché tao tir thép C45, budng dét dong co dugc tao thanh boi
v6 dong co (3), nép dau (1), dng ndi (6) va loa phut (8), cac chi tiét nay duoc ldp ghép v6i nhau
bang mdi ghép ren. Lp bao vé nhiét (4) duoc ché tao bang vat liéu composite soi thuy tinh dé
bao vé€ nhiét cho vo ddng co. Lai loa phut (8) dong co dugce ché tao bang bot molipden dugc nén
ép va thiéu két, vat liéu nay co6 thé chiu dugc dong san pham chdy co6 nhiét do cao, tbc d6 cao khi
chuyen dong qua loa phut trong qua trinh dong co lam viéc. Liéu phéng (2) cua dong co duoc
moi chay bang lidu moi (5).

Céc tham s ciia dong co hanh trinh MTBO1 trong bang 2.
Bing 2. Bang cdc thong sé ban dau cia dong co hanh trinh MTBOI.

TT Tham s Ky hi¢u | Ponvi | Gia tri
1 | Puong kinh trong v dong co dk mm 168
2 | Puong kinh ngoai vo dong co Dy mm 175
3 | Chiéu dai dong co Lk mm 557
4 | Buong kinh t6i han loa phut din mm 8,36
5 | DBuong kinh ctra ra loa phut da mm 23,5
6 | Thoi gian lam viéc cia dong co - S ~30
7 | Ap suat lam viéc trung binh Prg MPa ~6

B khuon dé ché tao 16p phu chéng chay bao gdm: P4y khuén, than khudn va nép trén c6 dinh vi
tam (hinh 4). Dy va nap trén duoc lam tr thép khong gi SUS304, thén khudn lam tir nhém, ¢6 2 16p
tuan hoan nude gia nhi¢t. Kich thude gitra mat ngoai thoi thudc phong ran RST va thanh ong thén la

2,02 mm.

Hinh 4. B khuén phii 16p chong chay.

L6p phu chdéng chay cho théi thubc phéng duoc ché tao tir cac nguyén liéu sau: Butyl
metacrylate (BMA, Sigma Aldrich Pte Ltd, CAS 97-88-1), Benzoyl peroxide (Aladdin, Trung
Quéc, CAS 94-36-0), Polymetyl metacrylate (PMMA,Sigma Aldrich Pte Ltd, CAS 9011-14-7);
polyeste khong no ITH-609-21M (Vitareaktiv, Nga, GOST 27952-88).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét ké, ché tao lidéu phéng

Tir nguyén ly 1am viéc, ciu tao cta dong co ¢ trén, mot sd ddc diém lidu phong duge thiét ké
nhu sau: Dé thoi gian chay dai, thoi thudc phong phai chay dinh dién tir mot mat dau, di voi thoi
RST nguyén ban c6 16 can phai bit 15 trong va can phai chu chéng chay toan bo mat ngoai thoi
thudc va phan mat day. Phuong an str dung thoi thudc phong nho c6 kich thuéce gin bang duong
kinh 15 trong thoi thudce phong chinh la phuong an dugc lya chon, do vira tao dugc thoi thude
phong dic, vira tang luc ddy cua dong co khi lam viéc. Pdi voi thude phong RST theo tai lidu [1]
phuong trinh tdc d chay phu thudc vao 4p suat duge thé hién qua cong thire u=5,83*p%? (trong
dai ap suat tir 4-8Mpa), khi do, tc do chay ciia thudc phong & 6MPa 1a 9,12mm/s. Bé dam bao
thoi gian 1am viéc ctia dong co dat 30 gidy thi chiéu dai thoi thudc phong can thiét 273,6mm.

Tir d6, thoi thude phong duge gia cong co khi dat yéu cau trude khi phii chéng chay gdom thoi
thudc phong chinh va thoi thude bit 16 (nhu hinh 5): Chiéu dai théi thue phdng chinh 270 mm,
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thoi thuc phong bit 16 hinh try déic véi chidu dai 268 mm, duong kinh 41,82 mm. Hai thoi
thudc phong nay déu dugce gia cong co khi tir thoi thuoc phong thao ra tir tén Itra V.

[—

Hinh 5. Hinh dnh cdc théi thuoc phong sau gia cong co khi.

Quy trinh cong nghé phii chéng chiy duogc thuc hién theo phuong phap duc rot, hoa rin hon
hop phu chéng chay phuong phap polyme hoa c6 gia nhiét d6. Thanh phan phu chong chay trén
nén BMA, PMMA va polyeste khong no ITH-609-21M. Pon thanh phan chit phu chdng chay cho
trong bang 3.

Bing 3. Pon thanh phan chdt phii chong chady

TT Hang muc Pon vi Yéu ciu
1 | Butyl methacrylat % 22 .24
2 | [TH-609-21M % 28 ...30
3 | Polymetyl methacrylat % 48 ...52
4 | Peroxit (cho ngoai 100%) % 10..14

Céc cong doan phii chéng chay thoi thude phong RST duge thuc hién nhu sau:

- Céc thoi thubc phong dugce lam sach bé mit bang con etylic 99% [5,6].

- Khuén pha dugc vé€ sinh sach sg, séy kho ¢ nhiét do khong nhé hon 100°C, dé ngudi ty
nhién. Nap day va thanh bén trong than khuon dugc quét 3 16p keo chdng dinh, ché tao tir 1,5%
polyisobutilen trong toluen vé khdi lugng. Mbi 16p keo chéng dinh dugce quét cach nhau 20-30
phut ¢ nhiét d6 25 + 35°C.

- Quét hdn hop phu chdng chay 1én bé mit 13 trong cua thoi thude chinh va bé mit ngoai thoi
thudc bit 15. Lap thoi nho vao trong 16 cua thoi thude chinh, dinh tim chéc chin théi thude trong
khuon phil. Rot thanh phan pha chdng chay vao khudn c6 thoi thude & bén trong 1am 03 1an cho
dén vi tri ngang bang bé mit trén cta thoi thude.

- Dé khuén chtra san pham & nhiét d6 méi trudng trong thoi gian 3045 phit trude khi cAp nudc
nong dé gia nhiét. Thyc hién héa ran véi nhiét do nudc gia nhiét 85+90°C trong thoi gian khong nho
hon 5 gio.

- San pham sau khi héa rin duoc chuyén dén cong doan thao khuén lay san pham, ngoai ra
boc thém phia ngoai thoi thude 1 16p vai kevlar nham muyc dich bao vé phan mit ngoai ciia vo
chéng chay. Két qua san pham ché tao thoi thudc phong duoc thé hién qua hinh 6 dudi day:

Hinh 6. Théi thuoc phéng sau khi phii chong chay.
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Trong subt thoi gian dong co lam viéc, dé bao vé vo dong co hanh trinh c6 thé su dung cac
loai vat liéu c6 do chiu nhiét tdt, khi chiu tac dong ctia san phém chay khong tao ra cac di vat lam
anh hudng dén kha nang lam viéc ctua dong co. Co nhiéu phuong phép dé bao vé nhiét dong co,
trong phuong an thiét ké nay, nhoém tac gia hudng dén phuong phap sir dung vat lidu composite
cdt soi thuy tinh chiu nhiét, vat liéu nay dugc gia cong co khi tao ra 16p bao v€ nhiét va le"lp ghép
tryc tiép voi thoi thude phong sau khi duge phu chdng chay ¢ cong doan trén. Lép bao vé nhiét
nay co 2 tac dung chinh Ia bao vé nhiét khoi khi nong dén 2000 °C cua san pham chay, ngoai ra
con tao ra dugc thé tich chay ban dau dé thu duoc 4p suit theo tinh toan ciia dong co. Lép 4o bao
vé nhiét dugc gia cong theo kich thudc ¢é chiéu day 2 mm, kich thudc dai 308 mm gdém than va
lap day duoc thé hién nhu hinh 7.
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Hinh 7. Bdn vé thiét ké va liéu phéng ciia dong co hanh trinh MTBOI.
1- Lép chong chay; 2- Théi thude phong nhé bit 16; 3- Théi thuoe phong chinh; 4- Lép bdo vé nhiét.
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3.2. Tinh toan bai toan thuit phéng trong cia dfng co' hanh trinh
Tir cong thuce tinh 4p suat mdi dong co:
o f
P - mol " mol (1)
mol Wtd

Trong d6: Prmoi - ap suét‘ moi, MPa; moi- khéi luong ghuéc moi, gam; fmoi - luc thudc mdi, kJ/kg;
Wy - thé tich tu do be}n cjﬁu cua bu()ng dot, m°. V’(')'i k@t cau gﬁa dong co hanh trinh MTBO1 xéc
dinh dugc cac thong so deé tinh toan khoi lugng thuée moi (thude den) cho dong co la:

- Thé tich thiét ké ban dau ctia dong co hanh trinh: 0,0010952 m?.

- Ap sut mdi lya chon: 4,5 MPa.

- Lyc thube moi: 280000 J/kg [2].

Str dung cong thire (1) tinh lwong thude mdi (1am tron va tinh dén ca ton that nhiét) cho dong
co hanh trinh MTBO1 1a: 20 gam.

Vi céc s6 liéu ban dau 1a cac géC trung kich thudc })én trong clia buéng dét, loa’ phut; cac dac
trung kich thudc, hinh dang cta licu phong; cac tinh chat nhiét dong luc hoc cua thuoe phong RST
va cua san pham chay. Cac thong s6 dau vao dé giai bai toan thuat phong trong doi voi dong co
hanh trinh MTBO1 dugc thé hién trong bang 4.

Bing 4. Céc thong sé ddu vao dé tinh todn dong co.

TT Cic tham sb Ky hiéu | Pon vi Gia tri
1 |Thé tich ty do ban dau Wo m3 0,0010952
2 |Khéi lugng thude phong oTp kg 10,1
3 | Chiéu dai liéu phong Lrp mm 308
4 |Puong kinh ngoai cung thoi thude Dn mm 157
5 | Chi s6 mii doan nhiét cua khi thude k - 1,26
6 |Hang s khi R ki/kg.K | 374,91
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Nhiét d6 dang ap ciia san phdm chay Tp K 2160
Mat d6 thudc phong pT kg/m? 1620
Heé sb tc do chay up | mm/s.bar 5,83
10 | Chi s6 mii trong quy luat tc d6 chay v - 0,25
11 | Téc d6 chay & 60 bar u m/s 9,12

Két qua tinh toan bang phﬁn mém Matlab cac tham sé nhiét dong hoc ciia dong co hanh trinh
MTBO1 voi liéu phong ché tao, bao gom d6 thi ap suat - thoi gian va do thi luc day - thoi gian
dugc thé hién trén hinh 8. Mot so tham s6 dac trung nhiét dong hoc ctia dong co dugc tong hop

trong bang 5.

7

Do thi quan he ap suat theo thoi gian

Do thi quan he luc day theo thoi gian
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Hinh 8. D6 thi quan hé sudt-thoi gian, lyc day-thoi gian cia dong co hanh trinh MTBOI.
Bing 5. Két qua tinh todn tham sé nhiét déng hoc ciia PCHT MTBO.

TT Tén chi tiéu Pon vi | Két qua tinh toan
1 | Ap suit 16n nhat bar 63,2
2 | Ap suit trung binh bar 61,4
3 | Luc day 16n nhat N 669,7
4 | Luyc déy trung binh N 647,2
5 | Thoi gian lam vigc S 32,5
6 | Tong xung luc day N.s 21036,7

3.3. Thir nghiém dong co hanh trinh MTBO01
Tién hanh thir nghiém, nghiém thu trén gid dong co hanh trinh nham danh gia két qua nghién
ctru, tinh toan va ché tao liéu phong, so sanh vdi yéu cau thiét ké chung ctia dong co hanh trinh

MTBO1. Thir nghiém trén

gia dong co hanh trinh trén gia dugc thé hién qua hinh 9.

Hinh 9. Thir nghiém dot trén gia dong co hanh trinh.
Két qua do ap suét, luc ddy dong co va nhiét d6 vo dong co duogc thé hién qua hinh 10.
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Hinh 10. Két qua thir nghiém, nghiém thu tinh trén gid dong co hanh trinh.

Két qua cac dong co thir nghiém on dinh, cac chi ti€u lam viéc chinh thu dugc nhu sau:

T

FTTTTT T 171 T
0 60 80 100 120 140 160 180 200 220 240 260 280 30.0 320 340 360 380 40.

TT Tén chi tiéu Pon vi | Két qua tinh toan | Két qua thir nghiém
1 | Ap suat 16n nhét bar 63,2 61,9
2 | Ap suét trung binh bar 61,4 55,7
3 | Luc day 16n nhat N 669,7 717,7
4 | Luc déy trung binh N 647,2 670,7
5 | Thoi gian lam vigc S 32,5 31,7
6 | Tong xung luc day N.s 21036,7 21247,9

Nhiét d6 vé dong co trong thoi gian 1am viéc twong duong nhiét 6 moi truong, sau khi dong

co nging hoat dong nhiét d6 tang dén 86 °C cho thay 16p bao vé nhiét dap ng dugc yéu cau dat
ra. Két qua thir nghiém vai tinh toan cho gia tri tuong duong, qua d6 ket luan lieu phong, dong

co hanh trinh hoat dong tdt.
|

s

» N

! |
|

Hinh 11. Hinh dnh bdn tong hop thiét bi bay MTBOL.
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Két qua ban tong hop thiét bi bay MTBOL st dung liéu phong do nhom tc gia ché tao cho két
qua dat yéu cau, trong d6 toc do 1on nhat cia thiét bi bay dat 248 m/s, thoi gian bay khong nho
hon 60 giay.

4. KET LUAN

Trong bai bao da nghién ciru tinh toan, thiét ké ché tao lidu phong cho dong co hanh trinh thiét
bi bay MTBO1, sir dung thudc phong rin RST duoc thao tir dong co phong tén lira V. Trong 6, da
tinh toan thiét ké dong co thir nghiém, xay dung bai toan thuat phong trong cho dong co hanh trinh,
nghién ctru ché tao 16p phu chdng chay cho théi thude phong RST va hoan thién liéu phong.

D3 tién hanh d6t thir nghiém tinh dong co hanh trinh trén gia, két qua cac dong co thir nghiém
on dinh, cac thong s6 chinh thu duoc nhu sau: Ap sudt Pmax = 61,9 bar; thoi gian chay 31,75
gidy; luc ddy dong co trung binh: 670,7 N; tong xung lyc day: 21247,9 N.s; nhiét d6 vo dong co
trong khoang thoi gian dong co lam viéc twong dwong nhiét d6 moi truong va tang dan khong
dang ké. Két qua ban thir nghiém thiét bi bay MTBO! cho thay dong co hanh trinh lam viéc on
dinh sau khi thiét bi tach tang dong co phong, tdc do 16m nhat cua thiét b bay dat 248 m/s, thoi
gian bay khong nhé hon 60 giay.
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ABSTRACT

Research on manufacturing of charge for target missile cruise motor
based on RST propellant

This article presents the results of research on manufacturing and testing a target
missile cruise engine using RST solid propellant. In particular, we have researched and
calculated the design of a test engine, and built a flow chart to calculate the system of
internal discharge equations of the engine. Research on the design and manufacture of
propellant doses for cruise engines, including presenting the technology for
manufacturing fireproof coatings for solid propellant ingots and perfecting the complete
propellant dose. Test combustion of the cruise engine on a static stand has been
conducted. The results of the tested engines are stable, the main parameters obtained
are as follows: Pressure Pmax = 61,9 bar; Burning time 31,75 seconds; Average engine
thrust: 670,7 N, Total thrust impulse: 21247,9 N.s, Engine housing temperature during
the engine working period is equivalent to the ambient temperature after the engine
stops thermal operation Engine cover temperature increased to 86 °C. This is the largest
solid propellant cruise engine researched and manufactured by domestic units, on that
basis creating a new type of MTBOL1 flying target with a maximum speed of 248 m/s, flight
time of not less than 60 seconds.

Keywords: Missile; MTBO01; Propellant RST; Rocket motor.
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