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NGHIEN CUU CHE TAO THOI NHIEN LIEU RAN HON HQP
DUNG CHO PAN PHAO TANG TAM 130 mm M46
THEO NGUYEN LY BASE BLEED

Nguyén Dirc Long', Trén Hitu Thanh"", Nguyén Vin Hing", Doan Vin Digp',
Nguyén Vin Thanh', Hoang Van Hung', D5 Manh Hung?

Tém tit: T hoi nhién liéu BB la thoi nhién liéu rdn hon hop, mét bo phan quan trong
mang tinh quyét dinh vé kha nang va dé on dinh quy dao trong phat bén ciia dan phdo
tang tam theo nguyén Iy Base bleed. Trong bdi bdo trinh bay mot so két qua nghién citu
ché tao théi nhién liéu BB ding cho dan phdo ting tqm 130 mm M46. Hiéu qua cia thoi
nhién ligu BB trong dan phao tang tam do Vién Thuoc phong Thuoc né ché tao da dwoc
chung minh qua thuc nghiém ban trén phdo chién dau 130 mm M46.

Tir khéa: Thoi nhién liéu Base Bleed; Dan ph40130 mm M46; Perclorat ammoni; Cao su CKH; Vé chéng chay.
1. MO DAU

Trong chiép tranh hién dai, cing v6i sy phat trién khong nging ciia nghé thuat quan
sw, viéc tang tam ban to1 da va do chinh xac cua cac h¢ phao c6 trong bién ché gép phan
quan trong viéc nang cao hi¢u qud, nang luc tac chién (ti€u di¢t dugc s& chi huy,’ tham
muu, sén bay, trung tam lién lac, cau, san bay, nhiing vi tri duoc xay dung kién ¢6 ¢ y
nghia quan trong ¢ phia sau trong long dich), dong thoi ddm bao an toan cho con nguoi,
vii khi, trang bi cua Quan doi ta.

Xu hudng phét trién va cac giai phapcd thé sir dung nham tang tam ban cho dan phao
dugc stir dung trong trang bi quan ddi cac nudc trén thé gidi bao gom:

- Tang so tdc dau dan;

- Téi vu hinh dang khi dong cua dau dan, dé giam ti da luc can tac dung lén dan trén
duong bay. Cac bién phap tang tam dan phdo trén co s¢ giam lyc can day gom co:

+ Cai tao hinh dang dan, tao héc 16m day dan (Hollow Base): phuong phap nay co
hiéu qua tang tam khoang 5 - 8% [1].

+ Cai tao hinh dang dan, dung cum bu khi (cum Base Bleed): phuong phap nay co
hiéu qua tang tam khoang 15 - 25% [1].

+ Cai tao hinh dang dan, dung dong co phan lyc tao lyc day (Rocket Assisted):
phuong phéap nay c6 hi¢u qua tang tam khoang 30 - 50% [1].

Tai Viét Nam, tir nam 2004 dén nay, viéc nghién ctru phuong an ting tam cho dan
phao duoc thuc hién nhiéu nam nay, di dau 1a Vién Vi khi va Vién Thuoc phong Thude
n6/ Tong cuc Cong nghiép qudc phong. Trén co s¢ nghién ctru hiéu qua cac giai phap
tang tam cho dan phao dugc ap dung trong quan doi trén theé gidi va kha nang dap ung
yéu cau ky thuat, cong ngh¢ san co6 trong quan doi cho thay phuong an sir dung nguyén
ly Base Bleed c6 kha thi va hiéu qua nhat. Ban chat cua phuong phap Base B}eed 1a tang
tam dan phdo bang cach giam luc can ddy dugc hinh thanh trong vung &p suat thap phia
sau dau dan nho dong khi nong sinh ra trong qua trinh lam viéc cua cum bu khi. Cym bu
khi (cum sinh khi) bao gom vo; liéu mdi va théi nhién liéu rin hdn hop dugc phu 16p vo
chong chay xung quanh nhim bao dam cho thoi nhién liéu 1am viéc dung quy luét theo
thiét ké.

So d6 nguyén ly dan phao ting tam dwoc mo ta trén hinh 1 [2].
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Nghién ciru khoa hoc cong nghé
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Vécum BB Thoi nhién liéu BB
Hinh 1. Bdau dan phdo ting tam 130 mm sir dung cum BB.
Co s6 d¢ thiét ké thoi nhién ligu BB 1a dénh gia tac dong cuia thoi nhién liéu BB trong
viéc tang tam ban cho dan phao dya trén viéc két hop 2 phuong phap chinh [2, 3]:
- Mot 1a, bd sung mdt thanh phﬁn luc tac dong theo hudng doc truc cua vién dan nhu
lyc day cua dong co phan luc

— pV (v -
BB:'D“’2 SchBf(I)f(lBB)[;c055+§j,

Trong do: Cxes - HE s6 giam lyuc can trong qua trinh cum BB hoat dong; f(igg) - Hé sO
phtt hop dé diéu chinh luong giam lyc can; v - Vén toc dau dan; | - Luu lugng khi thoi
qua loa phut cum BB.

- Hai 13, hiéu chinh hé s luc can khi dong cua dan nguyén ban véi mot luong giam
do anh hudng cua hiéu ung BB.

. |.ABP
AC, o =C,,— f
X0B X0 (IBB)[(ylz)M 2(1/db)2j

Trong d6: ABP - Sy thay dbi ap suit khong thir nguyén trong cum BB; dy - Puong
kinh dan; Py - Ap suit cum BB; P - Ap Suat khong khi; M - Sé Mach.

Tbec @6 chdy cua nhién li¢u, ap sut trong dong co, thoi gian lam viéc dugc tinh toan
mo phong va téi uu hoa, sit dung phin mém ANSYS CFX, phan mém tinh toan thuat
phong ngoai trén nén tang Mathlab-Simulink nham t5i uu hoa anh huong ciia thoi nhién
liéu BB dén tam bén téi da cua dan phao ting tim 130 mm M46,... Gia tri ap suét trong
buéng @6t khi sir dung phuong an tang tam béng hi€u ung base bleed nay ¢ muc thép [4].

Trén co s& d6, bai toan thiét ké dat ra 1a ché tao dwoc thoi nhién liéu hdn hop dap ung
yéu cau vé xa thuat (téc do chay 0,9 - 1,2 mm; ap suét trong dong co 0,8 - 1,2 Bar; thoi
gian lam viéc khong nho hon 25 gidy; lyc ddy trung binh khong 16n hon 10 N), yéu cau
vé do bén ly tam, do bén va dap twong duong voi mot phat bin caa dan phao.
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Két qua tinh toan hé sb luc can Cy(M) dan phao 130 mm-M46 nguyén ban va dan
phéo 130TT (c6 lip va khong lip cum bu khi) bing phan mém mé phong s6 ANSYS
CFX duoc trinh bay trong hinh 2. Theo do, gia tri hé¢ s0 lyc can giam dang ké khi st
dung cym bu kl}l, dac biét co6 hi¢u qua ddi v&i dau dan c6 van tde siéu thanh M>1. bay
cling 1a co s¢ dé xac dinh thoi gian hoat dong ctia thoi nhién liéu BB.
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Hinh 2. Hé 56 luc can Cy(M) dan phdo 130-M46 va 130TT.
Xéac dinh tdm ban cua dan phao ‘130 Ipm tang tam khi su dung cum BB da dqqe mo
phong tinh toan ANSYS CFX, phan mém tinh toan thuat phong ngoai trén nén tang
Mathlab-Simulink cho ra két qua tim ban tdi da 1én t6i 32,84 km (hlnh 3).
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Hinh 3. B¢ cao bay tam ban cia dan 130TT véi goc ban 50 do.

Dé dat duoc hiéu tng ting tim can thiét, mot trong nhing yéu cau quan trong dat ra
1a ché tao duogc thoi nhién liéu hdn hop ¢6 boc 16p phu chéng chay dap ng cac yéu cau
thiét ké. Bai bao nay trinh bay mot s6 két qua nghién ctru ché tao thoi nhién liéu BB
dung cho dan phéo ting tam 130 mm M46.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Nhién li¢u BB

- Cao su phan tir khéi thap (oligomer) butadien nitril chira nhém cacboxyl cubi
mach (Nga);

- Chat oxy hoa amoni peclorat: Ham lugng chat chinh > 99,0%; Kich thudc hat 100-
125 um (Vién Thube phong Thube nd):;
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Nghién ciru khoa hoc cong nghé

- Epoxy ED-20: Ham luong nhém epoxy 20-22,5%; ham lugng ion clo < 0,5 (Nga);

- Dioctinxebaxinat (DOC) Hé s6 axit < 0,12 mg KOH/g chat chinh (Nga);

- Chi II oxit (PbO): dang ngoai: Bot mau vang; ham lugng chat chinh > 99,0%;

- Aeroxin: Ham lugng am < 1,5%; Kich thudc hat trung binh 5-15 nm (Chau Au);

- Phu gia cong nghé.

V6 chéng chay dung cho nhién liéu BB dugc ché tao theo cong nghé di duoc nhom
nghién ctru cong bo [5].
2.2. Phwong phap nghién ciru

Tinh toan, ché thu mau, do dac cac thong s6 k¥ thuat, cong ngh¢ dap img yéu cau cho
ché tao nhién liéu ran hdn hop dung cho thoi nhién liéu ting tam.

Nhién liéu duoc ché tao bang phuong phap tron, dac rot trong chan khong va siy gia
nhiét theo chu trinh 70, 80, 90 °C trong thoi gian 170 gio.

D¢ xuyén kim dugc xéac dinh trén thiét bi do d(f)’xuyén kim Koehler (dai do 0-390),
My. b6 gié}n tr:éli nhién liéu dugc xéac dinh trén thiét bi do d gian trdi do Vién Thuoc
phdong Thuoc nd ché tao.

Nhiét lugng chay nhién li¢u xac dinh theo ‘TCVN/QS 889:2019; Tdc dgf) chay nhién
lidu xac dinh theo TCVN/QS 888:2019; Bg bén co 1y nhién liéu va vo chong chay xac
dinh theo ti€u chuan TCVN 4509:2013 trén thiét bi Testometric M350-10CT (burc). Do
bén Ii tam xac dinh trén thiét bi Inertial tester (T6c d6 quay 15000 vong/phut, thoi gian
quay 90 s — twong duong toc do quay cua dan khi ra khoi nong phao); Do bén va dap
duoc xac dinh trén blia Maccet (Thoi nhién li¢u dugc lap vao b ga cjuqc thiét ké san, sur
dung rang thir 23 - dugc tinh twvong duong vai tac dong cua khi thudc phong trong nong
phéo 1én thoi nhién lidu).

3. KET QUA VA THAO LUAN
3.1. Tinh to4n, thiét ké don thanh phin nhién li¢u

Trén co so dau bai dat ra, Vién Thube phong thube n6 da tinh toan, ché thir mau trong
phong thi nghiém dé dat dugc nhién liéu hon hgp dat cac yéu cau.

Thanh phan cac mau thir nghiém dugc trinh bay trong bang 1. Day la nén nhién liéu
dugc sur dung trong cac loai tén Itra phong khong tam thap hién dai [6].

Bing 1. Thanh phan cdc mau thir nghiém.

TT Thanh phin Pon vi | Miu 1 | Miu 2 | Miu 3 | Miu 4
1 | Amoni perclorat % 80,0 78,0 72,0 70,0
2 | Cao su tong hop CKH -10KTP 0
3| Nhua Epoxi ED-20 Yo 16,5 | 18,15 | 238 25,8
4 | DOC % 2,9 3,2 3,5 3,5
5 | PbO, Aeroxyl, Phu gia cong nghé % 0,6 0,65 0,7 0,7

3.2. Kiém tra, danh gia miu ché thir

Két qua do dac cac mau thir duoc trinh bay trong bang 2. Can ctr vao két qua thuc
nghiém cho thdy, v6i ciing mot ché do hoa ran, 6 bén co 1y cta thoi nhién licu tang dan
khi tang ham lugng cao su va epoxy ED-20. Tuy nhién, khi ting ham lugng chat chay-
két dinh cao hon 24% c6 thé dan dén hién twong phan 16p long-ran, anh huong truc tlep
dén d6 6n dinh tinh chit co ly va xa thuat cua nhién li¢u. Co thé day 1a nguyén nhan dan
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dén dd bén kéo dut ciia mau 4 dat 2,2 MPa va khong chiu duogc do bén va dap ¢ rang 23.
Mau 1, 2 cho gia tri do bén kéo drt thép hon (1,8 va 2,0 MPa) va c6 hién tuong nuat khi
thir nghiém quay li tim & téc d6 15000 vong/phut trong thoi gian 90 gidy, diéu nay co
thé duoc 1y giai boi rang ham lwong chat chay-chit két dinh co thé chua du dé lién két

cac thanh phan trong nhién liéu.

Bing 2. Két qua do dac, thir nghiém cdc mdu nhién liéu trong phong thi nghiém.

, £ Pon Mau thi
i Tinh chat vi Miul | Miu2 | Miu3 | Miu4
Tinh chit co-ly
1 | D) bén kéo dut MPa | 1,8 2,0 2,4 2,2
Do bén ly tim (van tdc quay Khéng | Khéng Dat Dat
2 | 15000 vong/phit, thoi gian 90 - dat dat
) Kh Kh Kh
A 1A . ong ong Dat ong
3 | B¢ bén va dép (rang 13) - dat dat dat
Tinh chit xa thuat, ning lwong
1 | Toc do chay & ap suat khi quyén | mm/s | 1,34 1,20 1,05 0,85
2 | Nhiét lugng Cal/g | 1060,4 | 965,3 942,6 930,6
3 | Thé tich khi mml/g | 702,8 693,4 | 681,6 675,5

Qua nghién ctru, thir nghiém, do d6 dan trai va do xuyén kim ca 4 mau déu dam bao
yéu tb cong nghé cho ché tao nhién liéu rin hdn hop bang phuong phap dbc rét tu do.

O mAu nhién liéu sé 3 cho két qua vé tinh cong nghé va do bén co 1y cao, dap tng
dugc yéu cau cho thoi nhién liéu tang tim, khong bi bién dang trong thir nghiém quay li
tam, thir nghiém va dap. Thir nghiém quay li tim va két qua chup X-RAY thoi nhién liéu
mau sb 3 duoc trinh bay trong hinh 4.

Céc két qua do cac chi tiéu xa thuat cho thay khi ting ham lugng chat chay, chét két
dinh va giam ham luong AP, toc d6 chay ¢ ap suat khi quyén giam dan. Téc do chay cac
mau vé co ban dap ing yéu cau bai toan dé ra.

Cin ctr vao tinh chit cong nghé, tinh chét co 1y, tinh chat xa thuat cho thiy phuong
mau nhién liéu sd 3 1a phuong an tdi wu nham ché tao nhién liéu rin hdn hop cho dan
phao tang tam.

b)
Hinh 4. Thir nghiém quay li tdm trén thiét bi Inertial tester.
a) Thoi nhién liéu tang tam dan phao trén thiet bi Inertial tester,
b) Hinh danh chup thoi nhién liéu trén thiét bi GE Phoenixv|tome|x s.
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3.3. Thir nghiém d6t trén gia va thir nghiém bin

7 Két qua thir nghiém trén gid thu nghiém hinh 5, hinh 6 do duong cong ap guét, luc
day theo thoi gian cho thay thoi nhién liéu tang tdm hoat dong theo thi€t k&, on dinh,
dam bdo cac y€u cau bai toan thiet ké dat ra (Thoi gian chay 26,1 gidy, luc ddy max =
2,86 N).
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Hinh 6. Puong cong lwc day/thoi gian, dp sudt twong doi/thoi gian thir nghiém
dot trén gid.

Thuc hanh ban trén phao 130 mm M46 (hinh 7) cho thdy hiéu qua ting tam rd rét cia
dan phao ting tam 130 mm M46 do Viét Nam ché tao (ting dén 19% so v6i dan phéo thdng
thudng c6 trong trang bi). K&t qua nay phu hop véi két qua tinh toan tinh toan xa thut:
32,84 km ddi véi dan phéo ting tim 130TT va 27,49 km dbi v6i dan phéo nguyén ban.

Hinh 7. Thi: nghiém bdn trén phdo 130 mm M46 (sir dung dan phdo tang tam).
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4. KET LUAN

Trén co so két hop 1y thuyét va thuc nghiém, Vién Thudc phéng Thude nd da téi wu
héa thanh phan, cong nghé dung cho ché tao théi nhién liéu hdn hop trong dan phdo ting
tam 130 mm M46 sir dung nguyén ly Base Bleed. Diéu nay duoc chimg minh théng qua
hiéu qua cac cudc th nghiém tinh, thir nghiém trén gia, thir nghiém bén trén phao trong
qua trinh trién khai dé dan phao tai ting tam do Vién Vii khi chi tri. Day mot mit 1a
bude tién quan trong trong viéc bd sung 1y luan khoa hoc va thue tién trong viéc ché tao
cac loai nhién liéu hon hop ding cho cac loai dan phao ting tim, dan phan lyc khac, mat
khac bd sung vao nén tang cong nghé ché tao nhién lidu tén la ran hon hop tai Viét
Nam, mdt trong nhitng ndi dung quan trong trong dinh hudng phét trién céng nghiép
qudc phong trong thoi gian t6i.
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ABSTRACT

RESEARCH OF PRODUCING SOLID MIXED FUEL FOR 130 mm M46
FOLLOWING THE BASE BLEED PRINCIPLE

BB fuel is a mixed solid fuel, an important part that determines the ability and
stability in combat of high-range artillery shells according to the Base bleed
principle. In the research, some results of manufacturing BB fuel ingots for 130 mm
M46 are presented. The effectiveness of the BB fuel ingot in projectile extended-
range artillery shells manufactured by the Institute of Propellants and Explosives
has been proven through experimental firing on a 130 mm M46 combat gun.

Keywords: Base Bleed fuel; 130 mm M46 artillery shells; Ammonium perchlorate; CKH rubber; Flame retardant rubber.
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