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TOM TAT
Bai bao trinh bay co so lua chon don thanh phan thuoc phong keo F cuia bom phong va xdy dung

bai toan thudt phong trong trén phan mém Matlab. Két qua nghién ciru Iy thuyét va thuc nghzem cho
thgy anh huong mot so thanh phan dén ddc trung nang liong, xa thudt, trén co so do dé ra yéu cau
can dat cua thuoc phong F. Day la co so quan trong trong vigc thiét lap diéu ki¢n ky thudt xdy dung
mdc thuoc phong F moi co tinh chat tuwong dwong voi nudc ngoai.
Tir khoa: Bom phéng; Thudc phéng ballistit; Thudc phong F; Bai toan thuat phong trong.

1. MO PAU

Thudc phong keo (ballistit) 1a hé ran dong nhat gdm nhiéu cau tir, c6 kha ning chay theo quy
lut 16p song song ma khdng can cd su tham gia caa oxi bén ngoai, khi chay tao ra nhiét lugng va
lwong san pham khi 1on. Nhiét luong va san pham khi nay dugc sir dung lam ngudn ning luong
chuyén dong cua dau dan, dan phan lyc va tén hia.

C4c cu tir trong thude phong ballistit gdm nitroxenlulo, cac dung méi hoé déo va cac phu gia
[1, 2]. Trong d6, NC 1a ciu tir co ban bao dam ning luong caa thude phéng, cac dung méi hoa déo
la cac dung mdi c6 nang luong cao, sau khi hoa déo NC, cac dung moéi nang lugng cao dugc gitr
lai trong thubc phong nhu nguon ning lugng thir hai. Tuy nhién, do thudc phong tén lira hoat dong
& diéu kién &p suat thap (khoang dudi 20 MPa) so véi 4p suat trong phao (200 - 400 MPa) va thoi
gian chay keo dai. Do vay c6 thé xay ra truong hop chay chua hoan toan hodc chay khong on dinh.
Dé khic phuc cac dic diém nay, trong thanh phan thudc phong ballistit nguoi ta thém cac ciu tir
phu gia thay di tc do chay (hay con goi 1a xtc tac chéy) va phu gia on dinh chay.

Phu gia tbc d6 chay thudng duoc str dung nhu chi oxit, chi phtalat hoic cac oxit va cac mudi cua
kim loai c6 hda tri thay doi. Phu gia on dinh chay thong thuong dugc st dung 1a cac chét ran khd nong
chay nhu MgO, CaCOs, TiO,. C4c thanh phan chat ran nay 1am giam tinh chat co 1y va cong nghé trong
ché tao thudc phong keo, do d6 thong thudng ngudi ta thuong sir dung véi ty 18 thip (khoang dudi
2%). Thanh phan h6a hoc mot sb méc thude phéng keo duoc trinh bay trong bang 1[1, 2].

Bdng 1. Thanh phan hoa hoc cua mot so logi thuoc phong ballistit.

5 A ro Ky hiéu méc thuoc phén

TT | Thanhphan, (%) ~N573 7 1 [HM=2 | RSI-12K | RNDSI |®CT-2]  OF
1 [Nitroxenlulo 55,5 56,5 54 55,5 58,0 55,0 55,5
2 |Nitroglyxerin 26,5 28,0 | 27,0 27 16,5 29,3 28,5
3 |Nitrodiglycol - - - - 15,0 - -
4 |Xentralit 3,0 3,0 - 3,0 3,0 3,0 3,0
5 |Dinitrotoluen 9,0 11,0 | 15,0 11,0 4,0 10,0 10,0
6 |Dibutylphtalat 4,5 - - - - - -
7 |Vazolin 1,0 1,0 2,0 1,0 1,0 1,3 1,0
8 |Phtalat chi - - - - - 0,9 1,0
9 |Magie oxit - - 2,0 - - - -
10 |Chi oxit - - - 1,0 1,0 - -
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Ky hiéu mac thudc phén

5 An (O
TT | Thanh phan, (%) ~Gr2 1~ THM2 | RSI-12K | RNDSI |OCI-2] @
11 [CaCOs ; - : 1.0 10 | - B
12 |Than k¥ thuat - - - - - 0,5 0,5
13 |Ham am 0,5 05 | 05 0,5 0,5 0,7 0,5

Trong ndi dung bai bao nay trinh bay mot s6 két qua nghién ctru khao sat, ché thir mau thude
phong F trong phong thi nghiém dat cac yéu cau k¥ thuat theo mau ciia nudc ngoai.
2. THUC NGHIEM
2.1. Poi twgng nghién cieu

- Nitroxenlulo: Ham lugng nito, %: 12,1; Ham lugng tro, %, khong 16n hon: 0,5; Xuét xu:
Viét Nam;

- Nitroglyxerin: P9 an dinh Abel & 72 °C, phut, khong nhé hon: 30; Po pH: 7+9; Xuét xu:
Viét Nam;

- Xentralit-2: Ham 4m, %, khong 16n hon 0,5; Ham luong anilin, %, khong 16n hon: 0,26; Xut
x(r: Chau Au;

- Dinitrotoluen: Ham mononitrotoluen, %, khong 16n hon 1,0; Ham lugng tro, %, khong 16n
hon: 0,04; Xuét xtr: Viét Nam;

- Vazolin: Ham lugng cac chét bay hoi, %, khéng 16n hon: 0,5; Xuét x(r: Chau Au.

- K&m stearat: Ham am, %, khong 16n hon: 2,0; Xuét xt: Chau Au.

- Chi phtalat: D¢ tinh khiét, %, khong nho hon: 98; Ham am, %, khong 16n hon: 2,0; Xuat xt:
Chau Au.

- Cacbon: D9 tinh khiét, % khong nho hon: 99,3; Ham lugng hao hut & 105°C, % khong 16n
hon: 0,08; Xuét xtr: Chau Au.

2.2. Phwong phap nghién ciru
2.2.1. Phuwong phdp tinh todn don thanh phan

- Sir dung phan mém Real, két hop sir dung bang gia tri hé sé nhiét - hoa B va hé sb o cac chat
hoa hoc trong thanh phan thude phong dé tinh toan cac thong s6 thuat phong, nang luong, lua chon
cac théng s6 phu hop trude khi tién hanh tron mau. Cac chit chi phtalat, k&m stearat 4 nhirng chét
¢6 nhiét d6 phan huy cao hodc sir dung & ty 18 rat nho, do d6 c6 thé duoc bo qua.

Cong thure tinh nhiét lugng:

Qv =2nipi

Cong thirc tinh thé tich khi:

W1 = > ni.0;

Trong d6: nj— Thanh phan chit i trong thudc phong; Bi - Hé sé nhiét hoa chét i trong thude
phong; i — Hé sb chi sy thay doi thé tich khi sinh ra (theo lit) khi thay d6i thanh phan chat i trong
thudc phong 1én 1%.

Céac hé sb nhiét-hoa B vahé s6 o dugc biéu dién trong bang 2.

Bing 2. H¢ s6 nhiét-héa f va hé sé a ciia mét s6 thanh phan trong thudc phong.

TT | Tén thanh phin | Hg s6 nhiét héa p, cal/% | Hé sd a, 1/% Ghi chu
1 | Nitroxenlulo 1,3.N-6,7 15,23-0,49.N | N la % Nito trong NC
2 | Nitroglyxerin 17,5 6,9
3 | Xentralit-2 -22,0 22
4 | Dinitrotoluen -1,0 13,55
5 | Vazolin -32,5 32
6 | Am 0 12,4
7 | Cacbon -30,0 0
8 | Chi phtalat 0 0
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2.2.2. Phurong phdp ché tao mdu
Mau thudc phong duoc ché tao theo so d6 hinh 1[1-2]. Bao gom céc budc co ban:
- Chuan b hdn hop nguyeén ligu dau;
- Chu@n bi nhﬁ‘tu:orng Vagolip va k&m stearat;
- Chuan bi huyen pht chat ran cacbon va chi phtalat;
- Chuan bi hdn hgp 3 thanh phan;
- Tron nitromass; N
- Cén keo hoa va ép tao mau.

[ Nitroglyxerin | | Xentralit-2 | | Dinitrotoluen | | Vazolin | | Strearat kém |
A 4
Nitroxenlulo | | Han hop nhii trong | | Néuchay |

Céc phu gia rin
| |

A 4

v
Tron nitromas | «———— Hon hop huyén phurin |

v
Can keo hoa |—>| Ep tao mau |

Hinh 1. So do cdng nghé ché tao mdu thusc phong.
2.2.3. Phuong phap phan tich, do dac

+ Xac dinh ham lugng nitroglyxerin (NG), dinitrotoluen (DNT), xentralit-2 theo TCVN/QS
755:2013;

+ Xéc dinh ham lugng chi phtalat theo quy trinh phong thi nghiém;

+ Xac dinh ham lugng vazolin theo 31-TC110:2001,

+ Phan tich ICP kim loai theo TCVN 9556-2:2013;

+ Xac dinh nhiét lugng chéy ctia thudc phong theo TCVN/QS 889:2019;

+ Xac dinh téc d6 chay cua thude phong theo TCVN/QS 888:2019;

+ Xac dinh ham am cta thudc phong theo TQSA 1275:2006;

+ Xac dinh d6 an dinh hoéa hoc Vi ay theo TQSA 418:2006;

+ Xéc dinh khéi luong riéng thude phong theo TQSA 1282:2006.

3. KET QUA VA THAO LUAN

3.1. Phén tich miu thudc phéng F
Két qua phan tich mau thudc phong F dugc trinh bay trong bang 3.

Bing 3. Két qua phan tich, do dac thanh phan va déic trung nang lwong ciia thuoc phong F.

TT Tén chi tiéu Pon vi Két qua do
1 Ham lugng NG % 29,29
2 Ham lugng DNT % 9,19
3 Ham luong Xentralit-2 % 2,92
4 Ham luong DBP % 0
5 Ham luong C % 0,74
6 Ham lugng chi phtalat % 0,88
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TT Tén chi tiéu Pon vi Két qua do
7 | Ham lugng CaCOs3 % 0,0418
8 Ham lugng MgO % 0,0083
9 | Ham luong TiO, % 0,0083
10 | Ham luong NC va céc chét con lai % 56,98
11 | Nhiét lugng chay cal/g 868,5
12 | Thé tich khi ml/g 950,7

Téc d6 chay :
13 - 06MPa s 8,63
- O8MPa 10,21
- 010 MPa 11,20
14 | Matdo g/cm?® 1,580

Két qua phan tich thanh phan mau thudc phong F cho thiy, thanh phan chinh gém NC, NG,
DNT, xentralit-z, cacbon, )gﬁc tac chéyﬂlél chi pl}talat. Trong thanh phan khong c6 hop chat chira
Ca, Mg va Ti (két qua do rat nho, co thé 1a sai s6 cua phep do). Nhu vy can cir vao két qua phén
tich va cac mac thudc phong keo thuong duogc sir dung trong ‘Quén ddi cua nudc ngoai cho thay,
day la thudc phong keo ho @T', ¢6 thanh phan va cac thong s6 nang luong, xa thuat twong duong
v6i mau thudc phong @I, ®CT-2 (bang 1).

St dung phan mém Origin, gii bai toan phuong trinh chay cta toc do chay phu thudc vao ap
suat U= UoP", dya vao ket qua do toc do chay ¢ ap suat, 6 MPa, 8 MPa, 10 MPa thiet 1p quy luét
toc do chay cia mau thudc phéng F dugce xac dinh theo cong thirc:

U = 2,865.10°.P%51 (m/s, Pa)

Phuong trinh chay nay 1a thong sb quan trong trong viéc xac 14p don thanh phan thudc phong
va tinh todn bai toan thuat phong trong cho dong co bom phong.

3.2. Tinh toan, xic lap don thanh phan va ché thir miu thudc phéng F

Trén co s¢ phén tich mau thu(f)C phong F, nhém nghién ciru da tién hanh tinh todn, xac 1ap don
thanh phan theo cac phuong an dé€ dat dugc chi tiéu thuat phong tuong duong mau cua nude ngoai.
Nhom nghién ctru thi€t ke, lya chon 03 don thanh phan M1, M2, M3 theo bang 4 dé ché tao mau
trong phong thi nghiém.

Cac mau MI, M2 dugc thiét 1ap dua trén két qua phan tich rr}ﬁu cta nudc ngoai. Tuy nhién,
nham dam bao yéu t6 cong ngh¢, nhém nghién ctru quyet dinh di€u chinh mét s6 thanh phan mot
lugng khong 16n & mau M2. Két qua do dac t(‘)g d6 chdy cho thay mau M1 c6 toc d chay Uieo hoi
thap (U10 =10,47 mm/s). Nhiét luong chay mau M1, M2 tuong doi 16n (889,7 va 893,2 cal/g) so
v0i y€u cau, doi hoi nhom nghién ciru phai diéu chlnh thanh phan dé giam gia tri nhiét luong va
tang toc do chay, dong thoi dam bao khong 1am thay ddi cac yéu té cong nghé khi tron, can mau.

Bdng 4. Pon thanh phan tinh toan va két qua do dac thuéc phong F.

TT Thanh phin pyr | Lheomau | s\ | MEu2 | MEu 3
khao sat

1 Nitroxenlulo % 56,98 55,50 55,30 55,20
2 | Nitroglyxerin % 29,29 29,30 | 29,20 28,50
3 | Dinitrotoluen % 9,19 9,20 9,40 10,00
4 | Xentralit-2 % 2,92 2,90 2,90 3,00
5 | Vazolin % - 1,00 1,00 1,00
6 | Chi phtalat % 0,88 0,90 1,10 1,20
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TT Thanh phin pyr | Theomau | s o | MEu2 | MEu 3
khao sat
7 | Than k¥ thuat % 0,74 0,70 0,60 0,60
8 | Am % - 0,50 0,50 0,50
9 Strearat kém % - 0,05 0,05 0,05
10 | Hé s6 du oxi (o) - 0,556 0,557 0,556 0,550
11 | Nhiét lugng chay tinh toan, Qg cal/g 888,31 890,3 | 889,53 | 873,58
12 | Nhiét luong chay do dac, Quo cal/g 868,5 889,7 888,4 868,6
Téc d6 chay :
13 - O 6 MPa mm/s 8,63 - - 9,50
- O 8MPa 10,21 - - 10,62
- 010 MPa 11,20 10,47 - 11,60
14 | Mat do g/cm?® 1,580 - - 1,585
Do an dinh héa hoc ban
15 pﬁuong phﬁp ap ké T, =7h ’ mmHg i i i 16,0

O mau s6 M3 trén co s6 két qua mau M1, M2 va tham khao tai liéu, nhém nghién ctru da chon
phuong an giam thanh phan NG, cacbon va ting lugng DNT, chi phtalat. Két qua phan tich nhiét
lwong chay, tbe do chay, thé tich khi cia mau M3 dat cac gia tri twong duong véi san pham cua
nude ngoai. Nhom nghién ctru lra chon mau M3 dé ché tao thude phong F trong phong thi nghiém
(hinh 2).

Str dung phan mém origin, giai bai toan phuong trinh chay cta toc d6 chay phu thudc vao ap
suit U = UoP?, quy luat tdc do chay ciia mau thudc phong F ché tao trong phong thi nghiém dugc
xac dinh theo cong thirc:

U =2,132.105.P%3% (m/s, Pa)
Phuong trinh chay nay c¢6 hé s6 v nhd hon ciia mau nudc ngoai do 6 ham lugng xic tac chay
16n hon, chimg minh kha ning chay 6n dinh ctia mac thudc phong trong dong co.

a)
Hinh 2. Mdu thuéc phéng khdo sdt ciia nude ngodi (a) va mau thuoc phéng Viét Nam ché tao (b).

3.3. Giii bai toan thuat phong trong

Liéu thudc phong F trong bom phong gdm 7 théi thude hinh tru, ¢6 15 & giita. Trong dé: 06 thoi
xép ngoai c6 kich thudc gidng nhau (15 trong nho) va 01 thoi xép ¢ giita c6 kich thudc khac 6 thoi
& ngoai (13 to) [3]. Tong khdi lwong lidu phong 1a: 7.575 gam.

S liéu dau vao cua bai toan thuat phong trong ciia bom phéng dugc thé hién nhu trong bang
bang 5 [4-6].
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Bdang 5. Cdc dai luong sur dung trong chuong trinh thudt phong trong.

Ky hiéu
TT Cic dai lugng Trong hé Trong Gia tri bon
hwong trinh chuong vido
P g trinh
1 | Mat d6 thudc phong Pr mdtp 1585 kg/m?
2 | T6n that luu lugng », phi2 0,92
3 | Chiéu dai thoi thuc phong L Ltp 0,513 m
4 Dulong }<1nh ngoai thoéi thude D dn 0,043 m
phong bén ngoai
5 Bu,(rng }qnh trong thoi thudc d dtr 0,010 m
phdng bén ngoai
6 Bu/ongv kl.rlh ngoai thoi thude D dn2 0,0426 m
phong ¢ gitia
7 Durongw kl}’ih trong thoi thude d dtr2 0,0147 m
phong ¢ gitra
8 | Puong kinh tiét dién toi han dy, dth 0,0129 m
9 | Luc thudc phong f, f0 850 J.m/kg
10 | S6 mii cua quy luat tbe do chay v nuy 0,391
1 He;lso quy luat chay thanh thuoc uj, ul 2.132.10° mis/pa
phong
12 | Puong kinh trong than dong co D, dk 0,1309 m
13 | Chiéu dai than dong co Ly Ik 0,589 m
14 | Khdi lugng toan bd thube phong ® om 7,575 kg
15 | S6 mil doan nhiét K kn 1,25
16 | Hé s6 on dinh nhiét ctia ap suat ks kt 0,002
17 | Sb loa phut sif sIf 10 cai
18 | Nhiét do tiéu chuan To Thdc 273 Do
19 | Nhiét d6 ban dau Thd Thd 323;293;223 | Do

Sau khi giai hé phwong trinh trén phan mém matlab véi s6 liéu ddu vao nhu trén ta nhan duoc
két qua nhu trén bang 6, hinh 2 va hinh 3.

Bing 6. Két qua tinh todn thudt phéng trong bom phong.

ki | B Gia tri
o | on .
TT Cac dai lugng hi¢u vi +50°C +20°C | -50°C
Nuwéc ngoai | VN
1 | Thoi chay cua thude phong t S 0,460 0,493 | 0,545 | 0,674
2 | Thoi gian lam viéc cua dong co te S 0,52 0,552 | 0,602 | 0,728
3 | Ap suét 16n nhét Pmax | MPa 18,45 17,05 | 15,43 | 14,0
4 | Ap suit lam viéc trung binh Pw | MPa 17,42 16,89 | 15,29 | 13,8
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DO THI p = f(t)

Ap suat p[Pa]

-50°C

0.3 0.4
Thoi gian t[s]

L L
0.1 0.2

Hinh 2. D6 thi quy ludt thay doi dp sudt theo thoi gian cia thuéce phong F trong déng co bom phéng.

, <107 DO THI p = f(t)

N
N

=TT

Ap suat p[Pa]

Viét Nam

Nudce ngoai

0.8
‘c |
o6 | .
u
0.4 f \‘
02| \
\
0 L L L L p— )
0] 0.1 0.2 0.3 0.4 0.5

Thoi gian t[s]
Hinh 3. o thi quy ludt thay déi dp sudt theo thoi gian ciia déng co bom
mau thuoc Viét Nam va thuoc cua nuwoc ngodi.
Két qua tinh toan 1y thuyét bai toan thuat phong trong dong co bom

phong ¢ +50 °C ddi véi

phéng co céc gia tri vé

thoi gian 1am viéc, 4p sudt 16n nhat, 4p sudt trung binh phu hop véi két qua do dac thuc té ciia bom

phong ¢ nhiét do thir nghiém +50 °C (hinh 4).

Phar s&: 03

PO TH| AP SUAT

Bdo on: + 50 oC
bar
T R S e
I e R e T S e e S e S
150 B R e EEE R FEE L STTES EETEE SEEEE P
\\*—_
T
125 B s et EE T R R et
100 -} -kt i EERREEE: \ ————— R
I O e LTIt CEFTTFEEPE SREPE SRR RS PO P \ beees
50 - oo beoodeeo o R A ERS B
P Ee e i et el Y e
[
e—
bl B T BT —
15 6.25 6.35 6.45 6.55 6.65 8.75 6.85
— AP SUAT s
Channel:AP SUAT
Y1: 32.06 bar v 17.44 bar
11 —43.82s 12 -43.16 s
dt:  066s : 1.52 Hz
d¥: _14.62 dyidt: 22.19
Min: 17.44 Max: 177.47

Int: 8499 RMS: 133.06

Hinh 4. Pé thi dp sudt theo thoi gian ciia ddng co' bom phong khi thir nghiém ¢ nhiét dg +50 °C.
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4. KET LUAN

Trén co s két qua phén tich, khao sat mau thudc phong ciia nude ngoai, nhém nghién ctru da
tinh toan, lya chon don thanh phan va ché thir mau thudc phong F trong phong thi nghiém co cac
chi tiéu vé ham luong céac chét, nhiét luong chay, téc do chay, mat do dat yéu cau so v6i mau khao
sat. Két qua tinh toan ly thuyét bai toan thuat phong trong dong co bom phong dua ra cac gia tri
tinh toan vé thoi gian chay ciia thudc phong, thoi gian lam viée ciia dong co, ap suit 16n nhat, ap
suét trung binh trong dong co phut hop véi két qua do dac thuc té ciia bom phong. Pay 1a co s& quan
trong trong viéc thiét 1ap diéu kién ky thuat xdy dung méc thudc phong F méi c6 tinh chat tuong
duong véi nudc ngoai.
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ABSTRACT

Research on selecting the F propellant composition and developing
the propulsion equation for the launching bomb using Matlab software

The paper presents the basis for selecting the F propellant composition for the launching
bomb and developing the propulsion algorithm using Matlab software. Theoretical and
experimental research results highlight the impact of certain components on energy
characteristics and ballistic performance, leading to the establishment of requirements for the
F propellant. This forms a critical foundation for setting technical conditions to develop a new
F propellant grade with properties equivalent to those of foreign products.

Keywords: Launch Bomb; Ballistite solid rocket propellant; Propellant F; Projectile motion.
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