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TOM TAT

Bai bdo nay trinh bay qua trinh xday dung mo hinh toan hoc va giai bai toan thudt phong
co ban cho siing céi ¢ nong 100mm cho cdc chiéu dai sing coi lan lwot la 1.45m (ban thuwong) va
1.8m (ban cdi tién). Muc tiéu la xdc dinh cdc théng sé dong liee hoc chinh bén trong nong siing, bao
g5m ap sudt khi thuéc cuc dai va vin téc dau nong cua dan, lam co so de gidi cdc bai toan thudt
phéng ngodi, xdc dinh cdc tham sé qui dao cia qua dan coi vé tam, dé cao va thoi gian bay. Mo
hinh toan hoc dwoc xay dung dva trén cac phwong trinh co ban cua thudt phong, nhu phu’O’ng trinh
trang thai khi thuée, phiong trinh dinh ludt chdy ciia thuée phéng, phwong trinh chuyén dong ciia
dan trong va ngoai nong, phuwong trinh bao toan nang lwong. H¢ phmmg trinh vi phdn mo td cac
qua trinh thudt phong (trong va ngoai) dwoc gidi bang phirong phap S0 voi cdc thong so ddu vao
cu thé ciia hé sing coi ¢& nong 100mm. Két qua nghién ciru cung cap dwong cong ap sudt, van toc
theo quang dwong chuyén dong ciia dan va cdc gid tri then chot, dong thoi xdc dinh dwoc cdc tham
s6 quy dao chuyén dong cia qua dan céi. PJ tin cdy cia két qua tinh toan dwege khdng dinh qua
viée so sanh véi s6 liéu tir bang ban loai sing céi c& nong 100mm tir nha san xudt. Nhitng két qua
nay la co sé quan trong dé danh gid hiéu sudt, dam bdo an todn va cdi tién toi wu héa thiét ké cia
hé thong siing céi 100mm.

Tw khéa: Thudt phong; Sung c6i 100mm; Mo hinh todn hoc; A}) sudt cwe dai; Van toc dau
nong, Phuwong phap so.

ABSTRACT

This paper presents the development of a mathematical model and the solution of the
fundamental ballistics problem for a 100mm mortar, considering two respective barrel lengths:
1.45m (standard version) and 1.8m (improved version). The objective is to determine key interior
ballistic parameters, including maximum propellant gas pressure and projectile muzzle velocity.
These results serve as the foundation for solving exterior ballistics problems to determine the
mortar shell's trajectory parameters, such as range, altitude, and time of flight. The mathematical
model is established based on the fundamental equations of ballistics, including the propellant
gas equation of state, the propellant combustion law, the equations of projectile motion (both
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interior and exterior), and the energy conservation equation. The system of differential equations
describing these ballistic processes (interior and exterior) is solved using numerical methods,
utilizing specific input parameters for the 100mm mortar system. The study's results yield pressure
and velocity curves as a function of projectile travel distance, identify critical operational values,
and determine the trajectory parameters of the mortar shell. The reliability of the computational
results is validated by comparison with data from the manufacturer's firing tables for the 100mm
mortar. These findings provide an essential basis for performance evaluation, safety assurance, and
the design improvement and optimization of the 100mm mortar system.

Keywords: Ballistics;, 100mm Mortar;, Mathematical Model; Maximum Pressure; Muzzle

Velocity, Numerical Method.

1. GIOI THIEU

Stng cdi 1a loai hoa lyc phao binh quan
trong, c6 vai tro 16n trong chién dau hién dai
nhd kha ning bin cau vong, co dong va uy luc
st thuong. Trong d6, sting ¢di tu hanh 14 cac hé
théng phao binh dugc trang bi hé thong dong
co day riéng, cho phép chung di chuyén doc lap
dén vi tri ban dang 13 xu hudng phat trién hién
dai hoéa quan d6i ctia nhidu qudc gia trén thé
gioi. Pua sing 001 lén xe co gidi, nghién clru
nang tim sung cdi, ty dong hoa, tich hop cong
nghé tién tién va ting cuong kha ning co dong
dé dap tng cac yéu cau cua chién tranh hién
dai dang 1a mot s& béi toan kho trong nhiém vu
phat trlen hé sting cdi tur hanh [5]. Viéc cai tién
nang cip loai sing ¢di 100mm bang phuong
phép ting chiéu dai nong (tr 1.45m 1én 1.8m)
1a mot cdu hinh vii khi cu thé doi hoi sy hiéu
biét sau sic vé cac qua trinh dién ra bén trong
nong sting khi ban.

Bai toan thuat phong nghién ctru cac
hién tugng xay ra tir khi hat ltra moi bat dau dot
chay liéu phong cho dén khi dan ra khoi miéng
nong. Vi¢c giai bai toan nay cho phép du doan
chinh x4c cac thong ) dong luc hoc quan trong
nhu ap sudt va van tde. Ap sudt khi thude cuc
dai (p,) li€n quan tryuc tiép dén do bén va an
toan ctia nong sung, trong khi van tbc dau nong

(v.) 1a yéu to quyét dinh tdm ban va do chinh
xac [1, 2].

Trong bai bdo nay, nhom tac gia tap
trung xay dung mot mo hinh todn hoc mo ta
ddy du qua trinh thudt phong trong va ngoai
cho stng cbi ¢& nong 100mm, véi cac chiu dai
nong tir 1.45m dén 1.8m. M6 hinh toan duoc
giai bang phuong phap s6 dé thu duoc cac dic
tuyén p(1), v(1), p(t), v(t), xac dinh dugc cac gid
tr1 Py, vav, va phan tich anh hudng cua mot so
yéu to ban dau Dong thoi, nhom ciing tinh toan
cac tham sb quy dao chuyén dong cia qua dan
¢di, 1am co so dé danh gia hiéu qua cua phuong
an cai tién kéo dai nong sting cdi. Nghién ciru
nay déng gop co so 1y thuyét cho viéc thiét ké,
ci tién va danh gia tinh nang k¥ - chién thuat
cua loai sung cbi ty hanh c¢& nong 100mm.

2. CO SO LY THUYET VA XAY DUNG
MO HINH

2.1. Cac phuong trinh co ban cia bai toan
thuat phong

Bai toan thuat phong duoc md ta bang
mot hé cac phuong trinh vi phan phi tuyén dua
trén cac dinh luat vat 1y coban [1, 2, 6]. Cac gia
thiét chinh thuong duoc ap dung bao gom:
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- Qué trinh chay cua thudc phong dién
ra theo céc 16p song song.

- Khi thudc tuan theo phwong trinh
trang thai Noble-Abel.

- Quaé trinh 14 doan nhiét (bo qua mét
mat nhi¢t qua thanh nong) hoac c6 tinh dén mat
mat nhiét theo mot hé so6 nhat dinh.

- Ap suat khi tai moi diém trong khong
gian phia sau dan 1a dong nhat tai moi thoi diém t.

Céc phuong trinh co ban cua thuat
phong trong bao gom:

- Phuong trinh hinh hoc va dong hoc
chay cta thudc phong: M6 ta sy thay doi cia
phan lidu phong da chay () theo thoi gian, phu
thudc vao h1nh dang hat thudc. Dbi véi thude
phong dang 6ng, ta co:

dy 2 12
—=—(1- u (1)
dt el( W) (p)
Trong d6, u(p) 1a téc do chay cua thudc
phong.

- Phuong trinh dinh luat chay (Pinh luat
Piobert): M6 ta quan hé gitra toc d§ chay u va
ap suat p:

u(p)=B-p" 2

Véi, B va n 1a cac hing sé thuc nghiém
cua thuoc phong.

- Phuong trinh chuyén dong cia dan
(Pinh luat IT Newton): M6 ta gia toc cua dan
(a) dudi tac dung cua luc day khi thube (S.p) va
cac lyc can (ma sat,...).

dv
¢1md .

=S-p-F 3
” P~ 1L, &)

a@_y @)
dt
Trong do:

m;: Kh01 luong dan.

¢,:HE s6 ké dén khéi lwong cac bo phan
chuyén dong tinh tién cing dan va anh hudng
ctia khi thudc (thuong ¢, = 1.05-1.15).

S: Tiét dién ngang cuia ndng siing

(S=nD?/4).

p: Ap suit khi thudc tirc thoi.

A LA . 2 2
v:Vantoctirc thoicuadan, v =, /vx + vy

l: Quang duong dan di duoc.

- Phuong trinh trang thai khi thudc
(Noble-Abel): Lién h¢ gitra ap suat, thé tich va
nhiét @0 cua khi thuoc:

p[W,+S-l-w/6-avy|=Rofy (5

Trong do:

W, Thé tich buong d6t ban dau.

: Kh01 luong liéu phong.

8: Ty trong thudc phong.

o:: Covolume (thé tich riéng) cta khi thudc.
f(R.f): Luc cua thudc phong.

- Phuong trinh bao toan nang luong:
M5 ta su phan b ning luong tir qua trinh chay
thudc phong thanh ndi ning cta khi, dong ning
cua dan va céc dang méat mat.

QW:Ek+Ad+AQ 6)

p[W(0)-

k-1
(Trong do, k 1a chi s6 doan nhiét cua khi
thude).

avy | + dm V" +AQ, (7)

ofy =

Pbi vé6i thuat phong ngoai (Quy dao
chuyén dong), cac phuong trinh co ban nhu sau:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
WM TAP CHI CO KHI VIET NAM, S6 335, thang 11 nim 2025

cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

- Trong luc (F,): Hudng thang ding
xuong dudi.

F,=m, g ®)

- Luc can khong khi (F,): Hudéng nguoc
chiéu v4i vector van toc tire thoi v:

1
F, = 3 pv'S,C, 9)
Trong do: S, - Tiét dién ngang cua dan;
p - Mat d6 khong khi; C, - HE s6 can khi dong
hoc cua dan.

2.2. Xay dung h¢ phwong trinh vi phan cua
mo hinh

Tt cac phuong trinh co ban trén, ta co
thé xay dung mot hé phuong trinh vi phdn mo
ta bai toan thuat phong trong theo bién doc lap
la quang duong | va thoi gian t. HE phuong
trinh vi phéan c6 dang:

Chi tiét viéc rit ra cic ham @ va ¥ tir
cac phuong trinh co ban tir (1 + 7) 1a phan cot
161 cua vi¢e xay dyng bai toan.

Dbi v6i bai toan thuat phong ngoai, ta
c6 h¢ phuong trinh vi phan (11) xay dung trén
co sO ap dung Dinh luat II Newton:

dx

—=vV

de 7
d_y:vv

dar -
v, __pSC,

X = . 11
dt 2m ViV (i

@, PG
dt 2m 7

3. DU LIEU PAU VAO VA PHUONG
PHAP GIAI

3.1. Céc thong s6 dau vao

beé gidi bai toan, can xac dinh céc thong

dv_a_S-p s6 ban dau cta hé thong stng c6i 100mm [3, 4]:
d v ¢my
)
—pzcl)(l,v,p,y/) (10)
dl
dy
- = \P l,V, 5
T (Lv,p.y)
Bang 1. Théng sé siing va dan
TT Théng sb Ky hi¢u Gia tri Pon vi
1 Cd& nong D 0.1 m
2 | Chiéu dai nong Lo 1.45va 1.8 m
3 | Thé tich budng ddt ban dau W, 0.00195 m’®
4 | Khéi luong dan m, 8.0 kg
5 | Hé s6 khdi lugng do P, 1.05
6 | Ap suét khoi dong P, 9.0 Pa
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Bdng 2. Théng sé thuoc phong

TT Théng sb Ky hiéu Gia tri Pon vi
1 Loai thudc phong TP Cau
2 | Khéi lugng licu ® 0.205 kg
3 Luc thudc phong f 10° J/kg
4 Covolume o 0.00101 m?/kg
5 Ty trong thude ) 1590 kg/m?
6 | Hé sb dinh luat chay B 1.2x10% (m/s)/p.a"
7 Liy thira dinh luat chay n 0.99
8 | Kich thuéc hat thude e 0.0002 m

3.2. Phwong phap giai s6

Hé phuong trinh vi phan phi tuyén xay
dung & Muc 2.2 khong thé giai tich chinh xac.
Do d6, nhom tac gia sir dung phuong phéap sé
dé giai. Phuong phap duoc Iya chon 1a Runge-
Kutta bac 4 (RK4), day 1a phuong phap phd
bién va cho d6 chinh x4c cao trong cac bai toan
dong luc hoc. Qua trinh giai bt dau tai didu
kién ban dau (1 = l,v=v,p= P, hodc p,) va
lap lai v&1 bude nhay Al cho dén khi dan di
hét chiéu dai nong 1 = L, Tuong tu d6i véi
viéc gidi hé phuong trinh thudt phong ngoai.
Céc thuat toan giai s6 cac hé phuong trinh vi
phan néu trén duoc lap trinh bang phan mém
MATLAB.

4. KET QUA VA THAO LUAN

Sau khi chay mé phong sé véi cac dit
liéu dau vao tai Muc 3.1, véi phuong an 1,
chiéu dai nong stung cdi L = 1.45m (loai chua
cai tién), nhom tac gia thu duoc cac két qua
sau:

4.1. Cac dic tuyén thuit phong trong

Két qua mo phong duoc biéu dién qua
cac do thi quan trong:

Do thi Ap sust theo quang duong ()

a

fip sual (WP

Quang duong trang nong (m

Hinh 1. 6 thi quan hé Ap sudt - Quang dwong p(1)

Tryc hoanh la quang duong 1(m), truc
tung 13 4p suét p (Pa hodc MPa). D6 thi Hinh 1,
3 cho thdy ap suat ting nhanh, dat cuc dai Pra
roi giam déan khi thé tich tang.

Lo thi Van ioc thea q_u:l:g_d_u_mlgj_\'-l}

FLL

8 o4 1 15
L &g .|...|"-_| ramg nang (m

Hinh 2. D6 thi quan hé Vin téc - Quéng dwong v(l)

Truc hoanh 1a 1(m), truc tung 1a v (m/s).
Do thi Hinh 2 cho théy van toc tang lién tuc, tde
d6 ting nhanh nhit & ving ap suat cao va cham
dan vé cudi nong.
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Do @i Ap wuat theo Thei gien [F1)

-

-

Ap sual (WP a)

|-

¥ 4 | [} T B L i

Thid gise 1rang nong (ms

Hinh 3. D6 thi quan hé Ap sudt - Thoi gian p(t)

"y —_— e —

e 30 - 5 B0
0.5 1
Cuang duong Irong nang {m|

Hinh 4. Do thi quan hé Phan liéu dd chdy - Quéing dwong w(l)

Hinh 4 cho thiy thudc phong di chay hét trong nong tir kha sém, & khoang cach 0.016m tinh
tir day nong. Tir két qua mo phong, cac thong s6 thuat phong then chdt duoc xac dinh:

Bang 3. Két qua tinh todn thudt phéng trong

TT Théng sb Ky hiéu | Gia trij tinh toan Pon vi
1 Ap sut cuc dai P 63.03 MPa
2 Quéang duong datp_ |- 0.016 m
3 Van toc dau nong v 248.5 m/s
4 Thoi gian dan trong nong t. 9.68 ms
5 Phan li¢u chay tai miéng nong v 100 %

4.2. Tinh toan cic tham s6 thuit phong ngoai

Trén co s& cac tham sb xac dinh duogc tir bai toan thuat phong trong (Bang 3), nhom tac gia
xéc dinh duoc quy dao chuyén dong ctia qua dan cdi khi ra khoi nong & cac goc ban (45, 55, 65) nhu
sau:

Quy dao dan col 100mm (v , = 248.5 mis, m = 8kg)

45
2500 1| sa
&5

2000 ¢

Cocaaim)

o B

o £ 2%
N |

8

] 1000 2000 F000 4000
Tam oan {m)

Hinh 5. Quy dao chuyén dong cia dau dan & cic géc ban khdc nhau
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Tir két qua mo phong, cac thong sd thuat phong ngoai va sb liéu bang bén tuong tng duogc
thé hién trong bang 4:

Bdng 4. Két qua tinh todn thudt phéng ngodi va bang bdn twong g

Géc bin 45 4o Géc bin 55 dd Géc bin 65 dd
TT | Théngsd | Tinh | Bang §a1 Tinh | Béang §a1 Tinh | Béng §al
. ; léch, . P léch, , P léch,
toan ban '0/ toan ban '0/ toan ban '(y
0 (1) (1)

Tam ban,

1 - 47723 | 4751 | 045 | 44425 | 4400 | 096 | 3631.5 | 3600 | 0.88
2 | Docao,m | 1346.1 | 1343 | 023 | 17827 1792 | 052 | 21684 | 2165 | 0.16
3 Tlll)‘:;glsan 33.1 | 33.05 | 015 | 3811 | 38.19 | 021 | 42.04 | 4200 | 0.1

Trén co so tinh toan thuat phong trong va thuat phong ngoai ddi véi loai sing cdi c& nong
100mm thong thuong (chiéu dai nong L = 1.45m), cac két qua tinh toan cho thay c6 su twong dong
kha cao so voi cac sd liéu tir bang ban, sy sai 1éch vé gia tri khong qua 1%. Diéu nay ching minh
rang mo hinh toan thuat phong trong va thudt phong ngoai cua loai sing ¢di ¢& nong 100mm ma
nhom tac gia xay dung c6 d6 chinh xac cao. C6 thé st dung dé nghién ctru tinh toan cho cac bai toan
cai tién, cai hoan loai sung cdi ¢& nong néu trén.

4.3. Tinh toan cAc tham sb thuit phéng véi loai sting coi cai tién L= 1.8m

Da thi Ap suat thes quang duang (P4

—_—F
& F., =E30MFa| 1

Ap suat {MFa)

i L i L

- i L - i -
1 04 & D= 1 1.2 14 16 1.8
Qusang duang rong nang (m

Hinh 6. D6 thi quan hé Ap sudt - Quing dwong p(l)

Dia thi Van toc thes quang duang (v

3':: ..... BT -
£ 200 | 1
o
b=
L g 1
l—n. | v.:!&ﬁ-ﬁl'l':|
i L i i i L i i -

(-]

1.2 14 1.6 18

o2 04 oG 0.8 1
Quang duong trong nong (mj

Hinh 7. D6 thi quan hé Vin toc - Quéing dwong v(l)
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Vé co ban, cac tham sb thuat phong trong & truong hop L = 1.8m so voi phuong an L =
1.45m chi khéc vé toc do dan tai ctra nong (tang 1én ~10 m/s), con cac tham so khéac van gilt nguyén.
Khi do, quy dao chuyén dong cua dan coi ¢ truong hop L = 1.8m dugc thé hién trong bang 5 dudi

day:
Bdng 5. Cdc tham sé quy dao chuyén dong ciia dan coi & truong hop L = 1.8m
TAm bian, m Do cao, m Thai gian bay, s
Goc
TT | bén,
do _ B Tang, | . B Tang, B _ Tang,
L=1.45m | L=1.8m o, L=1.45m | L=1.8m o, L=1.45m | L=1.8m o,
1 | 45 | 47723 | 4981.6 | 4.38 1346.1 | 1410.1 4.75 33.1 33.884 | 237
2 | 55 | 44425 | 46369 | 4.37 1782.7 | 1869.3 | 4.86 38.11 39.012 2.37
3 | 65 | 36315 | 37913 4.4 2168.4 2271 4.73 42.04 43.036 | 2.37

Tir két qua tinh toan trong bang 5 cho
thay, viéc tang chiéu dai nong sting ¢ lam cho
téc d6 chuyén dong tai cira ra nong sung ting,
tir 6 1am tang tam ban ctia siing cbi. Tuy nhién,
luong ting tam 1a khong nhiéu, chua dén 5%.
Chinh vi thudc da chay hét kha som (tai quing
duong 0.016m) (Hinh 4), qua trinh dan di trong
phan 16n chiéu dai nong (ca 1.45m va 1.8m)
chu yéu 1a do su gidn nd cua khi thude. Do do,
viéc kéo dai nong thém 0.35m khong tao thém
nang lugng mai, dan dén hiéu qua tdng van tde
va tam ban 1a khong nhiéu.

5. KET LUAN

Bai bao da trinh bay chi tiét qua trinh
xay dung mo hinh toan hoc va giai bai toan
thuat phong trong va ngoai cho sung cbi
100mm, chiéu dai nong 1.45m (loai thuong)
va 1.8m (loai cai tién) bang phuong phap sb

Runge-Kutta bac 4. Cac két qua chinh thu duoc
bao gom:

Mo hinh todn hoan chinh mo ta dong
luc hoc qua trinh ban va chuyén dong cua dan
cO1 trong va ngoai nong.

Céac dic tuyén p(l), v(I) di dugc mod
phong, cho thiy dién bién cua ap sudt va van
téc trong toan bd qua trinh dan chuyén dong
trong nong. Cac thong s6 ky thuat quan trong
da duoc xac dinh (Ap suét cuc dai P, vVa van
tbc dau nong V)

Céc két qua tinh toan thuat phong
ngoai cho thay viéc kéo dai nong sting c¢di nhu
phuong an hi¢n tai (ttr 1.45m 1én 1.8m) c6 lam
tang tam ban cua sing cdi, tuy nhién lugng ting
1a khong nhiéu (dudi 5%).
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Két qua cia md hinh nay cung cip mot
cong cu 1y thuyét hiru ich, cho phép du doan
hiéu suét va kiém tra d6 an toan cta hé vii khi
trude khi tién hanh thir nghiém thyc té ton kém.
Mo hinh ciing ¢ thé dugc mé rong dé nghién
clru cac bai toan toi wu hoa lidu phong hoic
anh hudng cua cac yéu té nhu nhiét do thude
phong, o mon nong. <

Ngay nhan bai: 10/11/2025
Ngay phan bi¢n: 17/11/2025
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