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THE INFLUENCE OF SOME STRUCTURAL PARAMETERS TO THE MUZZLE
VELOCITY OF THE SPG-9 WEAPON-AMMUNITON SYSTEM
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TOM TAT

Bai bdo nghién citu dnh hwong sai léch mét sé théng sé cua sing SPG-9: dwong kinh nong,
chiéu dai nong, cdc kich thuée dwong kinh trong ciia buong dot, dwong kinh t6i han cia loa phut;
Anh hwong sai l1éch mét sé théng sé cia dan PG-9: Khéi lwong dau dan, kich thuée thuéc phong,
c& dan, luc thuoc phong dén tan mat so téc. Sai léch cia cdc thong s6 dwoc xdc dinh dira trén dung
sai cho trong cdc tai liéu thiét ké. Mé hinh todn hoc sir dung dé danh gid la hé phwong trinh thudt
phéng trong ciia hé vii khi “déng hoc - phdan liwc” ¢6 buong dot mo réng SPG-9. Bai todn duwoc gidi
bang phwrong phdp mé phong Monte - Carlo.

Tir khéa: Siing SPG-9; Pan PG-9; Tan mdt so toc.
ABSTRACT

The paper studies the influence of some parameters’ errors of the SPG-9 recoilless gun,
including: the caliber’s diameter, the length of barrel, the internal diameter of the chamber, the
limited diameter of the nozzle. Moreover, it also surveys the influence of some parameter's errors
of PG-9 round, including: the rounds weight, the size of the propellant, the round's caliber, the
propellant s force. The parameters errors are determined base on tolerances in design documents.
Mathematical model used to evaluate is system of internal ballistic equations of the SPG-9 recoilless
gun that is “kinetics - rocket” weapon with the extended chamber. The system of equations is solved

by Monte - Carlo simulated method.

Keywords: SPG-9 recoilless gun, PG-9 round; The muzzle velocity s dispersion.
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1. PAT VAN PE

Khi bin céc vién dan tir cac khau sung
khac nhau sé& cho so toc khong giong nhau ma
phan b trong mot pham vi ndo d6. Nguyén
nhan 1a do sai léch cac thong sé dic trung két
ciu ctia dau dan, cua lidu phong, thong sd két
ciu cua nong va cta budng ddt... trong mot 16
hoac cac 16 khac nhau.

Bai bdo tap trung danh gid dnh hudng
cta sai léch khdi luong dau dan, kich thudc
thudc phong, c¢& dan, lyc thudc phong, dudng
kinh nong, chiéu dai nong, cac kich thudc
duong kinh trong cta budng dét mo rong,
duong kinh t&1 han cua loa phut... dén so tbe
cua hé sung dan SPG-9.

2. BAI TOAN THUAT PHONG TRONG
CUA HE SUNG PAN

2.1. Céc gia thiét va so' do hé sting dan

H¢ sting dan SPG-9 1a h¢ dong hoc -
phan lyc c6 budng dét mé rong; So do két ciu
nhu hinh 1. Bai toan thuat phéong trong duoc
xdy dung dya trén cac gia thiét sau [1]: 1)
Khong c6 hat thudc phong chua chay hét phut
ra ngoai loa phut, khe ho gitra dan va thanh
nong; 2) Chuyén dong cta khi thude trong loa
phut, 15 dai, khe h¢ gitta dan va thanh nong 1a
chuyén dong 6n dinh; 3) Thoi diém khi thude
bt dau phut va thoi diém dan bat dau chuyén
dong xay ra dong thoi; 4) Thudc phong chay
dudi didu kién ap sudt trung binh (ap suat thuat
phong p) theo quy luat chady hinh hoc, véi quy
luat tc d¢ chdy:: u=1u,p"; 5) Coi s6 mi doan
nhiét 12 khong ddi va bang gia tri trung binh
trong khoang bién d6i nhiét 6 cia khi thude tir
khi thudc phéng chay dén khi dan bay ra khoi
nong; 6) Cac cong thir yéu dugce tinh dén thong
qua hé s6 ting ning , riéng ton tht nhiét truyén

nhiét qua thanh nong duoc tinh dén bang cach
giam lyc thuéc phong hoac ting s6 mi doan
nhiét 6.

Hinh 1. So' do hé siing dan SPG-9
1: Thanh nong sung; 2: Pau dan,; 3: Lo dai;
4: Puong kinh nong sung, duwong kinh trong buong

dot d,,; 5 3914’0‘an kinh trong I6n nhdt buong dot

dbd; 6: Buong dot mo rong; 7: Puong kinh trong
buong dot d,,; 8: Buong kinh trong buong dot

db . 9: Puong kinh toi han loa phut;

10: Loa phut; L,: chiéu dai nong siing.

2.2. H¢ phwong trinh thuat phong trong hé
sung dan

Véi cac gia thiét va so do hé sung dan &
hinh 1, dua trén phuong trinh thuat phong trong
hé dong - phan luc c6 budng d6t mé rong [1],
bd sung thém phuong trinh phut khi qua 13 dai,
qua khe hé gitra dan va thanh nong; phuong
trinh chuyén dong quay cua dan, ta dugc hé
g6m 07 phuong trinh vi phan nhu sau:

dwy dz dz P

D 7105 3)E=Ik_i:

3 d_ﬂ: 0, Ko (855455, ) P _
dt ot '

4 dv_Sp q)ilzv- 1))
dt ¢m’ dt
dr (1-1) %F—B.T. %— E't."-l:p;;m . %
de y-n ;
dr 1

N3=77 (M M)

ed

Hé phuong trinh vi phan (I) véi diéu
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kién ban dau: tai thoi diém t=t,, c6

w=w(tg):z=2(tg): n=mnlty): v =v(ty):
1=1(ty): t=1(ty): r=1(tg).

Giai hé phuong trinh vi phan trén can
mot s0 dang thurc phu:

5= SJ:L-:-J:lg _(Sdai-'_skhj; B=k- 1

Trong do: y - ddc trung hinh dang cua
thubc phong; v - lwong thude phong tuong doi
da chay; z - bé day chay twong dbi ctia thudc
p}léng; n- luong khi phut ra ngoai; 0, - hé s
ton hao luong phut; S, - dién tich ti€t dién t6i
han cua loa phut; S, - dién tich cua 16 phut
trén dai; , - dién tich khe h¢ gitra dan va thanh
nong; S - dién tich day dan ma khi thudc tac
dung; p - ap suét khi thudc trong long nong;
¢ - h¢ ) tdng nang; m - khdi luong dau dan;
v - van tdc dan; 1 - quang duong dan chuyén
dong; q - trong lugng dau dan; o - trong luong
thudc phong; Snong - dién tich tiét dién ngang
long nong; M, - - md men quay do khi phut qua
16 nghiéng tren dan; M__ - m6 men do ma sat
gitra dai dinh tdm cua dan va long nong khi dan
chuyén dong quay trong nong.

3. ANH HUONG CAC THONG SO DEN
CHI TIEU TAN MAT SO TOC CUA PAN

Dé danh gi anh huong cua sai s6 cac
thong s6 cAu tao dén so toc cua dan, tién hanh
cac phat ban mo phong hé sing dan SPG-9
bang phuwong phap Monte - Carlo. M6 hinh
toan hoc mo ta qué trinh ban 1a h¢ phuong trinh
thuat phong trong (I). Sai Iéch cua cac thong
sd cdu tao duoc xac dinh dya trén dung sai ctia
sung va dan SPG-9 do Vi¢t Nam san xuét. Dé
géan gia tri ngau nhién cho cac dai luong ngau
nhién ¢6 trong hé phuong trinh (I), ta st dung
cac ham 1ap sin [2]. Tién hanh n phat bin mo
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phong, ta thu duoc n gia tri van toc Vo Dé danh
gia tdn mat cua so toc \A , dung sai 5O trung glan
tan mat r , c6 quan h¢ voi do Iech chuan c,,

r =0,67450,, (1)

Do léch chuén:

n

1 ¥
%= |3 Z (Vo-Vos)* 2)

i=1

Van tdc ban dau trung binh Vo duoc
xac dinh:

1
Vo = HZ Vi )

Céc gié tri tinh theo cong thirc trén la
woc lugng diém cua so tbe cho mé phong cu thé
nén ta can xét khoang tin cay (KTC) ctia udc
luong (UL). Khi coi so tc tuan theo luat phan
bb chudn, KTC déi xtmg cua ky vong toan voi
do tin cay (1-a) dugc xac dinh [2]:

_ o, O )
[ e, \/Eul_%}

voi U, - phén vi chuén mirc (1-¢
KTC cua phu’orng sai o VO‘l do tin cay (1 a) la:

(n—l) ol (n—l) 03 ;

2 (m1) "vo?, 2 () Vo
Ly 5%
v6i %74, "~ phan vi “khi binh phuong” (n -1)

bac tyr do murc (1-%).

Khi ting s luong phép thu n, s& ting
dd chinh xéc cua UL, vi vady can xéac dinh so

lugng phép thir mét cach hop ly.
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Viéc xéc dinh sai s6 trung gian so téc do
sai 1éch cua cac thong so co6 thé thuc hién véi
hai phurong phdp mé phéng ngau nhién [4]:

Bt dau i-=1
(i: thir ty 1in thi)

1

Gan gid tri ngz'iu
nhién cho cde dai -
luong ngau nhién

6

b

Gidi bai
toan thuat
phong trong

Ghi lai cac
phan ti
thudt phong

Xir 1¥ 50 liéu thong ké

Hinh 2. So d6 mé phong ngdu nhién

- Phuong phép anh hudng riéng cua
ting thong sb: Panh gia sai sd trung gian tan
mat so toc chi do sai l6ch riéng cua timg thong
s6 (hodc nhom thong sd) j gdy nén, cac thong
s0 con lai lay gié tri trung binh.

- Phuong phap anh huodng cua toan
bd cac thong sb: Sai sb trung gian so toc do
sai léch ctia thong s6 (hodc nhom thong s6) j
gay nénr_la sai s6 trung gian toan bo (do sai
1éch cua toan bo cac tham sb giy nén) r  tru
di sai sd trung gian toan bd nhung théng sb j
khong c6 sailéchr, . Sai sO trung gian r, dugc
xac dinh bang cach’tién hanh cac phat ban md
phong, cac thong sb (hoic nhom thong s6) déu
c6 sai léch ngiu nhién, riéng thong sé (hoic
nhom thong s6) j khong co sai 1éch (1dy gia tri
trung binh).

Trong phuong phap xét anh huodng
riéng tung thong so, sai sO trung gian so toc cua

danr do sailéch thong sd j gdy nén dugc xac
dinh theo cong thirc:

n

1
Z Vo-Vo: )2 ==
" E (Vo-voi) 0.67450,, 4)

i=1

r,,=0.6745

Ttr sai s6 trung gian Iy, SO toc sai léch
riéng cua tung thong so s€ tinh dugc toan bd
cta so tdc dan 1a binh phuwong trung binh cua
cacr, theo cong thuc:

)

)

Trong d6: q - s6 lugng cac thong sb
hoac nhém céc thong so.

Trong phuong phap xét anh hudng cua
toan bo cac thong sb gy nén, sai sb trung gian
toan b do sai 1éch cua thong $6 j:r, , dugc xéac
dinh theo cach nguoc lai di tu saiolléch trung
gian toan bo cua so toe r

0j

=2 o2 6
Ty = [ Tvo Ty, (6)

Trong dé: - sai sd trung gian cia
so toc khi khong xét dén sai 1éch cua thong sb
(hodc nhom cac thong s6) j, khi 1dy ¢ gia tri
trung binh cua cac thong sé (hoic nhom cac
thong s6).

Céc thong sé dugc coi 1a dai lwong ngiu
nhién c6 phan bd chuan [5-7]. Chuong trinh
may tinh s& sir dung ham tao s ngiu nhién dé
dua ra 500 b dit liéu (c& mau ngau nhién: n =
500). V6i ¢d mau n = 500, d6 rong ctia KTC
d6i xtng 1a 10%, tmg véi do tin cay (1-a) =
0,95. Mbi b6 dir liéu gom:
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Vé dan: m - khdi lwong déu dan; d - ¢&
dan; 2e, - bé day chay; 2b - bé rong 14 thude
phong, 2c - chiéu dai thudc phong; f - luc
thudc phong.

Vé sing: d - dudong kinh nong; L,
chidu dai nong sung; d,,, - duong kinh trong
buong dbt; d, - duong kinh trong 16n nhat cta
budng ddt; d,, - duong kinh trong budng dot;
d, s - duong kinh trong budng dét; d, - duong
k1nh té1 han loa phut (Hinh 1).

Chuong trinh thyc hién céc phat bén
mo phong xac dinh tin mat so téc theo so dd
mo phong ngau nhién (Hinh 2). Bai toan duoc
giai theo ca hai phuong phép: phuong phap anh
huong riéng cua timg thong sd, phuong phap
anh hudng cua toan bo cac thong sd. Qua do, so

sanh két qua tinh tan mat ry, trong bang 1.

Két qua tinh toan cho thay anh huong
ctia sai 1éch nhiét lugng chay dén tan mét so toc
c6 gia tri 16n nhét khoang 41,23+45,95%. Tiép
dén 1a anh hudng cua sai 1éch nhém thong sd
¢& dan khoang 11,61+22,49%. Anh huéng cia
sai 1éch khéi luong dan khoang 15,67+21,92%.
Anh hudng cia sai léch tiét dién téi han loa phut
khoang 1,84+8,02%. Anh hudng cua sai léch
cac théng s6 budng dbt khoang 5,52+6,13%.
Anh huéng cta sai léch chiéu dai cta nong
stung kha nhé (0,30+7,41%).

Nguyén nhan cta sai khac két qua 1a do
c6 tuong quan gitra anh huong riéng cua cac
thong s6. Anh huong cua moi thong so ¢ chira
sai 1éch cta cac thong sé khac.

Bdng 1. Anh huéng ciia cac théng sé dén tan mat so toc

Mo hinh toﬁnAb() k}lﬁgg tinh dén cac Theo cac thong sé riéng
thong so riéng
0 )
STT s6 nrgg::l:lghién (1‘v ,)2 (TVD_)L
I, m/s I, m/s . % g I, m/s ?712
i=1Tvy; Zj: 1Ty
1 m 1,236 0,647 15,67% 0,859 21,92%
2 d 1,279 0,557 11,61% 0,870 22,49%
2e,
3 2b 1,348 0,359 4,82% 0,453 6,09%
2c
4 f, 0,832 1,120 45,95% 1,178 41,23%
5 . 1,322 0,445 7,41% 0,101 0,30%
6 hsune 1,316 0,463 8,02% 0,249 1,84%
—sung
dbdl
7 d,, 1,341 0,384 5,52% 0,454 6,13%
g
_ dbd2 .
8 Tat ca cac thong so - - 100% 1,395 100%
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Qua bang 1 thiy ring cac phuong phap
tinh todn khac nhau s€ thu dugc cac danh gia
khéc nhau vé dnh huong cta cac thong so.

Su khac nhau theo bang 1 ddi voi cac
thong sb dic trung nang lugng khoang 4%.

4. KET LUAN

Bai todn thuat phong trong cta hé siing
dan SPG-9 gém cac phuong trinh co ban theo
[1] va dugc bo sung thém hé phuong trinh phut
khi qua 16 dai, qua khe ho giita dan va thanh
nong, ma sat do chuyén dong quay cia dan
trong nong. Nho d6, bai toan sat voi thuc té
hon.

Két qua tinh toan cho thdy anh huong
cua sai léch nhiét luong chay dén chi tiéu
tan mat so toc cd gia tri 16n nhat khoang
41,23+45,95%. Anh hudng cua sai 1éch chidu
dai cua nong sting khé nho (0,30+7,41%).

Mo hinh danh gia tan mat so toc néu
trén co thé ap dung chung cho céc loai vii khi
chong tang theo nguyén ly “dong hoc - phan
luc”. %
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