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TOI UU HOA THIET KE DAN BAN DUGI NUGC

CHO SUNG BAN HAI MOI TRUONG

DESIGN OPTIMISATION OF UNDERWATER AMMO FOR AMPHIBIOUS RIFLE
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TOM TAT

Pan ban dudi nudc la mdt loai dan ddc ching dung dé tac chién dudi nudc va dang dugc nhiéu
nudc trén thé gidi nghién cu trong nhiing nam gan day. Dan 6n dinh theo nguyén Iy “siéu khoang”
khéc véi cac loai dan bd binh thong thuong. Do la loai dan mdi dugc nghién cttu nén qua trinh thiét
ké, thinghiém phai khao sat rat nhiéu thong s khac nhau anh huéng dén tinh nang chién - kj thuat
clia dan. Vivdy, mt trong nhiing van dé dat ra la khi lugng thuc nghiém khi thiét ké loai dan nay
rat I6n. Bai bao nay sé trinh bay viéc st dung ly thuyét quy hoach thuc nghiém bang phuang phap
bé mt dép ting (Response surface experiments) d€ t6i uu héa thiét k& dan ban dudi nudc dung cho
sting ban hai moi trudng & 5,56mm véi hai ham muc tiéu dau ra la ap sudt I6n nhat, so toc dau dan
va ba tham s6 dau vao la khoi luong dau dan, khéi lugng thudc phong va luc rdt dau dan.

Tir khoa: Dan bdn dudi nudc, quy hoach thuc nghiém, bé mdt ddp ting, dp sudt Ién nhdt, so tc
ddu dan.

ABSTRACT

Underwater ammunition is a special type of ammunition used for underwater firing, which has
been research in many countries in recent years. The stable principle of this ammunition is
"supercavity" different from conventional infantry ammunition. As it is a newly researched
ammunition type, the design and testing process must examine many different parameters that
affect the technical performance of ammunition. Therefore, one of the issues is that the experiment
in the designing process of this ammunition is very difficult. This paper will present the application
of Response surface experiments to optimize the design of underwater projectiles for 5.56mm
amphibious rifles. The two output objective functions are the maximum pressure in bore and muzzle
velocity of the projectile, and the three input parameters are projectile mass, propellant mass, and
projectile pull-out force.

Keywords: Underwater ammunition, design of experiment, response surface experiment,
maximum pressure, muzzle velocity
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1.DAT VAN PE

Pan bén dusi nudc dung cho sing
ban hai moéi trudng la loai dan dac biét,
dau dan 6n dinh theo nguyén ly “siéu
khoang” khi dan ra khdi miéng nong.
Dan c6 thé dung chung hop tiép dan tiéu
chuan khi ban trong khéng khi. Do dang
trong giai doan nghién cuu, thiét ké, ché
thi nén sé lugng cac cong bé khoa hoc
chuyén sau vé loai dan nay chua nhiéu.
Cac cong trinh da cong b6 chd yéu nham
xay dung cac mé hinh toan hoc doi vai
bai toan thuat phong trong va bai toan
én dinh cta dau dan khi chuyén déng
trong méi trudng nudc. D6i véi bai toan
thuat phong trong, hién tai van co hai
quan diém tiép can chu yéu do la: dua
trén ly thuyét thuat phong trong cua
sung phdo théng thudng c6 tinh dén
anh hudng chuyén déng cla cot nudc
trong long nong [1-3] va cach tiép can
dua trén ly thuyét nhiét dong luc hoc [4].
Tuy nhién néu chi dua vao mé hinh bai
toan nay dé thiét ké bo thong sé t6i uu
cho dan ban dudi nuéc sé khong phu
hgp do khong c6 dinh hudng, gia tri r6
rang cla cac tham sé. Bén canh do, khi
nghién ctru anh hudng clia cac thong so6
khi thiét ké dén tinh nang thuat phéng
cla dan ban dudi nudc thi cac tac gia chi
cho théng sé can khao sat thay déi, con
cac thong sé khac ¢6 dinh lai. R6 rang,
diéu nay chua phu hgp véi thuc té phat
ban xay ra cling nhu yéu cau khi thiét ké
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dan. D& giai quyét van dé nay, ly thuyét quy hoach thuc
nghiém la ly thuyét dugc nhiéu nha khoa hoc lua chon. Ly
thuyét nay dugc st dung rat rong rai trong nhiéu nghién
cttu thudc nhiéu nganh khac nhau: tir hoa hoc, sinh hoc,
moi trudng, co khi, san xuat, y hoc... Tuy nhién, c6 rat it
cac cong trinh nghién ctu vé va khi s dung ly thuyét nay
dugc cdng bo. Cang cé thé, cac nghién ctiu vé vi khi noi
chung va viéc ap dung ly thuyét quy hoach thuc nghiém
trong va khi néi riéng da s6 la tai liéu mat, kho tiép can.
Cac tai liéu dugc cong bd chi yéu dang thong tin, con céc
tai liéu mang tinh hoc thuat chuyén sau rat han ché. Cac
céng trinh dp dung ly thuyét quy hoach thuc nghiém
trong va khi bao gom: Nhom cac cong trinh tng dung ly
thuyét quy hoach thuc nghiém trong t6i uu hoa céac
thong sé thiét bi dau nong [5-7] va cong trinh ing dung
ly thuyét quy hoach thuc nghiém trong phan tich, t6i uu
bai toan én dinh cla sung tu déng khi ban [8].

Trong bai bao nay, cac tac gia trinh bay vé viéc ing
dung phuong phap bé mat dap ung trong ly thuyét quy
hoach thuc nghiém dé t6i uu héa bo 03 thong sé dau vao
khi thiét ké dan ban dudi nudc (khéi lugng dau dan, khoi
luong thudc phong, luc rat dau dan) theo 02 ham muc
tiéu t6i uu (ap suat I6n nhat trong long nong, so téc dau
dan). Cac gia tri cia ham muc tiéu t6i uu dugc lay tur diéu
kién ky thuat nghiém thu dan sau thiét ké, ché tao
2. MO HINH THUAT PHONG TRONG PAN BAN DUGI
NUGC

So vGi sung phao théng thudng, hién tugng ban cla
hé stng - dan ban dudi nudc c6 nhiing diém khac biét:
Qua trinh dau dan chuyén déng, vai su c6 mat cla cot
nudc trong long nong dau dan phai chiu luc can rat 16n,
bao gom: ap luc thay tinh, ap luc thay déng va lyc can ma
sat gira cOt nudc véi thanh long nong. Bong thai, qua
trinh bién d8i nhiét thanh céng cda hién tugng ban,
ngoai céng chu yéu lam dan chuyén déng, khi ban trong
moi trudng nudc, nang lugng khi thudc con thuc hién
cobng dé day cot nudc ra khoéi nong sung, cong dé thang
luc cdn ma sat, ap luc thdy déng va ap luc thay tinh &
nhing dé sau ban khac nhau. Bén canh d6, do su c6 mat
clia lugng nudc trong ndng va cac thanh phan luc can néi
trén nén quy luat thay ddi clia ap suat khi thuéc va téc do
dan sé c6 nhiing dac diém riéng.

So dé mé hinh nguyén ly thuat phéng trong cho hé sing
- dan bdn dudi nudc nhu hinh 1.

Trong so d6 nay, |, - Chiéu dai quy déi thé tich tu do
clia buéng dét; | - Quang dudng chuyén dong clia dan tai
thoi diém xét; L - Chiéu dai quy déi cua dau dan;
Ls - Quang dudng chuyén dong cla dan trong nong;
h - D6 sau ctia phat ban.
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Khong khi

Nudée

Thuéc phéng Dau dan

|
Hinh 1. Md hinh nguyén ly thuat phdng trong hé sting - dan ban dudi nudc

Hé phuong trinh vi phan thuat phéng trong dugc tao
thanh béi cac phuong trinh sau [1, 2]:

- Cdc phuong trinh mé ta quy ludt chdy va tao khi cda
thuéc phong:

&_p (1)
dt |

W _x (2)
dt |

Trong dé:

P =xz(1+ Az +pz*); 0 =1+2Az + 3uz’

P, z, Y, 0 lan lugt la ap sudt thuat phdéng cta khi
thudc, bé day chay tuong déi, lugng thudc phdéng chay
tuong déi va dién tich bé mat chay tuong déi ctia phan t6
thuéc phéng.

X» A\, b - Cac ddc trung hinh dang ctia phan t6 thuéc
phong.

I - Xung lugng ap suat khi thudc trong thaoi gian thuéc
chay.

- Cdc phuong trinh chuyén déng cda dau dan:

dl

—=V (4)
dt

v’S
d_v_ Spas Tk pz —k;S(py +pgh)
dt m+k,pS(L, —L-1) (5)
Npvimd(L, —L—1)
k1 2 d +k2Fb|k
© m+kpeS(L, —L—1)

Trong d0: ki, k, 1a hé s6 diéu khién tuong Ung trong
tling giai doan, giai doan chuyén déng lién két: k; = 1,
k, = 0; giai doan chuyén déng ban lién két: k; =0, k, = 1.

A\ - hé s6 luc can ma sat gita cot nudc véi thanh nong.

Pad, Pik lan luot 1a ap suat khi thuéc tai day dan va ap
suat khong khi tai bé mat thoang.
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d, S, p lan lugt la dudng kinh trong cia nong, dién tich
tiét dién ctia nong va khaéi lugng riéng cia nudc.

- Phuong trinh co ban thudt phdng trong cta hién tuong
bdn:

fop  mv? T pv2S(Ly —L—1)

) o2 ! | 2
2 * 2 1
p=c o [ Sou—k]j)‘p" S CoREY R
S, +1) 2 2
0 0
wv?

L
_T_k15|(pkk +pgh)— kzFbIk_[dX
0

Hé cac phuong trinh trén chinh la mé hinh thuat
phong trong cho dan ban dudi nudc. Hé phuong trinh
nay da dugc kiém chiing su phu hgp véi thuc té qua cac
tht nghiém dugc tién hanh trong [1-3]. Trong bai bao
nay, do diéu kién thi nghiém dac thu trong thiét ké dan
dugc, dac biét la dan ban trong moéi trudng nudc nén
khong thé tién hanh thuc nghiém & cac phuong an khac
nhau. Chinh vi vdy, bai bao sé si dung két qua tinh dugc
cla hé cac phuong trinh trén dé lam théng s6 dau vao cda
bai toan téi uu trong quy hoach thuc nghiém.
3. THIET KE THUC NGHIEM TOI UU

Thiét ké dan ban dudi phai kiém soéat anh huéng clia
rat nhiéu yéu t6. Trong dd, c6 03 yéu t6 anh hudng 16n
nhat dén ap suat I16n nhat trong long nong va so toc dau
dan d6 la: khoi lugng dau dan, khéi lugng thuéc phong
va luc rat dau dan. Trong bai toan t6i uu bang quy hoach
thuc nghiém dugc nghién ciu sé téi uu vai 03 yéu t6 dau
vao va 02 ham muc tiéu dau ra. Viéc lua chon khoang gia
tri bién déng clia 03 yéu t6 dau vao can cl vao cac loai vat
liéu ché tao dau dan hién co6 trong nudc, khoang khong
gian c6 thé nhoi thudc phéng va két qua thuc nghiém sg
b6 ban dau. Khoang gia tri va ky hiéu cta cac tham sé
trinh bay nhu béng 1.

Bang 1. Ky hiéu va khoang gia tri cac tham s6 dau vao

Tén tham sé Kyhiéu | Donvi | Khodng gia tri
Khéi lugng dau dan A g 12,15+ 14,85
Khdi lugng thudc phdng B g 05+0,7
Luc rat dau dan C N 2030

Trong thuc nghiém t6i uu clia ly thuyét quy hoach thuc
nghiém, phuong phap bé mat dap tng (Response surface
methodology - RSM) hay bé mat chi tiéu van la phuong
phéap hiru hiéu va dugc st dung rong rai. Phuong phap dap
Uing bé mat lai bao gém hai phuong phéap chl yéu thudng
st dung, d6 1a [9, 10]: Phuong phap Central Composite
Design (CCD) hay phuong phap Box-Wilson va Phuong
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phap Box-Behnken. Méi phuang phap sé cé mot uu, nhugc
diém riéng [11, 12] qua phan tich cdc mé hinh nay cé thé
thdy, déi vai bai toan t6i uu thiét ké dan ban dugi nudc thi
st dung mé hinh FCCD la phu hgp (hinh 2). Quyét dinh lya
chon nay dugc phan tich dya trén cac co sd sau:

- Néu lua chon mé hinh Box-Behnken thi r rang
khéng phu hgp. Bai vi phuong phap nay dugc hai tac gia
Box va Behnken dé xuat vao nam 1960 véi muc dich thiét
ké cac thi nghiém 3 muc nham xay dung bé mat dap ung.
N6 dugc st dung véi tur 3 dén 10 yéu té. Mac du s6 lan
bdn thuc nghiém gidm xudng; Tuy nhién, cac diém thi
nghiém lai khdng ndm & cac gdc, tuc la khong kiém soat
tai vi tri ma khoi lugng dau dan, khéi lugng thuéc phéng
va lyc rdt dau dan la nho nhat/Ién nhat. Nhu vay sé khong
sat véi thuc té khi thiét ké dan ban dudi nuéc;

Box-Behnken

RCCD FCCD CCl1
[ ]

o
o | ©® o o] | © °lo® [°] °f |o°
°

[ ]

Hinh 2. Phén bd thi nghiém cla cac phuong phap dap ting bé mdt ddi vdi
ba yéu to

- Néu lua chon mé hinh RCCD thi vita ddm béo dugc
thi nghiém tai tam, vura dam bdo dugc thi nghiém & géc,
doéng thai 6 thé thi nghiém & vung bién mé rong. Tuy
nhién, déi véi théng sé khéi lugng thuéc phéng, khoi
lugng dau dan thi khi ché tao mau thuc nghiém sé khoé
déi véi trudng hgp nay do noé vugt qua gidi han thuc té
cta khéi lugng dau dan va lugng thudc phdng cé thé nhoi
vao vo dan khi ldp dau dan;

- Tuong tu nhu mé hinh RCCD, thi néu chon mé hinh
CCl, ching ta phai thiét ké khéi lugng thuéc phéng nho
di, sé khong da dé tao so téc dau dan can thiét, nén khong
phu hgp trong thuc té thiét ké dan ban dugi nudc;

- Con dé6i vai mé hinh FCCD, vira thuc nghiém dugc &
gia tri muc "0", muc -1 (nhé nhat), miic +1 (I6n nhat), déng
thdi viéc ché tao cac phuong an thirnghiém ctia 03 thong
s6 dau vao la kha thi, phu hgp vai thuc té thiét ké dan ban
dudi nudc. Bén canh dé, ban chat ctia mé hinh FCCD cling
chinh 1a RCCD trong trudng hop khoang cach xoay a =1.
Nhu vdy dua vao mé hinh FCCD ta xay dung dugc bang
gia tri cac yéu t6 dau vao nhu bang 2 va trinh ty tién hanh
thuc nghiém nhu bang 3. Sau khi cé dugc trinh tu tién
hanh thuc nghiém, thay cac théng s6 vao hé phuong
trinh da xay dung & trén ta sé thu nhan dugc cac két qua
van téc ap suat I6n nhat trong ldong nong va so toc dau
dan (hinh 3, bang 3).
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Bang 2. Bang gid tri cac yéu t6 dau vao

Ténvéu t6 Kihicu | Bon i Gia tri ma héa Gia tri thuc té
ényéuto iéu | Donvi - — — - —

y yale * |Lénnhat| Trungbinh | Nho nhat | Lénnhat | Trungbinh | Nhé nhat

Khdi lugng dau dan A g +1 0 -1 14,85 13,5 12,15

Khéi lugng thudc phong B g +1 0 -1 0,5 0,6 0,7

Luc rit dau dan ( N +1 0 -1 20 20,5 30

350 — A sudt PA i im 4. KET QUA VA THAO LUAN

X:0.000877 ’0‘ oc‘ g gll'jlm )
500 R e A bien 1) Tu ké qua thu nhan dugc & bang 3, vai su trg giup cla
£ e e D phan mém MINITAB tién hanh phan tich t6i uu déi véi cac
=~ 250 sub v , ~ \ N N
& xooot0e7 Y10 %:0.002609 ham muc tiéu la ap suat I6n nhat trong Idng ndng va so
2200 o " téc dau dan
- m dll.
? 150 xéamenz — / é‘ ?;)10:086 Ao s B on , , . W
e /Y- 1142 k( T 4.1. D6i véi ham muc tiéu ap suat I6n nhat
—_ L)
g 100 Qua phan mém MINITAB, véi muc y nghia a = 95%, thu
s p yng
“ 50 dugc dé thi Pareto clia 03 yéu t8 anh hudng nhu hinh 4
e C va cdac so liéu phan tich thong ké nhu bang 4.
0 0.5 1 1.5 2 2.5 3 3.5
Thoi gian [s] x107 Pareto Chart of the Standardized Effects

Hinh 3. Két qua giai bai todn thuat phong trong ddi véi cac phuong an tai
tam, phuong an bién gid tri thap nhat (-1), phuong an bién gia tri I6n nhat (+1)

Bang 3. Trinh tu tién hanh thuc nghiém va két qua

Phuong an | Khéiluong | Khéiluong | Lucrit . | Apsuat

thi daudan |thuécphéng| dau dan Sotoc Max
nghiém |  [g] lq] el | ™| mpal
1 13,5 0,6 25 2005 | 188,8
2 12,15 0,5 30 1831 | 1188
3 13,5 0,6 25 2005 | 1888
4 13,5 0,7 25 224 283,3
5 13,5 0,5 25 1758 | 1234
6 13,5 0,6 30 2009 | 1914
7 12,15 0,7 30 233,7 | 2689
8 14,85 0,6 25 1933 | 199,7
9 13,5 0,6 20 200,1 | 186,1
10 14,85 0,5 30 1703 | 1325
1" 13,5 0,6 25 200,5 | 1888
12 12,15 0,5 20 1818 | 1141
13 14,85 07 30 | 216 | 3038
14 14,85 07 20 | 2155] 2075
15 12,15 0,6 25 2086 | 1778
16 13,5 0,6 25 2005 | 1888
17 12,15 0,7 20 233 262,8
18 13,5 0,6 25 200,5 | 1888
19 13,5 0,6 25 2005 | 188,8
20 14,85 0,5 20 1693 | 1278

90 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Céng nghiép Ha Ni

(response is Ap sudt Max [MPa], a = 0.05)
Term ;)
=
8 \J
NN

BB

Kyhiéu Tényéuts

A KL dau dan [g]

KL thuéc phéng [g]
Lyc rit dau dan [kG)

AB

C

BC

AC

cc

AA

0 100 200 300 400

Standardized Effect

500 600

Hinh 4. D thi Pareto cia 03 yéu td anh hudng dén ap suat Ién nhat

Qua d6 thi hinh 4 c6 thé thay, khéi lugng thudc phong
la yéu t6 anh hudng I6n nhat dén ham muc tiéu &p suat
I6n nhat trong long nong, sau d6 dén khoi lugng dau dan;
con luc rat vé dan la yéu t6 it anh hudng hon so véi hai
yéu té trén.

Bang 4. Bang phén tich thong ké véi ham muc tiéu dp sudt I6n nhat

Term Coef SE Coef T-Value | P-Value
Constant 188,796 0,162 1164,46 0,000
Algl 11,890 0,149 79,72 0,000
B gl 79,970 0,149 536,21 0,000
C[ka] 2,710 0,149 18,17 0,000
A2 -0,041 0,284 -0,14 0,888
B 14,559 0,284 51,19 0,000
Q¢ -0,041 0,284 -0,14 0,388
AB 5,275 0,167 31,64 0,000
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A.C 0,025 0,167 0,15 0,884

B.C 0,375 0,167 2,25 0,048

Clng qua phan tich, xay dung dugc phuong trinh hoi

quy déi véi ham muc ap suat I6n nhat trong long nong
nhu sau:

=424,5-14,12.A—1493,6.8+0,124.C
—0,022.A% +1455,9.8° —0,0016.C> 7)
+39,07.AB+0,0037.A.C+0,75.B.C

pmax

Contour Plot of Ap suat Max [MPa vs KL thuéc phéng [g], KL dau dan [g]
0.70

Ap suat Max
[MPa]
u < 140
M 140 - 170
170 - 200
200 - 230
M 230 - 260
M 260 - 290
o > 290

Hold Values
Lyc rit dau dan [kG] 25

Khéi lugng thude phong [g]

12,5 13.0 13.5 14.0 14.5
Khé&i lugng dau dan [g]

Contour Plot of Ap suat Max vs KL thuéc phéng [g], Luc rat dau dan [kG]

0.70 )
Ap suat Max
[MPa]
u < 140
W 140 - 165
165 - 190
190 - 215
M 215 - 240
W 240 - 265
. > 265

Hold Values

0.60 KLdaudan [g] 13.5

Khéi lugng thuéc phong [g]

24 26
Luc rat dau dan [kG]

Hinh 5. D6 thi dutng miic ctia ham muc tiéu ap sudt Ion nhat

Hold Values
Luc rit dau dan [kG] 25

300 Trrr

Pmax [MPa] 250

200
150
12 0.7
13 0.6
14
KL dau dan [g] 15 0.5 KL thuéc phéng [g]

Hinh 6. D6 thi bé mat dap tng cla ham muc tiéu ap suat [6n nhat

Cac d6 thi dudng muc va d6 thi bé mat dap ung dugc
biéu dién nhu hinh 5 va 6 cho thdy su phu thudc cla ap
suat Ién nhat trong 1ong nong vao 03 yéu té dau vao khao
sat.

Vol.61-No. 1 (Jan 2025)

Mét diém can chu y rang, trong diéu kién ky thuat
nghiém thu ctia dan ban dudi nudc thi yéu cau ap suat I6n
nhat trong long nong trung binh la 186,3MPa. Bay cling sé
la gid tri ham muc tiéu can t6i uu. P& dat dugc gia tri
186,3MPa, phan tich t6i uu da dua ra bo théng s6 téi uu doi
vGi khéi lugng dau dan la 13,5g; khéi lugng thuéc phéng la
0,69 va luc rat dau dan 1én nhat la 20,46kG (hinh 7).

Parameters
Response Goal Lower Target Upper Weight Importance
Ap sudt Max [MPa] Target 114.1 186.3 303.8 1 1
Solution
Ap suat

KLdau KLthudc Lycritdau Max [MPa] Composite
Solution dan [g] phdng [g] dan [kG] Fit Desirability
1 13:5: 0.6 20.4565 186.300 1.00000

Hinh 7. Bd thong s6 t6i uu dé dat ap sudt IGn nhat trong long nong
186,3MPa
4.2. Déi v6i ham muc tiéu so tdc dau dan

Bang cach phan tich tuong tu nhu d6i véi ham ap suat
I6n nhat trong long nong, d6 thi pareto, d6 thi bé mat dap
ung nhu hinh 8, 9.

Pareto Chart of the Standardized Effects
(response is Sd t6c [m/s], a = 0.05)

¥ IR
A c Lyc nit dau dan [kG]
e
C
BB
AA
BC
AC
cc
0 260 400 660 860 10b0 1Zb0 1400

Standardized Effect
Hinh 8. D thi Pareto clia 03 yéu t6 anh hudng dén so toc dau dan

Hold Values
Luc rit dau dan [kG] 25

240
220
200
180

So téc [m/s]

0.7
12

KL thuéc pho
KL du dan [g] 15 0.5 udc phéng [g]

Hinh 9. D6 thi bé mat dap ting cia ham muc tiéu so tdc
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Theo do6, khéi lugng thu6c phong van la yéu té anh
hudng I6n nhat dén sao téc, sau dé mai la khoi lugng dau
dan.Tuy nhién, sy anh hudng ctia khéi lugng dau dan dén
so toc la ro rang hon so vaéi ap suat I6n nhat.

Phuaong trinh héi quy déi véi ham muc tiéu sa téc dau
dan nhusau:

V, =70,18-6,483.A +445,07.8+0,3851.C

+0,2444.A% - 60,45B% —0,00018.C°
—-9,167.A.B—0,00926.A.C —0,2750.B.C

(8)

Trong diéu kién ky thuat nghiém thu dau dan ban duéi
nudc, so téc trung binh cda dau dan la 200m/s. VGi muc
tiéu nhu vay, bd théng sé téi uu nhu sau: khéi lugng dau
dan la 13,5g; khéi lugng thuéc phéng la 0,69 va luc rat
dau dan la 20kG (hinh 10).

Solution
Luc
rit
dau
KL dau KL thuéc dan Sdtdc [m/fs] Composite
Solution dan [g] phdéng [g] [kG] Fit Desirability
1 13.5 0.599723 20 200.000 1.00000

Hinh 10. B6 thong s6 ti uu dé dat so téc 200m/s

4.3. Téi uu h6a ham da muc tiéu ap suat I6n nhat va so
téc
Parameters

Response Goal
Sd tdc [m/s] Target
Ap sudt Max [MPa] Target

Lower Target Upper Weight Importance
169.3 200.0 2337 1 1
114.1 186.3 303.8 1 1

Solution
Luc
rat
dau Ap suat
KL dau KL thudc dan Sotdc[m/s] Max [MPa] Composite
Solution dan [g] phéng [g] [kG] Fit Fit Desirability
1 13.4226 0.594342 30 200.000 186.300 1.00000

Hinh 11. B thong 56 t6i uu ham muc tiéu kép so tdc va ap sudt I6n nhat
KL dau d KL thudc
14.850
[13.43226]
12.150

/\

Luc rat
30.0
[30.0]
20.0

Optimal

D: 1000 ah

Cur

0.70
[0.5943]
Low 0.50

P ——

Composite
Desirability
D: 1.000

Sotdc [
Targ: 200.0
y = 200.0
d = 1.0000

i

Ap sudt
Targ: 186.30
y = 186.30
d = 1.0000

——

Hinh 12. 4 thi t6i uu héa ham muc tiéu kép so toc va ap sudt I6n nhat

Tap chi Khoa hoc va Cong nghé Trueng Dai hoc Cong nghiép Ha Noi

D& nghiém thu dugc dan ban dudi nudc, thi 4p suat
trung binh I6n nhat la 186,3MPa va s toc trung binh la
200m/s. Trong dd, ap suat don phat I16n nhat la 215,7MPa,
ap suat don phat nho nhat la 107,9MPa; so téc dau dan nho
nhat 1a 185m/s, sc téc dau dan Idn nhat 1a 215m/s. D dat
dugc ham muc tiéu kép (so téc 200m/s, ap suat 16n nhat
186,3MPa), thi b6 thong s6 t6i uu cia 03 tham sé dau vao
nhu sau (hinh 11, 12): khéi lugng dau dan la 13,42g, khéi
lugng thu6c phdng la 0,594g va luc rat dau dan la 30kG.

Bén canh dé, dé lua chon cac gia tri cGia 03 tham sé dau
vao dé dat dugc muc tiéu nhu trong diéu kién ky thuat
nghiém thu dan sau ché tao (ap suat tur 186,3MPa dén
215,7MPa; so toc tir 185m/s dén 215m/s), dudng doé thi
dudng muc giao nhau ctia hai ham muc tiéu ap suat I6n
nhat va so téc da dugc xay dung nhu hinh 13. Dya vao day
ching ta c6 thé lua chon cac gia tri clia khéi lugng dau dan,
khéi luong thudc phong, luc rut dau dan dé dat dugc ham
tiéu dé ra trong diéu kién ky thuat nghiém thu dan.

Contour Plot of So téc [m/s], Ap sudt Max [MPa]

Sa téc
[m/s]
— 185
215
Ap sudt
Max [MPa]
— 107.9
215.7

% VoY% % %% VeV

B IRITTTTE

SOt R dc e

SO SRR
SRREELLLLKKS
COCEEieace

0.60 1

Hold Values
Luc rat dau dan [kG] 25

Khéi lugng thuéc phong [g]

0.55+

130 135 140 145

Khéi lugng dau dan [g]
Hinh 13. D thi dutng miic giao nhau clia ham muc tiéu s toc va ap suat
I6n nhat
4.4. Thuc nghiém theo phuong an téi uu

Cén thubc phong va dau dan
|

Thiét bj do lyc rat dau dan
Hinh 14. Chudn bi phuong an thuc nghiém
DE& danh gia do tin cay cla bo théng sé téi uu, thuc
nghiém da dugc tién hanh déi véi ham muc tiéu kép.
Theo d06, céac gia tri thiét ké thi nghiém nhu sau: khéi
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lugng dau dan la 13,429, khéi luong thuéc phéng la
0,5949 va luc rat dau dan la 30kG. Thu6c phéng va khéi
luong dau dan dugc do bang can, con luc rat dau dan
dugc xac dinh trén may do luc rat dau dan (hinh 14).

DPan dugc thir nghiém trén nong thr nghiém cé chiéu
dai 480mm. Ap suat 16n nhat trong ldng nong dugc do
bang Crusher va tru déng (hinh 15). D& xac dinh so t6c
dau dan, chidng t6i s dung camera thuat phdng
FASTCAM SA1.1.

ok, e

rusher lip

Vitd lép cum
Crusher

*  Camera thuét
phéng FASTCAM
SA1.1

é thir nghiém

e

Hinh 16. Do so tdc dau dan bdng Camera thudt phong

Sau khi ban 10 vién dan, ta thu dugc gia tri trung binh
cUa ap suat I6n nhat trong long nong la 190,2MPa va gia
tri trung binh cuia so téc la 204m/s. Nhu vay, sai léch vé ap

Vol.61-No. 1 (Jan 2025)

suat I6n nhat la 2,05% va vé so toc la 1,96%. Cac sai léch
nay cho thay bé thong sé t6i uu la hoan toan phu hop véi
két qua thuc nghiém.
5. KET LUAN

Bai bdo nay da trinh bay néi dung ting dung ly thuyét
quy hoach thuc nghiém dé téi uu thiét k& dan ban dudi
nudc cd 5,56x45mm dung cho sing ban hai méi trudng
cd 5,56mm. Trong d6, cac thong s6 dau vao dé téi uu
gom: khéi lugng dau dan, khoi lugng thudc phong, luc
rat dau dan; va ham muc tiéu t6i uu gom: ap suat Ién
nhat trong 1ong nong va so téc dau dan. Dac biét bai bao
da xay dung dugc ham hoi quy bac hai mé ta su phu
thudc ctia ap suat I6n nhat trong long nong va so téc
dau dan vdi ba thong sé dau vao. Bén canh d6, nghién
ctiu thuc nghiém dé kiém chiing bo théng sé t6i uu cling
dugc tién hanh. Két qua nghién clu cla bai bao da chi
ra rang, doi véi pham vi khao sat cta bai toan thi khéi
luong thuéc phdng la anh hudng 16n nhat dén so toc, ap
suat I6n nhat; sau d6 méi dén khoi lugng dau dan va luc
rut dau dan. D€ dat dugc so téc trung binh 200m/s va ap
suat |6n nhat 186,3MPa (nhu trong diéu kién ky thuat
nghiém thu dan sau thiét k&, ché tao) thi khéi lugng dau
dan la 13,42g, khéi lugng thudc phong la 0,594g va luc
rat dau dan la 30kG.
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