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TOM TAT

Viéc nghién ciru lya chon hop ly cac tham s ké’t‘cd’u dau né 1om dé dat kha nang xuyén Ién
nhat luén la mét van dé cap thiét va danh dwoc nhiéu quan tam nghién civu. Trong bdi bdo nay
nhom tac gia su dung phwong phap tinh toan uy lyc dan lom co tinh dén vi tri kich nd két hop véi
thudt toan toi uvu GSA va phu’O'ng phap mo phong Autodyn 2D dé toi wu két cau dau né 1om co 110
mm khi_thay déi cdc tham so: 1/2 goc mo phéu 16t ag bién thién trong pham vi [25°; 30°]; chiéu
cao phéu 16t H bién thién trong pham vi [87 mm; 90 mm/, hoanh do tam no 5 phu x1 bién thién trong
pham vi [21 mm; 27 mm/; tlmg d¢ tam né phu yt bién thién trongpham vi [40 mm; 47 mm/ budc
dau da tim ra dweoc bo tham so [ao; H; X7; y1] cho chiéu sdu xuyén lon nhdt b= 717,98 mm.

Tir khoa: GSA; Tbi uu hoa; Pau dan nd 16m; Két ciu phéu 1ot; Uy luc xuyén.
1. PAT VAN PE

Trong céc tai liéu [1-3] dua ra phuong phap tinh toan chiéu sau xuyén cua ddu nd 16m; cong
trinh [4] d4 t6i wu két dau dau nd 16m bang thuat toan t01 uu GSA két hop véi phuong phap BI'TU,
tuy nhién trong cac phu’ong phap nay, coi mat song nd lan truyén trong khéi thude no 16m 1a mat
song phing vudng goc vai truc d6i xtng cuia dan nhu vay khong thé hién dugc anh huong cta tim
chén song dén kha ning xuyén cta dan.

Hién nay, bai toan tinh toan kha nang xuyén 16m chua dugc giai quyét thoa dang, chii yéu van
1a 1an lugt cho timg tham s6 thay doi dong thoi ¢6 dinh tat ca cac tham s6 khac. Cach 1am nhu vay
ton nhiéu thoi gian va khoi lugng tinh todn 16n, dac biét v6i nhitng tham s0 cén xdc dinh thong
qua thyc nghiém thi‘sé lan thur nghiém réat 16n va ti€n hanh rat ton kém ca vé thoi gian va chi phi.
Trong nhiing ndm gén déy, nhi€u phuong phap t61 wu hoa khac nhau déa dugc phat trién, trong d6
c6 thuat toan tim kiém luc hép dan GSA (Gravitational Search Algorithm) [5, 6]. Phuong phap
nay kha phu hgp dé glal cac bai toan tdi uu phirc tap ma cac phuong phap toi wu truyén thdng gip
nhiéu kh6 khin vi s6 chidu cua khong gian bai toan 16n hodc vung xac dinh khong lién tuc, ham
muc tiéu khong lién tuc, co nhiéu diém cyc tri dia phuong, toc do hoi tu nhanh. Bai toan tdi wu hoa
ket cau dau no 10m dé nang cao kha nang xuyén 16m chinh 1a mdt bai toan nhu vay.

Tur nhitng dic diém trén, nhom tac gia da nghién clru ap dung thuat toan t6i wu GSA két hop
v6i phuong phép tinh toan uy lyc dan 16m c6 tinh dén vi tri kich n6 thong qua vi tri cua tam nd
phu, b6 sung gia thuy€t danh gia anh hudng cua tm chdn séng dén chiéu siu xuyén dan 16m va
phuong phap md phong Autodyn 2D d¢ toi uu hoa két cau dau n6 10m cua tén ltra Itra chong tang
cd 110 mm, cu the la xac dinh chiéu cao, goc m¢ phéu 16t va vi tri tam chan song, nhdm nang cao
kha nang xuyén 16m.

2. MO HINH XAC PINH CHIEU SAU XUYEN CUA PAU NO LOM CG 110 mm
CO TINH PEN ANH HUONG CUA TAM CHAN SONG
2.1. M6 hinh tinh toan chiéu siu xuyén ciia diu nd I6m c6 tinh dén anh hudng ciia tim chin séng
2.1.1. M6 hinh tinh toan

So @6 tinh toan thé hién trén (hinh 1) dit trong hé toa d6 XOY véi X 1a truc ddi xtimg cua
dan, y,(X), Y,(X) 1a duong cong bién dang mit ngoai phéu 16t va mit trong clia thanh than dan,
T 1a tdm no thir cap c6 toa dd (X, , ;).
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Nghién ciru khoa hoc cong nghé
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Hinh 1. So dé tinh todn chiéu sdu xuyén dan lom:
1 - Phéu I6t; 2 - Thuéc né; 3 - Thén vo dau dan;
4 - Tdm chdn song; 5 - Phdn té dong xuyén;, 6 - Churdng ngai.

Mot sb thong s6 két cAu cua dan: Mat do vat liéu than dan £, s Mat do thube nd por s Mat do
phéu 16t p, ; Bé day than vé dau dan &, (x); Bé day phéu 16t &, (X); GOC md phéu 16t ¢, ; Chiéu
cao phéu 16t H; Khoang cach tir miéng phéu 16t dén bé mit chuéng ngai F .

2.1.2. Xay dung phwong trinh

Tai trng mat cit i =1,n+1, 1an luot tinh toan cac gia tri:

- Phan tich cyc cua vi phan khdi lugng liéu thude nd;

- Van tbc nén ép vi phan khdi lwong phéu 16t;

- Goc khép phéu ciia ting phan t6 phéu doc theo truc dan;

- Van tbc va khdi lwong ctia phan t6 dong tap trung va chudi dong;
- Chiéu dai hiéu qua ciia phan t6 dong tap trung.

- Puong kinh 15 xuyén do phén t6 dong tao ra [7]:

4E,
Doi =y~ 1)
Ab,
Trong d6:  E, - Pong ning ctia phan t6 dong, E, =m, V2, /2;
A, - Nang luong riéng pha huy vat liéu chudng ngai (tra bang);

- Chiéu sau xuyén cua dan duoc xac dinh theo biéu thue:
b=> b 0)
i=1

2.2. Ap dung thuit toan GSA giai quyét bai toan t6i wu két ciu diu nd 16m ¢& 110 mm
2.2.1. Céc budc dp dung thudt toan GSA dé gidi bai todn toi wu

Muc tiéu chinh cia viée ti wu hoa két cu dau nd 16m dé nang cao uy luc phan chién 1a xac
dinh cac tham s hinh hoc cua phéu 16t va vi tri tim nd phu dé chiéu sau xuyén vao ban thép dat
gid tri 16n nhat (bai toan tim cyc dai). Trong pham vi nghién ctru ctia bai bao chi tién hanh khao
sat dong thoi ddi voi bén gia tri: 1/2 goc mo phéu 1ot ao; chiéu cao phéu 16t H; hoanh d6 tim nd
phu xr; tung d6 tdm n6 phu y1. Co thé thiy rang voi 'moi b tham s6 [ao; H;  xr; yr] thi c6 1 gid tri
chleu sdu xuyén b, khi thay d6i dong thoi b tham 50 56 [ao; H; x1; yr] thi s6 luong phép tinh tang
1én rat nhiéu, khi s6 lugng bién ting 1én, sé chiéu ctia khong gian tim kiém tang Ién thi so luong
phép tinh ting theo quy luat ham mii. Dé giai quyét van dé d6, nhom tac gia tién hanh tién hanh
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xdy dung chuong trinh bang phan mém MATLAB va giai bai toan t6i uu két ciu phéu 16t trén nén
tang ly thuyét thuat toan GSA nhu sau:
- Gia thuyét rang hé théng c6 N phén tir, mdi phan tir ¢6 vi tri 1a:
=X e X, X)), VOii =1, 2, ..., N.

Trong do: x} ,xl ,x2,x lan luot biéu dlen giatri 1/2 goc maé phéu 16t ao; Chiéu cao phéu 16t H;
hoanh d6 tdm né phu xr; Tung do tdm nd phu yr cua phan tur thir i. S6 chiéu cua khdng gian tim
kiém trong pham vi nghién ctiu & day 1a 4, s6 1an lap t6i ¢a bang T (Maximum number of iterations).

- Gi6i han khong gian tim kiém cta chiéu thtr nhat tu’ong Umng voi 1/2 goc mo phéu 16t ao bién
thién trong pham vi [25°; 30°] (d9); Gi6i han khong gian tim kiém cua chiéu tht hai twong g
v6i chiéu cao phéu 16t H bién thién trong pham vi [87; 90] (mm); Gidi han khong gian tim kiém
ctia chiéu thi ba twong tng v&i hoanh d6 tim nd phu X7 bién thién trong pham vi [21; 27] (mm);
Gidi han khong gian tim kiém cua chiéu thi tu twong tmg voi tung d6 tm nd phy yr bién thién
trong pham vi [40; 47] (mm).

- Lap trinh chuong trinh MATLAB trén co so thudt toan GSA dé tinh toan gia tri chiéu sau
xuyén b theo phuong phép tinh toan uy luc dan 1dm c6 tinh dén vi tri kich nd.

- Téng hop, phan tich va danh gia két qua nhan dugc; tir d6 xac dinh phuong an tdi uu twong
g v6i bo tham s6 [ao; H; Xr; yr] ndo d6 nam trong khoang bién thién da gii han.

Khdf tao vi tri bon déu
cu cde phén i

|

1

Ddnh gid hom muc tiéu
cuo cdc phan tf

i

Cdp nhit G(t), besi(t)
worst(t), Mift)

Tinh M & o cho méi phén t/

!

Cdp nhdt vi irf va vin tée

Ddp ihg tiéu chudn

Tra két qud t&6t nhét

Hinh 2. Cdc budc trong thudt toan GSA.
2.2.2. A'p dung thudt toan GSA 161 wu mét s6 tham soé két cau dau nd l6m ¢& 110 mm
Xét mot két cau cu thé cua phén chién dau dya trén mé hinh ciia dan ¢& 110 mm véi cac thong
s6 nhu sau: Than dan hinh try bang nhom, pn=2,7 g/cm?®, ban kinh ngoai than dan R, = 55 mm,
ban kinh trong than dan Ri= 52,75 mm. Thudc né OCTOL véi pry = 1,82 g/cm3 tbc do nd D =
8480 m/s. Phéu 16t hinh non bang dong, ppn = 8,93 g/cm3. Khoang cach tir miéng phdu dén ban
thép F = 280 mm. Van tdc dong xuyén t&i han vy, = 2200 my/s.

Giéi han khong gian tim kiém ctia chiéu thir nhét tuong (mg voi 1/2 goc mé phéu 16t a, bién
thién trong pham vi [25°; 30°]. Gi6i han khong gian tim kiém cua chiéu tht hai tuong Gng véi
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Nghién ciru khoa hoc cong nghé

chiéu cao ph&u 16t H bién thién trong pham vi [87 mm; 90 mm]. Gi6i han khong gian tim kiém cua
chiéu thir ba twong g véi toa do tim nd phu Xp bién thién trong pham vi [21 mm; 27 mm]. Gidi han
khong gian tim kiém cua chiéu thir tu tuong Gmg véi toa do tim nd phu Yy bién thién trong pham vi

[40 mm; 47 mm]. bang cong cy lap trinh MATLAB, vé6i bo tham s0 [ ao; H; x7; yr] = [26,02; 89,99;
26,4; 45,9] ta thu dwoc két qua chidu sdu xuyén b=717,98 mm duoc thé hién & bang 1.

Bing 1. Két qua chiéu sdu xuyén.

STT Cif;éiau G6c mo ptléu I6t | Chiéu cao phéu lot | X, Yy Hoi tu &

b (mm) a0 (d9) H (mm) (mm) | (mm) | vong lap
1 717,98 26,02 89,99 26,4 | 45,9 2
2 717,85 26,00 89,92 25 45,6 4
3 717,72 26,03 89,97 25,9 | 45,7 7
4 717,71 26,02 89,93 26,3 | 45,7 10
5 717,61 26,02 89,93 251 | 45,2 9
6 717,60 26,03 89,94 26,4 | 45,6 8
7 717,39 26,05 89,98 25,3 | 45,7 7
8 717,03 26,08 89,99 26,8 | 45,8 5
9 716,76 26,10 89,98 26,1 | 45,3 20
10 716,66 26,08 89,90 25,6 | 45,6 4

3. MO PHONG QUA TRINH XUYEN LOM CUA PAU NO LOM CO 110 mm
BANG PHAN MEM ANSYS AUTODYN 2D

3.1. S6 li¢u diu vio
M6 hinh mé phong

Cin ctr vao két qua ¢ bang 1 lwa chon bd tham sb két cdu dau nd [ao; H; x; yr] = [26,02;
89,99; 26,4; 45,9] dé mé phong (hinh 3). Theo céc tai liéu nghién ciru, c6 thé chia bai toan mo
phéng qua trinh hinh thanh dong xuyén va va xuyén ctia dong xuyén vao ban thép thanh 2 bai toan
mo phong 1a mo6 phong qua trinh hinh thanh dong xuyén va mo6 phong qua trinh va xuyén cuia dong
Xuyén vao ban thép. Cac tham sb dong xuyén dugc phén tich trong bai toan mé phong qua trinh
hinh thanh dong xuyén 1a cac thong s6 dau vao cho bai toan mé phong qua trinh va xuyén cia
dong xuyén vao ban thép. Qua trinh lan truyén song bén trong chit nd va qua trinh hinh thanh dong
xuyén dugc mo ta trong ludi Euler, qua trinh va xuyén vao muc ti€u sir dung ludi Lagrang. Nhom
tac gia da chia ludi ca dong xuyén va muc tiéu véi cac phuong an kich thude luéi lan lugt 14 0,025
x 0,025 cm; 0,05 x 0,05 cm; 0,1 x 0,1 cm. Tuy nhién, dé lam giam tong sb phan tir, giam thoi gian
tinh toan cuia may tinh va dam bao tinh hdi tu lya chon ca dong xuyén va muc ti€u déu dugce chia
luéi voi kich thude ludi 1a 0,05 x 0,05 cm.

5275
59

25/020

89,99 26,4 »
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Hinh 3. M6 hinh dau né lom.
Vit lidu str dung mo phong va thong s6 phuong trinh trang thai cho trong cac bang dudi day:
Bdng 2. Vat liéu su dung mo phong va cac phwong trinh twong ung [3, 8, 10, 11, 12].

STT| Thanh phin Vitliéu |Phwong trinh trang thai| M hinh bén '[\)/Ihoér;:g;
1 |Tramno_ PEN1.77 e
2_|Thudc nd A-1X-1 JWL | e | e
3 |Phéu lot CU-OFHC Shock SteinbergGuinan|  --------
4 |Than vo AL7039 Shock Johnson-Cook |~ --------
5 |Tam chan song | PLEXIGLAS Shock | s | e
6 [Muc tiéu ARMOX440T Line Johnson-Cook |Johnson-Cook
Bing 3. Cdc thong so trong phwong trinh trang thai JWL ciia cdc logi thudce né [9].
Thuéc n6 PETN 1.77
po(g/cm®) | A(Mbar) | B(Mbar) R: R2 ® D (m/s)
1,77 6,17 0,169 4.4 12 0,25 8300
Thuoc n6 OCTOL
1821 | 749 | 0134 | 45 | 12 | 038 | 8480
Bing 4. Cdc théng s6 phuong trinh trang thdi Shock ciia CU-OFCH [9].
po r Ct St C2 Sz ® ®
(g/cmd) (cm.us™) (cm.us™) v, v,
8,96 2,02 0,394 1,489 0 0 0 0
Bing 5. Cdc théng s6 mé hinh ting bén Steinberg-Guinan ciia CU-OFCH [9].
G GS Gg max B N GT GT (GS )p The
(Mbar) | (Mbar) | (Mbar) (Mbar/K) (K)
0,477 0,0012 | 0,0064 36 0,45 1,35 -1,78%-4 | 0,003396 | 1790
Bing 6. Cdc thong s6 phicong trinh trang thdi Shock ciia AL 7039 [9].
Po r C Si C2 Sz = vE
(g/cmd) (cm.us™) (cm.us?) v, A
2,77 2 0,533 1,338 0 0 0 0
Bing 7. Céc théng sé phwong trinh trang thdi Shock ciia Plexiglass[3].
po_ r Ci ; s, Cz ) S, vB vB
(9/cm?) (cm.us™) (cm.us™) v, v,
1,186 0,97 0,2598 1,516 0 0 0 0
Bing 8. Cdc théng s6 mé hinh bén Johnson-Cook ciia muc tiéu [12].
P A B Troom The
gemd) | (MPa) | (Mpa) c " " (K) (K)
7,896 1,11e3 2e3 0,002 0,85 14 300 1793
Bing 9. Céc théng so ciia mé hinh pha hity Johnson-Cook [12].
D, D, D, D, D,
0,051 0,82 -0,46 -0,04 0

3.2. Két qua mé phéng
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Tir két qué trong (hinh 4) cho thdy v6i b tham s6 /ao; H; xr; yr] = [26,02; 89,99; 26,4; 45,9] cho
chiéu sau xuyén 16n nhat b = 753 mm phu hgp vai két qua toi uu GSA.

Truong hop [ao; H; x1; yr] = [29; 89,99; 26,4; 45,9]

Truong hop [oo; H; x7; yr] = [28; 89,99; 26,4; 45,9]

21lmm

i e ———

Truong hop [ao; H; Xt; y1] = [27; 89,99; 26,4; 45,9]

Truong hop [oo; H; xr; yr] = [26,02; 89,99; 26,4; 45 9]

Truong hop [ao; H; x7; yr] = [25; 89,99; 26,4; 45,9]
Hinh 4. Két qud mé phong Autodyn 2D véi mét s6 bé tham sé [oo; H; X7 yrl.

4. KET LUAN

Dua trén co s6 1y thuyét vé nguyén ly cua thuat toan GSA, két hop v6i phuong phap tinh toan
uy lyc dan 16m c6 tinh dén vi tri kich n6 va phuong phap md phong Autodyn 2D thiét 1ap duoc
md hinh toan hoc mo ta qua trinh lan truyen song nd, qua trinh hinh thanh dong xuyén va va xuyén
ctia dong xuyén vao ban thép ciia dau nd 16m c6 sir dung tdm chan séng, sir dung cong cu 1ap trinh
MATLAB buéc dau tim ra bo cac tham sé t6i wu cta két cdu (goc mo phéu 16t a, = 26,02°, chidu
cao phéu 16t H = 89,99 mm, hoanh d¢ tdm chin séng xr = 26,4 mm, tung d tm chn séng yr =
45,9 mm) dé dé co chiéu sau xuyén 16n nhat b = 717,98 mm. Sai s6 so v6i phuwong phéap mo phong
1a 5%. Ket qua tinh toan lam co s¢ cho vi€e dinh hudng thiét k&, ché tao cac loai dau nd 16m co st
dung tim chén song c¢& 110 mm dé nang cao kha ning xuyén. Phuong phap nghién ctru c6 thé mé
rong pham vi khao sat cia thuat toan GSA dé khao sat nhiéu tham sb hon nhu: vat liéu phéu 16t
vat liéu thube nd, hinh dang thudc nd, tiéu cu nd,...
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ABSTRACT

Optimization of structural parameters of the warhead
to the penetration ability of the shaped charge

The study of the rational selection of structural parameters for shaped charge warheads
to achieve maximum penetration power is always a pressing issue that has received
significant research attention. In this paper, the authors use a method for calculating the
penetration power of shaped charges that takes into account the detonation position,
combined with the Gravitational Search Algorithm (GSA) and the Autodyn 2D simulation
method, to optimize the structure of a 110 mm shaped charge warhead by varying the
following parameters: the half-angle of the liner cone ao, Which varies within the range of
[25°; 30°]; the height of the liner cone H, varying within the range of [87 mm; 90 mm]; the
x-coordinate of the secondary detonation center xr, varying within the range of [21 mm; 27
mm]; and the y-coordinate of the secondary detonation center yr, varying within the range
of [40 mm; 47 mm/. This initial research has identified a parameter set [ao; H; Xr; yr] that
achieves a maximum penetration depth of b = 717.98 mm.

Keywords: GSA; Optimization; Shaped charge warhead; Liner structure; Penetration.
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