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TOM TAT

Bai bdo nghién ciru dnh hwéng ciia cdc tham sé géc mé va bé day phéu 16t dén uy luc dan
xuyén 16m quay. Nhom téc gia da sir dung mé phong 3D bang phwong phép khéng lwéi SPH trén phan
mém Ansys Autodyn d@é khdo sdt anh hwong cia géc mo va bé day phéu 16t dan xuyén lom quay. Poi
twong nghién cvru la dau dan xuyén 16m cé 40 mm, goc mé phéu I6t a gom ndm phwong dn: 24°, 27°,
30°, 33°va 36°. Bé day phéu I6t & gom sdu phirong dn: 0,6 mm, 0,8 mm, 1,0 mm, 1,2 mm, 1,4 mm va
1,6 mm. M6 phong sé tién hanh véi toc do quay quanh truc doi xirng cuia dan ¢ hai tru’o*ng hop. khong
quay va quay 10000 vong/phut Két quda mé phéng sé cho thay khi dan khong quay ton tai mot gid tri
tham s6 thiét ké phéu 16t t6i wu, tai do chiéu sdu xuyén ciia dan dat gia tri 161 wu, twong t O triueong
hop dan quay 10000 vong/phiit ciing ton tai mét gid tri tham sé thiét ké phéu 16t toi wu. Phwong phdp
nghién civu nay cé thé dwoc sir dung dé toi wu thiét ké két cau dan lom quay.

T khoa: Pan xuyén 16m quay 40 mm; Uy lyc dan xuyén 16m; Phiong phdp SPH; Phéu 16t
dan xuyén lom.

ABSTRACT

This paper investigates the influence of the liner apex angle and liner thickness on the
penetration performance of a rotating shaped charge. The authors employed three-dimensional
numerical simulations using the mesh-free Smoothed Particle Hydrodynamics (SPH) method
implemented in ANSYS Autodyn to analyze the effects of the liner apex angle and liner thickness
on the performance of the rotating shaped charge. The object of study is a 40-mm caliber shaped
charge warhead. The liner apex angle o. was considered in five configurations: 24°, 27°, 30°, 33°,
and 36°, while the liner thickness 6 was investigated in six configurations: 0.6 mm, 0.8 mm, 1.0 mm,
1.2 mm, 1.4 mm, and 1.6 mm. Numerical simulations were carried out for two rotational conditions
about the charge axis of symmetry: non-rotating and rotating at 10000 rpm. The simulation results
indicate that, in the non-rotating case, there exists an optimal set of liner design parameters at
which the penetration depth reaches a maximum value. Similarly, for the rotating case at 10000
rpm, an optimal liner design parameter set is also observed. The proposed research approach can
be applied to optimize the structural design of rotating shaped charges.

Keywords: Rotating shaped charge warhead 40 mm; Penetration of shaped charge
warhead; SPH method; Shaped charge liner.
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1. PAT VAN PE

Trong dan xuyén 16m, khi séng nd lan
truyén doc phéu 16t, ap suat san pham nd c6 thé
dat t6i 10° atm voi van tée nén ép 5+15 kmy/s,
tao nén trang thai bién dang cuc 16n cua kim
loai. Trong diéu kién ndy, vat liéu phéu 16t c6
thé duoc coi nhu chét 1ong 1y tuong chiu nén,
Xay ra qua trinh phan b lai dong niang va tap
trung nang lugng vao 16p kim loai mong phia
trong phéu. Do chénh léch van toc dich chuyén,
16p kim loai phia trong (khoang 10+20%) hinh
thanh phan dinh dong, trong khi 16p ngoai tao
thanh chuo6i dong xuyén [6].

Céc ddc tinh hinh hoc phéu 16t, bao gom
hinh dang, goc m¢ va d6 day, c6 anh hudng
quyét dinh dén dic diém dong xuyén. Giam
goéc mo lam ting van tdc va chiéu dai dong
nhung dong thoi giam khéi luong va do bén
dong; ting d6 day phéu lam ting khéi luong va
d6 bén dong song lai lam giam van toc dong.
Thuc té tOn tai mot gia tri t6i uu cua do day
phéu, tai d6 kha nang xuyén sau dat 16n nhat

[6].

Mic du dd c6 nhiéu nghién ctru vé anh
huéng ciia tham sb két cau phéu 16t dén uy luc
dan xuyén 16m, tuy nhién cac cong bé lién quan
dén dan xuyén 16m quay con han ché. Cac két
qua ly thuyét va thuc nghiém cho thdy chuyén
dong quay gdy bt loi cho dong xuyén do chénh
léch van toc quay gitra dinh va chu01 dong, két
hop véi luc ly tim lam dong bi xoan, giam do
bén va d& giy, tir 46 lam suy giam kha ning
xuyeén.

Viéc md phong uy lyc dan xuyén 16m
quay bang mé hinh 2D gip nhiéu han ché; do
d6, phuong phap khong ludi SPH mé phong
3D trén phan mém Ansys LS-DYNA duoc lya
chon [3, 4, 7]. Trén co s& phuong phap SPH,
bai bao khao sat anh hudng cta goc md va bé

day phéu 16t d&én uy luc dan xuyén 16m c& 40
mm trong hai truong hop dan quay & toc do
10000 vong/phut (vi toc do quay 16n hon 6000
vong/phut thi anh huéng 16n dén uy luc xuyén
cua dan [6]) va dan khong quay.

2. CAC MO HINH CUA BAI TOAN MO
PHONG QUA TRINH HINH VA XUYEN
CUA PAU DPAN XUYEN LOM CO
CHUYEN PONG QUAY VAO MUC TIEU
BAN THEP

2.1. M6 hinh hinh hgc ctia bai toan

M5 hinh hinh hoc khao sat 1a dau dan
xuyén 10m c¢& 40 mm va muc tiéu la dich thép
c6 kich thuée @ x L = 60 x 100 mm dugc thé
hién ¢ hinh 1 dudi day:

250

30 100

Hinh 1. M6 hinh nghién ciru
1. Than vé; 2. Thuéce né; 3. Phéu I6t; 4. Muc tiéu

Pau dan xuyén 16m khao sat bao gdbm cac
bd phan: than vo, phéu 16t va thudc nd. Pau dan
khao sat c6 dang tron xoay, trong qua trinh khao
sat bai bao gilr nguyén kich thudc duong kinh
va tinh chit vat liéu cta than vé, muc tiéu, gitr
nguyén khéi lugng thude nd (35 gam), vét lidu va
khdi luong phéu 16t (13 gam). Chi thay dbi bé day
& va goc mé phéu 16t o dé tién hanh danh gia anh
hudng ctia cac tham sb két cau phéu 16t dan xuyén
16m quay dén uy luc xuyén 16m.

Bai toan su dung phuong phap tinh toan

SPH trén phan mém Ansys Autodyn dé mo <
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phong qua trinh tir khi kich nd dau dan dén khi
dong xuyén dugc hinh thanh hoan toan va moé
phong qué trinh tuong tac gitra dong xuyén voi
muc tiéu ban thép. Chon kich thudc hat 0,4 mm
[4]; thoi gian chay may ctia mdi phuong an 1a
12 dén 72 gio.

2.2. M6 hinh vit li¢u trong bai toAn mé phéng
2.2.1. Mé hinh vt ligu thuéc né

Can cur vao su tuong duong gilra vat
liéu thuc té ctia dau dan xuyén 16m va vat liéu
trong thu vién phadn mém Ansys, trong mé hinh
mé phong st dung thudce nd trong dau dan 1a
Comp B [2].

Bdng 1. Cdc thong soé trong phwong trinh trang thai JWL ciia chat né Comp B

P, D A
kg/m3 km/s Gpa R, R, ¢
1,717 7,98 5242 7,678 4,20 1,10 0,34

2.2.2. M6 hinh vit ligu than vé, phéu Iot va
muc tiéu

Can ctr vao su tuong duong gilra vat
liéu dung trong dau nd 16m va vat liéu trong
vién ph?ln mém Ansys, chon céac vat li¢u than
vo, phéu 16t va muc tiéu nhu sau:

Vit liéu than vé 1a nhdm AL 6061-T6,
khi chiu ap sudt ctia san pham nd, vat liéu nay
c¢6 bién dang 16n. Vi viy, trong khi mo phong
stir dung phuong trinh trang thai Shock dé mé ta
mo hinh vt liéu ctia than vo. Vat liéu phéu 16t

chon 14 dong CU-OFHC2.

Vat liéu muc ti€u 1a thép co kich thudc
® x L =60 x 100 mm, chon vat liéu muc ti€u
la thép C45. Can ctr vao su tuong duong gitra
thép C45, ta chon trong thu vién vat li€u cua
phan mém Ansys 1a thép STEEL 1006.

Céc thong sd phuong trinh trang théi
Shock va mo hinh ting bén Johnson-Cook ciia
cac loai vat liéu dugc cho trong bang 2, 3 [1]
duoi day.

Bdng 2. Cdc thong so phwong trinh trang thai Shock ciia vt liéu

VB
TT | Tén vatli¢u p, g/cm’ r C,cm.ps’ S, C, em.ps?! S, o
0
1 AL 6061-T6 2,703 1,97 0,5240 1,4 0 0 0
2 STEEL 1006 7,896 2,17 0,46 1,49 0 0 0
Bdng 3. Cdc théng s6 mé hinh tang bén Johnson-Cook ciia vt liéu
TT | Ténvatli¢u | p g/em® | AMbar | B Mbar C n m T K
1 STEEL 1006 7,896 0,00275 0,0035 0,022 0,36 1 1811
2 CU-OFCH2 8,960 0,00292 | 0,0009 0,025 0,31 1,09 1355
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3. KET QUA VA THAO LUAN
3.1. Phwong 4n thay ddi goc mé phéu 16t

Bai bao khao sat anh huong cia goc
mo o phéu 16t voi 5 truong hop: 24°, 27°, 30°,
33° va 36° twong (mg v6i chidu cao h cia phéu
16t 1an lugt 1a: 24,5 mm, 24 mm, 24,5 mm, 22
mm va 20 mm. Tién hanh mé phong bang phan

mém Ansys Autodyn, module SPH trong 5
truong hop trén voi 2 phuong an dau dan quay
quanh truc voi cac van tdc quay 0 vong/phut
(khéng quay) va 10000 vong/phtt (tuong ting
voi 0 rad/s va 1047 rad/s). Bang 4 1a hinh anh
két qua mo phong & cac goc mo phéu 16t: 24°,
30° va 36° tai thoi diém 0,1 ms (hinh d4nh mo
phong da bo hinh anh cua thude no va than vo).

Bdng 4. Két qua mé phong qud trinh hinh thanh dong xuyén twong tac véi ban thép véi cdc trieong hop
thay doi géc mé phéu lot

Goe mé o Téc dd quay ciia dan (vong/phiit)
(d9) 0 10.000
24°
30° . )
== R L e
36° oy
-~ o o RO
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Tir két qua mé phong vai cac trudng goc
m& phéu 16t ¢6 thé thiy: khi dan khong quay,
hinh 4nh dong xuyén khi goc mé phéu 16t ting
dan c6 hinh dang 16n va ngan hon, duong kinh
dong ting dan. Khi dan quay, hinh dnh tuong
tu nhung ngin hon dan khéng quay. Két qua
khao sat chiéu sdu xuyén muc tiéu twong tng
cac truong hop goc ma phéu 16t duoc cho trong
bang 5 (két qua chiéu sau xuyén c6 thé c6 sai s6
v6i phép do chiéu dai trén phan mém Ansys).

Bdng 5. Chiéu sdu xuyén thép ciia dan doi voi
cac truong hop goc mo pheu lot khi dan quay va

khong quay
Chiéu sau xuyén b P gism chidu
Goc (mm) sdu xuyén khi
mé o dan quay so
(d9) | Khong | Quay 10000 | véi khong quay
quay | vong/phut (%)
24° 76,0 55,0 27,6
27° 78,0 53,0 32,1
30° 80,0 56,0 30,0
33° 76,0 59,0 223
36° 67,0 57,0 14,9

C6 thé thay, chiéu sau xuyén cia dan
cang giam khi van tc quay cang 16n, diéu nay
phu hop véi Iy thuyét uy luc dan. So véi dan
khong quay, chidu siu xuyén cua dan quay
(10000 vong/phut) véi cac truong hop goc md
phéu lan luogt 1a: 24°, 27°, 30°, 33° va 36° giam
lan luot 13 27,6%; 32,1%:; 30%; 22,3%; 14,9%.
Nhu vay, & goc md a = 36° (g6c md 16n nhat)
c6 do giam chiéu sau xuyén it nhét, ton tai mot
gia tri goc mé & d6 do suy giam nhidu nhét
nhung d¢ sau xuyén khi dan khong quay dat
gia tri toi uu (o= 30°).

0
B0
. '__’4.,.’—&\\
60 .____.'___,-r-'""_‘“"

b o) > ——  Bian Khéng quay
o == Ban quay 10.000 vong/phit
0
0
1
0

N i 30 E " 36

a (d)
Hinh 2. Chiéu sdu xuyén thép cia dan doi véi
cac trieong hop géc mé phéu 16t khi dan quay va

khong quay

Tir két qua bang 5 va dd thi hinh 2 cho
thay: khi dan khong quay ton tai mot gid tri goc
m& phéu 16t t6i vu tai d6 chiéu sau xuyén cua
dan 13 16n nhét, twong tu véi trudng hop dan
khong quay ciing ton tai mot gia tri goc mo
phéu 16t tdi wu, goc mé phéu 16t tdi wu cua hai
truong hop trong khoang a = (30+33)°.

3.2. Phwong 4n thay ddi bé day phéu l6t

Khao sat anh huong cta bé day & cia
phéu 16t véi 6 trudng hop: 0,6 mm, 0,8 mm,
1,0 mm, 1,2 mm, 1,4 mm va 1,6 mm tuong
mg v6i chiéu cao h ciia phéu 16t lan lugt 1a:
32,4 mm, 27 mm, 24,5 mm, 20,5 mm, 19,5 va
17,5 mm. Tién hanh mé phong bang phan mém
Ansys Autodyn, module SPH trong 5 truong
hop trén véi 2 phuong an dau dan quay quanh
truc voi cac van téc quay 0 vong/phiit (khong
quay) va 10000 vong/phut (twong ung véi 0
rad/s va 1047 rad/s). Bang 6 1a hinh anh két qua
mo phong vai phéu 16t c6 bé day: 0,6 mm, 1,2
mm va 1,6 mm tai thoi diém 0,1 ms (hinh anh
mo phong dd bo hinh anh cua thude n6 va than
Vo).
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Bdng 6. Két qua mé phong qud trinh hinh thanh dong xuyén twong tac véi ban thép véi cdc trieong hop
thay doi bé day phéu l6t

A A S \ ,
X Toc d§ quay cia dan (vong/phut)
A 33 0 2
Beé day 6
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Tir két qua md phong voi cac truong bé
day phéu 16t c6 thé thay: khi dan khong quay,
hinh anh dong xuyén khi bé day phéu 16t ting
dan c6 hinh dang thon nhon hon, dudng kinh
dong giam dan. Khi dan quay, hinh anh tuong

tr nhung ngin hon dan khéng quay. Két qua
khao sat chiéu siu xuyén muc tiéu twong ng
cac trudng hop bé day phéu 16t duge cho trong
bang 7 (két qua chiéu su xuyén c6 thé c6 sai s6
v6i phép do chiéu dai trén phan mém Ansys).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 nam 2026 229
cokhivietnam.vn

(?



NGHIEN CUU - TRAO DPOI

Badng 7. Chiéu sau xuyén thép cia dan doi véi cic
truong hop bé day phéu lot
khi dan quay va khong quay

Chiéu siu xuyén b .
(mm) D giam chicu
Bé sdu xuyén khi
day o dan quay so
(Mm) | hong | Quay 10000 ¥ kh(?,;‘f quay
quay | vong/phut °
0,6 57 47 17,5
0,8 75 62 17,3
1,0 80 56 30,0
1,2 73 60 17,8
1,4 66 62 6,1
1,6 57 56 1,8

C6 thé thay, chiéu sau xuyén cia dan
cang giam khi van tc quay cang 16n, diéu nay
phu hop vé6i 1y thuyét uy luc dan. So voi dan
khong quay, chidu siu xuyén cua dan quay
(10000 vong/phiit) véi cac truong hop bé day
phéu lan luot la: 0,6 mm, 0,8 mm, 1,0 mm, 1,2
mm, 1,4 mm va 1,6 mm giam lan luot 1a 17,5%;
17,3%; 30%; 17,8%; 6,1% va 1,8%. Nhu vay, &
gid tri bé day phéu 16t & = 1,6 mm (bé day 16n
nhat) c6 4o giam chiéu sau xuyeén it nhat, ton tai
mot gia tri bé day ¢ d6 do suy giam nhiéu nhat
nhung d6 sau xuyén khi dan khong quay dat gia
tri t6i wu (8 = 1,0 mm).

B
o -+ L 1 |
L)
bumul:‘ —— Do khbng quay
0 |

—=— Dan quay 10.000 véog/plait
E

m
10

o '
o6 oe 1o 1.2 14 16

& (nam)
Hinh 3. Chiéu sau xuyén thép ciia dan doi véi cdc
truong hop bé day phéu lot khi dan quay va
khong quay

Tir két qua bang 7 va d6 thi hinh 3 cho
thdy: khi dan khong quay ton tai mot gia tri
gdc mé phéu 16t t6i wu tai d6 chidu siu xuyén
ctia dan 1a 16n nhat, twong tu voi truong hop
dan khong quay ciing ton tai mot gi tri bé day
phéu 16t tdi wu, gia tri bé day phéu 16t & cua
hai truong hop trong khoang tr (0,8+1,2) mm.
Khi bé diy phéu ting dan, chiéu sau xuyén cia
hai truong hop suy gidm c6 xu huong hai tu tai
mot diém. Pidu ndy c6 thé duogc giai thich nhu
sau: khi bé day phéu 16t ting 1én thi chiéu dai
dong duoc tang 1én do dong dugc bu lién tuc
tir vat liéu phéu 16t. Tuy nhién, khi bé day phéu
16t tang dén mot mirc ndo d6 thi toc do nén ép
phéu 16t lai giam dan dén chiéu sdu xuyén cua
dong bi giam. Do do, ton tai mot gia tri bé day
ph&u 16t phtt hop, cho chiéu sau xuyén thép 16n
nhit. Tuy nhién, diéu nay chi phu hop véi dan
khong quay hodc quay it. Pbi v6i dan co toe do
quay lon, sy phu thudc nay tuong ddi phuc tap
vi sy anh huong boi luc ly tim, gradient van toc
goc... 6 mdi phan té phéu 16t 1a khac nhau. Cac
anh huong ké trén kho duoc thé hién trong cac
mo hinh tinh toan giai tich, nhung c6 thé duoc
thé hién thong qua phuong phap mé phong sb.

4. KET LUAN
Tir két qua nghién ctru nhan thay rang

anh hudng ciia goc mo va bé day phéu 16t dén
uy luc cua dan xuyén 10m la dang ké. Ton tai
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mot gia tri tham s két cdu phéu 16t ti wu & do
dan c6 uy lyc tot nhit, ¢ hai truong hop quay
va khong quay. Dbi véi goc ma, gia tri t01 uu tir
(30+33)°; v6i bé day phéu 16t, gia trj toi vu tir
(0,8+1,2) mm. Tir két qua nay c6 thé thay, dbi
v6i dan xuyén 16m ¢& 40 mm cé toc do quay
quanh truc 16n (trén 10000 vong/phut) nén thiét
ké phéu c6 bé day 16n tang hiéu qua xuyén cua
dan, d6i v6i dan xuyén 16m khac c6 tbe d6 quay
quanh truc 16n ciing c¢6 thé 4p dung phuong
phap tinh toan nay dé thiét ké phéu 16t vi phu
hop véi 1y thuyét.

Két qua md phong 3D dan xuyén 16m
bang phuong phap SPH trén phan mém Ansys
Autodyn hoan toan pht hgp véi 1y thuyét toan
uy lwc dan 16m khi t6i vu hoa cac tham sé két
céu ctia phéu 16t. Co thé tmg dung phu’orng phap
mo phong nay dé khao sat hoan thién toi uu két
céu dan xuyén 16m c6 chuyén dong quay. <
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