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TOM TAT

Pha hity v6 boc kim logi la qud trinh vit Iy né phire tap. Trong nghién ciru nay, tac gia trinh
bay mo hinh toan hoc bai toan né vt no cé vo boc va ung dung phirong phap tinh todn song song
trong phan mém A nsys Autodyn dé khao sat qud trinh pha hiiy vit né cé vo boc. Két qua nghién ciru
da thiét ldp dwoc bai todn song song trén may tinh chuyén dung 16 nhan, 32 luong, tin dung cac
kha nang cua hé da bé xir Iy trén may tinh daé d‘c?iv nhanh qud trinh tinh toan, dap img kip thoi viée
nghién ciru, giai bai toan mé phong qud trinh pha hiy vat né cé vo boc. Két qua nay dung dé phuc
Vi cong tac nghién citu, mé phong giai bai toan thiét ké dan diroc.

Tir khoa: M6 phong; Vit né ¢é vo boe; Tinh toan song song.
ABSTRACT

Metal case failure is a complex process of physics explosion. In this study, the author presents
the mathematical model of a problem of cased explosive device detonation and the application
of parallel computing in the Ansys Autodvn sofiware to investigate the destruction process of
cased explosive device. The research results have set up a parallel problem on 32-thread. 16-core
specialized computers, taking advantage of the capabilities of a mulii-processor system on the
computer to speed up the calculation process and timely responding to studyin g and solving the
problem of simulation of ‘the destruction process of cased explosive device. This result is used for
research and simulation of a ammunition design problem.
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1. PAT VAN DE

Mé phong cic qua trinh nd va va dap
ctia vat nd rat da dang va phong pht, tiy thudc
vao muc dich nghién clru sé dua ra bai toan cu
thé. Pé nghién ctru qué trinh nd vat nd thuong
chia thanh hai nhém co ban: N6 vit nd cé vo
boc va né vat nd khéng co vo boc. Vit no co
vo boc 1a dang két céu hay gip trong k¥ thuat
quan su (bom, min, lyu dan...) va mC)’t sb vat
nd tu ché thuong gip trong cong tac dau tranh
phong, chéng t6i pham (6ng kim loai ché sin).
Con dbi vé6i vt nd cé vo boc mong, vt 1y nd
coi nhu nd khong c6 vo boc (hdp lon bia, lon
nuGe giai khat, hop nhua, boc gidy, nilon...).
Cung véi su phat trién cua khoa hoc may tinh,
cac phuong phap s6 giai bai toan bién dang,
pha huy cling dugc phét trién va hoan thién t6i
murc chuyén sau nhu phan mém Autodyn, Ls-
Dyna [10-11], voi kha ndng giai cac bai toan
phi tuyén cao, xur 1y chinh xéc su twong tac
giita cac mién vét 1y khi, long, rdn véi vat licu
mot pha hay da pha.

O trong nuée, da co nhiéu nghién ciru
vé qué trinh nd, lan truyén va pha huy cua chat
nd tmg dung trong thiét ké, ché tao dan duoc
song viéc mé phong qua trinh nay chu yéu
nghién ciru vé su pha huy cua dan duoc dé xac
dinh tinh sinh manh hay khi va cham v&i muc
tiéu. Mot trong sb van dé quan trong hién nay
khi khai thic cac phin mém mo phong hién
dai la can nghién ctru k§ mé hinh vat ly, trén
co s0 do xay dung mé hinh toan hoc dé c¢é co
s¢ khoa hoc lua chon giai phap k§ thuat phan
mém phu hop véi bai toan thue té, bao dam
sao cho t6i vu kha nang giai, giam thiéu chi phi
nhan cong, vat tu va thiét bi. Dién hinh 13 baj
toan md phong qué trinh nd véi mé hink vt ly
—toan hoc phtre tap, chi phi thoi gian tinh toan
trén may rat lon. Do vay, dé dam bo tinh khs
thi ap dung m6 hinh tinh toan vao thuc & cip
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khai thac, str dung phuong phap méi véi hiéu
nang tin toan cao - Ky thuit tinh toan song
song [1], [3-8].

Trong pham vi nghién ctu, trén co sO
mo hinh vat 1y ctia bai toan né vat nd c6 vo boc
kim loai bang lugng né cung hé thng cac gia
thiét phu hop, tac gia xay dung md hinh toan
hoc va sir dung phuong phap tinh toan song
song trong phan mém Ansys Autodyn-3D dé
giai, nham khéo sat qué trinh n6 cua vo boc
kim loai, cdc két qua tinh toan duoc so sanh
voi két qua thyuce nghiém.

2. MO HINH TOAN HQC QUA TRINH
NO CO VO BQC

2.1. M6 hinh hinh hoc

bé don gian hoa trong qua trinh mo
phong qud trinh nd va va dap, trong cac dbi
tugng vét nd nghién ctru, chon md hinh hinh
hoc cua bai toan tuong tac giita thude né va
vo boc (hinh 1). Xem xét mé hinh vat nd dang
hinh céu hé, vat liéu ché tao than vo 1a kim
loai, bén trong nhdi thube néd dang hinh céu,
bén ngoai dang hinh ciu duoc tao cac ranh tap
trung ting suét. Toan b két céu thude né - vo
boc dat trong moi truong khong khi vo han.
Trén co s6 mo phong vét né co vo boc do, phat
trién mo6 phong cac loai vat no da dang khac.

f[inh 1 . Mo lzin{z hinh hoc cia bai todn:
1) Lo ren lap ngdr‘ no; 2) Lo I{?}J ngoi no; 3 ) Thuoc
no TNT: 4) Théin lyu dan.
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Céc dac trung hinh dang cia vat nd
gom: D, ,— Buong kinh ngoi no; D, — Pudng
kinh thudc no; D_—DPuong kinh vo.

2.2. Hé théng cac gia thiét

- Vit liéu vo kim loai dong nhat, déng
hudng, co tinh bén, tinh deo.

x - Bo qua anh huong cua trong luc.

- Thoi diém ban déu, than vo va thude
nd khong cd ung suét va bién dang, xem xét
trong diéu kién ap suét khi ‘quyén. Trong moi
truong khong khi, thude no, vat lidu thin vo
khong c6 ngudn phét nhiét va khong co tac
dong cua cac ngoai luc va nguon nhiét bén

ngoai.
2.3. M6 hinh toan hoc

Pé mo ta qua trinh hinh thanh va lan
truyén séng no. bién dang va pha v& than vo
vat nd, va dap voi moi truong xung quanh
ching ta nghién ctru hé phuong trinh m6 ta
bai toan bao gdom cac phuong trinh bao toan
co ban; cac phuong trinh trang thai mo ta tinh
chét ctia chit nd, san pham nd, vét liéu than vo,
vt ligu va cham; cac phuong trinh dong hoc
va bo sung [9]. Véi cac gia thiét da dit ra (muc
1.2), c6 thé bo qua cac thanh phan ngoai luc,
bo qua qua trinh trao doi nh]et trong vat chét
thi hé phuong trinh bao gdm cac phuong trinh

co ban sau:

- Phuong trinh bao toan khéi lugng viét
dudi dang vi phan co dang:

f{_[)_+vl_(p111):0; (D
dt

Trong do6: V- Toan tu Haminton; p -
Mat do; v - Thé tich tuong doi.
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- Phuong trinh bao toan dong luong
(phuong trinh chuyén déng) co6 dang [9]:

dv.
p}; =V,0y; @)

Tron0 do: oy~ Cac thanh phan cudng
do tmg sut.

- Phuong trinh bao toan nang lugng
dang rat gon (khi khéng co nguf‘m nhiét va
dong nhiét) [9]:

P =9 & (3)

Trono do: E- Noi nang riéng; 5 - Cac
thanh phan toc do bién dang.

- Phuong trinh lién hé:

. .
—sily G AB, =26 & oLl |
dt 3p dt °F

Trong d6: J- 1a dai lugng vo hudng;
A Cong bién dang deo.

- Phuong trinh trang thai vét liéu than
vo dang da thire nhu sau:

p=Cy+Cp+Cop’ +Ci’ +(C, +Cou+ C)E; (5)
Trong do: C, G T 0 G €, =
cac héng sd vat ligu, u= 4_1
»

- Phuong trinh mé ta tinh chét tang bén
cua than vo:

:[A +B_(gff’)"}(l +C1ns‘f(’,)[l—T’”] (6)

Trong do: A- Gigi han chdy cua vat &
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liu; B — Hé s0 mg suat bién cing cua vat
liéu; C- Hang s6 toc do bién dang; m — S6 mi

P

: ia L i . &;
mém do nhiét; n — SO mil tdng clng; &) ==
0

- Toc d6 bién dang déo hi¢u qua khi &, =15™';

_ T-T, e -

T = ; T- Nhiét do hién thoi; T,- Nhiét
Lo~

do ban dau; T _ -Nhiét do nong chay cua vat
liéu.

- Phuong trinh trang thai san pham nd

[2]. [9]:

@ | _py w | ar @F
=A|l-———|e™™ +B| |- e +—; (7)

Trong d6: w, A, B, R, R,-Cac hi'mg sd
thuc nghiém.

- Phuong trinth trang théi cua khong khi
dang gamma:

p=(r-1)£E; (8)

Trong d6: v 1a hé sé; p — Ap suit cna
san pham no.

- Cac phuong trinh dong hoc:

u, =u(X,0)=x.(X,t)-X,; (9)
ou. .

v :T'—:ul,(X,t); (10)
ot

a =L =i (X,1); (11)
ot

- Céc phuong trinh bé sung:

suzé(vjvj+va;); (12)
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|
& = E(V"uf +V i, +Vu Vot ); (13)

O-ij = _pgij ot ij; (14)

. 3 .

’?':20_2 o & - (15)
T

" Trox)g do: x, - Dich chuyén cua chit
diém; u. - s0 gia dich chuyén;
V- Van toc; a. - gia tdc.

Khi‘ giai cac phuong trinh trén cin
phai dat diu kién diu vao va didy kién bién
phu hop. Gla sur réng vat liéu than vo va chit
no (thoi diém ban dau) khong c¢ bién dang,
khong cé ung suat va khong chuyén dong. Khi
do 6 cac diéu kién diu say day:

"’f(xfso) = V{JBp(xi’O):p’Gij (xno) =0 (16)

Pi(%.0)=0,E(x,0)= £, (17)

) Giffa than vo, thude no, khong khi can
phai dt dicu kién tiép xtc. Cac diéu kién bién
trian bé mit nay b khéng ché b vén toe éhuyén
d(_{ng f:yla cac diém ndm trén bé mit tiép xfc.
Czic d_lém cua bé mit nay khong xuyeén qua bé
mat cua vat liéy kia:

Vin=v .n (18)

Trong do: V,V, —
thude vat ligu thir nhat va
mat tiép xfic.

o Trang thai ing suj¢ cting bi han ché, taj
cac di€m nay theo dinh luat 3 Niuton: '

(O'm _O_ijz)nj =0 (19)
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Trong do: S50 - Ung suat tai cac
diém trén bé mit ticp xuc co cung;,:r toa d6 nhung
lan luot thude vat lidu thir nhat va thi hai.

3. UNG DUNG MO DPUN TiNH TOAN
SONG SONG TRONG ANSYS MO
PHONG THUC NGHIEM NO

Tinh toan song song la mdt hinh thic
tinh toan trong do nhiéu phép tinh duoc thuc
hién déng thoi, hoat dong trén nguyén tic 1a
nhiing van dé 16n déu c6 thé chia thanh nhiéu
phin nho hon, sau dé duge giai quyét tuwong
tranh (trong linh vuc tinh toan). C6 nhiéu hinh
thirc khac nhau cua tinh toén song song: Song
song cép bit, song song cz‘ip Iénh, song song dir
liéu va song song tac vu. Trong nhirng nim gin
day, tinh toan song song da tr¢ thanh mo hinh
théng tri trong linh vuc kién trac may tinh,
phin 16n 1a dudi dang bo xir Iy da nhan [3-7].
Muc dich cua xur 1y song song la tan dung cac
kha ning ctia cic hé da bo xur 1y dé thuc hién
nhung tinh toan nhanh hon trén co so sur dung
nhiéu bo xir Iy dong thoi. Cling voi toc do xur
ly nhanh hon, viée xur ly song song cling s¢ giai
quyét dugc nhitng bai toan 16n, gan vdi thuc té
hon.

Mot sé md dun tinh toan song song da
duoc Ansys hd tro phat trién trong do ¢6 md
dun Autodyn. Tuy nhién, viéc ung dung Vao
trong cac bai toan 16n tai Viét Nam con hét stre
han ché, chua co cac cong trinh cong bd rong
réi, chi tiét vé van dé nay.

Hinh 2. So do xit IV song song trong Ansys
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Véi muc tiéu nghién ciru Gng dung
mé dun tinh toan song song vao coéng viée
xdy dung mé hinh thuc nghiém no, tic gia s&
khong di sdu tim hiéu vé cac thudt toan ciing
nhu chuong trinh tinh toan, chi tdp trung vao
viée (mg dung phan mém dé xu ly bai toan.
Qua trinh khai thac, nhom tac gia da hop tac
vol Trung tam DASI, Truong Dai hoc Bach
khoa Ha Noi. Viéc thiét 1ap bai todn song song
duoc thye hién trén may tinh chuyén dung 16
nhan, 32 luong tai Phong Thi nghiém Dan-
Ngoi, B mon Pan, Hoc vién Ky thuit Quan
su. Hinh anh thiét 1ap ché do tinh toén song
song dugc md ta trong hinh 3.

W
-

Hinh 3. M6 hinh manh vang va cham vao coc
niroe doce tinh song song voi § loi

Hinh 4. Ty Ié su dung CPU khi tinh toan song song

-

sl oL TR L Dk

Hinh 5. Tv I¢ sur dung CPU khi tinh toan tuan tu
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Trén hinh 4 va hinh 5 1a két qua su
dung tai nguyén mdy, vdi cing mot cau hinh
may tinh (CPU Xeon 16 x 2 nhan chuyén
dung cho may tram; Ram 32 Gb; Card d6 hoa
chuyén dung 8 Gb), ty 1¢ sir dung cong suat tai
nguyén mdy cho thidy CPU khéc nhau rét 16n:
Str dung 50% CPU cho phuong phép tinh toén
song song va 3% CPU cho phuong phap tinh
toan tuan tu.

Hinh 7. Dang mdnh vo qua lyu dan chay:

Ung dung mé phong qué trinh n luu
dan F1 bﬁng st dung tinh toan song song so
v6i phuong phap tinh toén tuan tu két qua co
ban khong thay doi nhung véi thoi gian chay
mdy nhanh hon nhiéu ln (tir 4 gio chay may

giam xudng con Y% g10) va nhu vay, nho (g
dung phuong phap tinh toan song song s& dem
lai hiéu qua ro rét.

Ly Ainlelnleln]s slalSTaTe
.- T s g
e et et s o W ey -

b)

(a) M6 phong trén Ansys Autodyn-3D:;

(b) Manh vo thu tai hién truong no

So sanh 1y thuyét, mé phong nhén tha
phu hop véi thue nghiém. Mét sb théng s6 ¢
trong bang duéi day.
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y: V,é co ban hinh dang, kich thuéc manh v twong doi
0 ban cia qua mo phong n6 lyy dan F1 duogc thé hién
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Bang 1. Mét s6 théng sé co ban ciia qua mé phong né qua lyu dan F1:

I Khoi lwong manh | Thé tich manh | Chidu dai manh | Téc d trung binh
: (mg) (mm’) (mm) (m/s)
1 6.71E+03 8.59E+02 24.75 842.72
2 6.69E+03 8.57E+02 25.11 845.79
3 6.60E+03 8.47E+02 25.43 840.72
4 6.57E+03 8.41E+02 24.98 846.95
5 6.52E+03 8.33E+02 25.16 853.2
) 6 6.31E+03 8.08E+02 26.13 844.14
7 6.31E+03 8.07E+02 25.7 847.01
8 5.65E+03 7.23E+02 25.93 870.52

4. KET LUAN

St dung mo dun tinh todan song song
trong giai bai toan chuyén sau sé khai thac
duge t0i da bo nhd méy tinh, day nhanh qua
trinh tinh toan, tiét kiém thoi gian, nhan vt luc
chay may so voi phuong phap tinh toan tuan tur.
DPéi v6i bai toan md phong thue nghiém hién
truong nod voi nhiéu dbi tuong phirc tap nén
nhét thiét phai thiét 1ap moéi truong tinh todn
song song va chay trén cidc may tinh c}luyén
dung cdu hinh cao mai dép rng yéu cau b‘fli
toan dit ra. Trong khuon kho bai bao, budce dau
thc gia tiép can mo hinh bai toan, khai thac va
ing dung mo dun tinh toan song song dé cai
thién tdt hon toc do md phong bai toan thuc
nghié¢m nd. Két qua nay co thé van dung dé
giai cac bai toan chuyén sdu khac trong linh
vuc thiét ké, ché tao dan dugc. <
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