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ANALYSING THE RELIABILITY OF GRENADE FUZES BY USING THE
RELIABILITY BLOCK DIAGRAM
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TOM TAT

Bai bdo xdy dung biéu thirc tinh xdc sudt lam viéc khéng héng (XSLVKH) tir so do cdu triic
cua ngoi lyu dan LD-01, ngoi no Y/[3 va ngoi luu dan URG-86. Tw cac biéu thirc nhdn dwoc thuc
hién mé phong theo phirong phdp Monte Carlo d@é tinh XSLVKH cua cdc ngoi tir XSLVKH ciia
cdc bo phdn cua ching. Két qua nhdn dwoc cho thdy, ngoi LD-01 ¢6 so dé cdu triic don gian nén
XSLVKH cua ngoi dat 0,9024 voi do léch chuan la 0,0194. Céc ngoi Y/[3 va ngoi cua lyu dan URG-
86 dwpc bé sung thém cdc bo phdn bao hiém, ngan cach ndng cao dé an toan ciia ngoi nén sé lwong
cdc bo phan tang gdp déi so véi ngoi lwu dan LD-01, nhing nho c¢é cdc cdu tric die trit nén do tin
cqdy dat duoc twong dwong voi ngoi lyu dan LD-01. Pac biét, ngoi Y/[3 co do tin cqy lam viéc kha
cao khi XSLVKH dat 0,9104 véi do léch chuan la 0,0188.

Tir khéa: P tin cdy phat hoa; Xdc sudt lam viéc khéng hong; So' d6 cau triic; Mé phong
Monte Carlo.

ABSTRACT

The paper establishes equations to calculate the probability of working without failure of
LD-01 grenade fuze, Y/[3 fuze and URG-86 grenade fuze by using the reliability block diagrams.
The received equations are simulated by the Monte Carlo simulation to understand the reliability
of there granade fuzes. The results shows that, also the reliability block diagram of LD-01 has no
redundance, but with only 4 components so that the mean of the reliability of this fuze is 0.9024
and the sigma is 0.0194. The Y/[3 fuze and URG-86 grenade fuze has reasonable reliability block
diagram with some redundance components so that with twice more components than LD-01 but
there fuzes has the probability without failure same as the LD-01 grenade fuze. The Y/[3 fuze has
the best reliability block diagram with the mean of its reliability is 0.9104 and the sigma is 0.0188.

Keywords: Reliability of ignition, Reliability of fuze; Reliability block diagram,; Monte
Carlo simulation.
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1. PAT VAN PE

Pé lyu dan thyc hién dung chirc ning,
tranh cac truong hop lam viéc bt thuong hoic
khong lam viéc khi stir dung, cac ngoi dung cho
lyu dan phai dat do tin cay hoat dong rat cao [1,
4-9]. Trong trang bi hién nay phd bién nhit 1a
ngoi hen gid bang lidu thude chay. Két cdu ngoi
gilt cham thudc chay don gian, dé sir dung va
gia thanh ché tao thap, tuy nhién ngoi c¢6 d6 an
toan va do bén lau kém. Dé nang cao hiéu qua
chién d4u va do an toan trong bao quan va st
dung, mdt $b ngoi da dugc thiét ké két hop tac
dung cham nd vdi tac dung giit cham dong thoi
bo sung cac bo phan ngan cach, bao hiém nho
do6 nang cao dd an toan cua ngoi [1].

4
a }.! f
a) b) c)

Hinh 1. Mt s6 loai luu dan
a) Lyu dan LD-01;
b) Luweu dan cham né PI'O (Idp ngoi YI3);
¢) Luu dan cham né URG-86

So dd céu trac bicu dién méi lién hé
logic do tin cdy cua cac bd phan chic nang
trong thiét bj. Mdi khdi trong so d6 ciu trac sé
tugng trung cho mot bo phan ma tong nhing
héng hoc cua cac bo phan s& dan téi hong hoc
cta toan bd thiét bi. Tir so d6 ciu trac cho
phép nguoi thiét ké tinh toan do tin cdy cua san
pham, tir d6 so sanh va lya chon phuong an
thiét ké dat duoc do tin ciy lam viéc theo yéu
cau[l, 3, 4, 9].

Phuong phap Monte Carlo dung mo
phong nhimng su kién ngau nhién. Trong tinh
toan do tin cay, phuong phap mé phéong Monte

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 295, thang 10 nam 2022

Carlo sé léy ngéu nhién d9 tin cay cua tirng bo
phén trong khoang gia tri kha di cta nd, tur d6
xéac dinh dugc viing phan bd do tin cdy cta hé
thong. Két qua md phong cho phép danh gia
anh huong ctia sy phan b va cap do tin cdy cua
céc bo phan chirc niang dén do tin cdy chung
ctia toan san pham [1, 3, 9].

Bai bao thiét 1ap biéu thuc xac dinh xac
suat lam viéc khong hong (XSLVKH) tir so
dd cAu trac cho mot sd ngoi lyu dan hi¢n nay
(ngoi lyu dan LD-01, ngoi Y /I3 va ngoi lyu dan
URG-86) két hop véi phuong phap méd phong
Monte Carlo dé xac dinh va so sanh xéac suét
lam viéc khong hong cia cac ngoi lyu dan véi
nhau.

2. THIET LAP SO PO CAU TRUC VA
BIEU THUC TINH XAC SUAT LAM VIEC
KHONG HONG CUA CAC NGOI LUU
PAN

2.1. So d0 céu triic ciia ngdi lyu dan LD-01

LD-01 1a ngoi giir cham bang liéu thudc
chay c6 cau tao nhu trén Hinh 2.

Hinh 2. Ngoi lyu dan LD-01
1. Bo phan bao hiém; 2. Co cdu cham né;

3. Bo phdn gitr cham, 4. Kip )
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Khi bd phan bao hiém (BH) giai phong
thi co cAu phat hoa (PH) 1am viéc tao ra tin hiéu
va truyén ti bo phan giit cham (GC). Sau 3,2-
4,2s, tin hiéu duogc truyén téi kip nd (KN), chtrc
nang cua ngoi dugc thuc hién. Voi két cAu, su
lién hé vé chuc nang lam vi¢c cua cac bd phan
nhu vy, so d6 cu tric cua ngoi nhu thé hién
trong Hinh 3.

Nem | gm PH Ge kN | Gand
(12)] @) (Ps) Pa)

i

Hinh 3. So' do cdu triic ciia ngoi LD-01

Trong so d6 cau tric trén Hinh 3, cac
khoi chtrc nang cta ngoi c6 XSLVKH lan lugt
1a: bd phan bao hiém (BH) - P1, co cdu phat
hoa (PH) - P2, bd phan gitr cham (GC) - P3 va
kip n6 (KN) - P4. XSLVKH cua ngoi duoc xac
dinh bang biéu thac [1, 3]:

P, =P.P,.P.P, (1)

Trong d6: P, la xac suat lam viéc
khong héng cia ngoi luu dan LD-01.

2.2. So' dd cAu tric ciia ngodi Y/I3

Ngoi Y/I3 dung cho cac lyu dan cham
n6 PI'O va PTH c6 ciu tao nhu trong Hinh 4
gém: B6 phan bao hiém cho co cdu phat hoa
(BH); Co cau phat hoa (PH); Co cdu cham nd
ban toan phuong (ChN); Co céu ngén cach
(NC); 3 bd phén gitr cham (GC, GC,, GC,) va
Kip n6 (KN). Hai b phan glu cham GC , GC,
chidn giit con trugt trong co cdu ngin cach bc}
phan g’ifr chefup GC, géyv nd cho ngoi sau 3-4
gidy neu co cau cham no khong lam viéc. Co
c4u cham nd ban toan phwong lam viéc tin cay
& cac goc cham tir 0° dén 150° [10]. Tir mbi
lién hé churc ndng nhu vay, ta c6 so dd chu trac
ctia ngdi cham n6 YJI3 nhu trén Hinh 5. Nhu
vay, so v6i ngodi nd LD-01, ngoi nd Y3 di co

du trir song song gitra b phan gilt chdm va bo
phan cham nd bao dam do tin cay lam viéc cua
ngoi trong truong hgp mot trong cac bo phan
trén bi hong. Pong thoi, ngoi da bo sung thém
co cAu ngan cach hat ltra, tir d6 ning cao déng
ké do an toan ctia ngoi trong bao quan va chuan
bi st dung.

Trong ngoi Y3, cac cum gitt cham
2 (GC ) va gitt cham 3 (GC,) chan gilr song
song vé mit hinh hoc d6i vdi con trugt cta co
cAu ngin cach, nhung bat ky cum giir chim nao
khong hoat dong déu dan toi su khong hoat
dong cua bo phan bao hiém va co ciu cham nd,
do vay thuc té hai bo phan nay la ndi tiép nhau
vé chirc ning nhu biéu dién trén so d6 cau truc.

Hinh 4. Ngoi né VI3
1. B6 phén bao hiém; 2. Co cdu phdt héa; 3, 7, 8.
Bo phan giit cham; 4. Co cdu cham né; 5. Co cdu
ngan cach; 6. Kip né

Gay nb
. o (5]
']

Hinh 5. So do cau tric ciua ngoi lvu dan cham no

Y3

Ném
—

Biéu thirc tinh XSLVKH cua ngdi Y/I3:
PYJB:PI.PZ.(I—(1—P3).(1—P4.P5.P6.P7)).P8 (1.2)

Trong do: P, la XSLVKH cua ngoi
Y/Z3,P (1=1-8) 1a XSLVKH cua cac bo phéan
trong ngodi nhu biéu dién trén so d6 cau tric ¢
Hinh 5.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 295, thang 10 nim 2022
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

2.3. So do céu tric ciia ngoi lvu dan URG-86

Ngoi dung cho luyu dan URG-86 ciu
tao gdm: B phan bao hiém (B, chén gitt co
cau phat hoa (PH); 3 khoi gilt cham (GC,, GC,,
GC,) nhu trén Hinh 6.

Hinh 6. Ngoi luu dan URG-86
1. Co cau phat hoa; 2. Bo phan bao hiem,
3. B phdn giit chdm, 4. Bé phdn bdo hiém;

5. Co ciu cham no; 6. Hat lvra; 7. Kip né

Khi lam Viéc,, bo phan gilr chém GC,
nhan tin hi€u tr co cau phat hoéa va truyén toi
hai b phan GC, va GC,. B phan GC, gilt chdm
qua trinh bd phan bao h1em (B, ) giai phéng co
cdu cham nd (ChN) tir 1,2-2s bao dam an toan
cho chién si khi nem B phan GC, gy nd lyu
dan sau 3, 2 4,6s néu khong co t1n hleu tr co
céu cham n6 (ChN); Co cdu cham nd dang toan
phuong c6 kha nang lam viéc & moi goc cham.
Nhu vay, tuong tu véi ngoi Y/13, trong ngoi
lgyu dan URG-86 c6 du trlt song song do tin
cay lam viéc giira bd phan giit cham va co cau
cham no, déng thoi ¢6 cac by phan bao hiém
giit an toan cho ngoi khi bao quan va chuan bj
su dung. Tu mbi lién hé gilta cac bd phéan, ta
thiét 1ap duoc so dd cau trac ctia ngdi URG-86
nhu trong Hinh 7.

Gay né
e Pg)
@7

Hinh 7. So' do cdu triic ciia ngoi URG-86

T so dd ciu trac, ta thiét 1ap dugc biéu
thirc xac dinh do tin cay hoat dong cua ngoi lyu
dan URG-86:

Pygss = BBP[1-(1=P,).(1-P.P.P,) | BB (1.3)
3. KET QUA TiNH TOAN VA NHAN XET

Dé xac dinh XSLVKH ctia cac ngdi lyu
dan, bai bao sir dung XSLVKH cua co cAu cham
né, bd phan bao hiém, kip nd va hat lura trong
cac ngdi nam trong khoang 0,95-0,99 nhu cong
b trong tai liéu [9]. XSLVKH cua céc lidu gt
cham 0,9783 dén 0,9988 [8]. Co cdu cham nd
ban toan phuong trong ngoi Y/I3 c6 kha nang
1am viéc dén goc cham 150°, twong duong 85%
gbc cham co thé xdy ra khi va dap véi muc tiéu
[10]. Nhu vay, c6 thé gia thiét co cdu cham nd
trong ngoi Y/I3 c6 do tin cdy twong duong la
0,81-0,842. Gia tri XSLVKH cua cac by phan
trong cac ngoi dugc téng hop trong Bang 1.

Bang 1. XSLVKH cua cdc bo phan trong ngoi luu dan

B phan XSLVKH

Co cdu cham nd toan phuong 0,95+0,99

Co cau cham nd ban toan 0.81+0.842
phuong

Co cau phat hoa 0,95+0,99

B¢ phén gitr cham 0,95783+0,9988

B6 phan bao hiém 0,95+0,99
B0 phén ngan cach 0,95+0,99
Kip nd, hat ltira 0,95+0,99
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Dung phan mém Matlab, lay ngiu
nhién do tin cay cua cac b phan 106 lan trong
khoang XSLVKH cua cac co cu bd phan nhu
trong Bang 1 theo thuat toan cia Monte Carlo,
tinh toan XSLVKH ctia cac ngoi theo cac biéu
thire (1.1), (1.2) va (1.3). Su phan bé XSLVKH
clia cac ngodi duge thé hién nhu trong Hinh 8.

a) b) ¢
Hinh 8. Do thi phdn bo do tin cdy cua cdc ngoi
khao sat

a) Ngoi lyu dan LD-01; b) Ngoi lyu dan Y/[3;
¢) Ngoi lyu dan URG-86

Tir cac két qua trong Hinh 8 ¢6 thé thiy:

- Ngoi lyu dan cham nd Y3 cho do
tin cady cao nhét voi do tin cay trung binh dat
0,9104; Ngoi LD-01 va ngoi lyu dan URG-86
c6 do tin cay thap hon véi d6 tin cy trung binh
1an Iugt 14 0,9024 va 0,8746.

- XSLVKH cua ngoi lyu dan URG-86
c6 do phan tan tuong d6i 16n, do léch chuin
la 0,0215. Trong khi d6, XSLVKH cua d¢ 1éch
chuin cia cac ngoi LD-01 va Y/I3 lan luot 1a
0,0194 va 0,0188.

- XSLVKH cua ngoi LD-01 dat duoc
turong d6i cao do cau triic ngdi don gian, it bo
phan, tuy nhién so dd cdu tric ciing cho thay
ngoi chi ¢6 duy nhat mot bo phan bao hiém cho
co ciu phat hoa nén do an toan khong cao. Ngoi
cling hoan toan khong c6 du trit do tin cdy nén
khi bt ky bd phan nao trong ngoi gip hong hoc
déu dan t6i mat kha nang lam viéc cta ngoi.

- Céc ngoi lyu dan cham n6 da bo sung

cac bg phan bao hiém, co ciu ngan cach dé nang
cao do an toan trong bao quan, van chuyén va
chuan bi sir dung. Viéc nay lam tang s6 bo phan
trong ciu trac cta ngoi. Nhung so do cdu trac
ciia ngdi da bd tri mot sé bd phan mic song
song tao ra dy trtr d6 tin cay, do vay XSLVKH
ctia ngodi duoc ning cao dang ké. Mic du sd cac
bd phan trong cac ngdi cham nd da ting gip doi
so v&i ngoi LD-01, nhung XSLVKH cua ngoi
van duoc duy tri twong duong véi ngodi LD-01.

- So dd cau trac cua ngodi YJI3 kha hop
Iy nén XSLVKH cua ngoi cao, do 1éch chuan
cua XSLVKH nho.

- Vi ngoi lyu dan URG-86, do ) luong
phan tir ndi tiép 16n lam XSLVKH cua ngdi bi
giam thap hon so v6i ngodi lwu dan LD-01. Bé
nang cao XSLVKH cuia ngdi can phai c6 nhiing
giai phap cong nghé dé taing XSLVKH ciia ting
bd phan ctia ngodi, diéu chinh thiét ké, giam bot
s6 khau mic nbi tiép trong ngoi.

4. KET LUAN

Bai bdo di xay dung so dd cdu truc,
biéu thtrc tinh XSLVKH cua ngoi lyu dan LD-
01, ngdi cham nd YJI3 va ngoi lyu dan URG-
86 va str dung mé phong Monte Carlo dé xac
dinh XSLVKH cua cac ngoi tr XSLVKH cua
cac by phan trong ngoi.

Két qua tinh toan cho thdy ngoi Y3
¢ so do cdu tric twong ddi hop 1y, XSLVKH
trung binh cua ngoi dat 0,9104 voi do 1éch
chuan 1a 0,0188; ngoi LD-01 do c6 s luong
bd phan chuc nang it nén XSLVKH cling dat
dugc 0,9024. Trong khi do, do $6 lugng bd
phan méc ndi tiép 16n, ngoi lyu dan URG-86
c¢6 XSLVKH kha thép chi dat 0,8747, trong khi
d6 1éch chuén 1a 0,0215, twong dbi 16n so véi
cac ngoi lyu dan LD-01 va ngoi Y/13.
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Pé nang cao do tin cdy cua cac ngoi,
can thiét phai bao dam do tin cdy lam viéc cao
clia cac bd phan trong ngodi. C6 thé nghién ciru
diéu chinh thiét ké theo xu huéng ting dy trix
tin cdy bang cac khau mic song song va giam
s6 khau nbi tiép.

Phuong phédp danh gié d6 tin cay trong
bai bao c6 thé duogc sir dung trong nghién ciru
thiét ké mach hoa thudt cia ngdi mai, hodc
danh gia, so sanh d¢ tin cdy lam vi¢c cua cac
ngdi hién c6. Huéng nghién ciru tiép theo 1a
danh gia do tin cdy lam viéc cua ngoi theo vong
doi, ¢6 ké toi su suy giam XSLVKH cua cac bd
phan theo thoi gian. <
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