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Fig.1 Schematic diagram of firearm firing-ignition system
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Table 1 Test parameters of firing-ignition performance  mm
research

LG PT AHD IHD LO PLD
factors
size 0.1 0.71 2.2 2 1.2 0.14

Note: LG is locking clearance. PT is primer cup thickness. AHD is anvil

head diameter. IHD is firing pin head diameter. LO is firing pin protru-

sion. PLD is the primer loading depth.

R2 B RTINS

Table 2 Reliability test parameters of firing-ignition mm
research factors LG PT AHD  IHD LO PLD
averages 0.1 0.71 2.2 2 1.2 0.07

standard deviation 0.065 0.0083 0.0667 0.0167 0.0217 0.0133

W5 B 5 KO AR A0 R - AE = I (25 °C) R, B I
Fait ol 250 g ya e , K L = BRI 2 160 mm, FE5E
G e 1 o B R RS AT R S A T v 2
e FE LIRS o ARG R 3 97 7 0 M T2 O A
KR o RO R DU T ORI K. IR T
P HUAT SRR I 28, 3 3 5000 A B AR AS R T 0 sl [
WA B TR A ) R T (B S R R IE S A Ho R
J1Je B a) e Sk & K R Gk A e o
BRSSP R ) 2 THIA HI] 5% F T R R 1 At R]

2 FRRNERNEISRIE

21 HERANEBRWEL

iy S i AR 2 E G 1) S PRI, A B fE R
PR . PR, W58 38 18 LS-DYNA X il o & 40k &
GE Y i KOS R BEAT BRI ST, 70 B ol A2 i K R GOk
A5G NS R R A5 0 o & i K PERE I RE M 100

CHINESE JOURNAL OF ENERGETIC MATERIALS

M T i A UK R G K m K R — A AR
1A A R, O T RTAR R R A5 A BIE Al
AN A R

i i o7 o B A RE B 32 TR IR T o R 5K A
v Bl AR SE A J5 e R R A ol o B, AN IF 9 TR AL o
A TR R ol e S8 A Ry — R T A Y

QM B AP 358 Z UL A AFAE R Xz 30
AHIETE B WA HL-5 H7E 2 6] B A 2 8 5

@4 WA 0 W 4 10 3 FIEE B4 5 R AL T 2

ANty
@h A BR e, Z R a5 245 TAE
b Qi ORE N

®ifi & 25 0 ¥ BKE 2y, 200 56 TR B Al ] &
25 KRB R S

TR KRG KB SR (BRI
Fr@ Pk, g5 G BT AR ST B T LS-DYNA S
K F Lagrange F1 2 ¥ i ALE B3k A0 45 & 08 7 iL T &
dr & s kM RE O B R, Horp Y R AR A
JEE ok 7 R ST SR 3R R F Lagrange 3036 2 AT B 1,
W RS AR BIORE AL 1Y o k2 4k 25 0 SR T 2
ALE: o B 5 R A KK RGN A BRITH A
BERY RSF FURE I R ) 5261 R — 30, 8 i RS i
ST R AR S0 A fi /N RSH i E  0.03 mm

WELS Bios 3 5 0006 R v, B 1k 3ot & AR
155 w1 32 B 7E HL A0 T 042 RS 29 R . X I R A B ik
HEATH fi B

VI k5T 5 i 41 2 18] SCIR b f, 5 15 2 7
Z A B R 28010, S S EEHE R 50 0.01;5

2) 6 i R R K SR B SE-E R RYAR Tl B fil
KRR 0.3, Sh R R 4500.2;

3R K 5e il & 25 ) 4R 3 i o — 4 PART 4,
2% PART Z [ % & [ 3l BT {2 1o 42 ik 5

4) 1€ 25 S IR AN Tt n JC 56 i A% O AR R
% VA 3 R I R S (A bR A S R — B0,
KPR T A4
2.2 MRHRBERITESH

TR TIS K 4 B R & 250 P 28R ), Jrp iR
KFE P R A KA Rz B KAE T A
5% H 2R I Johnson-Cook A F #5570 24 3 i ok 7
HHMamAR., G4 8 JEES S 5 R PLAS-
TIC_KINEMATIC #% A ; if; & 2 & F ELASTIC_PLAS-
TIC_HYDRO #& &Y, £ &8 4 b4 k)45 7Y 2 0 3% 3~6
iRt

N XK 2024 % H 324 H 114 (1194-1205)



1198 TR, AL B DY BB SRR R W

8 9

B 5 &k kR A RITH A
1—%5E, 2—Hedl, 3—digl, 4—JE A5, 5—iik 2y, 6—4K35 H, 7—oise, 8—INKE T2 = (K Hh), 9
15 SRR AT )

Fig.5 Finite element model of the firing-ignition system
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1—hammer, 2—bolt, 3—firing pin, 4—primer cup, 5—primer percussion powder, 6—pan cover, 7—cartridge case, 8—pres-

sure test fixture sealed chamber (air domain), 9—pressure monitoring point (pressure sensor installation position)

£3 JEAkF A A 5552 Johnson-Cook 15 1 2 1"

Table 3 Johnson-Cook model parameters of primer cup, firing pin, and cartridge case!"

. density elastic modulus shear modulus . . yield strength
components material _3 poisson’s ratio
/g-cm / MPa / MPa / MPa
firing pin 25Cr2Ni4WA 7.85 207 80 0.28 1500
cartridge case S20A 7.85 207 80 0.30 400
primer cup H68 8.93 110 40 0.32 190
strain hardening  strain harden-  strain rate coefficient of thermal  reference quasi-static critical
components . . . .
modulus / MPa ing factor coefficient softening temperature / K strain rate
firing pin 1770 0.12 0.016 1.25 293 1.0
cartridge case 600 0.26 0.014 1.03 293 1.0
primer cup 207 0.365 0.0376 1.09 293 1.0
F4 R Gl S E5EM Mie-Gruneisen R T BB H F6 A RAFIIEASH
Table 4 Mie-Gruneisen equation of state parameters for Table 6 Basic parameters of the primer percussion powder*"!
primer cup, firing pin, and cartridge case''! shear yield pressure
density modulus failure to
material c/m-s s v _, modulus stress .~ shut-off valve
0 /g-cm  MP I MP of hardening . change
firing pin(25Cr2Ni4WA) 4569 1.49 2.07 a4 a4 parameters
cartridge case(S20A) 4569 1.49 2.7 261 3.36X10° 146 0 -9 1.5
primer cup(TH68) 3940 1.92 1.99
Note: cis wave velocity. s and y, are constant coefficient. j‘j@?%ﬂi‘ﬁ%ﬁﬂi%f*ﬁﬂi \FEJ(% @ﬂ:/; % Eg Yqu'i
X . PAISM=N ) 5o SV R L21] SR
£5 ML KRS R S5 HE i T &4 UK RO, 2R H LeeTarver £5 12V 38 7
Table 5 Parameters of bolt, hammer, etc!*" K TEHLME &5 VE T 19 7 -3 Ak 2 ] iy, EC AR R 2
. elastic . yield . Bk 7 s .
\ density dul poisson’s . hardening )
components modulus stress J ¥
P /grem™ / MP ratio / MP parameters 2.3 HERNERRWIE
a a S N b N Vi DY
- BT B o R R OB TR o A L B ST R
bolt, hammer 7.80  2.10x10° 0.30 1000 1.0 . ) X o
LS-DYNA Xt i il A il K R G209 mi G R b AT T 2K
pan cover 1.2 0.6x10°  0.33 50 0.0

(EAE UL, 15 21 2 S8 i 7w Bt 26, 9 5106 TR 77 4 %
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Table 7 Parameters of the state equation model

parameter numeric value || parameter numeric value
A/ Pa 609.77 B, /Pa 66.7
B/Pa 12.95 g 0.667

X, 4.2 1/s" 4x10°

X, 1.1 G, 800

w 0.25 G, 660

R, 778 C,p/ Pa-K™ 1.0x107°
R, -0.0503 Cye/ Pa-K™ 2.78x107°
R, 2.223x107° FMXIG 0.3

R, 1.3 FMXGR 0.7

R, 1.13 FMNGR 0.02

A, /Pa 0.00

Note: A, B, X,,, X,,, W, R, R,, R, R, and R, are the constant of the reac-
tion products. A, and B, are the constant of the unreacted products; g
is the geometric parameter related to the growth of hotspots; 7 is the
ignition control parameter. G, and G, are control parameters for explo-
sive reaction. C,, is the heat capacity of reaction products. C, is the
Heat capacity of unreacted explosive. FMXIG is the maximum F for ig-
nition term. is the maximum F for growth term. FMNGR is the maxi-

mum F for completion term.

0 7 04 Ty e i R AT TN L BE T S R
A% B AR A0 SR 0 R o g il 4R ) b 45 R 1E 6 TR .
1 & 6 AT LA 15 BRI 25 AR 58 A L s
Bl AR 3.46% , 7 (B I [H] 18 1.25% , & 7 I {E /N
5.48% , W W K IEAR — S, i IR b 2 T
i B 25 0 A 1 5 1 DA R 6 T B A Ak ) o R 2 1 52
W, S ECSER 25 R AR R 22 . R L, A ST AL
AT AT LA A A A AT UG B o K R e a5k
7 0 o

K LS-DYNA XA A ifi % Ak 2R G0 1 A kot /2
PEATREHL A5 3 T o & A e By 3k B b i KOHE A% 1

1
J pressure peak time (480, 13.98)_ _ pressure peak time(486, 13.21)
test pressure date
—-—--simulated pressure date
& 10b
=
°
2
8
8 gl
pressure start time (418, O.Bg)""' pressure start time (433, 0.69)
% 100 200 300 400 500 600 700 800 900 1000

time / us
Bl 6 iy 55 TR e N i 2 L
Fig.6 Comparison of simulation and experimental pressure
response curves
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R8T R R KR BE O HOREAS B
Table 8 Database of firearm firing-ignition performance sim-

ulation sample

research LG PT AHD IHD LO PLD
factors  / mm / mm / mm / mm / mm / mm

1 0.0933 0.7043 2.2671 1.9722 1.2635 0.1416
2 0.0587 0.6922 2.1582 1.9899 1.2553 0.093
3 -0.005 0.6713 2.1 1.9405 1.2010 0.1163
4 0.1032 0.6758 2.143 1.9962 1.2257 0.1133
5 0.0735 0.6669 2.2823 1.9025 1.2323 0.1224

200 0.2315 0.66 2.1513 1.9557 1.1582 0.1406
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Fig.9 Schematic diagram of accuracy analysis for four agent models
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Fig.10 Statistical results of firing-ignition reliability test data
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Table 9 Comparison of reliability test results and simulation

results of firearm firing-ignition

ambient equivalent test model o
deviation

temperature / °C firing energy /)  reliability reliability

25 0.3924 83% 83.6% 0.72%
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Table 10

single influencing factor on the reliability of the firing-ignition

Impact of changes in the mean distribution of a

AHD /mm R PT/mm R IHD /mm R

2.112 0.9216 0.6745 1.0000 1.9 0.7512
2.134 0.8962 0.6816 0.9779 1.92 0.7702
2.178 0.8464 0.68515 0.9622 1.93 0.7788
2.222 0.7976 0.6887 0.9454 1.94 0.7868
2.244 0.7736 0.6958 0.9086 1.96 0.8010
2.266 0.7499 0.7029 0.8674 1.98 0.8126
PLD/mm R LO/mm R LG/mm R

0.01 0.7445 1.152 0.6469 0 0.9042
0.02 0.7520 1.164 0.6938 0.1 0.8219
0.03 0.7616 1.188 0.7813 0.15 0.6605
0.04 0.7734 1.212 0.8603 0.2 0.5837
0.05 0.7874 1.248 0.9628 0.3 0.5095
0.06 0.8036 1.26 0.9928 0.35 0.3689

RV GO R A b o 22 8 A0 i R T B B YR
Table 11 Impact of changes in the standard deviation of a sin-

gle influencing factor on the reliability of the firing-ignition

AHD /mm R PT/ mm R IHD /mm R

0.06003 0.80333 0.007497 0.80826 0.015003 0.80467
0.063365 0.80333 0.007914 0.80500 0.015837 0.80300
0.066033 0.80167 0.008247 0.80500 0.016503 0.80133
0.067367 0.80000 0.008413 0.80304 0.016837 0.79911
0.070035 0.79333 0.008747 0.80000 0.017504 0.79633
0.07337 0.79167 0.009163 0.79833 0.018337 0.78895
PLD/mm R LO / mm R LG/mm R
0.011997 0.83063 0.019503 0.83000 0.0585 0.85333
0.012664 0.81467 0.020587 0.81833 0.06175 0.81571
0.013197 0.80300 0.021453 0.80500 0.06435 0.80500
0.013463 0.79954 0.021887 0.79000 0.06565 0.79889
0.013997 0.79633 0.022754 0.78667 0.06825 0.79667
0.014663 0.78967 0.023837 0.78333 0.0715 0.78200
LO
LG
AHD
PT
PLD
[HD
0 10 20 30

% effecton R
B 11 A5 R R (B A X o K R T SE S Y pareto 4]
Fig.11 Pareto chart of the mean changes in various influenc-

ing factors affecting the reliability of the firing-ignition
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Simulation Analysis of Ignition Reliability of Firearm Firing-ignition Systems

ZHANG Shu-xia', LI Yi-rui’, WEI Zhi-fang', WANG Zhi-jun', ZHANG Ke-bin', ZHU Ya-hui'

(1. School of Mechanical and Electrical Engineering , North University of China, Taiyuan 030000, China; 2. No.208, Research Institute of China Ordnance
Industries , Beijing 102202, China)

Abstract: To improve the ignition reliability of firearm firing-ignition systems, the Lagrangian-Eulerian fluid-structure coupling
method (ALE) was used to establish the ignition model of the firing-ignition systems, and a parametric simulation platform was
built. The pressure start time was used as the ignition output performance characteristic parameter to establish the ignition reliabil-
ity proxy model of the firearm firing-ignition system. The reliability of the firing-ignition systems under the influence of changes in
structure and assembly parameters was simulated and studied. At the same time, based on small-caliber rifle firing-ignition sys-
tem, an ignition system simulation test device was designed, and experimental research on the ignition performance and reliabil-
ity of the ignition system was carried out to verify the ignition model. The results show that the error between the calculation re-
sults of the firearm firing-ignition reliability analysis model and the experimental results is 0.72%, indicating that the model has
good accuracy. The influence rule of the average change of each factor on the system reliability is as follows: striking pin protru-
sion> locking gap> fire table head diameter> primer shell thickness> primer loading depth> firing pin head diameter. The stan-
dard deviation change has little impact on system reliability. This study provides theoretical and technical guidance for the reli-
ability design of firearm firing-ignition systems.

Key words: firearms firing ignition system;ignition performance;proxy model;reliability simulation
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