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Study on Titanium Fire Suppression Technology in
Shaped Charge Cutting of Titanium Alloys
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Abstract: During aero-engine casing containment tests , the explosive separation method used to achieve the con-
stant-speed fly-off of titanium alloy blades often produces a bright titanium fire phenomenon. This titanium fire ob-
structs high-speed camera recording of the blade fly-off process. To address this issue, this study analyzed the mecha-
nism of titanium fire generation and proposed a barrier layer method to suppress titanium fire during shaped energy
cutting of titanium alloys. Numerical simulations using the Euler algorithm in AUTODYN were conducted to evaluate
the blocking effect of the barrier layer and its feasibility for titanium fire suppression. Experimental investigations
were then performed to quantitatively assess the brightness reduction of titanium fire , comparing the effectiveness of
four barrier materials. The results indicate that 0. 1mm thick aluminum and titanium tin foil achieve titanium fire sup-
pression rates of 29.5% and 24% ,respectively, demonstrating moderate effectiveness. A 0. 1 mm thick copper sheet
shows poor performance with a suppression rate of only 4.3% ,while a 0. 1 mm thick aluminum silicate coating ex-

hibits the best performance,achieving a suppression rate of 70.9%. This study has summarized the mechanism of ti-
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tanium fire suppression suing barrier layers during shaped energy cutting of titanium alloy plates and validated the

feasibility of the barrier layer method. The findings can provide a practical approach for titanium fire elimination in

explosion separation processes involving shaped energy cutting of titanium alloys.
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Table 1 The Johnson-Cook material model parameters for TC4 ( Ti6Al4V)

IR LA B
Initial Yield Hardening ﬁﬁﬂc*ﬂ.}& Strain
Hardening

MARZREEL RIAIREL KBS KRS 2 KASE3 KRS E 4 RS
Thermal

Stress Stress Stress Strain rate Temperature

Stress/  Constant/ E N rate softening triaxiality ~ triaxiality  triaxiality ~dependency dependency
xponen
MPa MPa pone constant exponent constant 1 constant 2 constant 3 constant constant
862 331 0.34 0.012 0.8 -0.09 0.25 -0.5 0.014 3.87
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Table 2 The Johnson-cook material model parameters of the copper

- - RAK I e ez e " oy PAEAE R
w1 T S e o 1173 R U T S S i
. L ermal Initial . . . Thermal
Density/ Specific heat/ ) ) Hardening Hardening Strain rate )
(geem™) (J-kg' - K™") softening yield constant/MPa  exponent constant softening
g°¢ & temperature/C stress/MPa P exponent
8.96 383 1356 90 292 0.31 0.025 1.09
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Table 3 Parameters of the JWL equation of state for HNS
i R 3t FIEREC PIRRE AN R NBERES A% WIRILINRE
o Detonation Detonation High pressure ~ Medium - - Internal energy  Initial specific
Density/ . . Attenuation  Attenuation . .
Cem™) pressure/  velocity/  coefficient/ pressure coeffcient 1 coeffeient 2 coupling internal energy/
(g-cm GPa (m-s™") GPa coefficient/GPa ’ coefficient GPa
1.65 21.50 7030 463.10 8.837 4.55 1.35 0.35 7.45
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Table 4 Material parameters of lead-antimony alloy
v Ny
- v POERECL . " - — NI
WIE RERERE (00 RRRRL RERE MERR R
Density/ Gruneisen fficient 1 /y Slope Specific heat/ Elastic Initial
coefficien
(g+-em™) coefficient ( -1y coefficient 1 (J-kg™" -+ K™') Modulus/GPa  temperature)/K
m-s
11.35 2.77 2051 1.42 121 30 298
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Fig. 4 Solving results at different times in shaped-energy cutting titanium alloy
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Table 5 Number and thickness parameters

of different materials

oy o s
Number Material Thickness/mm
#0 / /
#1 £84E Aluminium foil 0.1
#2 424 Red copper 0.1
#3 9 Tinfoil paper 0.1
#4 FRTERREL Aluminum silicate 0.1
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Fig. 6 Assembly of titanium alloy plate and barrier layer material before blasting
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Table 6 The mean brightness images of treated titanium fire elimination experiments by MATLAB
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#3 B 4A (tinfoil paper) 36. 85 24.00
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Fig. 8 Graphic model of gray value of titanium fire elimination experiment results
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