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Study on Explosive Disconnection Effect of Titanium Alloy Plate

WANG Jie-chun ,WANG Meng ,ZHAO Meng-qiao ,CHEN Gang ,ZHU Yu
(School of Chemical Engineering, Anhui University of Science and Technology , Huainan 232000, China)

Abstract; The simulation test of blade loss in an aero engine plays a crucial role in casing containment design.
The main challenge lies in controlling the breaking of rotor blades when they reach their maximum allowable speed.
To investigate the optimal separation structure for rotor blades with artificial separation,two types of TC4 titanium al-
loy plates with V -shaped grooves,one with a single hole and another with double holes at the center,were designed
using explosive separation method. The selected size for the TC4 titanium alloy plate was 100 mm x 80 mm X 23 mm.
The AUTODYN numerical simulation softwares Smoothed Particle Hydrodynamics( SPH) algorithm was employed to
conduct simulation calculations. Experimental comparisons were made on the damage and additional kinetic energy
caused by five different schemes involving these two structures. Results indicated that scheme [[ and V failed to
break off successfully,while scheme [l resulted in significant damage to the template. On the other hand , schemes [
and IV demonstrated better ability to separate the template. Under identical charge conditions, it was observed that the
displacement of double-hole structured plates after fracture was significantly greater than that of single-hole structured
plates with V-grooves on both sides. Further analysis revealed that the V-shaped slotted structure could reduce plate
damage , enhance explosive energy efficiency, and minimize additional kinetic energy exerted on the plate. Moreover,

compared to double-hole structures, this slotted structure also reduced peak speed by 20% and escape speed by 40%.
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Table 1 Geometric parameters of the test scheme

e FIL MALEA JPRE, JEALARY
-~ ﬁit mm mm mm3
11 WAL 5 / 3927
Il WAL 4 / 2514
m AL 7 1.5 3849
v L 6 2.0 2827
\' L 5 2.5 1964
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Table 2 Structural parameters of TC4 titanium alloy plate

BRI/ Cg/ /K Cp/ JE RN A1/ B R/ S Gruneisen
m,

(grem™)  (m-s™) (J-kg' -K')  GPa GPa 1 AH
4.428 41.9 1878 560 1.092 41.9 1.028 1.23
# 3 4k RDX Rl SH
Table 3 Parameters of passivated RDX materials
p/(g-em™) A/GPa  B/GPa R, R, 1) v/ (m-s') E/(kJ-m™) P/GPa

1.6 573 14.6 4.6 1.4 0.32 7910 8.6 x106 26.5
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(a) Single hole V-shaped slot structure (b) Double pore structure
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Fig. 2 Simulation model and Gauss point diagram
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Fig. 3 Simulation results
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(a) Scheme I stress analysis
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Fig. 4 Mises stress and equivalent stress relationship
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Table 4 Stress at measuring points of each scheme

- VES UES! uES uEI\ RNV
o, O Mises g, T \ices o, T \ices o, O Mices o, O Mises
1 1.339  1.347 1.273 1.265 1.345 1.350 1.329 1.333 1.308 1.301
2 1.341 1.354 1.286 1.277 1.364 1.378 1.361 1.368 1.319 1.327
3 1.362  1.376  1.345 1.329 1.386 1.396 1.374 1.384 1.347 1.343
4 1.328 1.342  1.334 1.290 1.374 1.389 1.363 1.375 1.320 1.331
5 1.317 1.325 1.275 1.254 1.367 1.373 1.351 1.357 1.314 1.309
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(a) Scheme I speed change time history diagram
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(b) Scheme II Time history diagram of speed change
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Fig. 5 Velocity changes at measuring points 3 in schemes [ and [
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(b) Scheme IV Time history diagram of speed change
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Fig. 6 Velocity changes at point 6 of Scheme [ and IV
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Fig. 8 Titanium alloy plate detachment test
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