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Abstract: Ti-6Al-4V is a kind of important alternative material for light-weight design of warhead whose impact-initiated
reaction could enhance the damage power of the weapon. However, there is not enough research on the condition and
mechanism of its impact-initiated reaction. Through experimental and theoretical analyses, the influences of fracture modes of
Ti-6Al-4V structure on impact initiated reaction were studied in the present paper, in order to obtain the condition and
mechanism of impact-initiated reaction of Ti-6Al-4V material. Two types of projectiles were designed to normally penetrate
the unreinforced concrete target, i.e., the titanium projectile with ogival nose and the composite projectile with C/C nose and
hollow titanium cylinder. The impact velocity followed between 222 m/s and 1008 m/s. Two projectiles exhibit different
fracture modes. In the studied velocity range, there is an impact-initiated reaction during penetration for the titanium projectile,
but no reaction is observed during the impact of the composite projectile. The fracture modes of the two projectiles were
analyzed in the macroscopic and microscopic views. After penetration, the structure of the titanium projectile is almost intact.

Only abrasion is observed on the outer-surface of the projectile. The main failure mode for abrasion is the shear deformation of
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its microstructure, which induces fragments with lengths in micrometers or hundreds of micrometers. The number of fragments
could be up to 3 millions. For the hollow titanium cylinder in the composite projectile, it is teared up into large fragments,
whose dimensions are in millimeters. The tearing surface develops along the shear band. The largest number of fragments is
almost 120. Further analyses indicate that the efficiency of oxygen and heat supply is reverse proportional to the size of the
fragment. Under certain oxygen and heat supply, the necessary condition to initiate the impact reaction of Ti-6Al-4V is that the
size of fragments should be small enough. This must be the essential reason for the impact reaction in an ogival titanium
projectile and no reaction in a composite projectile during penetration. With the necessary condition to initiate the impact
reaction, the greater the number of fragments, the higher the impact reaction intensity is.

Keywords: impact-initiated reaction; Ti-6Al-4V; fracture modes; size/number of fragments; efficiency of oxygen/heat supply;

reaction intensity
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Fig. 1 Schemes for two projectiles tested (unit: mm)
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Table 1 Dimensions for projectiles and target
251 HA#/mm KB /mm Fit/g
BRG4n 253 180.8 220
AETR 253 206.0 183
TRBEL 4 500.0 400.0 -

=

1 2 3 4 5
/ / 1. 25 mm smooth bore gun;
2. Barrier plate;
Wzzzzz22222:000 / L 3. Nets for speed measurement;
ey J 4. Target;
5. Target frame;
Iji-l 6. High-speed camera

6

K2 RIRG
Fig.2 Layout of experimental set-up
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Table 2 Experimental results for titanium projectiles
pi AR EAR  JRMATKEE  JRURTRSEY  SEIsRER  RURRRBEY  RUEEK/ PSR T/mm
mm mm g (ms™) g mm a b c
A0l 25.26 180.80 220.4 364 219.0 180.7 200 162 83
A02 2523 180.98 219.8 423 217.4 181.1 320 290 95
A05 2524 180.84 220.3 591 216.6 178.8 390 310 130
A04 25.26 180.97 221.4 601 217.0 179.3 420 300 120
A07 25.22 180.82 219.5 772 - - TREHL TR A
A08 25.24 180.80 220.7 811 212.3 177.0 TR TR R
Al2 25.24 180.90 220.5 941 209.4 174.2 TREH TARH TR
All 2524 180.78 220.6 945 207.6 171.7 TREHL R TR
T (1) aFR TR A BE, bRR TR, cFRIGTIREE; (2) A0TSR,
*3 E5BRMAKER
Table 3 Experimental results for composite projectile
e JFER A GRS RUATTR RGeSO seles AR ek FHLR ST /mm
mm mm g [T /g (m-s™) g mm a b c
B03 25.25 206.12 183.50 132.20 222 143.0 149.9 Josdn Josbt Josdn
B02 25.26 205.74 183.20 131.90 282 132.0 148.1 65 45 4
BO1 2522 205.86 181.70 130.00 341 113.7 134.1 80 60 3
B05 2527 206.12 184.00 132.80 424 115.6 133.2 160 135 22
B06 25.24 206.32 183.40 132.20 516 105.1 129.0 120 105 33
B04 25.23 205.76 182.00 130.60 574 85.5 106.9 180 155 35
B08 25.24 206.00 182.80 131.80 681 68.7 772 230 200 45
Bl1 25.21 205.96 181.80 131.10 719 723 80.2 250 250 45
B09 25.24 206.10 183.50 132.30 813 59.3 82.0 240 230 63
B07 25.23 205.84 181.60 130.70 857 49.0 63.7 300 260 70
B10 25.25 205.86 182.90 131.50 1008 40.4 523 290 240 90
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Fig. 3 Shape variation of titanium projectile before and after penetration test
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Fig. 4 Shape variation of composite projectile before and after penetration test
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Table 4 High-speed photographies for titanium projectiles penetrating into concrete target at different impact velocities
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Table 5 High-speed photographies for composite projectiles penetrating into concrete target at different impact velocities

BO3 B02 BO1 BOS

. B06 B04 BO8 BO7 BI10
A /us
222 m/s 282 m/s 341 m/s 424 m/s 516 m/s 574 m/s 681 m/s 857 m/s 1008 m/s
 FFEFRERFEEE E L E
« F=EBFEFFE E E D E
o F=TTE<EEBEEIFFIEIE BEE.I1IFE
200

2 FFh Ti-6Al-4V 3K IR E S 2= 20 W 5 17

BRI

1RWGER G A s by se e, AL FREl1L, AR A B EM G Y O AT AL, inlE 3 iR . B
TR, R G A R RS G I, A& S(a) BTN . AR EEEEE 1000 m/s 1R A o A, B O
BRA A B TR AR R A S N B TEAR SO SR R Y, BR A A R T IR R ANAE 6% DL T .

400

800

2.1

|:| L]

5T * sor

| =
s
L Lt 2

20 4 %‘7 20 ]

| . OO

* 10

%00

(iOO 200 300 400 500 600 700 800 900 1000
Impact velocity/(m-s™)

500 600 700 800 900 1000

Impact velocity/(m's™)

400

(a) Titanium projectile (b) Hollow titanium cylinder
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Fig. 5 Mass loss for hollow titanium cylinders and titanium projectiles
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Fig. 6 Recovered fragments of the hollow titanium cylinder
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Fig. 7 The undeformed microstructure of Ti-6Al-4V
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Fragments to
detach

(b) Longitudinal section of A08

O
(c) Cross section of A12 shank (middle) (d) Longitudinal section of A12 shank (cutting edge)
8 B BRI i G Fe MR T SAHTE A (OMZ IR AREIEIX)

Fig. 8 Metallograph of outer-surface in titanium projectile after penetration (OMZ represents origainal material zone)
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(c) Cross section of A12 shank

K9 BRE SR Sk mANSE AR I 55 U1l AR5

Fig. 9 Metallograph of shear band (SB) on titanium projectile after penetration

(a) Tearing surface of B09 (b) Shear band at the tip of tearing surface

K10 RIS &2 ORI HTES

Fig. 10 Metallograph of hollow titanium cylinder after penetration
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Fig. 11 Number of fragments for titanium projectiles and hollow titanium cylinders
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