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1. Program and technique of experimental investigation of 
high-velocity strikers interaction with metal liquid-filled cylinders 

3 

1.1. General statements 
The purpose of this work is the experimental determination of partial criteria of 

destruction of metal, liquid-filled cylinders (LFC hereafter) loaded by high-velocity, compact 
steel impactors, or strikers. The required list of partial destruction criteria has been 
substantiated in two stages. At the first, preliminary stage, in the course of experiment 
planning the widest list of these criteria was determined proceeding from existing ideas of 
LFC destruction. At the second stage, when initial experiments have been performed, some of 
partial criteria can be excluded from the list and the others can be modified. One can also 
suppose, that some new partial criteria will appear. 

The main tasks of this work are: 
the development of a loaded object structure and the technology of its manufacturing; 
the choice of projecting (throwing) devices for implementing loading modes specified in 

the development of a system for recording striker velocity;. 
the demelopment of a system for high-velocity photorecording of the striker/LFC 

the substantiation of a system of partial criteria for evaluating the striker/LFC 

the performance of experiments in accordance with the specified program; 
updating of a system of partial criteria of LGC destruction and determination of these 

a program; 

impact process; 

interaction results; . 
criteria. 

1.2. The development of a test object structure 
The test object structure is influenced by the following factors: 
0 particular relations between geometric dimensions of cylinder and struker specified in 

technical requirements (TR); these dimensions include: the total cylinder length = 60 h (h is 
the cylinder wail thickness), the outer diameter of a cylinder = 20 h, the striker diameter = 
(2.5 to 3.0) h, but not larger than 0.9 d (d is the calibre of ballistic bore of projecting device); 

rn the cylinder structure should be hermetically sealed and approximately full-strength at  
all cross-sections; 

the size of measurement track windows restrict the LFC length, since the survey of 
striker / LFC interaction process is accomplished through these windows; 

and, finally, the cylinder diameter should be such, that the striker to reliably hit the 
bottom or wall of a cylinder (of course, both systematic and individual errors take place at 
striker throwing). 

The test object, designed with due account of above considerations, represents a hollow 
steel cylinder with bottoms welded on its end walls. One of bottoms has an orifice with M3 x 
0.75 screw thread, through which a cylinder is filled with liquid (water) by means of special 
syringe. After this a screw with poly-vinyl-chloride laying is twisted into the orifice on a 
hermetic glue. These glue and laying provide a cylinder sealing during vacuum tests. Fig. 1.1 
shows the LFC drawing. 

The size-mass parameters of both strikers and cylinders will be outlinid in more detail in 
description of each of experiments. 

6’ 1.3. Test program and test modes 9- 

In performing tests, some preliminary experiments are usually carried out along with 
final, record ones. We shall consider in this Section the programs and modes of record. 
experiments only, and preliminary tests will be considered in more deteil in Sect. 2. 

In accordance with the test program developed in the course of the 1st-stage studies of 
the given research work, we have planned to carry out, in total, four record loadings of LFC 
by strikers at velocities of 2000 m / s  and 4000 m/s.  In this case the strikers should 
encounter LFC along the normal to the surface at  aiming point. The deviation of coordinates 
of strikers’ hitting points from those of aiming points should not exceed two striker 
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diameters. Besides, at each velocity one striker hits a cylinder to its end wall and the other 
one- to its side wall, i.e. to the cylindric surface. 

As the analysis has shown, to accomplish the specified program and modes of tests, the 
appropriate set of equipment is required, which includes the following main systems: 

a system for throwing strikers in the given range of velocities and masses; 
0 a system for measuring the thrown striker velocity with prescribed accuracy; 

a system for photo-recording rapid processes; 

This set may include, in principle, the other systems, if the other tasks of studies are 
stated. 

In choosing the striker throwing system we have analysed 8 alternative versions, five of 
which were systems with one-stage powder throwing intallations and three versions were 
systems with two-stage light-gas throwing devices. 

As a result, we chose a two-stage light-gas installation LGS-221 with light deformable 
piston P-1. The light-gas system LGS-221 consists of the following sub-systems: 

0 vacuuming subsystem; 
0 subsystem for filling the second stage of a throwing installation with light gas 

0 LGS-221 control subsystem; 
auxiliary subsystems. 

The throwing installation P-1 consists of a piston bore, ballistic bore and transition 
module (a premix chamber). 

However, it was found during experiments, that the P-1 system does not'allow to 
provide the striker throwing velocity close to 2OOO m/s ,  because of its working 
characteristics. Due to this reason, unlike the 1-st stage data, the striker was accelerated up 
to 2000 m / s  by means of a powder throwing installation of 18 mm caliber. 

The other, cheeper and simplier throwing means have also been used for improving the 
whole control system along with chosen throwing installations. Specific samples of these 
devices will be outlined in Section 2. 

The striker velocity measurement system was chosen from the following requirements: 
high operation reliability; 

0 high accuracy of measuring striker flight time at  the given base; 
0 striker's integrity retaining (non-destruction) when passing through the measurement 

a possibility of chosen system implementing under existing experimental conditions. 
Four types of striker velocity measurement systems were considered, which are under 

experimenters disposal now. And only one system met the above-mentioned requirements 
fully enough. This system consists of two opto-electronic barriers and a frequency-meter, the 

, 0 an automatic system for controlling the whole set of equipment, etc. 

(hydrogen or helium); 

- 

base; 

time measurement accuracy of which equals 0.1 ps. 
The system of rapid processes photo-recording indudes a high-speed movie-camera, an 

optical system and a pulse light source, which provide photography of a striker/cylinder 
interaction process in passing light. 

The high-speed camera was chosen from the requirement of flexibility - the rapid change 
of photography rate from experiment to experiment, of obtaining an optimal photography rate 
and possibility of its integration into the general seheme of research complex control. 

These requirements were met by a high-speed ZHLV-2 installation ("waiting time 
magnifier") that allows photography at  rate of 30 thousand to 4.5 millions frames per second 
(with a four-row optical insertion piece). The process under study was d i sp lwd  on 130 to 
140 frames of special high-sensitive photofilm. 

An automatic overall control system consists of a set of instruments, which provide 
interaction of all systems composing a research complex, whose composition may be changed 
depending on tasks stated in the experiment. 

1.4. Procedure of tests on LFC loading with high-velocity strikers 
The procedure of these tests is given here for the case, when the LFC satisfies all 

requirements and all systems are workable. 
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The following order of operations is envisioned in performing the tests. 
1 .  The emply test cylinder is weighted before testing on scales to measurement 

accuracy of 0.1 g. Its geometry size (total length, outer diameter) are measured to an 
accuracy of 
0.05 mm. The inner diameter of cylinder, its length, thickness of bottoms are measured 
before assembly (welding). After measuring and weighting the empty cylinder is filled with 
liquid by a special syringe and is closed on sealing glue by a screw with laying. Then the 
LFC is weighted again. 

2. The LFC is suspended on a shecial three-dimensional cylindric frame with threads. 
Then this frame with LFC is installed in a measurement track against the windows, through 
which the light from a flash-lamp passes to a high-speed photocamera during experiment. In 
so doing the aiming to an object for providing specified striker and barrier encounter point is 
accomplished by a laser beam passing strictly along the bore axis using the special technique. 
The redundant control of aiming points’ coordinates is accomplished by means of special 
optical instruments having coordinates setting accuracy of 1 mrad. 

3. The size (gabarite) - mass characteristics of a striker and a “striker-pailet” system are 
recorded by measuring and weighting. 

4. The following equipment is prepared for working: 
0 the light-gas system; 
0 the striker fight velocity measurement system; 
0 a system for photorecording of rapid processes; 
0 an automatic control system that provides interrelation between all units and systems 

and their proper functioning during the experiment. 
5.  A throwing installation is charaged with a powder charge, the air is pumped out 

(down to pressure of about 0.01 MPa) from the measurement track, ballistic bore and premix 
chamber, and the part of a piston bore is filled with light gas (helium). 

6. By the ”Pusk“ (“start”) command the automatic system is actuated and performs the 
experiment. 

7. When the tests are competed, the information, recorded on a film, is processed, and 
visible parts of LFC failure are inspected and measured. 

As a result of all data obtained processing, the following particular failure criteria should 
be obtained: 

shape and size of input and output orifices; 
geometry dimensions and characteristics of deformations on end and side surfaces of a 

cylinder (flexture depth, area and direction; wall thickness changes; character of crack 
formations, etc.); 

0 initial velocity of LFC bottoms fly-away; 
0 LFC walls deformation rate; 

parameters of a splinter field formed on the outer side of LFC, when a striker inserts 
into LFC bottoms or walls; 

parameters of the field of splinters formed after puncturing a 2 mm metal barrier by a 
striker and moving in water hereafter; 

the character of variation of excess pressure at  the shock wave front along the 
cylinder length. 

(The splinter field parameters mentioned in the 1st stage report materials are omitted 
here, since the supposed process is absent in this case). 

8. The act (certificate) is issued on each individual test, that includes both all initial 
parameters, and the necessary data obtained as  a result of record (final) exfikment. Upon 
completing the whole scope of tests the final report is issued, that includes main results of 
certificates - of both record and preliminary tests. 

2. Preliminary investigations 

2.1. Tasks performed a t  the preliminary investigation stage 
Some preliminary test investigations have been carried out for developing a physical 

model of water-filled cylinders behaviour, as  well as with the purpose of adjusting the system 
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,- 1. Outer diameter of a cylinder, Dout, mm 40.0 49.2 
2. Inner diameter of a cylinder, Din, mm 36.0 47.4 
3. Total length of a cylinder with bottoms, Ltot, mm 120.0 - 84.4 
4. Bottom thickness, 6b, mm 2.0 3 .O -*- 
5. Mass of empty cylinder, g 249.30 162.3 
6. Mass of a water-filled cylinder, g 367.37 297.8 
7.  Material of which cvlinder bodv and bottoms are made Steel 20 Steel 20 
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L as a whole. 
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The tasks of these investigations follow from the considerations given below. 
First, one should determine, which object is moving in water after breaching the LFC 

frontal bottom and what are the basic parameters of this secondary field (the distribution of 
tion of velocity along 

g in water allows to 
ng the following two 

regimes are e x p e & & - s u p m c  - a t  wkwity / s  and subsonic - at 
velocity lower than 1500 m/s .  The character of striker/cylinder interaction will be 
essentially different for these two regimes. 

Third, one should verify calibration tables and plots, which are used later for deciphering 
the results obtained in experiments. 

Fourth, the above investigations should be used for adjusting the whole automatics of a 
system described above, that allows to reduce the consumption of a costly set-up's resource. 

The analysis shows, that a great number of experiments is required for performing the 
tasks listed above. Therefore, further on both two-stage light-gas systems and powder 
installations will be used at this stage. The main characteristics of these installations will be 
presented as required. 

Some notions and definitions will be introduced for conveniency of material presentation. 
At cylinder loading we shall distinguish the plane of shooting and the plane of aiming. 

The shooting plane (in the case of loading into the end wall) is the plane passing 
through the longitudinal axis of a cylinder and the striker motion trajectory. The aiming 
plane motion is not introduced in this case. 

The shooting plane (in the case of loading into the side wall) is the plane passing in 
perpendicular to horizon through the longitudinal axis of a cylinder. 

All definitions are given with two limitations: 1) when loaded to the side wall, a cylinder 
is placed in such a manner, that its longitudinal axis be perpendicular to the horizon; 2) the 
striker trajectory is a stright line. 

. 

2.2. Initial data 
In the course of experiments we have slightly changed the initial data as compared to 

those presented in the first-stage report. These changes are not principal, however, since 
they do not alter the essence of the experiment task as such. Besides, some initial data have 
not been still presented because of their absence at the time of first-stage report preparation. 

The initial data for a water-filled signed for loading by a striker, are given in 
Table 2.1 (I), and the outer view of a- hown in Fig. 2.1. 

The same Table presents chara cylinders used at the stage of preliminary 
investigations (10, and the outer view of a cylinder is shown in the upper half of Figure 2.2. 

Steel 20, of which cylinder body and bottoms are manufactured, is a carbon bond, high- 
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quality, construction steel, according to GOST' 1050-60. The other its characteristics are 
given in Table 2.2. 

Table 2.2 
Steel 20 main characteristics 

Small bolls, made of annealed SHKH-15 steel with hardness HB = 179 - 207, were used 
as strikers. As the experiments have shown, non-annealed bolls, when impacted to a metal 
barrier, are very frequentey broken into very small splinters (metal dust), which do not move, 
actually, in water behind the barrier. 

2.3. Experimental technique 
The experimental set-up block-diagram is shown in Fig. 2.3 and includes projecting 

(throwing) installation I ,  chamber-cutter 2 and measurement track 3. The test cylinder 4 is 
placed in a measurement track on its axis, opposite windows 5. It is freely suspended with 
threads on a special support. To provide striker hitting to a cylinder, the aiming is performed 
through a projecting installation barrel by means of laser beam according to a special 
technique, that is omitted here. 

The rapid photographing of the striker/ cylinder interaction process is performed by 
means of a special ZHLV2 camera 6 and pulse light source (PLS) 7. 

The flying striker velocity was measured by two opto-electronic photobarriers 8 
connected with frequency meter 9. Besides, the second barrier was used for actuating the 
PLS via the delaying unit 12. The experiment is fully controlled from the control panel by 
camera 10, which is electrically connected with the throwing installation's fighting circuit and 
also has a light connection with the PLS 7 via the photosensor. 

After installing the instruments and equipment according to the given block-diagram and 
checking its workability the chamber-cutter and measurement track are evacuated. When the 
required vacuum is achieved, the second stage of a projecting installation is evacuated and 
filled with helium. 

By pressing the button on a high-speed camera's control desk the whole automatic 
system is put into action: camera's mirrors are spinned up to reaching the given 
photographing rate; then the signal for throwing installation actuation is delivered via the 
fighting circuit. The powder charge is ignited, and the throwing installation continues its 
operation; the photobarriers with frequency meter measure the time of striker flight from the 
given base of barriers setting, and the signal from the second photobarrier actuates the power 
unit 12 of PLS after the given delay time that is equal to the time of striker's flight from this 
photobarrier to a cylinder. As the light source begins to  glow, the photosource delivers a 
signal to the camera, in which the mirror makes one revolution, thus pSFforming the 
photography, and closes a shutter. At this time the experiment is over. 

2.4. Splinter field parameters determination after barrier breaching by a striker 
The task of determining the parameters of a splinter field behing the barrier after its 

breaching (the first of tasks listed in Sect. 2.3) was solved by striking a barrier 2 mm thick, 
~ ~~ ~- 

I State Standards. * ( W I B  - mywan nyna BpeMeHw in Russian) means "waiting magnifier of time" 
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made of steel 20, with a ball 7.2 to 7.25 mm in diameter, made of annealed SHKH-15 steel, 
at different velocities. The ball was accelerated by a two-stage light-gas installation, whose 
ballistic bare has 7.8 mm caliber. 

As an example, Fig. 2.4 presents a histogram f;(ro) and its envelope of a probability 
density of random value ro - with respect to radius at velocities up to 3800 m/s: 

ro= r / rrmx 
where 
r is the current value of a radius of points of secondary splinters 

a covering zone centre at the second barrier placed at the distance of 
one; 

rrmx is the maximum value of this radius. 
The histogram fi*(ro) was constructed from the known dependence 

f;(ro) = ANI / AriN 
where 

hitting with respect to 
100 mm from the first 

AN, is the number of splinters falling into a ring at  the second barrier with radii r, 

N is the total number of splinters larger than 1.5 mm in diameter; 

and 
r,.k; 

Ar, = rr - r,.!. 
Fig. 2.5 shows a histogram and its envelope of density probability of random value do - 

the relative diameter of secondary splinters in a flux 
d o = D  / D- 

where 
D is the current value of splinters' diameter; 
D- is the maximum value of a splinter diameter. 
The histogram f;(d,) was constructed from the well-known dependence 

where ANi is the number of splinters belonging to the d,-I, ..., d, group; 

However, the above-mentioned splinter field parameters take place only at 
striker/barrier impact velocities higher than 2500 m / s  (for the given impact conditions and 
striker/ barrier pair). At lower impact velocities the striker (ball) is deformed at penetration 
into a barrier and assumes ellipsoidal shape (if it was tempered at  temperature of 600" C). 
The dimensions of ellipsoids will be given in subsequent Sections, as required. The splinter 
field behind the barrier consists of one (the cork broken away from a barrier) or several 
splinters, the masses of which vary within the range of 0.02 to 0.1 g. 

Besides, Fig. 2.6 presents the dependence of an angular distribution of splinters 
velocities. For more clearness, the contours of a cylinder under study are superimposed on 
the target situation scheme and on splinters' fly-away zone, at shooting both to end and side 
walls. 

f;(d,) = ANj / AdiN; 

Ad, = d, - dpi 

2.5. Main results on determination of cylinders' destruction parameters 

The stated tasks 2 and 3, listed in Sect.2.1, were solved by shooting from three 

0 an instailation with bore of 18 mm caliber and up to 2000 m / s  velocity of throwing a 

0 a combat rifle gun of caliber 7.62 mm by armour-piercing bullets of mass 9.6 g over 
various water-filled cylinders. The velocity of bullet encounter with the forward cylinder 
bottom was provided in the range of 715 to 725 m / s  - a throwing installation with bore of 
caliber 16 mm and up to 1500 m / s  velocity of throwing a ball of mass 1.25 g. 

In first experiments the cylinders were made of steel 3 (as it was claimed in the 1st- 
stage report materials), with using tubes being subsequently processed. The shooting over 
these cylinders has shown, however, that the tubes were welded, and they occurred to be 

in preliminary investigations 

throwing installations: 

ball of mass 1.25 g; 5- 



Ng Name of parameters 

1. Striker shape 

2. Striker diameter, mm 

3. Striker mass, g 

4. 

5. Velocity of striker 

Total mass of sttiker and 
pallet, g 

encounter with cylinder, 
m / s  

6. Direction of striker 
encounter with LFC 

Parameter value 
1 st 2nd 3rd 4th 5th 6th 

exper. exper. exper. exper exper. exper. 
bullet bullet bullet ball ball ball 
with a with a with a 
core core core 
7.62 7.62 7.62 7.2 7.2 7.2 

(6 x 22) 
9.6 9.6 9.6 1.25 1.27 1.25 

(6.0) (6.0) (6.0) (1.25) (1.27) (1.25) 
4.9 4.97 4.9 

1 

(6 x 22) (6 x 22) (5.5 x 9) (5.5 x 9) (5.5 x 9) 

720.0 720.0 720.0 1850.0 1780.0 1820.0 

into into into wall into into wall into 
bottom bottom bottom bottom 

7. 
8. 
9. 

displacement from the 
aiming plane (at loading 

into wall), mm 
Output orifice shape circle circle oval circle 

Output orifice size, mm 13 x 10 1 4 . 3 ~ 1 3  10.5x6.5 2 6 x  13 
First bottom deflection 6.5 6.0 1.5 0.5 1 .o 0.5 

value, mm 
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L 10. Second bottom deflection 
value, mm 

, 

7.4 6.0 13.0 5.0 2.0 8.0 

_ _  
Figures 2.8, 2.9, 2.2 (the lower part), .2.10, 2.11 and 2.12 show these cylinders after 

loading them by strikers outlined in Table 2 m of cylinder loading in the 2nd 
experiment, performed at filming rate of rames per second, is shown in 
Fig. 2.13. The moviegram well reveals the motion ve of elastic and plastic deformation 
of a cylinder wall in the striker motion direction. oviefram deciphering indicates, that 
the initial velocity of the de e cylinder length equals 540 to 
550 rn/s, and it slowly drop the cylinder bottom. In this case the 
compression wave length is from 43 to 50 ps. The pressure 
in a compression wave reache encounter with the second bottom the wave 
reflects from the latter, and 41 MPa. This pressure exerts 
great loading on cylinder b bottom deforms and tears off 
and, as the moviegram shows, it moves at  initial velocity of about 170 m/s.  The same 
loading acts on cylinder walls causing strong plastic deformation and, finally, breakup of a 
wall. The separation of a bottom and the breakup of a wall result in forming the rarefaction 
wave in water. This wave follows behind the compression wave and rapidly decreases 
pressure in the latter. That's why no sighificant plastic deformation and LFC walls breakups 
are observed over the large part of a cylinder. 

Since the striker trajectory in the third experiment was 14 mm misaligned with a 
cylinder axis, the deformation wave front over a cylinder occurred to be 10" inclined from the 
normal to a cylinder axis. The cylinder as a whole underwent bending deformation due to its 
non-symmetrical extension. 

The moviegram deciphering allowed to determine the rate of elastic deformation in the 
radial direction, that reached 159 m/s ,  and the initial rate of tearing-off the second bottom 
was about 170 m/s,  and the deformation amplitude in radial direction was 2.8 to 3.0 mm. 

A different situation was observed in shooting over record (final-test) cylinders. Elastic 
and plastic deformations were so small in this case, that they with hard could be deciphered 
on a moviegram by using a special microscope. Thus, the above situation allows to conclude, 
that the LFC deformation process should be best studied on thin-walled cylinders. 

The rnovigram deciphering allowed also to construct the dependence of excess pressure 
in a compression wave over the cylinder length. As an example, Fig 2.14 presents the 
dependence of pressure in a compression wave for Ist, 2nd and 6th experiments, respectively. 

field of loading on 
mainly depends on 

necessity the field 

of core and ellipsoid 
e was obtained by 

character of variation 
d, thus, is not shown 

ormations in the radial 
direction for 1st and 2nd experiments, and Fig. 2.17 - for 3th, 4th, 5th and 6th ones. 

3. Study of high-velicity striker interaction with water-filled cylinders Lr- 

3.1. Parameters of a splinter field in front of a cylinder a t  striker interaction with a 

The study of parameters of a splinter field in front of a barrier, into which a striker 
penetrates, is a rather topical problem. The reason lies in the space flight safety of modern 
spacecraft, manned ones especially, such as the "Mir" space station. The feature of their 
design is a module-type structure in space. When a meteor or technogeneous particle hits 
one of modules, the splinters formed before a barrier fly at rather high velocity to different 
sides and, though their size-mass parameters are small, they can damage adjacent modules, 

cylinder bottom or wall 
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which fall into a fly-away zone of these splinters. 

Another situation relates to the task of destroying large-size technogeneous particles 
and to the use of high-velocity strikers thrown from the controlled space vehicle. The splinter 
fie1 d, formed in front of a technogeneous particle, moves in the spacecraft direction and can 
injure the latter. Thus, in both above-mentioned cases the problem of spacecraft protection 
from splinters arises and, thus, the parameters of this splinter field must be known for 
ensuring the protection. We shall consider some splinter field parameters obtained in our 

As mentioned before, when the striker penetrates a t  velocity of 2500 m / s  and more the 
first bottom of a cylinder, the flux of secondary splinters is generated, which are flying in the 
opposite direction (Fig. 3.1). Deciphering of obtained results at impact velocity of 2970 m / s  
allowed t 6 ~ t e m i k A a i ~  

splinters are flying i at an apex equal 

range R, i.e. D = 
t virtually depend 

n for R = 11.5 crn 

L 

b 

* experiments . 

one can write: 
0, for 0 < cp << 'pz 

0, forcp, < cp 

2.1 pieces / an2, for (p2 < cp << cp, 

0 the probability density of random value cp that determines splinters' fly-away direction 
for such a density, is written as follows: 

0, for 0" 5 9 5 cpl 
f(cp) = Asincp, for g2 < 9 5 'p, 1 0, for 'pl < 9 5180" 

Here A is the constant factor determined from the experimental results. It is determined 
from the condition of equality of the integral of function f(q) in the limits from 0 to x / 2 .  

For the conditions of experiments carried out Figure 3.2 presents the f(cp) dependence 
for A = 3.045. 

Masses of individual splinters lie within the limits of 0.012 to 0.024 g, and their initial 
velocities - in the range of 900 to 120 m/s .  All these parameters are presented for lst ,  2nd 
and 6th experiments. 

In the case, when a striker hits the cylinder wall, the splinter field is quite different in 
character. In this case the field's pa te dependence on a shooting 
plane displacement from a pardleg p cylinder axis, on the cylinder 
surface curvature radius, on striker velocity - and and on some other striker 
characteristics and object design. 

Let us  consider the simpliest case, when the striker hits a cylinder and the shooting 
plane passes through the cylinder axis ( 

In this case the splinters fly away en two conical surfaces. Here, the angle at an 
apex of conical surface in a shooting pi essentially lower, than that in a perpendicular 
plane (Fig. 3.3a). 

If, however, the shooting plane is displaced by angle 6 with respect to t m m i n g  plane, 
whitch passes through the cylinder axis and is parallel to the shooting plane, then the 
character of splinters distribution over angles drastically changes (experiments No. 3, 4 and 
7). 

The axes of symmetry of conical surfaces, between which the splinters are flying, are 
inclined at some angle y to the side of displacement 6 (Fig. 3.3b). In this case these axes do 
not coincide even with each other. And in this case the expression for the probability 
distribution density of splinters over angles, is a complicate, multiparametric function 
f(cp, 0, 6,  ... ). Of course, this function is simplier in the case of coincidence of shooting and 
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In this case the angle at the conical surface apex in the direction perpendicular to the 

results. So, Fig. 3.4 shows the 
cord experiment No. 3. The figure 
ements have shown, that the depth 

deciphering of a moviegram, 
ity of these splinters, which 

re a barrier becomes weakly 

obtaining more complete data 

aiming planes, since 6 = 0 and conical surfaces possess a plane symmetry. 

shooting plane equals 180 deg., and that in the shooting plane is about 70 deg. 

ned below, allowed to dete 

-- 
g to the cylinder bottom 

ere carried out using the technique 
outlined in Sect. 2 (experiments No. 1, 2, 6). In all these cases the loading was accomplished 
by a striker flying parallel to the cylinder axis. Table 3.1 presents’ main striker characteristics 
before and after shooting obtained by visual measurements, as well as the encounter 
conditions (impact velocities and angles). 

ters are zero. Besides, 

ed experimentally, will be 

Since the striker/cylinder encounter conditions occured to be the s a m e % ’  the 1st and 
2nd experiments (except the hitting point deflection from the cylinder axis), all dependences 
considered here will be actually the same. Therefore, these dependences will be presented 
here for the first experiment only, and only some its features will be mentioned for the 
second experiment. 

Consider now some parameters of cylinders destruction. Fig. 3.5 (for the 1st 
experiment) and Fig. 3.6 (for the 2nd experiment) show the general view of cylinders after 
loading in two projections. They are virtually identical with the exception, that fractures on 
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the second object seem to be larger. This is not the case, however. This fact is explained 
very simply after visual examination. For this purpose we shall consider the general picture 
of cylinder behaviour in the measurement track. 

When the striker, whose mass is much lower, that the cylinder mass, impacts a 
cylinder, the latter firstly hangs rather quietly. However, when the striker is inserted into a 
cylinder, it acquires the momentum of force. Under an effect of this momentum the freely 
hanging cylinder begins to move along the striker velocity vector, tears off the threads and 
flies away into the working chamber 15 (see Fig. 2.1). Still prior to this moment the bottoms 
of a cylinder are knocked out, the first bottom flies away into the chamber - cutter and the 
second one - into the working chamber. In the first experiment the cylinder flew throughout 
the measurement track not touching its walls; but in the second experiment the cylinder 
catched on the next windo opening with its broken edge and allegedly increased the 
destruction scope. This fact is well revealed, however, in visual examination and destruction 
identification from a peculiar shape of rupture surface. 

of-an outer diameter of cylinder over its 
Re-for f)ie lst, ' hd  and 6th experiments, 

the length of ruptures 
th respect to a cylinder 

axis. 
Fig. 3.9 gives the dependence of pressure ave front and in the 

compression wave in water over the cylinder length for 1st and 2nd experiments. One can 
clearly see two sections of sup&sonic and subsonic motion of body in water. 

Fig. 3.10 presents a si 
Figr.3.11 and 3.12 pre 

dependence for the 6th experiment. 
the velocities of body motion in water vs cylinder length and 

time. 

. Cylinders destructbpar wall by a striker 
our striker,t!UC interaction- experiments ha& been c 'out using the technique 

outlined in Sect. 2"he cylinders were loaded into the wall. Tabk3 .2  presents main striker 
parameters prior to its internaction with a cylinder and LFC parameters after its loading, 
obtained by instrumental measurements. 

Table 3 2 
Main striker parameters prior to impact and cylinder parameters 
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