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ABSTRACT The reasons why oscillation exists in the measurement of dynamic stressstrain curves of the

SHPB subjected to a rectangular loading wave have been analyzed and a conclusion of that the oscillation can be

controlled by the loading stress waveforms was made. Then, the Impact Discrete Inversion T echnique pro-

posed by the authors was introduced to design the rams based on expected siress waveforms. The confirmative

experimentation results obtained using the designed ram which can produce an approaching sine wave showed

that the oscillations were effectively controlled.
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1 INTRODUCTION

The Split Hopkinson Pressure Bar ( SHP
B) has been widely used to measure the dynamic
properties of solid materials, such as metals and
rocks. The loading stress wave in the SHPB is
initiated by impact between a bar and a cylindri-
cal ram of the same diameter as the bar, which
produces a rectangular loading stress wave. Nu-
merous investigators have found that oscillations
exist in the incident waves, reflection waves,
strain rate curves and stressstrain curves ob-
tained by the SHPB subjected to a rectangular
loading wave. Owing to the existence of oscilla-
tions it becomes very difficult to obtain the exact
dynamic parameters of the materials. As
Pochhammer and Chree first analyzed the above
phenomenon, this oscillation has been named as
Pochhammer-Chree oscillation( P-C oscillation) .
The key reasons of such phenomenon may be the
specimen is in a state of one dimensional stress
and couldn t be mantained well. Kolsky, Davies
and Hunters studied this phenomenon and gained
the approximate corrections for radial inertia and
the criteria for the SHPB specimen design 1121
Bertholf and Karnes examined the previous study
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using a comprehensive two-dimensional numerr

cal study of the SHPB including the effects of the

31 Li and Gu discussed it

inertia and friction
hased on experimental results' *'. As the moduli
of the elasticity of rock are smaller than that of
the metals, more serious oscillations exist in the
measurement of the dynamic parameters of rocks
by the SHPB subjected to a rectangular loading
stress wave, see Fig. 1. Thus, it is more impor-

tant to control the P-C oscillations in the measu-

Fig. 1| The dynamic stress-strain curves
of granite specimens subjected

to rectangular loading wave
RG1, RG2, RG3 — Number of specimens
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rement of the dynamic properties of rocks. It is
the objective of this paper to present a reasonable
loading waveform and its corresponding loading
system that can restraint the P-C oscillations.

2 THEORETICAL ANALYSIS

In order to present the method of control
ling P-C oscillations, it is necessary to make a
brief explanation on the effects of inertia in the
SHPB based on energy principles.

Denoting the specimen kinetic energy by
Ex, the deformation energy by FE 4, we have

sde_ OEy 0E
e~ ot 7 oo

Ej= TEE (1)
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where  Oand € are the stress and strain in the
specimen; £, 0 Vand d are Young modulus,
density, Poissons ratio and diameter of the speci-
men, respectively.

T herefore

o= Ee+ jpvzdz&% (2)
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Substituting eqn( 2) into motion equation
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yields
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The above equation is the wave equation includ-

2
C%g—x"% (3

where

ing the effects of radial inertia. Assuming a sim-
ple loading stress of sine wave with circular fre-
quence @, its phase velocity ¢ can be expressed as

C= Co- TV (4)

The above equation shows that the stress
waves with different frequences transmit with
different phase velocities. Because every loading
stress wave consists of some componental sine
waves with various frequences, the dispersion
phenomenon occurs, which results in P-C oscil-
lations. It is apparent that the wider the fre
of principakcomponental sine

quence range

waves, the more serious the dispersion and oscil-

lations. Therefore, the control of the oscillations
could be realized by the control of the loading
stress waveforms. More specifically, (half) a
single sine wave does not result in the dispersion
and oscillations, 1. e., the reasonable loading
waveform should be a single sine wave.

3 IMPACT DISCRETE INVERSION
TECHNIQUE

The loading stress wave is generated by im-
pact with the ram, Datta studied the determina
tion of stress waveforms produced by the ram of

. . . 5 .
various geometrical designs ”'; Gupta studied the
impact between a finite conical ram and a long
cylindrical bar, using threedimensional finite el-

61 Their studies

ement model and experiments
showed that the variation of the ram impact ve
locity produces a direct variation in amplitude of
stress wave, while the ram geometry determined
the profile of the stress wave. Numerous investr
gators have attempted to analyze the relation-
ships between the stress waveform and the ge
ometry of the ram. To the writers know ledge,
all published analyses have been only solved the
problem that the stress waveform is determined
based on the given geometry of the ram; while
its inverse problem, in which the geometry of
the ram is designed based on the expected stress
wavefom, have been left to be solved.

In order to design a ram that can produce a
loading stress of single sine wave. The Impact
Discrete Inversion Technique proposed by the
authors 1s introduced here ( for detailed discus-
sions of the technique see Ref.[7]).

Assuming that the profile function of the
ram isf (x ); the waveform function is ®(¢), i
e.
0<x <L (5
0<t K2L/a

(6)

Throughout the discretization the ram pro-

R= f(x)
P= %1t)

file and waveform are divided into n segments.

Ri= f(itde), i= 1, «n;

P= %®jN), j=1 -.2n-1
where Ax = L/n;
At = Ax/a
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Based on the wave equation and characteris-
tics method, the following equations are ob-
tained, which can be used to calculate the radius

of the ram bhased on the stress waveform.

m; = Fin+1—i/(vin+1—i_ UO) (7)

Fivop1= [Fiopat+ Fiop+
mi(vi-2— vi2)]/2 (9)
Vic12k-1= [Viok2+ viopt
(Fizk_z— Fizk)/mi]/z (10)
k=1, «.on)

the initial conditions and the boundary

(i= n,
where
conditions are now changed as follows.

Fio= 0 (i= 0.+ 1)

vio= vo (it= 0..n),
Vnpy (0= 0
F,= P;

7 J

vy = Pi/mo(j = 1--2n-1)

Here P is the force applied on elastic bar
(N), R the radius of the ram (m), mqthe char
acteristic impedance of the bar (M*s/m), vgthe
impact velocity (m/s), L * P and a are the
length, P and « the density and longitudinal
wave velocity of the ram, Fjjand vjthe force and
velocity of the ith segment of the ram during the
Jth period, m; the characteristic impedance of
the ith segment of the ram, n is the number of
the segments.

Assuming that the force waveform function

®(t) is given, the profile function of the ram
f(x) can be calculated by the above equations.

Using a computer program, the profile
function of the ram that can produce a single se-
mrsine wave is calculated. It must be mentioned
that only half of the wave function (0 <1 <
2L/ a ) is the exact sine function and the other
of waveform is approching sine function.

4 EXPERIMENTAL RESULTS

Using the Impact Discrete Inversion T ech-

nique, a new ram, which produces an ap-
proching semrsine stress wave, is designed and
made. The shape of the new ram and the corre-

sponding stress waveform are shown in Figs. 2~

3. The practical wave is in good agreement with
the desired wave.

A series of confirmative experiments were
performed to measure the dynamic stress strain
curves of many kinds of rocks. Several experi-
ment results for granite specimens are illustrated
in Fig. 4. Comparing with the experimental re-
sults obtained from the experiments using rect
angular loading wave shown in Figure 1 , it is

Fig. 2 The outline drawing of
the designed ram

Fig. 3 The stress waveform generated
by the designed ram

Fig. 4 The dynamic stress-strain curves
of granite specimens subjected

to approching sine loading wave
SG1, SG2, SG3 —number of specimens



Vol.6 Ne?2

Controlling of Oscillation in €M easurement

. 147 -

seen that the P-C oscillations have been effective
ly controlled.

S CONCLUSIONS

From the above analyses and experimental
results, it can be concluded:

(1) In the measurement of rock behaviours
by the SHPB subjected to rectangular loading
wave, serious P-C oscillations exist in the dy-
namic stress strain curves.

(2) A reasonable loading stress wave should
be a single sine wave which can eliminate P-C
oscillation.

(3) The designed ram based on the Impact
Discrete Inversion T echnique can produce an ap-
proching semrsine loading wave and can control
the P-C oscillations effectively.

[t is suggested that the loading system of
the SHPB should be improved by using the new
ram and the Impact Discrete Inversion Tech-

nique should also be used to examine the behav-
iors of matrials subjected to different kinds of
stress waveforms by the SHPB.
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