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ABSTRACT

The dynamic fracture toughness CTOD of ductile material under
the explosion impact loading was investigated using the three
point bend specimen in our experiment and it can be obtained by
measuring the crack propagating procedure, the rotation angle
of specimen and the surface opening displacement of the crack
at the same time. The crack propagation was measured by using
the indirect potential method and the rotation angle of the
specimen and the surface opening displacement of crack were
measured by the method of electric probes. The experimental
results showed that under the explosion impact loading the
crack propagating speed is the largest at its initial propaga-
ting and then it decreases rapidly along with the crack propa-
gation. The dynamic fracture toughness of ductile material CTCD
will become small when the rate of crack propagation is high,
specially the initial crack propagating speed is large.

4. INTRODUCTION

To measure the dynamic fracture toughness of materials is always
a very important and difficult subject of dynamic fracture
mechanics. This problem has met with success in liner elastic
dynamic fracture mechanics, the caustics method has been pre-
sented to measure the dynamic fracture toughness kqq of liner
elastic materials(1). Recent years, many scholors also work at
the experimental study of dynamic fracture toughness CTOD(Z)(B).
But main works are limited at the brittle fracture of liner
elastic materials or the infinite deformation elastic plastic
fracture. Now few persons have been inverstigated the dynamic
fracture foughness CTOD for the dynamic plastic fracture under
large plastic flow and the effective experimental methods even
more have not been seen. The method of section metallograph was
presented to observe the remnant CTOD of ductile materials in
reference (4) and it stipulates that the dynamic fracture

667


User
Rettangolo


toughness of ductile materials CTOD is taken as the CTOD where
the crack is just initial propagating and has not propagated
further. In fact, if the crack propagates rapidly the dynamic
fracture toughness CTOD will change and decrease. So just using
the section metallograph to study the dynamic fracture toughness
of ductile materials is not enough, and we need to investigate
that under the different rate and amplitude of loading, the
dynamic fracture toughness of ductile materials is how to
change and has what relationship with the crack propagating
speed. In this paper, a new experimental method to study the
dynamic fracture toughness of ductile materials was presented
and the three point bend specimen made of low-carben steel was

used in our experiment, where the explosion impact loading was
taken.

2. THE EXPERIMENTAL DESIGN

Because our experiment is mainly to study the fast stable propa-
gation of crack in large plastic flow field, so a ductile ma-
terial--low-carben A3 steel was selected as the material of
specimen and its static yield stress is 2300 kg persquare cen-
timeter. The three point bend specimen was used in our experi-
ment and the loading is explosion impact load. The loading
equipment is shown in Fig.1 and the explosive explodes over the
equipment and the burst wave affects on the sliping plate and
push it down, then through two supports the force is added on
the specimen. The specimen size is 220x10x25 mm®* , its length
direction is perpendicular to the rolling direction and its
height direction is the direction of the plate thickness.
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Fig.1. The experimental equipment

The indirect potential method was used to measure the crack
propagating speed. Because the large plastic deformation would
take place in the crack tip of specimen before it fractures,
therefore the crack gage must be ductile enough to ensure that
it will fracture synchronously with the specimen and also the
glue that sticks the gage must have enough ductility and streng-
th, so that the gage and the specimen would become one unit and
could not seperate before fracture. As we know, if the crack
propagating length, the rotation angle of specimen and the
surface opening displacement of the crack were known in the
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fracture procedure, then the dynamic fracture toughness CTOD
can be obtained by the relations of geometry. Therefore the
electric-probes were used to measure the specimen rotation
angle 6 and horizontal opening displacement x of the crack sur-
face, it is shown in Fig.2.

Merizenfaf probes et

Fig.2. The arrangement of probes

The vertical probes was used to measure the rotation angle of
gpecimen and the horizontal probes to measure the crack opening
distance. For that, an angle aluminium was fixed on the speci-
men near the crack, when the mngle aluminium rotates following
the specimen and touches the horizontal probes, the contact
outputs of probes can be presented. In the same, when the
specimen moves and touches the vertical probes, the contact
outputs will be given.

All the outputs in the experiment were shown by oscillographs
and photographed. The oscillographs were touched off by the
same trigger in order to ensure synchronism in the time.

3. EXPERIMENTAL RESULTS AND ANALYSIS

The probes arrangement of two groups experiment and its contact
time were shown in Table 1, where the time of appllied force
initial effect was taken as the zero point of time, h is the
distance between the horizontal probes and the specimen, Xx is
the horizontal distance from the horizontal probes to angle
aluminium, y is the vertical distance from the vertical probes
to the specimen, Ly is the distance from the vertical probes.
to the rotation center of specimen and 6 = y/Ly is the rotation
angle of specimen,

The signals record of the first group experiment was shown in
Fig.3. They are (a) the horizontal probes signals (b) the
vertical probes signals, (c) the voltage output of the crack
gage and (d) the output of the force transducer.
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Table 1. The probes arrangement and the contact

time

No. x(mm) h(mm) tyg(ms) y(mm) Ly(mm) ©6x102 ty(ms)
1 0.1 14.5 0.287 0.65 98 0.66 -0.45
First 2 0.3 14,5 0.340 1.70 93 1.83 0.265
Group 3 0.75 14.5 0.886 2.60 88 2.95 0.571
Experiment 4 1.04 14,5 1.109  3.20 83 3.86 0.907
5 1.50 14.5 1.609 4,40 78 5.64 1.587
1 0.1 14.5 0.13 0.5 98 0.51 0.014
Second 2 0.2 14.5  0.21 0.9 93 0.97 0.244
Group 3 0.4 14,5 - 1.4 88 1.60 0.424
Experiment 4 0.65 14,5 1.03 2.1 83 2.53 0.764
5 0.9 14.5 1.15 3.0 78 3.8 1.244

(a)

(©) )

Fig.3. The experimental signals for one group

0.5 ms per check),(a) horizontal probes
signals. (b) vertical probes signals, (c)
voltage output of crack gage and (dS
output of force transducer
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Put the experimental results shown in Table 1 on the x-t plane
and the 6-t plane, the curves of the crack opening displacement
x and the rotation angle of specimen © changed with the time
can be obtained and were shown in Fig.4-5.
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Fig.4. The first group experimental results, (a)
the horizontal opening displacement
measured by horizontal probes, (b) the
rotation angle of specimen

x(mm) fx(0*
28]
x
..64—
a4t
ae 3 x,
Lims)
[} a.rs (X 1S

Fig.5. The second group experimental results,(a)
the horizontal opening displacement
measured by horizontal probles,(b) the
rotation angle of specimen.

From Fig.4 and Fig.5, we can see that the lines x-t are through
the origins of coordinates. It means that the horizontal opening
displacement of the crack is caused by the plastic rotation of
specimen under the effect of applyed force. Because the applyed
force was transmited to the force transducer by the specimen,

so if there are any elastic deformation to cause the crack
opening, it must be happened prior to the signal of force trans-
ducer. So it also means that the whold fracturing section of
specimen came to yield simultaneously, under the high amplitude
explosion load, therefore the concept of elastic CTOD is unsui-
table here or it can be seen that the elastic CTOD is equal to
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zero.

From Fig.4(b) and Fig.5(b), we can see that the lines 8-t

didn'c pass the origins of the coordinates and it means that the
specimen had a certain displacement in the vertical direction
before the applyed force transmites to the transducer. This dis-
placement is caused mainly by the elastic deformation of speci-
men and perhaps including other factors. Because this part of
vertical displacement does not cause the plastic rotation of
specimen and should be eliminated in the calculation of CTOD,
the exact plastic rotation of specimen should be the dashs lines
shown in Fig.4 and Fig.5, which parallel to the solid lines.

Thus the CTOD, notes 3 , and the plastic rotation factor rp can

be obtained by the geometry in all procedure of the crack pro-
pagation,

2( x - 6(h + a) ) (1)

3

rp 2 (2)

2 (H - a)e

where a is the crack length and it can be represented as
a =a,,+wv;%7+Aa (3

where w is the width of the crack gage, AV is the voltage in-
creasing output of the gage caused by crack propagating, Vo is
the initial voltage output of the gage and A a is the revision
quantity of the mid-crack of specimen,

(4)

A
{aS'ATe_ as < A2
a =

YaN ag = A ae

where ag is the crack surface propagating length and

ag = w ——4%7¥7 , A is the difference of the final crack length

VD

between the mid-crack and the surface crack,Aag is the crack
surface propagating length when the tear fracture near the sur-
face of specimen reaches its most width. A and A ag can be
obtained from the fractures of specimens after the experiment.

According to the equations (3) and (4), the crack propagating
length and the rate of crack propagation can be given as the
function of time, they were shown in Fig.6 and Fig.7.

Substituting the results shown in Fig.4 to Fig.7 into the equa-

tions (1) and (2), the CTOD and the plastic rotation factor ry
in all fracture procedure can be obtained and they were
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shown in Fig.8 and Fig.9 as the function of the crack propaga-
tion.
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Fig.9 The changes of plastic
retation factor in the
fracture procedure.

Fig.8 The changes of CTOD in
the procedure of crack
propagation.

From Fig.8, we can see that there is a world of difference be-
tween the two groups of experiment for the dynamic fracture
toughness of material. The fracture toughness of material CTOD
in the first group is less than the fracture toughness in the
second group, because the crack propagating speed in the first
group experiment is larger than that in the second group. So
the dynamic fracture toughness of ductile material is affected
greatly by the crack propagating speed. On the other hand, for
one group experiment, the fracture toughness CTOD increased
along with the crack propagation, but the increase of CTOD in
the fracture procedure is not only related to the crack propa-
gating speed, but also related to the crack initial propagating
speed. From Fig.9, we can see that at the crack initial propa-
gating the plastic rotation factor p is almost the same as the
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results of static experiment, about 0.45, but it decreases
quickly along with the crack propagation. This phenomenon means
that there was an axial fracture force at the crack tip in the
fracture procedure, this fracture force made the rotation
center of the specimen fracturing section change.

CONCLUSION

To measure the dynamic fracture toughness CTOD of ductile mater-
ials is possible and effective using the method presented in
this paper. The dynamic fracture toughness of ductile materials
is different for the different crack propagating speed and it
becomes much less than its static value under the large crack
propagating speed. For low-carben steel if the crack initial
propagating speed is about fifty meters per second, then the
CTOD will decrease to 0.1 mm and if the crack initial propaga-
ting speed is about five meters per second, then CTOD is about
0.25 mm, it is about the half of its static value. The crack
propagating speed is not only related to the loading rate, but
also related to the loading amplitude and its period.
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