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Examining the mechanical properties of polymer materials has
particular importance due to the increasing usage of these
materials. In this paper, the crack development process was
identified using the experimental data obtained from the tensile
tests of polyvinyl chloride polymer (PVC) to reduce the
experimental test number. Some pre-cracks were created on the
experimental samples by slotting and broaching methods and the
experimental results of force versus displacement were recorded
for each sample. In the next step, some mathematical pre-processing
operations including equating the sampling intervals using
interpolation and integration using trapezoidal methods were
performed on the experimental data. In the third stage, by using the
pre-processed data and the Least Squares (LS) identification
method, the mathematical model of the system, the frequency
domain discrete transfer function of the crack development process,
was obtained. Finally, after evaluating and verifying the obtained
mathematical model with other experimental results, it was
proposed to predict the crack development process. The obtained
results showed that by identifying the crack development process
for limited samples, it is possible to avoid the number of
experimental tests that are time-consuming and costly. In addition,
the second-order two-stage least squares method with five
unknown parameters was promisingly able to estimate crack
development dynamics with acceptable accuracy, particularly in the
first half of the development process.
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EXTENDED ABSTRACT

Introduction

The lower weight, several properties, and lower production costs of polymers have
attracted the attention of numerous researchers. A significantly important property to be
recognized is the performance of materials when cracks exist. The challenges originate
from the difficulty or unfeasibility of generating pre-crack based on ASTM and ESIS
standards. The current study aimed to study the effect of broaching and slotting processes
for generating pre-cracks in specimens of polyvinyl chloride polymer. To study the
fracture behavior of these materials, the essential work of fracture, which is one of the
most successful theories of this type, was used. The essential work of fracture was used
to determine the fracture toughness of materials such as polyvinyl chloride that exhibit
high plasticity.

System identification is an attractive approach to modeling different systems. In this
method, there are three approaches: a white box, a gray box and a black box. In the white
box approach, the mathematical equations are extracted by writing the system's physical
equations, and the values of the model parameters are identified by experimental tests. In
the gray box approach, the model is extracted from the system's physical equations, but the
parameter values are identified by various identification methods such as linear
identification methods LS, RLS, RELS, IGLS, and 11V methods based on state space equations
such as state observer, Kalman filter, or non-linear identification methods like adaptive
approach, and non-linear RELS. In the black box approach, both the mathematical model
and the parameter values are unknown, and by assuming a linear model such as a discrete
transfer function or a non-linear model such as the Wiener model, Hammerstein model, and
neural networks, the parameters of these models can be identified.

In this paper; the experimental data of the crack development behavior in a polymer was
used to identify a mathematical model. Calculating the necessary work of fracture is one of
the most successful theories in the study of fracture behavior. This parameter can be
calculated by numerical integration from the waveform of the force versus displacement
obtained from the experimental test with a tensile test setup. In addition to identifying this
parameter, this research aimed to identify the behavior of this parameter, so that in the
future, the number of experimental tests required for related research works can be
significantly reduced and a new field identifying the dynamic characteristics of the materials
crack development under tension can appear. The output of this paper was the discrete
work transfer function versus crack tip displacement.

Methodology

In this research, the identification and modeling of the crack development behavior of
PVC polymer in the tensile test were carried out with DENT samples. To create pre-cracks in
DENT samples, the broaching and slotting methods were used, and the EWF method was
used to investigate the fracture mechanics of the polymer. To identify and model the crack
development behavior;, after obtaining data from experimental tests, some pre-processing
tasks were performed on the experimental data. Then, the target model and identification
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method were selected. Next, the steps of the least squares identification method were
performed on the data and the identification and verification results were illustrated in
corresponding graphs.

Results and discussion
Figures 1-3 show the results of the identification of the behavior of fracture work carried

out with the assumption of the first, second and third order for broaching and slotting
methods. As can be observed, in both methods, the second and third orders had much better
identification results compared to the first order.
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Figure 1. Actual and identified work-displacement curve of DENT samples for the 7 mm ligament length
with the first-order system assumption (a) Broaching and (b) Slotting.
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Figure 2. Actual and identified work-displacement curve of DENT samples for the 7 mm ligament length
with the second-order system assumption (a) Broaching and (b) Slotting.
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Figure 3. The actual and identified work-displacement curve of DENT samples for the 7 mm ligament
length with the third-order system assumption (a) Broaching and (b) Slotting.
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Table 1 shows the results of the SSE of identification errors. As can be observed, the
second order is a more correct assumption.

Table 1. The sum of least squares error values and identified parameters for different orders of target

transfer function.
Orders of target transfer function 1 2 3

SSE 335.1193 60.0888 68.1795

~al 09999  -1.9992  -2.6109

a2 - 0.9992 2.2220

Broaching Method X X a3 - - -0.6111
Values of identified parameters m 0.0030 0.0000 -0.0000

b1 - 0.0000  0.0001

b2 - - -0.0001
SSE 437.0019 70.8450 75.5415

_al  -09999 -1.9991  -2.2053

a2 - 0.9991 14113

Slotting Method X X a3 - - -0.2060
Values of identified parameters 50 00041 0.0000 0.0000

bl - 0.0000  0.0001

b2 - - -0.0001

Conclusion

The most important achievement of this research was the identification and modeling of
the crack development behavior in the fracture mechanics of PVC polymer. Because of its
high sensitivity to the crack tip radius, PVC polymer was used in this research. Identification
and modeling of the crack development behavior, DENT samples with pre-cracks created by
broaching and slotting methods were used with ligament lengths of 7 and 8 mm. Due to the
nature of the used material and samples, EWF theory was employed to analyze the results.
The obtained results showed that by identifying the crack development behavior for limited
samples, it is possible to avoid the numerous practical tests which are time-consuming and
costly. In addition, from the presented results, the second-order two-stage least squares
method, which has a simple mathematical model with only 5 parameters, is promisingly
capable of estimating crack development dynamics with acceptable accuracy, especially in
the first half of the process, which is more linear in nature. However, using other
identification methods in this field can also be useful.
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