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Abstract

The importance of understanding non-metallic material behaviour at high strain rates
is becoming ever more important as new materials are being developed and used in shock
loading applications. Applying conventional methods for high strain rate testing to non-
metallic materials proved ineffective due to impedance mismatch between the specimen and
apparatus and so a new test method was developed.

A polymeric Hopkinson bar was developed enabling non-metallic materials, such as

polycarbonate and rubber, to be tested at strain rates from 500s™ to 4000 s,

Conventional Hopkinson bar analysis is invalid due to the viscoelastic nature of the
polymeric bar material. As waves propagate along the bar length, the inherent material
behaviour causes the waves to undergo a degree of attenuation and dispersion. Through the
use of spectral analysis, a comparison of the dispersive relationships for 6061 T-6
aluminium, extruded acrylic and low density polyethylene is presented.

The application of spectral methods to viscoelastic wave analysis was validated by
three separate methods. A comparison of predicted and measured waves along the bar length
allowed the dispersive relationship to be substantiated. The use of an enhanced laser velocity
system further verified the predicted wave magnitude. A comparison of results for

polycarbonate and ballistic gelatin to published results showed good agreement.
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Chapter 1

Introduction

1.1 Background

The study of material behaviour at high strain rates is becoming ever more important
with the desire to fabricate structures that are capable of withstanding high velocity impacts.
For computer simulation of such impacts, the need for accurate properties for a variety of
materials is required. As the design of such structures becomes more complex to withstand
higher energy ballistic and blast impacts, knowledge of the behaviour of a greater variety of
materials with vastly different properties is required. The object of the research undertaken
by the author was to develop a test fixture that was capable of testing soft materials such as
bone and rubber at high strain rates to provide material models for the simulation of both
personnel protection devices and the parts of the human body being protected. Experimental
determination of the high strain rate constitutive behaviour of soft materials is particularly
challenging because there has been little development of experiments for such low
impedance materials. The following sections describe, in general, high strain rate
experiments developed for high impedance materials such as metals and their extension to

low impedance materials.



1.2 General Methods for High Strain Rate Testing of Materials

This section deals with testing methods which achieve strain rates from 10 to 10° s™*.
No single test can achieve the full range of rates and therefore it is convenient to divide the
methods into three categories: low strain rate, high strain rate and ultrahigh velocity impacts.

Table 1.1 illustrates the different types of tests that exist for various strain rates.

Low strain rates are the easiest to achieve. These rates range from 10" to 10> s™ and
are marginally higher than quasi —static tests. Simple hydraulic or pneumatic actuators can
achieve these rates, Meyers [1994]. A different method for achieving these rates is the cam
plastomer. Figure 1.1 shows a diagram of a cam plastomer testing machine. This machine
uses a cam rotating at a specific velocity to deform the specimen. Once the cam is rotating at
the desired velocity, the follower is moved into place and the specimen is deformed.

For high strain rates up to 10* s three tests are commonly used to determine the

mechanical properties of the sample material.

1.2.1 The Taylor Anvil

This method propels a cylindrical projectile into a target which is rigid or symmetric.
The process of deformation results from a sequence of elastic and plastic waves propagating
in the cylinder. Figure 1.2 shows the sequence of events that occurs when the projectile
impacts. From initial and final measurements, the initial velocity of the projectile and the
velocity of the target, the material behaviour can be deduced through the application of
conservation equations. More recently, computer simulation of the impact allows the
selection of an appropriate material model by comparing the deformed shape to the

simulation.

1.2.2 Expanding Ring

The expanding ring technique uses a hollow cylinder with an explosive core as a
method of initiating a shock wave. Figure 1.3 shows the different components of this system.
The material to be tested is placed in a ring around the hollow cylinder. As the explosive is
detonated, the shock wave expands radially, which in turn causes the cylinder and specimen

to expand. In order to determine the stress strain curve for the material, the velocity history



of the ring is recorded. The velocity history can be related to stress and strain through a set
of simple equations. This technique uses varying amounts of explosives to select the strain

rate desired.

1.2.3 Split Hopkinson Bar
The most commonly used method for testing material between strain rates of 10? and

10* s™ is the Hopkinson bar. The Compressive Split Hopkinson Pressure Bar (CSHB) is
comprised of three separate bars known as the striker, the incident and the transmitter bar.
Figure 1.4 shows a schematic of this apparatus. The striker bar is propelled towards the
incident bar at a desired velocity. The striker bar can be accelerated either by mechanical
means (such as a spring) or by using compressed gas (with a gas gun). A compressive wave
is imparted into the incident bar as the striker impacts. The elastic wave propagates
uninterrupted along the incident bar until it reaches the sample. The velocity of the striker
controls the strain rate achieved, while the length of the striker determines the duration of the
test. Some of the wave in the incident bar is transmitted through the sample into the
transmitter bar and the rest of the wave is reflected in the incident bar. In order to determine
the strain within the sample, strain gauges are mounted on both the incident and transmitter
bars. The strain gauges are usually placed in a location where no superposition between the
reflected wave and incident wave will occur over the duration of the test. The wavelength of
the pulse is approximately equal to two times the length of the striker. That means that the
incident bar must be greater than two times the length of the striker and the gauges must be
mounted at least the length of the striker from the specimen end in order to avoid
superposition. Lundberg and Henchoz [1977] describe a method using two strain gauge

stations per bar allowing separation of superimposed pulses.

1.2.4 Ultrahigh Strain Rate Testing

In order to achieve ultrahigh strain rates a very rapid application of energy at the
surface of the sample material is required. This can be accomplished by a variety of methods
as indicated in Table 1.1. The easiest way to apply a large amount of energy to the sample
surface is to detonate explosives that are in contact with the surface. This would generate the
required plastic wave in the sample. Similarly, a pulsed laser of very high power would

develop high pressures in the sample through radiation.
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Single and dual stage gas guns are capable of launching projectiles towards a sample
material at high velocities. Single stage gas guns are capable of propelling a projectile at
velocities of up to 1200 m/s while two-stage gas guns are capable of velocities up to 8000
m/s.

Flyer plates can be used in achieving ultrahigh strain rates as well. A plate is driven
by an explosive charge or gas gun to impact a stationary plate. The reader is referred to

Meyers [1994] for a more detailed discussion of ultrahigh strain rate testing methods.

1.2.5 Current Application

The strain rates desired for the current application are in the range of 10* s™ to 10* s™
which suggests the use of the high strain rate test techniques. The Taylor impact test requires
that the specimen’s dimensions be measured after the test is conducted. Although acceptable
for metals, this is impractical when testing soft materials. A significant portion of the
deformation process can be elastic allowing the sample material to recover in time, leading to
incorrect results. In addition, the specimens must be propelled into the rigid mass. Since soft
materials are easily deformed, the shock of propelling the material could cause deformation
and possibly failure.

Material limitations make the expanding ring technique impractical as well. This
method requires that the material be formed into a ring. This is would be impossible for
many organic materials such as bone. Additionally, the requirement of an explosive core
makes use of such a technique costly and potentially hazardous.

The nature of the Hopkinson bar is ideal for the present task. This type of test fixture is
not limited to specific sample configurations. The strain rates that can be achieved by the

Hopkinson bar correspond to the desired strain rates since it is unlikely that strain rates above
10* s™*will be required. It should be mentioned, however, that strain rates approaching the

10* s represent the upper limit of Hopkinson bar testing and can only be achieved using a

miniature Hopkinson bar apparatus.



1.3 Hopkinson Bar History

The idea of using a pressure bar to determine material properties was first used by
John Hopkinson [1872] in 1872. He was able to determine properties of iron wire by
transferring the energy of a dropping weight into the wire and measuring how much it
deformed before breaking. His son Bertram Hopkinson [1914] continued his work in 1914
by using a bar to determine the pressures developed by the impact of a bullet or from a blast.
A schematic of his device is shown in Figure 1.5. He used a bar (B) suspended by two sets
of wires that was inline with a box (D) which was also suspended. A short section of rod (C)
was placed at the end of the main bar and held in place by a small magnetic force. A bullet
was then shot at the end (A) of the long bar causing a pressure wave to be imparted into the
rod. The wave travelled down the long rod and into the short rod causing it to fly off and be
caught by the box. The displacement of the box and the rod were measured with a simple
displacement device, allowing the calculation of momentum. The crude measuring devices
available at that time limited the accuracy of the results of the experiments.

Little was done in this area of research until 1948 when Davies [1948] performed a
critical study on the Hopkinson pressure bar. Davies used a condenser unit to more
accurately measure the displacement of the bar’s end. Kolsky [1949] presented a more
conventional form of the Hopkinson bar in 1949. Kolsky used a three bar system which
comprised of the striker bar, the incident bar and the transmitter bar described earlier.
Kolsky used condenser units attached to the incident and transmitter bar to derive the
properties of the specimen. This three bar system is sometimes referred to as a Kolsky
pressure bar, however, in keeping with the conventions used at the University of Waterloo
and elsewhere, the apparatus will be termed the Compressive Split Hopkinson Bar (CSHB)

apparatus.



Chapter 2

Conventional Split Hopkinson Bar

2.1 Theory

In the conventional Hopkinson bar, the material behaviour is determined from the
difference in interface velocities (V1, V2, Figure 1.4). As the elastic pulse deforms the
sample, of length L, the distance between the incident and transmitter bars, decrease since
V1>Vo.

This deformation occurs over a period of time that leads to the strain rate being
calculated as:

o 3 (2.1)

S

The measurement of the velocity at the end of each bar is difficult. Therefore, a different
approach using elastic wave propagation in the incident and transmitter bars is often adopted.

The velocity of sound in the material is given as:
C,=.]— (2.2)

where C, is the sound velocity, E is Young’s Modulus and p is the density of the bar
material. Longitudinal waves propagate through elastic media at this speed.
In order to determine the stress, strain and strain rate history of the sample, the

incident strain g, (t) , the reflected strain € (t) and the transmitted strain €. (t) can be used.

The velocities at the interface can then be related to the strain by:



V, =C_¢g, at (t=0)
(2.3)
V, =C. &
At t>0 the incident and reflected waves are superimposed so that the velocity is reduced and
V1 becomes:
V, =C, (&, - &) (2.4)

This results in the strain rate becoming:
. _C,
£(t) _T(‘9| ~ &R _‘ST) (2.5)

if the bars are made from the same material.
The stress in the sample is determined by:
, -FEO+F)
S 2)0%

where F; and F; are the forces applied at the specimen faces by the bars and A is the area of

(2.6)

the sample. The forces in the bar can be related to the strains in the bar by:

F=AE (gl +£R)

(2.7)
F,=AE, (&)
The stress is then:
E
@=§£@ﬁﬁ+%) 28)
where Ay, and Ej, are respectively the area and Young’s Modulus of the bar.
For equilibrium to exist, F1=F, and €. g =&r simplifying the equations to:
o, = EbisT (2.9)
A
& = —2&£R (2.10)
LS
_ G
e =2" [ £t (2.11)



The so called Hopkinson bar equations are based on certain assumptions as described by
Davies [1948] that must be satisfied in order for this analysis to be valid.

* The bars must remain elastic through out the test.

» No attenuation or dispersion occurs.

* The pulse is uniform over the cross section of the bar.

* The specimen remains in equilibrium through out the test.

Since the Hopkinson equations are based on elastic waves equations, the first
assumption must be enforced. The second assumption states that no attenuation or dispersion
occurs. This property must exist so that the strain measured at the strain gauge location is
similar to the actual strain at the interface. If attenuation or dispersion occurs, then the
equations that relate the specimen properties to the strain gauge output become invalid. As
will be seen later, attenuation and dispersion become a significant problem when developing
CSHB equipment for testing soft materials.

The third assumption indicates that for the standard Hopkinson bar analysis to be
valid, the waves can be described by the one dimensional wave equation. If the distribution
of pressure and displacement across any section of the bar is non-uniform then distortion of
the wave can result. It is suggested that the wave is fully developed in four (Davies [1948])
to ten (Follansbee [1985]) bar diameters from the interface.

The fourth assumption refers to sample considerations and is discussed in detail in the

following section.

2.2 Sample Considerations

The fourth assumption states that equilibrium must exist in the sample during the test.
If equilibrium is not reached then non-homogeneous deformation can occur. To achieve
equilibrium the specimen should be sufficiently short to ensure that pressure throughout the
specimen is constant. Kolsky [1949] suggests that the specimen length should be small
compared to the wavelength of the shortest operative wave in the Fourier spectrum of the
pulse. Davies and Hunter [1962] established that equilibrium is achieved when the loading
pulse travels back and forth inside the specimen more than tttimes. Dioh et al. [1993]
conducted tests through a range of strain rates to determine the strain rate sensitivity due to

material dimensions. They suggest that it is critical to choose appropriate specimen



dimensions when testing at higher strain rates in order to correctly determine the material’s
behaviour. Dioh et al. [1994] further conclude, through numerical simulation, that at high
striker velocities, plastic wave fronts are developed in the sample, increasing the strain rates
and flow stress, which causes inaccuracies in representing the material’s inherent behaviour.
By reducing the specimen length, lower velocities can be used, resulting in lower stress and
strain gradients throughout the specimen. Further research was conducted by Dioh et al.
[1995] in this area using a different type of numerical simulation resulting in similar
conclusions.

Another consideration when attempting to achieve equilibrium in the specimen is
lubrication. The interface between the bar ends and sample must be lubricated to allow the
sample to expand radially. The use of petroleum jelly has been shown as a good lubricant for
testing polymers at high strains; Dioh et al. [1993].

2.3 Hopkinson Bar for Testing Low Impedance Material

One of the requirements for the Hopkinson bar analysis is that a transmitted pulse be
measured. This means that the acoustical impedance of the specimen should be similar to
that of the bars. The acoustic impedance is given by:

| =C,p (2.12)
When testing low impedance materials such as foam and rubber, the transmitted pulse is
significantly reduced causing the signal to noise ratio to decrease. In order to boost the
signal transferred to the transmitter bar, the cross sectional area of the transmitter bar can be
reduced, the signal can be measured with a more sensitive measurement technique or the
impedance of the bar material can be reduced. Various researchers have made use of these
techniques. Chen et al. [1999] used a hollow metallic transmitter bar with an end cap. By
reducing the cross-sectional area, the transmitted strain is increased for the same force level.
This method avoids any dispersion and attenuation problems that are encountered when
viscoelastic bars with lower impedance are used. However, the problem with this method is
that the wave mechanics at the interface of the hollow tube with the end cap become
complex. There can be a variety of reflections off the various interfaces since the end cap is
press fitted into the tube and secured with a pin. The transmitted strain seen at the gauge

location may therefore not be indicative of the true strain being transmitted at the interface.



Chen et al. [2000] suggest another method of increasing the signal in the transmitter
bar. This method requires that a small quartz crystal be imbedded into the transmitter bar.
The quartz crystal gave a much larger signal than surface mounted strain gauges and had a
similar impedance to the aluminium bars used. The quartz crystal is approximately 3 times
more sensitive than a conventional strain gauge. The similar impedance and shape of the
crystal help to prevent any ill effects of placing this gauge in the middle of the bar. Problems
with this method occur when the wave hits the crystal causing complex reflections and
refractions. These reflections and refractions are inevitable due to discontinuities at the
crystal interface.

A method used to reduce the impedance of the bar material is to switch from the
conventional steel bars to aluminium bars. Aluminium bars have a reduced modulus and
density that makes them applicable for testing stiffer polymers and they do not suffer from
viscoelastic effects of non-metallic bars. Most strain gauge technology is applicable to
aluminium bars and few changes need to be made to existing experimental techniques.
Magnesium bars can be used in a similar fashion although this method will only be
applicable to stiffer polymers. Since aluminium and magnesium bars are linearly elastic,
there is little dispersion or attenuation and the conventional Hopkinson equations can be
used.

Once the material being tested enters into the realm of foams and rubbers, the bars

must be made out of lower modulus non-metallic materials such as acrylic.
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2.4 Summary

Since weight is an important factor in personnel protection devices, it is expected that
new protection systems will make maximum use of low impedance material such as foam.
Therefore, to study these materials, the author has selected a CSHB with acrylic bars for the
test apparatus.

The conventional means for analysing forces and velocities from strains in a Hopkinson
bar apparatus has been presented. The equations used are based on basic wave propagation
principles that work only for metallic bars. In order to fully comprehend the dynamics of
wave propagation through softer media, spectral methods must be used. Spectral methods,
discussed in the next chapter, require the transformation of a wave into the frequency domain
where its components can be further analysed. This method of analysis will allow the
inclusion of a dispersion and attenuation adjustment that would be impractical in the time

domain.
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Chapter 3
Spectral Wave Theory

3.1 Introduction

The analysis of how waves disperse and attenuate is generally performed using spectral
methods. A detailed explanation of how waves are changed into the frequency domain and
how they propagate is given here. This understanding is fundamental when analysing wave

propagation through any media.

3.1.1 Fourier Transform and the FFT
The basis of spectral analysis is the idea that a complex periodic wave can be
represented by the superposition of a series of sinusoids of harmonically related frequencies,
Chapra and Canale [1988]. The general equation for a simple harmonic sinusoid is
f(t)=a, +rsin(wt+4) (3.1)
where f is the amplitude, a, is the offset or mean value, r; the amplitude, «y is angular
frequency which describes the periodic nature, and ; is the phase angle or shift of the wave.
The phase angle describes the amount of shift along the time axis of the wave. By applying
the trigonometric identity:
rcos(wt+8)=r [cos(agt) cos( §) —sin( agt) sin( @]

to equation (3.1), an alternate form of the general wave can be written as:

y(t) =a, +a cos(eyt) +b sin(ayt) (32)

where
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a, =r.cos(d) and b, =-r;sin(f) (3.3)

Therefore, a signal can be represented by a continuous Fourier series written as:

f(t)=a, +Zw:[ak cos(kayt) +b, sin(kqt)] (3.4)
since
_2m
W= (3.5)

and is called the base or fundamental frequency and k is an integer. The frequency multiples,

ke, , are known as harmonics. A function with a period T in the time domain can therefore

be related to a spectrum of components (ax and by) in the frequency domain. Figures 3.1a,
3.1b and 3.1c illustrate how a square wave can be broken into a summation of a series of
cosine waves. If enough terms are included, then the superposition of the all the components
would result in a wave identical to the square wave.

In addition to the amplitude of each of the components of the Fourier series, a
corresponding phase angle must also exist. Both the amplitude and the phase spectra are
needed to reconstruct the wave in the time domain. For the example of the square wave, the
amplitude and phase spectra are shown in Figures 3.2a and 3.2b respectively. By analysing
the amplitude and phase spectra a greater insight into the properties of the wave can be
achieved.

The above analysis was performed for a periodic or repeating signal. This is,
however, impractical for analysing wave propagation since a stress wave is aperiodic. To
analysis aperiodic signals, an alternative to the Fourier series was developed. A Fourier
transform pair allows the transformation of an aperiodic signal into the frequency domain

and back. The basis of the Fourier transform is the Fourier integral and is given by:

= —_ 1 —iapt

Fl@)== J'“; f (t)e ' dt (3.6)
where F is the continuous Fourier transform (CFT), w, is as defined before and i is a

complex number (\/——1) . The Fourier integral is derived from the Fourier series in its

exponential form by applying Euler’s identities. The application of infinite limits allow for

the definition of an aperiodic signal. In other words, as the period becomes infinite, the
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signal never repeats itself, becoming aperiodic. The second part of the Fourier transform pair

is the inverse transform and is given by:
()= [ Fl@e™dw (3.7)

The ~ symbol indicates the frequency domain of any function. F has both real and imaginary
components which are related to the ax and by terms of the Fourier series respectively.

For most situations, however, the function f(t) is not known analytically. Normally
the signal is known in terms of a discretized signal measured through a data acquisition
system. For this situation, the discrete Fourier transform (DFT) was developed. The CFT

can be written in terms of samples (n) resulting in the DFT transform pair given by:

~ N_l “
=Y f,e™" fork=0to N-1 (3.8)
n=0
and
1 ~ |kwn —
f,=— " for n=0 to N-1 (3.9)
NE&

where N is the number of samples.

Although this is a more practical form of the Fourier transform, it requires N
complex operations making it impractical to execute by hand and is still computationally
intimidating when using computers. To alleviate some of the computational burden, fast
Fourier transform (FFT) routines have been developed. Most FFT routines reduce N?
operations to Nlog(N) operations allowing for more efficient calculation of the Fourier
coefficients. The reader is referred to Press et al. [1992] for a detailed description of FFT

routines.

Since F, has both real and imaginary parts, it can be expressed in rectangular and
polar formats. In rectangular form, F, represents the coefficients of the Fourier series. The
polar form of F, is related to the rectangular form by:

F =a, +hi=re% (3.10)
where from equation (3.3):

i =(a’ +b’) (3.11)
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6, =tan™ [b—kj (3.12)
a'k
rc refers to the modulus or amplitude and & is the phase angle. Although most FFT routines
return results in rectangular form, a greater understanding of the properties of a wave is
attained through the polar form. Some special considerations must be taken into account
when changing from rectangular to polar form. When determining the phase angle by the
arctan function, one must be careful that the angle has been adjusted for its quadrant. Most
mathematical programs assume that the angle lies within the first quadrant and so some
adjustment is necessary. The phase angle should lie in the interval -7 < < 7. As well,
phase angles must be subjected to a numerical procedure known as unwrapping. In
unwrapping the phase spectra, a continuous function is attained by adding or subtracting
multiples of 2rtwhen absolute jJumps between consecutive phase spectra are greater than 1t
radians (Figure 3.3). This procedure accounts for the phase shift relative to the first
component or DC term. The DC term occurs when n=0 and represents the area under the

time function.

3.1.2 Wave Propagation in the Frequency Domain

One of the most useful aspects of the Fourier transform is the ability to analyse and
predict how waves will propagate. When a wave propagates along a rod, in essence it is
being shifted in time. If a simple square wave is symmetric about time zero, as in the case of
Figure 3.1, then it can be seen that the imaginary part of the transform is zero and that there
is no phase shift. If the wave is displaced along the time axis, the transform will have both
real and imaginary parts. The real part is an even function while the imaginary part is an odd
function. Figure 3.4 shows these relations for a square pulse using the CFT. In terms of
polar coordinates, the amplitude of the original and shifted pulses is identical; the only
difference is that of phase. This indicates that a shift in time in the time domain corresponds

to a change in phase in the frequency domain. This leads to the following relation:
f(t—t,) =F, (w)e ™" =rglh ) (3.13)
where t, is the amount of shift in time.

Of prime importance in wave analysis, is how a wave will propagate through different

types of materials. As a wave propagates through some types of media, dispersion and
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attenuation of the wave can result. Dispersion relates to the lengthening of a wave as it
propagates through a media while attenuation relates to a reduction in amplitude. Dispersion
and attenuation are interrelated actions that are generally coupled. In other words, if you
have dispersion, you generally have attenuation. Figure 3.5 shows these effects. Attenuation
and dispersion can be caused by a variety of factors such as, material properties and
geometric constraints.

The ability to separate the components of a wave is key to analysing dispersion and
attenuation relations. Figure 3.6 illustrates the components of a wave at different times. The
wave train on the left illustrates a non-dispersive system. As the wave propagates, the
individual wave components have the same velocity and therefore remain in the same
relative position to each other. This means that at any given time the summation of the
individual wave components will result in the same wave. For the dispersive system, shown
to the right of Figure 3.6, the individual wave trains have different velocities changing their
relative positions. This means that as the wave train propagates, the resultant wave will
change shape with time. The speed at which each component moves is called the phase
speed and is given by:

w
K

where c is the phase speed, t is the time, X is the distance and k is known as the wavenumber.

(3.14)

c=X
t
By relating the speed of each phase to the frequency a dispersive relationship can be
developed (Doyle [1989], Follansbee and Frantz [1983], Gorham and Wu [1996]). The
relationship between the wavenumber and the frequency is called the spectrum relationship.
The speed at which the superimposed wave moves is called the group speed (cg). This is the
wave that is actually observed.

If the wave at a point is measured, then it can theoretically be predicted at another
point by applying a transfer function to the original wave. In other words, if one knows the
dispersive relationship, one can predict how a wave will propagate through a material.

3.1.3 Wave Equations

In order to predict how a wave will propagate through some media a model
describing the wave motion must be formulated. The development of the Pochhammer

[1876] and Chree [1889] frequency equations form the basis for analysing longitudinal wave
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propagation. These equations relate the phase velocity to frequency for one-dimensional
wave propagation. Follansbee [1985] suggests that a one dimensional analysis is sufficient
since the majority of the energy is contained in wavelengths that exceed ten times the radius
of the bar. This also means that the surface measurement of strain is a valid indicator of axial
displacement. The one dimensional equation of wave motion is:
0°u _ 0%
o Por

where T is the axial tensile force in the material and p is the density. Changing into the

(3.15)

frequency domain and solving results in:

u(x,t) =a(x, @) = > F,G(Ky,x)e'™ (3.16)
where F, is the amplitude spectrum and G is the system transfer function Doyle [1989]. The
subscript m refers to the mode of the solution and generally, only the first mode is
considered, Cheng et al. [1998]. The transfer function determines the amount of phase shift
and attenuation with respect to space. As it will be seen later, the transfer function will be
related to y; the propagation coefficient.

Historically, when linearly elastic material is being analysed, dispersion is ignored if
the ratio of the wavelength (A) to the radius (R) is much less than one (Davies [1948]).
Follansbee and Frantz [1983] determined that dispersion is an important consideration even
when A/R<<1 for linearly elastic bars.

Viscoelastic effects create problems when using polymeric bars. Using bars made of
these materials requires a greater understanding of the bar’s material properties. Attenuation
and dispersion have large effects on the incident, reflected and transmitted waves. Simply
stated, the problem is that the strain gauge measurement in the middle of the bar does not
correspond to the conditions at the sample interface. Therefore, some data reduction is

required. A variety of methods have been suggested to combat this problem.
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3.2 Corrections for Dispersion and Attenuation

The different methods for correcting dispersion and attenuation fall into either

analytical or experimental categories.

3.2.1 Analytical

The theoretical approach to solving this problem requires that a viscoelastic model of
the material be formulated. The model is then used to simulate the behaviour of the material
so that the wave can be predicted at some point from a known measurement. Kolsky [1963]
illustrates the three different models that are commonly used to simulate viscoelastic
response. The three models, shown in Figure 3.7, indicate that each of the material models
can be represented by a system of dashpot and spring elements. The different configurations
of the Voigt, Maxwell and general solid model different types of dynamic behaviour. The
Voigt model is based on the assumption that the stress components in a solid are proportional
to the sum of the strain and the strain rate. The Maxwell solid, on the other hand, relates the
stress rate as being proportional to the strain rate and stress. This indicates that the Maxwell
and Voigt solids react in opposite ways resulting in the logarithmic decrement in amplitude
of vibration being inversely proportional to frequency for Maxwell solids and directly
proportional for VVoigt solids. The more general model is a combination of the Maxwell and
Voigt elements resulting in a model which is more useful in describing the qualitative nature
of viscoelastic material. However, even the more general model does not correspond well to
quantitative results except over a small frequency range.

Wang et al. [1994] suggest that the viscoelastic behaviour of polymeric materials can
be simulated by the nonlinear Zhu-Wang-Tang (ZWT) model. The ZWT model is a
compilation of two Maxwell solids in parallel with an elastic spring element. Through
numerical simulation, they are able to accurately predict the viscoelastic response with
known material properties.

Tyas and Watson [2000] use numerical simulation to determine the viscoelastic
behaviour of the material. They simulate a known input force time history applied to the bar
end while recording the dispersed signal at some distance from the end. From the known

input and recorded output, the dispersive relationship can be determined.
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Sawas et al. [1998] used bars made of cast acrylic to test samples made of
polycarbonate, polyurethane foam and styrofoam with some success. Their method of data
reduction requires an a priori knowledge of the material properties of the acrylic bars. These
properties are used to solve a form of the viscoelastic wave equation allowing the
propagation of the wave to be predicted.

Zhao and Gary [1995a] developed a three dimensional wave equation based on
Pochhammer and Chree’s longitudinal wave propagation equation. Through comparison
with empirical results, they show that the application of the three-dimensional model more
accurately predicts how waves will propagate through viscoelastic media. Zhao and Gary
[1995b] also extended this work to include an inverse method for calculating the material
parameters by measuring speed on the bar ends and then estimating the model parameters
through multiple iterations. Sogabe et al. [1995] use a similar approach to define a

propagation coefficient allowing for the correction of attenuation and dispersion.

3.2.2 Experimental

The advantages of determining the material properties of the incident and transmitted
bars experimentally are that no prior knowledge of the material properties is required and it is
not necessary to solve the Pochammer and Cree frequency equations. As well, corrections
based on analytical techniques seem limited to correcting only small amounts of dispersive
distortion.

Gorham and Wu [1996] suggested a method for experimentally determining the phase
corrections. Their method requires that a series of tests using different size projectiles be
conducted. The phase spectra for each pulse is analysed and with the knowledge of how an
ideal pulse propagates, the smooth underlying phase variation common to all curves is
determined. With the knowledge of how the phase velocities vary over the range of
frequencies, the dispersion of the wave can therefore be predicted.

Bacon [1998] suggests an experimental method for considering attenuation and
dispersion in viscoelastic bars. This method involves performing a test on each bar in order
to determine the viscoelastic material behaviour. This method, outlined subsequently,
determines the dispersive relationship experimentally. Bacon and Brun [2000] extend this

method for determining the dispersive relationship to include bars that are non-uniform along
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their length. This methodology would be useful if the ends of the bars are heated or if the
bars are of non-uniform impedance to match a sample. This work is an extension of
Lundberg et al. [1990] where the viscoelastic properties of the material were determined
using a two point measurement technique.

Cheng et al. [1998] suggest a similar method of determining the propagation
coefficient. Instead of unwrapping the phase spectra to determine the amount of phase shift
between the two pulses, the wave number is estimated to give a reasonable phase velocity
and frequency relationship.

3.2.2.1  Theory Behind Experimental Method

By applying spectral wave analysis to a Hopkinson bar configuration, equations
relating velocity and force at the bar interfaces can be derived. The one-dimension wave

equation can be written in terms of stress as:

do(x.t) _ 5 9%u(x,t)

PV pre (3.17)
Strain is related to displacement by:
g(x,t) = ou(x (3.18)
0x
Writing these basic wave equations in the Fourier domain:
62
— 0 (x,w) = -paE(X, w) (3.19)

0x

where d(x,w) and &(x,w) are the Fourier transforms of stress and strain respectively. The

angular frequency, w, is related to the frequency, f, by w=27f . For a linearly viscoelastic
media, stress is therefore related to strain by:

G(x,w) =E (o) qx, & (3.20)
where E’is the complex modulus of the material. The propagation coefficient, y = fw) , is
defined by:

Y= - pgf’z (3.21)

Using equations (3.19), (3.20) and (3.21) the one-dimensional equation for axial motion

becomes:

20



0%8(X, w)

—Z—yzi‘(x, C()) =0 (322)
0X
The general solution to this equation is given as:
E(x,w) = P(w)e™ +N(we” (3.23)

where P(w)and N(w) are the Fourier transforms of the strains at x =0 due to the waves
travelling in the directions of increasing and decreasing x respectively.

The velocity, V(x,w), and normal force, F(x,w), are then:

V(X w) = —i%[ﬁ(w)e-yx ~N(ae” ] (3.24)
F(X,w) = —%[f’(w)e'” +N(ae” ] (3.25)

The modulus and the phase angle of the complex exponential functions ™ and e are

related to attenuation and propagation respectively. The propagation coefficient y(w) is

related to the attenuation coefficient, a(w), and phase velocity, c(w), by:

V(@) = a(@) +ik( ) = o ) +i—2 (3.26)

c(w)
where k(w) is the wave number and is an odd function and a(w) is a positive even function

with a(0) =0.

3.2.2.2  Experimental Determination of the Propagation Coefficient

The following method is based on the work by Bacon [1998]. The basis of

determining y(w) experimentally is equation (3.25). By allowing one end of the bar to have

a free end condition; the force must become zero (or at least much smaller than the force at
the strain gauge location). When the force at the end is zero, equation (3.25) becomes:

Pe +Ne” =0 (3.27)
where d is the distance from the strain gauge location to the free end and P and N are
related to the incident and reflected strains by:

£ =Pand & =N (3.28)

The transfer function G(w) can then be defined as:
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Gl _% = (3.29)

The negative sign in front of the ratio is to compensate for the fact that the reflected wave is
inverted. It should be applied to the Fourier transform of the reflected strain while in
rectangular form. The complex ratio then describes how the wave changed, due to both
attenuation and dispersion, over the distance 2d. After a negative sign is applied to the

reflected strain, the complex ratio becomes:

G =r_Rei(9R-9|) — 20 = g(ati2d (3.30)
f

Equating the real and imaginary parts gives:

In [er
- _ i
b= (3.31)
k - — (BR ~ el )
2d

This is done for every frequency. Therefore, the dispersive relationship between the
frequency and k is determined.

The determination of the propagation coefficient allows the velocity and force at the
interface of both the incident and transmitter bars to be determined. This, in turn, allows a

direct calculation of the strain rate from equation (2.1). The stress can be calculated from:

- T (t)
510 3.32
o, (3.32)

where the subscripts S and T refer to the sample and transmitter bar respectively. The strain

can be determined by integrating equation (2.1) with respect to time and is given by:
£ = jssdt (3.33)

The division of the sample length to get the strain rate and the sample area to get the stress

should be done in the time domain order to maintain its physical representation.
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3.3 Summary

This chapter outlined the basis of spectral wave theory as it applies to the Hopkinson
bar apparatus. The understanding of this method of wave propagation analysis enables one
to include a dispersive relationship which allows the analysis of the viscoelastic behaviour
inherent to most polymers. In addition to a detailed analysis of an experimental method,

various analytical methods of determining the dispersive relationship were also discussed.
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Chapter 4
Experimental Method

4.1 Introduction

As mentioned earlier, a Compressive Split Hopkinson Bar was chosen as the most
applicable technique for the measurement of the dynamic properties of softer materials. In
order to give a better impedance match between the bars and the specimen, acrylic was
chosen as the bar material. Because of the use of acrylic bars there are a number of design
constraints that differ from a conventional Compressive Split Hopkinson Bar apparatus due
to the greater Poisson’s ratio and lower Young’s Modulus of the bar material. These produce
significant radial expansion of the bars during the passage of the stress wave. Air bearings
were selected to support the bars to allow radial growth of the bars and to minimize friction.

A gas gun was chosen as the method of accelerating the striker bar. Since the
amplitude of the stress pulse applied to the incident bar is a function of the striker’s velocity,

this propulsion method was selected to attain the various desired velocities with consistency.

4.2 Experimental Design

The Hopkinson bar apparatus was designed to allow different rods with different
tolerances and material properties to be used. The use of modular assemblies allows one or
more assemblies to be modified independently as required. Complete engineering drawings
of the apparatus are given in appendix A. The apparatus was designed using I-DEAS and

Figure 4.1 shows an isometric view of the apparatus.
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The apparatus is made up from several assemblies. The air bearings, interface supports
and gas gun assemblies will be discussed in detail in following sections since they comprise

the critical components of the apparatus.

4.2.1 Air Bearings

The dimensional tolerances on the acrylic rods, and most polymeric rods, can be quite
large (typically 1.000 +0.050 inches) in comparison to metallic bars (typically 1.000 + 0.005
inches). In addition, the stiffness of the rods varies from essentially rigid (steel, E = 209
GPa) to very flexible (low density polyethylene, E = 0.7 GPa). As a result, polymeric rods
may not be very straight. Because of the required length of the rods, even aluminium rods
can be somewhat bowed. The properties of the bars indicate that the support system must be
flexible enough to accept bars that vary in size, rigidity and straightness.

When a stress pulse is induced in the incident bar by the striker bar, a wave
propagates along the length of the bar causing it to expand radially. The amount of radial
expansion is a function of the stress, the Elastic Modulus and the Poisson’s ratio of the
material. The apparatus was designed to produce a maximum stress in the incident bar of
approximately 120 MPa (compressive yield strength of acrylic). Using the following

material relationships
o
Elongitudinal = E (41)

Eradial = ~EiongitudinalV 4.2)
with an Elastic Modulus of 3 GPa and a Poisson’s ratio of 0.5, the maximum radial
expansion of the 25.4 mm diameter bar is 0.51mm. This means that the supports of the rod
must allow for a 1.02mm expansion in the diameter of the bar. Aluminium bars (v=0.33,
E=69GPa) would result in a diametral expansion of only 0.029mm for the same induced
stress. These values indicated that conventional methods for supporting the bars (e.g.
bushings) would not work effectively.

Another factor that is important in the design of the support system is friction. If
friction is too great between the bars and their supports, the stress pulse will be attenuated.
Friction also has an adverse effect on the repeatability of the experiments since the friction is
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expected to change with time. Both of these factors indicate that the design of the bar
supports is critical to the operation of the apparatus.

The solution to the problem of radial expansion and friction was an air bearing.
Figures 4.2a and 4.2b show the lower part of the air bearing. The lower half of the air
bearing is comprised of two concentric annuli joined together through two end caps and two
sidepieces. The inner annulus has a series of holes drilled down the centre as well as
matching holes drilled at 45° to the centre line. The outer annulus acts as a manifold
containing the air that is supplied through the air plug shown in Figure 4.2b. The holes in the
inner annulus act as small jets that levitate the bar from the surface. This allows the bar to
ride on a layer of air greatly reducing the friction. The holes drilled at 45° to the centre line
act as a lateral stabilizer preventing the bar from contacting the side. The force applied by
the jets must be slightly greater than the force applied by gravity for the bar to lift off the
surface.

The air bearings have a self-regulating effect eliminating the requirement for a
regulating valve for each bearing. The equilibrium between the upward force applied to the
bar, and the downward force of gravity, is maintained by allowing air to escape from the ends
of the bearing and around the bar. As the bar approaches the bearing surface the upward
force applied the bar is increased since less air is allowed to escape.

The lower part of the air bearing was made from aluminium to prevent any rust from
forming. Corrosion is a significant factor since the air being supplied to the air bearing
contains moisture. The upper half of the air bearing, shown in Figure 4.2c, is made from
nylon. The upward normal force of the bar on the upper air bearing is small and nylon was
selected to minimize friction between the bars and the upper half of the bearing.

This system of air bearings has many benefits. The diameter of the inner annulus is
26.7mm which leaves sufficient room for radial expansion and allows bars with different
diametral tolerances to be used. The layer of air that the bars ride on greatly reduces the
friction resulting in a signal that is less attenuated. The air bearing has the added benefit of

being more tolerant of misalignment compared to conventional methods.
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4.2.2 Rod Interface Supports

Special supports were needed at the interface between the incident and transmitter
bars. These supports were used for two reasons. First, the ends of the bars must be aligned
to ensure an accurate test. Since the bars ride on a layer of air, supplied by the air bearings,
they are free to move slightly in the radial direction. This could misalign the interface
between the two bars as well as make it difficult to hold specimens. Secondly, the interface
supports were required to eliminate any vibration induced in the bars by the air bearings.

In keeping with the desire to minimize friction and allow for radial expansion, the
interface support system shown in Figure 4.3 was designed. The support system is
comprised of three Teflon pads attached to support rods that are free to move within brass
bushings. The rods and pads are supported by springs that can be adjusted to allow the bar
faces to be lined up. The springs between the pads and the adjustment bushings apply the
necessary reaction force. The vertical support rod applies the necessary normal force to keep
the bar stationary. By adjusting the bushing on the vertical support rod, the normal force
imparted on the bar can be controlled. The combination of the Teflon pads and adjustment of

the normal force helps to reduce friction while allowing the bar to expand radially.
423 GasGun

4231 Basic Principles

Reducing friction in the gas gun is essential to being able to control the repeatability
of the tests. The reservoir, the fast acting high flow valve, the cylinder assembly and the
piston comprise the four main components of the gas gun. An exploded view of the gas gun
is shown in Figure 4.4. The gas gun functions like a pneumatic actuator with the exception
that the striker is launched from the piston at the end of the stroke. The reservoir is set to a
desired pressure through a metering valve. In order to actuate the piston, the fast acting high
flow valve is opened allowing the air from the reservoir to flow into the cylinder causing the
piston and striker to accelerate forward. As the piston nears the end of the cylinder it slows

and then comes to an abrupt halt, launching the striker bar down the barrel.
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4.23.2  Design

The gas gun was designed to maximize velocity and sensitivity. The two design
constraints contradict each other since achieving high velocities generally means large
pistons, which reduces the capability of providing a fine adjustment on the velocity. Since
the velocity is controlled purely by the pressure in the reservoir, a slight increase in pressure
for a larger piston will result in a much higher increase in velocity. To predict the
acceleration of the piston, a simple force analysis can be applied. Figure 4.5a is a free body

diagram of the system. By taking the sum of the forces, the acceleration of the piston is

given by:
Z F= My stem Asystem = Fapplied - Ffriction (4.3)
where:
msystem = mpiston Mg and Fapplied = Preservior Apiston
a‘system =8 = apiston
and A, is the area of the piston. This equation is greatly simplified since it ignores losses

through the valve and, as the piston moves, the reduction of pressure inside the reservoir. If
linear acceleration is assumed, friction is ignored and the pressure from the reservoir is
assumed constant, the velocity of the striker bar when it leaves the piston is given by:

V d (4.4)

striker

=28,
where d is the length of the cylinder minus the length of the piston. This simplified analysis
does not represent the true dynamic behaviour of the system, but does indicate the critical
design parameters. The reader is referred to McCloy [1980] for a more detailed analysis of
this type of system.

A drawing of the piston is shown in Figure 4.5b. The unique shape of the piston was
selected to reduce weight. The seal between the piston and cylinder is achieved through the
use of two Teflon rings. Teflon rings were used instead of the conventional o-rings to reduce
friction and increase the durability. The protrusion on the end of the piston fits into the end
cap of the cylinder. This reduces the input force by compressing the air between the

protrusion and the end cap allowing for a more gradual deceleration.
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4.3 Sensors and Peripheral Equipment

The main principle of the Hopkinson bar relies on the measurement of the strain time
history in the bars. For this purpose, electric resistance strain gauges are mounted on the
bars.

4.3.1 Strain Gauges

Strain gauges are commonly made from either foil or semiconductor material. Each
type of gauge has inherent advantages and disadvantages. Common to both types of strain
gauges is the gauge factor. The gauge factor relates strain (&) to a change in resistance (R)
and is given by:

A—RR =GFe  (Dally and Riley [1991]) (4.5)

where R is the resistance, GF the gauge factor and € is the strain. In this relationship the
gauge factor is the constant of proportionality between the change in resistance and the

strain. The manufacturer normally calibrates and supplies the gauge factor with the gauge.

4.3.1.1  Wheatstone Bridge

A Wheatstone bridge is typically used to determine the change in resistance that
occurs when a gauge is subjected to axial strain. The Wheatstone bridge configuration is
shown in Figure 4.6a and is comprised of four arms. Each arm can be either a gauge or a
dummy resistor depending on the desired configuration. In the case of the Hopkinson bar,
any bending strain in the bar should be eliminated requiring that two opposite arms become
active. In Figure 4.6a, R; and R3 would be active gauges (denoted by the boxes) and R, and
R, are resistors of equal resistance to the gauges. Voltage (V) is supplied to the bridge at
points A and C while the output voltage (E), measured across points B and D, can be related
to the strain. The voltage, E, is then equal to:

E =Vg =V Voo (4.6)
From Ohms law, Vg and Vp can be related to the resistances by:

R4V

Vs = - R VandV,, =

1 2 3 R4

This leads to:
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RR: ~R,R
E= 2t 32y (4.7)
(R*R)(R+R,)

From equation (4.5), the resistance can be related to the strain by R =R, +GF& where R, is
the original resistance, R the current resistance and GF is the gauge factor. Since R; and R3
are the only active gauges, the output from the bridge can be related to the strain by:
E- (R, +GF&)(R,, +GF,€) —R,R, v 4.8)
[(R, +GF£) +R, |[(R,, +GF;€) +R, ]

Therefore, strain can be derived from the bridge output with knowledge of the initial

resistances and gauge factors.

In examining equation (4.7) it can be seen that in order for the bridge to be initially in
balance (E=0) at zero strain, R;R3=R,R,4. Because of the tolerances on the resistances, it is
unlikely that this relation will occur naturally and, therefore, a balancing circuit is required.
The bridge can also be out of balance due to differential temperatures and the resistance in
the lead wires. A temperature compensated bridge is not necessary in this case since the
duration of the test is quite short, Doyle [1989]. The balancing circuit must be able to
compensate for the difference in resistances due to lead resistance and variability of the
gauge resistance. There are a variety of circuits that can be used to balance the Wheatstone
bridge. The circuit of Figure 4.6b was chosen for balancing. This circuit has some
advantages when used with semiconductor gauges. By adjusting Ryim, the numerator in

equation (4.7) can be adjusted to equal zero.

4.3.1.2  Foil and Semiconductor Strain Gauges

For normal applications, both foil and semiconductor strain gauges are mounted to
the bars using glue. The foil and semiconductor gauges have Elastic Moduli that are low and
so provide no reinforcement but deform to follow the strain in the part.

Foil gauges, which are commonly used, are available in a wide variety of
configurations, are easy to apply and are relatively inexpensive. Unfortunately, they have a
low gauge factor and are relatively insensitive compared to semiconductor gauges. The low
gauge factor, generally round 2.0, requires amplification of the bridge output signal. In

amplifying the bridge output, the electronic noise is amplified as well.
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Semiconductor gauges also come in a variety of configurations but are relatively
difficult to apply and are more expensive than foil gauges. Unlike foil gauges,
semiconductor gauges have no backing and special care must be taken when adhering the
gauge to material that conducts electricity. The main advantage in using semiconductor
gauges is their high gauge factor of approximately 150. This higher gauge factor allows for
recording of the unamplified bridge output voltage. The high gauge factor increases the
resolution of the sensor allowing for a much greater signal to noise ratio. The tolerances on
the resistance of semiconductor gauges require extra consideration when choosing a
balancing bridge circuit. For this application, the semiconductor gauge resistance is
1000Q +8% compared to 120Q £1% with foil gauges. This is the reason that the balancing
circuit mentioned in the previous section is used. Despite all of the disadvantages of
semiconductor gauges, the inherent increase in sensor resolution made them the preferred
choice in this application.

4.3.1.3  Bridges and Non-linearity

Equation (4.8) indicates that the relationship between the bridge output and the strain
is non-linear. A plot of strain versus bridge output is shown in Figure 4.7. This assumes,
however, that the gauge factor is constant. In order to validate the bridge equations for their
application to semiconductor gauges, a series of compression tests on small cylindrical
specimens instrumented with both foil and semiconductor gauges were undertaken.
Specimens made from 6061-T4 aluminium and PMMA (acrylic) were tested. Figure 4.8a
shows the strain gauges applied to the acrylic specimen. The specimens were placed in an
Instron compression test fixture and compressed at a quasi-static rate while recording the
applied load and the bridge output. Figure 4.8b shows this arrangement. Contradicting the
theoretical bridge equation, a relatively linear relationship was found between the force and
bridge output for both the acrylic and aluminium samples over the load range. Figures 4.9a
and 4.9b show the results of these tests with the theoretical results being obtained from
equation (4.8). Since the relationship is linear for both the acrylic and aluminium samples,
viscoelastic effects can be neglected during the test. The reader is referred to Dally and Riley

[1991] for a more detailed discussion of strain gauge and bridge circuit technology.
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4.3.2 Simple Velocity Detection

To accommodate the variability of the striker velocity due to friction within the gas
gun, a low cost velocity detection system was adopted. The ability to measure the striker
velocity prior to impact provides an additional input condition when analyzing the results. A
schematic of the velocity detection system is shown in Figure 4.10a. The system is
comprised of four lasers, four detectors and associated circuitry. As the striker bar breaks the
first laser beam, the circuitry starts a counter which counts until the second beam is broken.
Similarly, other counters time the passage of the striker between each pair of lasers. For the
configuration shown, three time measurements are made. In combination with the known
distances between the lasers, the times can be translated into an average velocity of the

striker. The housing developed to hold the lasers and detectors is shown in Figure 4.10b.

4.3.3 Data Acquisition

A means of recording the time history of the bridge output voltages is necessary and a
Nicolet Pro30 digital oscilloscope was used. It is capable of sampling at 10 MHz with two
differential input channels (one for the incident bar, the other for the transmitter bar) with 12
bit accuracy. The differential mode is utilized due to the presence of electronic noise in the
test area. The Nicolet Pro30 is capable of applying a high frequency rejection filter to further
reduce the effect of electronic noise. Data can be transferred from the oscilloscope to a

floppy disk which can then be used by a data reduction program.

4.4 Numerical Implementation

This section describes the data reduction program that was developed to analyse the
data acquired from the Hopkinson bar apparatus. The data reduction program, called CSHB,
was created with three distinct parts which are described below. The first part pre-processes
the data, the second part contains the numerical implementation of the analytical equations
described earlier and the third section is a simple post processor which allows for quick
viewing of the processed data. In addition to the three main sections of the program, some
useful utilities have also been created.

The program was developed using Visual C++ and has an object orientated
programming structure (OOPS). A multiple document interface is supplied to allow
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maximum flexibility for the user. For brevity, the details of the Visual C++ code will not be

described but is included in appendix B.

4.4.1 Pre-Processing

The main objective of pre-processing is to manipulate the raw data into a form which
can be analysed numerically. The pre-processor makes use of the data read from the
oscilloscope, the data concerning the sample specifications and the calibration files for each

bar. Additionally, it performs some initial data manipulation.

4411 Raw Data

The data reduction program is capable of using data in two different file formats. The
default file format corresponds to data acquire by the Nicolet oscilloscope. The Nicolet
brand of oscilloscopes output binary files that contains the data in a low byte, high byte
arrangement. The reader is directed to reference Nicolet [1991] for further details on the
structure of the raw data files. The second file format uses data in an ASCII text format
delimited by tabs, commas or spaces. This functionality was implemented to maximize the
versatility of the program. The program reads the voltage and time data for the incident and
transmitter bar from either format into two sets of dynamically created arrays. There is an
option to shift the amplitude of the data, subtracting the average of a desired number of initial
data points, to remove any unbalance in the bridge output voltage that was not compensated
for manually. The default number of points initial points used is set to twenty which is

usually acceptable.

4.4.1.2  Sample and Test Data

The “Sample Data” dialog window, shown in Figure 4.11, provides an interface
allowing information about the sample and test conditions to be entered. The only data
required to calculate strain, stress and strain rate are the sample’s initial dimensions. The
remainder of the data is stored and exported as part of a header file after processing. Note
that the dialog window provides the date of the raw data files (if already obtained) so that the
user can ensure that the correct files are being used. If the files have not been read in, or if

the dates are invalid, the sample date is set to the current date.
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4413 Calibration Files

In order to analyse the raw data, information about the incident and transmitter bar is
required. For each strain gauge station on the bar, a calibration file must be created. The
method outlining the physical calibration procedure is given in section 4.5.1. The calibration
file has a series of control statements that identify the appropriate data. A typical calibration
file is shown in Figure 4.12.

The first input statement shown is the name of the bar. Each bar has a unique name
and the appropriate calibration information should follow the name. The second statement,
following the identifier, is the geometry of the bar. The data is in the format of diameter,
length and distance from the gauge station to the bar end interface. All dimensions are in
meters. The next statement shown, following the identifier, contains the mechanical
properties of the bar. The values have the format of density, Elastic Modulus and Poisson’s
ratio. The density is in units of kg/m?, the Elastic Modulus is in units of N/m? and the
Poisson’s ratio is unitless. The data following the “calibration” identifier contains the output
from the bridge, in Volts, in the first column and the corresponding strain values in the
second column. These values can be determined experimentally as described in section 4.4.1
or can be calculated using the theoretical equations and known gauge factors of section 4.2.1.
The data following the “filter” identifier indicates the value of the frequency exclusion filter,
discussed later, used when propagation coefficient data is included. The data following the
“propagation” identifier indicates that propagation coefficient data has been appended to the
calibration file. The data is contained in three columns of the format: frequency, in Hz,
attenuation coefficient, in 1/m and wave number.

These data sections need not be in the above order as the program identifies the
relevant data through the identifier statement. A dialog window (Figure 4.13) was created to
acquire the calibration files and present a summary of the data. This window allows
verification of the calibration data as well as displaying the bridge output to strain conversion

factor. A check box indicates whether propagation coefficient data is available.
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4414  Wave Separation

Since the incident and reflected waves are contained in the same raw data file
acquired from the incident bar, the signal must be separated into the incident and reflected
components. Additionally, depending on the length of time during which test data is
acquired, subsequent reflections off the impacted and interface ends might be present in the
acquired signal that are not relevant in calculating the sample’s properties. Similarly, the
transmitted wave must be separated from irrelevant data contained in the data acquired.
Figure 4.14 shows raw data for the incident and transmitter bar indicating the starting and
end points for the relevant data waves.

Separating the waves from the rest of the acquired data is accomplished with the
“Separate Waves Values” dialog window shown in Figure 4.15. This window allows the
values that will be used in the algorithm that separates the waves to be specified. Two
different methods of intercept or peak location are available to separate the waves.

Common to both methods are the use of thresholds. A threshold is a datum level
which initiates an event when crossed. Figure 4.16 indicates the components of the wave and
where the thresholds are applied (shown on the incident wave only). The primary threshold
is determined by multiplying the value indicated in Figure 4.15 by the maximum value of the
entire data set. Similarly, the secondary edge threshold is found by multiplying its respective
value by the maximum value of the primary edge. The remainder of this section outlines
how these thresholds are used to find the starting and end points of the waves.

The intercept method attempts to separate the waves by locating the points where the
voltage passes through the zero point. The routine scans the data, starting at time zero, up to
the point where it crosses the primary edge threshold. The data is then scanned backwards,
towards zero time, until the voltage reaches zero. This is the starting point of the wave. The
end of the wave is found by scanning the voltage values from the start of the wave until it
passes through zero. This is the end point of the wave. The starting and end indices of the
reflected wave are found in a similar manner by using the negative value of the primary edge
threshold.

The peak location method is primarily used when performing a conventional

Hopkinson bar analysis. The starting points of the waves are found in a similar manner but,
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the end points are determined by an algorithm that identifies all of the peaks and valleys in
the data. Typically, a wave can be characterized by a starting point, followed by a peak value
and then a minimum. The algorithm scans the peaks and valleys until a voltage crosses the
secondary edge threshold. The valley that occurs after this threshold is the end of the wave.
A filter value is supplied so that any Pochammer Chree oscillations present in the signal will
be skipped when finding the end index.

If either of the two separating methods described above fail, the ability to pick the
starting and end points is available through the view indices dialog window shown in Figure
4.17. The starting and end points for each wave are displayed in terms of the sample index
(or sample number). By clicking on the button beside the index, the index can be changed by
selecting the desired point on the graph of the raw data using the mouse. When choosing the
end point of wave, a check to ensure that it is greater than the starting point is performed.

The program references each data point by an index. Since the points are sampled at
a constant rate, the time at each point can be found by multiplying the index by the sample
period (time between points). This reduces the amount of memory required by storing only
the sample period instead of a time value for every point. The starting and end times for the
waves can be viewed by selecting the “View Time” button. Selecting this button (now

labelled “View Index”) again will change the display back to show the sample index.

4.4.2 Analysis

The major component of the data reduction program is the analysis algorithm which
utilizes a series of functions to implement the analytical method of Chapters 2 and 3.
Detailed descriptions of the algorithms used are outlined below.

To initialize the analysis routine, a dialog window, shown in Figure 4.18, summarizes
the input data. This Figure lists the names of the raw data and calibration files, the sample
dimensions and sample name. The fields on the bottom of the “Analyse Data” window allow
the choice of a conventional Hopkinson bar analysis or the Fourier method of analysis. The
conventional method uses the equations of Chapter 2. If the Fourier method is chosen (the
default case), the options of applying a frequency filter or using the Nyquist frequency

become available. These values will be explained in detail later.
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Figure 4.19 shows the structure of the analysis algorithm. The main structure is the
same for both the Fourier and conventional methods with the exception of the wave
manipulation method and how the sample properties are calculated. The first conditional
statement indicates that the incident bar data set must have been pre-processed. For this
condition to be valid, the raw data must be separated into its respective waves and the bar
calibration file must have been entered. If these conditions are met, the wave is manipulated
according to the method chosen. The specifics of these methods will be outlined in
subsequent sections. Similarly, the next conditional statement tests for the validity of the
transmitter bar data set and manipulates it accordingly.

If the sample data, in addition to the strain, velocity and force data for both the
incident bar and transmitter bar data sets, is valid, the material properties for the specimen
are calculated. If the sample data is omitted, only the velocity and force data will be
calculated. Depending on the method chosen, the material properties will be calculated
either from the strain history and bar properties or from the velocities and forces. The

different methods for calculating the sample values will be outlined below.

4421  Conventional Analysis

Figure 4.20 shows a flow chart which outlines the sequence of algorithms for
processing the data with the conventional analysis. The raw voltage values are passed to a
routine that requires the starting and end points of the wave. The voltage to strain conversion
factor from the bar calibration file is applied to the raw data. The starting points for the
waves are shifted so that they are aligned. By aligning the start of the waves (and subtracting
the reflected wave from the incident), the strain time history at the end of the bar is
identified. In physical terms, at the end of the bars, the starting points for the waves occur at
the same instant in time. Therefore, by aligning the starting points, the waves now represent
the behaviour at the end of the bar instead of at the gauge station.

Once the bar strain data is calculated, the force and velocity data for the bar ends can be
determined from equations (2.7) and (2.3) respectively. This data, however, is only
calculated for information and display and is not used in any further calculations.

As outlined previously if the incident bar, transmitter bar and sample data are all
valid, the material properties will be calculated through the application of equations (2.9)-
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(2.11). The integration that is required when calculating the strain in the sample (equation
(2.11)) makes use of trapezoidal integration. This method of numerical integration is valid
since the sample rate is high (corresponding to a very small sample period) making the
assumption of a linear function between the points accurate. The length of the strain data set
dictates the length of the data set containing material properties. For stress strain curves
there can be a length mismatch since the stress uses the transmitted strain set, while the strain

in the sample is a function of the reflected data set.

4.4.2.2 Fourier Analysis

Figure 4.21 illustrates the flow of the Fourier analysis algorithm for manipulating the
waves. In comparison to Figure 4.20, the degree of complexity is considerably greater.
Additional routines were required to correct for dispersion and allow propagation of the
waves. Additional compatibility checking and manipulation routines were also implemented
to allow a variety of data acquisition configurations.

The first conditional statement checks if the propagation coefficient data is included
in the bar calibration file. If propagation coefficient data is not included, theoretical values
for the wave number are calculated using equations (2.2) and (3.14). The combination of
equations (2.2) and (3.14) indicate that the group speed is equal to the individual wave speed
resulting in the absence of a dispersive relationship as outlined in Chapter 3. The attenuation
coefficient is assumed to be zero. The discrete frequencies at which to calculate these values
are determined from the sample period and the number of points of raw data.

If the bar calibration file includes the propagation coefficient factors, additional
compatibility checking and possible manipulation are required. The reason for these
additional procedures stems from the requirement that the propagation coefficient values and
raw data have equal base frequencies. Additionally, both the raw data and propagation
coefficient data must have the same number of terms in the frequency domain. Since it is not
always valid to interpolate values in the frequency domain, any manipulation of the raw data
must be done in the time domain. The data manipulations are done on the raw data instead of
the propagation coefficient data since the raw data already exists, and has physical meaning,

in the time domain.
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In order to satisfy the compatibility condition, both the sample period and number of
points acquired for the raw data and bar propagation coefficient data must be equal. Since
the number of points and sample rate for the raw data can be equal to, greater than or less
than that of the propagation coefficient data, nine mutually exclusive possibilities occur.
Table 4.1 illustrates the nine possibilities and the required actions. The sample period for the
propagation coefficient data is calculated from equation (3.5) and the number of points.

As can be seen from Table 4.1, a difference in sample period requires the raw data to
be re-sampled. An algorithm was developed to replace the current data set sampled at one
rate, with an equivalent data set sampled at a different rate. This is achieved through linear
interpolation. This allows the desired sample period to be a value other than an integer
multiple of the current sample period. The addition of points, if required, is done prior to re-
sampling the data, while the deletion of excess points is done after re-sampling. The actions
performed on the raw data are recorded and are included in the header file when the data in
exported (discussed in post processing). The starting and end indices of the waves are then
adjusted to the new sample rate.

Before the FFT is applied to the data, zeros are added to the end of the data (padding)
until the number of points is an integer multiple of two. This is a requirement of the FFT
routine and does not affect the data in the frequency or time domain. If dispersion data is
included in the calibration file, this should not be necessary since the number of points
already will be forced to an integer power of two, whereas when dispersion data is not
included and theoretical values are used, this correction is necessary.

The voltage data is then converted to strain. Unlike the conventional method, the
strain data sets will be identical in size and will be equal to the number of points in the raw
data. The values that are outside the range between the starting and end indices are set to
zero. This is required since the waves will be propagated (instead of merely shifted) and the
data must remain an integer power of two. Once all of the above conditions are met, the
strain data waves are transformed in the frequency domain using the FFT routine in
preparation for application of the propagation algorithm.

The FFT algorithm has been previously discussed and no further details of the
numerical implementation will be given here. The reader is referred to Press et al. [1992] for

a complete discussion of FFT algorithms. Since the raw data is real only, the negative
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frequency components are not computed. Once the strain data has been transformed into the
frequency domain, the routine “change form” is called. The “change form’ algorithm
replaces a data set in rectangular form with a data set in polar form. The algorithm
compensates for the quadrant angle as well as unwraps the phase spectra as discussed in
Chapter 3.

With the waves in polar form, the propagate wave algorithm can be initiated. Each
wave is propagated the distance indicated by the gauge to interface distance specified after
the “geometry” identifier in the bar calibration file. The incident wave is propagated in a
positive direction while the reflected and transmitted waves are propagated in a negative
direction. By propagating the waves, the strain time history at the bars ends can be
identified. The propagate wave algorithm is the numerical implementation of equation
(3.23). The additional parameter of a frequency filter, specified in Hertz in the “Analyse
Data” window (Figure 4.18), is used by the propagate wave algorithm. Calculations are
performed at frequencies up the to value of the filter frequency with the remainder of the
terms being set to zero. This filter is required when using supplied propagation coefficient
data due numerical errors in the attenuation coefficient values discussed in the next section.
If the values are calculated theoretically, then the filter can be set to the Nyquist frequency.
The Nyquist frequency is given by:

1
2.SamplePeriod

(4.9)

fNyquist =

and represents the highest frequency sinusoid that is detectable at the given sample rate.

Once the waves have been propagated, the “change form” algorithm is implemented
again to change the data back into rectangular form. The velocities and forces at the bar ends
can then be calculated from equations (3.24) and (3.25).

With the velocities and forces processed, the strain rate and stress in the sample is
calculated if the sample data is valid. Before the application of equations (2.1) and (3.32),
the difference in velocities and transmitted force are transformed into the time domain with
the IFFT algorithm. The reason for this is discussed in Chapter 3. Equations (2.1) and (3.32)
are then applied to the force and velocity data. The strain is calculated by integrating the

strain rate with respect to time, as indicated in equation (3.33), using trapezoidal integration.
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4.4.2.3  Propagation Coefficient Calculation

The algorithm, which calculates the propagation coefficient, requires the same input
data and pre-processing that was required for the previous section. The data recorded from
the free end test described in Chapter 3 is entered into the program as an incident data set.
This is done for both the incident and transmitter bar. This allows the waves to be separated
into the reflected and incident components.

Once the input conditions are valid, the ability to calculate the propagation coefficient
becomes available. A dialog window “Propagation Coefficient”, shown in Figure 4.22, was
created to allow the user to view the data files and select various output options. The
propagation coefficient data can be directly appended to the calibration files if the data does
not already exist. If the propagation coefficient data does exist, an error will be issued and
the calculations will not proceed. In this case the data must be removed manually and the bar
calibration file re-entered before the calculation will continue and the file can be appended.
The options of exporting the propagation coefficient data to a separate file, along with the
complex modulus of the material, calculated from equation (3.21), are available. Appending
the data to the calibration file results in three columns as explained in section 4.3.1 while the
data exported to a file includes the phase speed calculated from equation (3.14). The
complex modulus values are at the end of this file. A filter, equivalent to that explained in
the previous section, is supplied.

The calculation of the propagation coefficient proceeds in the manner outlined in
section 3.2.2.2. The voltages are converted to strains as outlined in the previous section and
then changed into the frequency domain. The reflected strain wave is then inverted. The
strains are changed to polar form and the calculations of equation (3.31) are performed. A
degree of numerical error is unavoidable at the higher frequencies when calculating the
attenuation coefficient. This is due to the small components of the amplitude and phase
spectrum at these values. After approximately 20 Hertz the strain signals become very small
causing the denominator of equation (3.31) to approach zero, which results in unrealistically
high attenuation coefficients. It is for this reason that the frequency filter is required. The

entire propagation coefficient data is exported to the calibration file to allow the user to
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choose the range of frequencies and to indicate the number of points to be used in the
calculation of the propagation coefficient data.

If a filter frequency that it too high is selected, a large high frequency component will
be superimposed on the waves when they are propagated. If a filter frequency that is too low
is selected, the resulting propagated waves will not adequately represent the true data and
low frequency components will be unrealistically large. The choice of the frequency filter
can be determined by selecting the frequency where the amplitude spectra fall to zero. This
can be done by looking at the strains in the frequency domain using the FFT utility described
in the utilities section.

Once all the calculations are completed, the strain, velocity and force data are

transformed into the time domain to allow post processing.

4.4.3 Post Processing

A simple post processor was created to allow a quick inspection of the processed
data. The processor displays the relevant calculated data. When sample dimensions are
included, and all input data is valid, engineering stress, strain and strain rate curves will be
displayed. In addition, the original voltage versus time and the propagated waveforms are
also displayed. This helps to identify any problems in the wave propagation and allows
changes to the parameters if necessary. The plot of the strain waveforms can be changed to
display the velocity, force or displacement time history of the bar ends.

The post processor also has an export utility that allows any of the calculated data to
be exported to an ASCII text file (tab delimited). The “Export” window shown in Figure
4.23 allows the exportation of the data. A header can be included which summarizes all of
the input conditions (raw data files, sample dimensions, processing date etc.), lists any
manipulations that were done on the input data and peak calculated values. The data is
exported in the order show in Figure 4.23 with the first column being time values. The tab
delimited form allows for the data to be quickly imported into any spreadsheet or other

programs for further manipulation.
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4.4.4 Utilities

A series of three utilities were created to allow manipulation of the data. The “FFT
Conversion” utility allows data, in ASCII format, to be converted from the time domain to
the frequency domain or vice versa depending on the parameters chosen. The time data must
be in the first column and the amplitude (voltage, strain etc.) data in the second column. The
FFT utility outputs the frequency representation in both rectangular and polar form for the
positive frequencies up to, and including, the Nyquist frequency. If the IFFT is required, the
data must have the frequency, in Hertz, in the first column, the real data in the second column
and the imaginary components in the third column. The data must be in rectangular form and
contain positive frequency values up to, and including, the Nyquist frequency.

The “Propagate Waves” utility allows for the propagation of waves. This utility uses
algorithms, described in section 4.3.2, to propagate waves over a desired distance. This
utility is useful if the behaviour of the wave is required at distances other than the gauge to
interface distance specified in the calibration file. This allows the wave profile at one
location to be compared to a wave measured at another location or time. For example, if on
the free end test, the sample duration is long enough to capture the reflection of the wave off
the impacted end, the wave initial incident wave can be propagated four times the gauge to
interface distance to align it with the wave. In this way, the difference between the predicted
wave and the actual wave (assuming no losses at the ends) is easily identified. This can help
authenticate the dispersive relationship model that was used. If the wave is propagated
beyond the duration of the recorded data, it will appear at the beginning of the sample time.
This is due to the cyclic nature of the Fourier transform. If a zero distance is supplied, the
frequency filter can be adjusted until the form of the propagated wave resembles the original
waveform. Although this is a quick method of determining the appropriate filter frequency,
it is not as accurate as the method described previously. The final waves can be exported
using the export utility.

The “Nicolet File Conversion” utility is a program that converts Nicolet binary data
into ASCII text format. This is useful if any unusual manipulation of the raw voltage data is
necessary. The output is in tab delimited form and can be read into the data reduction

program, after manipulation, provided it has a similar format.
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445 Summary

A detailed explanation of the numerical implementation of the analytical equations,
described previously, has been given. The Fourier method of analysis, which utilizes wave
propagation algorithms, has many added benefits compared to the conventional analysis.
Since the waves are propagated instead of being shifted, there is less variability when it
comes to selecting the starting points of the waves. The Fourier analysis allows zeros to
precede and follow the actual data without consequence to the processed data. If the
conventional method of analysis is used, and incorrect points are chosen, the stress, strain
and strain rate calculated will not be indicative of the specimen behaviour. Fourier analysis
allows the application of a dispersive relationship which is required when using polymeric

bars.

45 Test Procedure

The test procedure of a typical test is outlined below.

45.1 Calibration

Calibration of the bars is necessary so that the recorded voltage can be converted into
strain. From the discussion in section 4.2.1.4, it was decided that a force versus bridge
output relation was required. Since tests show that a linear fit to this data is acceptable, the
bars can be calibrated by applying a known force and recording the bridge output. A
calibration fixture was constructed to apply a force to the incident bar through a hydraulic
jack for the aluminium bars and a turnbuckle arrangement for the acrylic bars. A load cell is
placed between the incident and transmitter bars. A load was then applied to the incident bar
and the load cell voltage and bridge output for the each rod was recorded. The transmitter
bar was supported to react the applied load by a bracket at its end. Recording the bridge
output for varying levels of force results in a force versus bridge output curve. The force can
then be converted to strain using geometric and mechanical material properties resulting in a
strain versus bridge output curve which the data reduction program uses. By calibrating the
bars in this manner, any non-linear factors within the bridge circuitry are compensated for. It
is recommended that the calibration test be repeated on a regular basis to detect any
deterioration of the strain gauges.

44



4.5.2 Propagation Coefficient Test

The use of acrylic bars requires that the propagation coefficient parameter be
calculated prior to undertaking tests on sample materials. These calculations need only be
done once for each bar and are independent of the sensors used. In other words, unlike the
conversion parameters mentioned previously, the dispersive relation is a material property
and does not change with the strain gauges.

The propagation coefficient can be determined by allowing the striker to impact the
bar with the other end of the bar being allowed to move freely. This is called a “free end”
test. In order to be consistent, both the incident and transmitter bars should be tested in this
manner. The recorded strain information is processed with the data reduction program
(described previously) and the calibration files for the bars have the propagation coefficient

information appended.

4.5.3 Sample Preparation

The sample size must be selected to ensure equilibrium is reached in the specimen
while providing the desired test information. The shorter the sample length the greater the
strain rate. The smaller the diameter of the sample, the greater the induced stress. The
sample must be large enough that a portion of the wave propagates into the transmitter bar.

In addition, the ratio of the sample length to diameter can affect how the sample deforms. If
the sample is too short in comparison to the diameter, then frictional end effects can prevent
the sample from deforming correctly.

Generally, samples of hard materials have a length to diameter ratio of approximately
one or less. This allows for homogenous deformation of the sample while preserving the
equilibrium constraint. For softer materials, a length to diameter ratio of approximately 0.2
proved to be acceptable. This reduction in ratio is to accommodate the reduced wave speed
in the softer materials.

Unlike metals, great difficulty can be encountered when fabricating samples from
softer materials. Materials such as synthetic and real bone can be machined in a conventional
manner. The use of special coring tools, similar to a hole saw, increases the productivity of
generating the samples while reducing waste. Fabricating samples from softer materials such

a ballistic gelatin or RTV silicon can be achieved with the use of coring tools or a punch.
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Cores can be taken from prefabricated silicon sheets and then cut to length with a razor
blade.

45.4 Test Execution

Once the samples have been fabricated and the bars calibrated, the material’s high strain
rate properties can be determined. The bridge output for each bar is initially balanced and
the gas gun is loaded with the desired striker. The sample is placed between the incident and
transmitter bar with a thin layer of petroleum grease on each of the bar faces. The sample
should be placed in the center of the bars to minimize any distortion. This can be achieved
through the use of an alignment collar. The lubrication helps to hold the sample in place.
Once the data acquisition system is set to capture the test data, the striker can be fired down
the barrel and the resulting voltage time history for the strain gauge stations recorded. The
recorded data can then be processed using the data reduction program described previously.

There are special considerations when testing soft, easily deformed, materials. With
most rigid materials, such as polycarbonate, the issue of preloading the specimen doesn’t
exist. This is not true, however, for soft materials such as rubbers. Figure 4.24 shows the
difference in the stress strain curves for two identical samples, under similar input conditions,
when a sample is initially compressed. As illustrated, the strain in the compressed specimen
is greatly reduced compared to the uncompressed specimen. This is expected since the
change in length of the specimen was already reduced when the specimen was placed
between the incident and transmitter bars. The bar ends must therefore be adjusted to only

lightly touch the faces of the sample.
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Chapter 5

Validation and Results

5.1 Introduction

Three separate procedures were undertaken to validate the test apparatus. The first
method involves comparing predicted waves with measured waves. The second method uses
an Enhanced Laser Velocity System (ELVS) to measure the velocities of the bar ends. The
third method made use of the characterization of materials with known properties. The
results of these procedures will be discussed in sections 5.3, 5.4 and 5.5 respectively.

As discussed in Chapter three, the rheological properties of polymeric materials must
be compensated for when analysing wave propagation. Section 5.2 describes a series of tests
conducted on aluminium, acrylic and low density polyethylene (LDPE) to determine the
amount of dispersion and attenuation inherent in each material. Since aluminium has little to
no dispersion or attenuation, it can be used as a baseline against which the viscoelastic
behaviour of the other two materials can be identified. Table 5.1 contains the various
mechanical properties of the three materials. As can be seen from the table, the wave speed
for the LDPE is significantly lower than acrylic and aluminium. The greatly reduced wave
speed and inherent rheological properties, which result in significant amounts of dispersion
and attenuation, made LDPE the ideal choice for testing for a dispersive relationship.

The reader will note that the figures in the following sections, which identify either the
strain or voltage time history, are inverted compared to the generally accepted convention.
Normally, compressive strains are negative (with a corresponding negative voltage output

from the bridge) and tensile strains are positive (with corresponding positive voltages). This
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convention has been reversed to maintain consistency with previous results generated from

the University of Waterloo and other authors.

5.2 Dispersion and Attenuation Coefficients

The propagation coefficient for each of the materials was identified using the equations
of Chapter Three and the methodology of Chapter Four. The tests performed on the
aluminium bars used a striker length of 605mm; the acrylic 235mm and the LDPE 20mm.
The striker lengths were selected so the strain in the bar would return to zero and remain
there for a discernable length of time before superposition of the incident and reflected wave.
In addition, by using shorter striker lengths, the higher frequency components of the wave
can be identified. The bars used were 25.4mm in diameter and 2.4m long. After the
dispersive nature of propagating waves has been identified, longer strikers can be used to
maximize the test duration.

This section is comprised of three parts. The determination of the dispersive
relationship for acrylic will be discussed in detail initially. A comparison of the dispersive

relationships for the acrylic, aluminium and LDPE will follow.

5.2.1 Acrylic Results

This section outlines, in detail, the determination of the dispersive relationship for
acrylic. The dispersive relationships for aluminium and LDPE are determined in the same
manner. Figure 5.1 shows the raw data acquired from the free end test performed on one of
the acrylic bars. The raw data signal is comprised of three parts. The first pulse indicated is
the passage of the incident wave by the strain gauge. This wave is generated by the impact
of the striker and travels along the length of the bar towards the interface end. The inverted
second pulse indicated is the return passage (reflection) of the incident wave off the free end.
The third pulse indicated in the figure is from the subsequent reflection of the wave off the
impact end. The incident and reflected waves were separated using the data reduction
program. These waves were then transformed into the frequency domain. Figures 5.2a and
5.2b show the real and imaginary coefficients of the Fourier series for both the incident and
reflected waves. These graphs indicate the frequency at which the values approach zero.
The zero value frequency is important since the numerical error in calculating the

propagation coefficient will increase as the magnitude of these coefficients approach zero.
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Figures 5.2c and 5.2d show the amplitude and phase spectra for the incident and reflected
waves. Here the phase spectra have been unwrapped to obtain a monotonically increasing
function of frequency. Unlike figures 5.2a and 5.2b, this representation of the data allows
qualitative observations that relate to the material behaviour to be formed. Recall from
equation (3.31) that the attenuation coefficient is a function of the ratio of the amplitude
spectra of the incident and reflected pulses. In other words, attenuation is represented by a
decrease in the magnitude of the amplitude spectra. Comparing the incident and reflected
amplitude spectra of Figure 5.2c, it can be clearly seen that there is a reduction in magnitude
over the entire frequency spectrum. Recalling that the D.C. or zero frequency term
represents the area under the time function curve, an inspection of the first terms clearly
indicate an overall decrease in area. Similarly, a difference in phase spectra (Figure 5.2d) for
the incident and reflected waves can be related to the wave number (through equation (3.31))
and corresponding phase velocity.

Figures 5.3a, 5.3b and 5.3c are respectively, the attenuation coefficient, wave number
and phase velocity obtained from equations (3.31) and (3.26) for the acrylic bar. The
attenuation coefficient data (Figure 5.3a) shows greater attenuation at 4.6 kHz and 9.7 kHz.
If Figure 5.2c is inspected at these frequencies, it can be seen that the amplitude of the
incident and reflected waves are similar and nearly zero. This indicates that these frequency
components do not have a large effect on the wave. As the frequency increases, the
amplitude decreases as seen in Figure 5.2c. This results in greater error being present in the
higher frequency components. A limiting frequency, above which all terms are ignored,
must be chosen as discussed in the previous chapter. In this case, an upper limit of 14 kHz
appeared appropriate. Through inspection of figures 5.2a, 5.2b and 5.2c, the exclusion of the
higher frequency terms will not have an adverse effect since the majority of components are
contained in the lower frequencies.

Figure5.3c shows the phase velocities for the different frequencies. Noticeable peaks
occur at the same frequencies as the attenuation data (Figure 5.3a). Inspection of Figure 5.2d
reveals that these peaks correspond to plateaus in the phase spectra. If figures 5.2a and 5.2b
are inspected at these frequencies, it can be seen that the magnitude of both the real and
imaginary components are nearly zero. This is also indicated in Figure 5.2c. Therefore, any

abnormalities, which might be expected from these peaks, will be minimized due to the small
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magnitude of these components. In other words, these frequency components have little
effect on the overall wave and, therefore, an increase in their phase velocity and decrease in

attenuation coefficient will have little consequence.

5.2.2 Dispersive Relationship Comparison

Figure 5.4a shows the amplitude spectra for the incident wave for the aluminium,
acrylic and LDPE bars. This Figure shows that the upper frequencies where the amplitudes
approach zero vary for the different materials. Since the striker length for the aluminium is
the longest, one would expect to see the amplitude spectrum being comprised of
predominantly low frequency components with little in the high range. Through similar
reasoning, the use of the shorter striker on the LDPE would result in larger high frequency
components. If the amplitude spectrum for the LDPE is compared to that of the aluminium,
the valid frequency band is much higher for the aluminium bars even though the striker is
much longer. This indicates that the predominant factor that limits the upper value of the
appropriate frequency band is the material behaviour rather than the striker length.

Figure 5.4b illustrates the difference in attenuation coefficients for the three materials.
It can be seen that the attenuation coefficient values for the aluminium are quite low in
comparison to the other two materials. The data for the LDPE indicates a high degree of
attenuation. The data for the acrylic bars indicates that, although significant, the attenuation
is less than that seen in the LDPE bars. This means that for the same initial wave, the
amplitude of the wave at some distance along the bar length will be: nearly identical for the
aluminium bars, somewhat reduced for the acrylics bars and very reduced for the LDPE bars.

Figure 5.4c shows the normalized phase speeds for the different materials. The phase
velocities were divided by their initial value to allow the comparison of phase speeds for the
different materials. The phase speeds for the aluminium bars are relatively constant
throughout the 30 kHz frequency band. The normalized phase speed corresponds to an
actual phase speed of approximately 5000m/s. This indicates that all the components of the
wave are moving at the same speed, and therefore, little dispersion occurs. The acrylic
normalized phase speeds differ over the 20 kHz frequency band. The initial normalized
phase speed corresponds to an actual phase speed of 2115 m/s. Figure 5.4c indicates that the
phase speed increases with the frequency. This results in different wave components
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traveling at different speeds causing the wave to disperse as it propagates along the rod. The
greatest amount of dispersion occurs with the LDPE rods. Figure 5.4c indicates that there is
a wide variability among normalized phase speeds, from 1.0 to 1.1, over the 4.5 kHz range.
This corresponds to a range of phase speeds from 843 m/s to 930 m/s. It should be pointed
out that even though values are shown up to 10 kHz, the valid range of data for the LDPE
rods has an upper bound of 4.5 kHz with numerical errors increasing at frequencies beyond

that value. This is the cause of the instabilities seen after 4.5 kHz in Figure 5.4c.

5.3 Measured and Predicted Wave Comparison

To confirm the validity of the wave analysis in the bar, an investigation of the
differences between the measured wave and predictions using the wave analysis were
undertaken. For this study, LDPE rods were instrumented at two different locations along
the rod. With this arrangement, the propagation of the wave measured at one point can be
predicted at a second point by applying the propagation coefficient previously determined.
At this second point, the predicted and measured waves can then be compared to identify any
differences. The gauge stations were located at 1.219m and 0.660m from the bar end. A
20mm striker was used to avoid any superposition of the incident and reflected waves at the
0.660m location. Unfortunately, due to the slow wave speed and increased dispersive
effects, a small amount of superposition occurred. The 20 mm striker is the smallest
projectile that can be safely used and so could not be reduced in length any further. The
superposition of the waves occurs at the end of the signal after the majority of the wave has
passed.

Figure 5.5a shows the predicted and measured waves at the second strain gauge station.
The predicted wave has been calculated by propagating the original wave measured at the
first gauge using an elastic wave analysis. It is obvious that without the application of the
attenuation coefficient, the magnitudes of the waves are quite different. This is illustrated in
the difference curve which takes the original wave and subtracts the measured wave. The
dispersive effect on the wave is also illustrated in the figure. It can be seen that by not using
a dispersive relationship in propagating the wave, the shape of the predicted and measured
waves are quite different. Figure 5.5b shows the wave predicted with the dispersive

relationship, identified previously, and the measured wave. In comparison to Figure 5.5a, the
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predicted wave more accurately represents the actual wave at that point. The attenuation and
dispersion of the wave appears to have been correctly modelled to allow an accurate
prediction of the measured wave.

The validity of the dispersive relationship can be analysed further by comparing
multiple reflections of the wave. Figure 5.6a shows the raw data for a free end test for the
LDPE rods. The passage of the incident wave and reflections have been identified. If the
incident wave, reflected off the free end, is propagated four times the bar length (assuming
the gauge station is in the middle of the bar), it can then be compared to the second reflection
off the free end. This assumes that there are no losses, and that a total reflection occurs at
both the free end and impacted end. In this case, comparing these two waves will then check
the dispersive relationship over 4.877m instead of 0.559m. As seen in Figure 5.6a, the
amount of dispersion of the wave makes it difficult to determine if any superposition of
waves occur. Figure 5.6b illustrates the predicted wave (the first reflected wave propagated
4.877m) and the measured wave (second reflection off the free end). As can be seen, the
dispersive relationship over predicts the attenuation of the wave. The difference in the two
waves is somewhat consistent over the duration of the wave indicating that dispersive
relationship accurately predicts the wave shape. In other words, the predicted pulse has a
similar shape, but smaller amplitude, compared to the measured pulse.

In general, there is excellent correspondence of the predicted and measured waves for
both cases. This clearly validates the use of the viscoelastic wave analysis. In addition, the
results confirm the validity of the experimental method chosen to determine the dispersive

relationship.

5.4 ELVS

An enhanced laser velocity system (ELVS) was recently acquired by the University of
Waterloo. This system has the ability to measure the rapid movements of the rod ends.
Figure 5.7 is a schematic which illustrates the five components which comprise the ELVS
system. The laser generates a sheet of light that is diverging at approximately 60 degrees .
The lens collimates the laser sheet so that the light rays are parallel. The aperture is used to
block out the part of the beam which is not required and is also used to collimate the beam.

The focusing lens focuses the laser sheet to a point which is aimed at the detector. The
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detector is a power meter that measures the amount of light projected onto the its surface and
outputs a measurable voltage accordingly. As an object passes through the laser sheet,
varying amounts of light are blocked out. The displacement of the object causes a change in
the light intensity and, therefore, voltage. If the output of the detector is recorded with an
oscilloscope, a time versus voltage (and hence displacement) curve can be obtained.
Through differentiation of this curve, the velocity and acceleration history of the projectile
can be derived.

As a means of validation, this system was setup to measure the displacement of the
bar ends during the free end test. The velocity of the bar end can be measured and compared
to the predicted velocity obtained through the data reduction program. As a baseline, the
tests were initially carried out on the aluminium bars. Since there is little attenuation or
dispersion of the wave, the velocity at the bar end can be accurately predicted and validated
with the measured velocity at the bar ends.

Figure 5.8a shows the raw data obtained from a test using the ELVS and strain gauge
systems. The slope of the output from the detector can be related to the velocity of the bar
end. Multiple reflections are shown to illustrate the displacement of the bar end. It can be
seen that as the incident and reflected waves are superimposed on the bar end, it moves at
some velocity dictated by equation (3.24). As the pulse is reflected from the bar end, it stops
moving until the next wave (the result from the original wave being reflected off the
impacted end) reaches the bar end.

Figure 5.8b shows the results for the tests using aluminium bars for two different
striker velocities. The first observation is that the rapid rise times of the predicted results are
not indicated by the ELVS results. This unfortunately represents a deficiency in the
resolution of the ELVS system. The ELVS system was designed to measure the
displacement of an object over a much larger distance than the bar moves during the rise time
of the pulse. Normally, the ELVS would be measuring displacement between 20mm and 25
mm. If during the rise time the acceleration of the bar is assumed constant (a best case
scenario), the end of the bar will displace less than 0.25mm. This value is lower than the
minimum distance that the ELVS can resolve in such a small time. Therefore, only the peak
values obtained from the ELVS can be compared to the predicted results. As indicated in

Figure 5.8b, the peak velocity measured compares well with the peak velocity predicted for

53



both cases. The predicted and measured velocity magnitudes are within 0.25 m/s of each
other.

Figure 5.8c shows the values for the acrylic bars measured at three different
velocities. Once again the ELVS system could not correctly capture the displacement of the
bar during the rise time. Comparing the peak values of the measurements, the results
between the two methods differ by approximately 0.2 m/s.

Figure 5.8d shows the values for the LDPE bars measured at two different velocities.
Only two velocities were attainable due to limitations with the gas gun and bearing setup.
Comparison between the ELVS results and the predicted results lead to a difference in
velocities of 0.15 m/s.

The excellent correspondence between the ELVS and predicted velocity magnitudes
further validate the CSHB. Although limited by sensor resolution, the differences in

velocities for all three materials are well within experimental tolerances.

5.5 Material Test Results

Three different materials were tested. Polycarbonate samples were tested with both the
acrylic and aluminium bars and the results compared to published data. Ballistic gelatin
samples were fabricated and tested. These results were also compared to data from Sawas et
al. [1998]. RTV silicon was the third material tested. An analysis of the RTV silicon results

identifies various limitations and special considerations for testing soft rubbers

5.5.1 Polycarbonate Results

Polycarbonate specimens are a good means of verifying the operation of the CSHB
with aluminium bars since published data describing its high strain rate properties exist.
Additionally, the properties of polycarbonate are more consistent over different batches than
other polymers. Polycarbonate is readily available in rods and can be conventionally
machined allowing quick fabrication of samples. Tests on polycarbonate specimens were
also performed with acrylic bars. The samples were 6.4mm diameter by 6.4mm long for the
tests using the aluminium bars and 4.0mm by 4.0mm for the tests using the acrylic bars. The
results from these tests are compared to the results published by Sawas et al. [1998]

generated using a similar acrylic Hopkinson bar apparatus.
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Figures 5.9a, 5.9b and 5.9c¢ show the results from the test on the polycarbonate using

the aluminium bars at rates of 600, 1200, and 1440 s™ respectively. The amount of pressure
required to overcome the static friction within the gas gun makes it difficult to attain lower
strain rates. Inspecting Figure 5.9a, it appears that the dynamic Elastic Modulus of the two
tests differ. It is quite obvious that the slope of Sawas et al. result is greater than that of the
test. The shapes of the curves are quite similar as the material begins to yield and plastic
flow begins. An inspection of the region, where plastic flow is occurring, results in similar,
yet offset results. The magnitude of the flow stress for Sawas et al. is marginally higher than
the current results. An inspection of Figure 5.9b results in similar observations. The slopes
of the stress strain curves are similar with the current results being less steep than the
published data. As before, the shapes of the curve during the transition from the elastic to

plastic regions are similar. The flow stress of the published data is higher than that of the
current results. Figure 5.9¢ shows similar results at strain rates of 1200 s™ and 1700 s™ for

the published results, and 1440 s™ for the current results. The higher flow stress from Sawas
et al. can be partially attributed to the difference in strain rates.

There are a number of reasons why the results of Sawas et al. do not exactly match
those currently obtained. A significant factor is the method chosen to manipulate the waves
when performing the data reduction. Sawas et al., use a time domain approach where the
signals are shifted in time so that their starting times are aligned. This method of wave
manipulation, in combination with a conventional type of strain, stress and strain rate
analysis, can result in differing dynamic Elastic Moduli. By propagating the waves to the
interfaces, the starting times of the waves are somewhat arbitrary. Since the resulting curves
have similar shapes, a difference in strain in the elastic region of the curve would offset the
rest of the curve accounting for the difference. Allowing for the differences in the test
procedures and data reduction, there is an excellent agreement with the published data of
Sawas et al.. This suggests that the CSHB is working properly.

Figures 5.10a and 5.10b show the results of the tests performed on the polycarbonate
samples with the acrylic bars at strain rates of 1200 s™ and 1700 s™ respectively. The
dynamic Elastic Moduli shown in Figure 5.10a and 5.10b for the current results are less than
the published data. Once again, the transition from the elastic to plastic regions results in

similar curves with the flow stress being less for the tests using the acrylic bars.
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Figure 5.11 compares Sawas et al. result and the results obtain from the aluminium

and acrylic bars at a strain rate of 1200 s™. The curves differ by a significant amount in the
elastic region. The transition from elastic to plastic flow is higher for the acrylic bars than
the aluminium bars. However, the resulting flow stress is lower for the acrylic bars. This
comparison illustrates the effect that the rise time of the pulse has on polycarbonate. The rise
time of the wave in the acrylic bars is much longer than in aluminium bars and this allows the
specimen to deform more without an increase in stress, resulting in an apparent lower flow

stress at a given strain.

5.5.2 Ballistic Gelatin

Ballistic gelatin is a gelatinous substance that is commonly used to simulate human
muscle and flesh in high impact testing. In order for accurate numerical simulation,
knowledge of its response to high rates of strain is necessary. The gelatin is usually formed
by adding the powdered gelatin to water in an appropriate ratio. The gelatin tested currently
had been prefabricated into two inch by six inch square blocks using a powder to water ratio
of 1:20.

5521 Preparation

The properties of ballistic gelatin prevent accurate coring and cutting of samples so a
different method of producing CSHB specimens was developed. Ballistic gelatin was melted
and cast to a sheet of approximately the required thickness. Once cooled, the sheet was
placed between two plates of glass separated by slip gauges of the desired specimen length.
Hot water was poured over the plates, melting the ballistic gelatin, allowing it to conform to
the thickness of the slip gauge. Once the gelatin cooled and the glass plates removed,
specimens were punched out using a punch of the desired diameter. Since the specimens are
usually quite thin, very little deformation of the sample occurs during the punching. For the

current tests, the specimens were 2mm long and 12.7 mm in diameter.

55.2.2 Results

Figure 5.12 shows the results from the current test as well as results obtained from
Caillou et al. [1994] for ballistic gelatin. The results displayed are in terms of true stress and

true strain. These curves are noticeably different than the curves for polycarbonate. The
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nature of the ballistic gelatin does not allow for a great deal of plasticity and it is generally
considered to be a hyper-elastic material. This means that instead of the material flowing
plastically, it undergoes non-linear elastic deformation until failure. The material shows a
large degree of strain rate dependency. Unfortunately the results from the Caillou et al. tests
are mostly for lower strain rates. One of the current results at 1200 s™ lies between the 750
s™ and 1350 s™ results from Caillou et al. suggesting that the current results are accurate.
The series of tests continued with specimens being subjected to strain rates of 2500 s™ and

4000 s™. The curves show significant strain rate dependence with the trend identified by the

Caillou et al. results being continued with the current results.

5.5.3 RTV Silicon

The RTV silicon tested is a pink, rubber like, material that is also being used simulate
muscle tissue in high impact testing. Similar to ballistic gelatin, RTV silicon has a high rate

of dependence on strain rate.

5531 Preparation

Although similar to ballistic gelatin, the RTV silicon cannot be melted and cast into
sheets of a desired thickness. The material comes in pre-cast sheets of 12.7mm thickness.
The samples were prepared using a 12.7mm coring tool and then cut to 2mm in length. The
length of the specimens was relatively small compared to hard polymers to account for the

slow wave speed in the material.

55.3.2 Results

Figure 5.13 shows the results from the tests. For clarity, only four of the twenty tests
performed are shown. These curves were chosen to represent maximum strain rates from
1500 s~ t0 3300 s™. Similar to the ballistic gelatin, the RTV silicon shows a large degree of
strain rate dependence. The curves indicate that as the maximum strain rate increases, larger
stresses are developed for similar strains. As the material compresses it becomes more rigid
causing a sharp increase in stress for a small increase in strain. An unfortunate problem that
arises when attempting to characterize hyper-elastic materials is the change in strain rate

during the test. Figure 5.14 shows typical strain rate curves for polycarbonate and RTV
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silicon. It can be seen from the Figure that the polycarbonate specimens have a stable strain
rate for the majority of the test. An inspection of the strain rate curve for the RTV silicon
indicates that the specimen did not reach a stable strain rate. This means that over the
duration of the test, the specimen was subjected to varying strain rates at different amounts of
strain and stress in the sample. The strain rates quoted above are the maximum values found
for each test.

The ability of the apparatus to characterize the high strain rate behaviour of low
acoustical impedance is clearly identified with these tests. The excellent impedance match
between the bar and specimen material increases the signal recorded in the transmitter bar
allowing softer materials to be tested. The consistent and repeatable results that were

achieved clearly validates the apparatus when testing soft materials.

5.5.4 Sources of Error

A variety of additional factors affect the outcome of a test. When a specimen is
compressed, heat is generated within the specimen from the work being done. This rise in
temperature may affect the stress strain curves if the temperature becomes elevated. In
general, this is not a problem in Hopkinson Bar tests on metals but may be a problem, worth
exploring, in nonmetals.

Although lubrication at the specimen interfaces help to reduce friction allowing the
material to expand freely, some friction still exists. This friction can prevent the material
from expanding freely causing large stress gradients to be formed within the sample. Again,
this may be more of a problem with nonmetals than it is with metals.

Variability among the composition of the sample material can have a large affect on the
results from the test. Careful control of the material composition should be taken where
possible to ensure consistent and accurate results.

The above considerations can lead to some experimental scatter. Figure 5.15 shows
two test performed on polycarbonate at the same strain rates. Although similar test
conditions are used, the results differ slightly. However, for most high strain rate testing this
would be considered excellent repeatability. The degree of experimental scatter shown is

typical of repeated tests under the same conditions.
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5.6 Summary

Three separate approaches were undertaken to validate and investigate the apparatus
when using bars made from a viscoelastic material. Predicted waves were compared to
waves measured at a second strain gauge location on the bar and to waves reflected off the
impacted end of the bar. Comparison between the predicted and measured waves resulted in
a good correspondence.

The second method of validation used the enhanced laser velocity system (ELVS) to
measure the velocity at the ends of the bars. It was found that, although limited by sensor
resolution, the magnitudes of the predicted and measured bar interface velocities matched
within experimental tolerances.

The third method of validation compared stress strain curves for polycarbonate and
ballistic gelatin tests to published results. Good correspondence was found between the

published and measured data.
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Chapter 6

Closure

6.1 Conclusions

The object of the current work was to develop and validate an apparatus for testing
non-metallic materials at high strain rates. A Hopkinson bar apparatus that uses acrylic bars

was found to be appropriate for the testing of materials of lower acoustical impedance. With
the use of a gas gun, velocity range of the striker bar allowed strain rates from 500 s™ to

4000 s™ to be achieved. However, the attenuation and dispersion of the waves in the acrylic
bars required the development of spectral analysis techniques to compensate for changes to
the stress wave as it propagates along the bars. If these corrections are not made, large errors
can result and the behaviour of the test material will not be identified correctly.

Different methods of determining the dispersive relationship were discussed and an
experimental method was adopted. The use of the experimental method allows for the
dispersive relationship of the bar material to be determined without an a priori knowledge of
the material properties. This allows easy calculation of the propagation coefficient and
compensates for any inconsistencies between the theoretical and actual material behaviour.
In addition, through the application of spectral methods to the incident and transmitter bars
signals, a more accurate representation of the test conditions is achieved. This method of
wave manipulation allows consistent results to be achieved by removing the subjectivity
inherent to conventional methods. A comparison of the dispersive relationships for

aluminium (6061-T6), acrylic and low density polyethylene identified the degree of
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attenuation and dispersion for viscoelastic materials. The results indicate that elastic wave
propagation, although valid for aluminium bars, is invalid for acrylic and LDPE bars.
Through the application of three different test methods, the approach of determining the
dispersive relationship was validated.

The use of two gauge stations along the bars allows comparison between the predicted
and measured waves. The application of the dispersive relationship over the distance
between the gauges resulted in good correspondence between the measured and predicted
results. This type of validation was extended to study the nature of the waves over multiple
reflections off the ends of the bars.

The magnitudes of the predicted and measured velocities at the bar ends were within
experimental tolerances. However, the limitations on the resolution of the ELVS system
disallowed any comparison of wave shape between the predicted and measured results.

Testing materials with published behaviour allowed the apparatus to be further
validated. Tests on polycarbonate specimens were performed using both the aluminium and
acrylic bars and compared with each other and results from Sawas et al. [1998]. There is
good agreement between the tests performed with the aluminium bars and those from Sawas
et al.. The differences between the results obtain with the aluminium bars and acrylic bars
can be attributed to the rise time of the waves applied. The acrylic bars were further
validated by testing ballistic gelatin. The general trend that was identified from the results
from Caillou et al. [1994] matched the present results.

A general description of the test results for RTV silicon was given. This material was
tested to indicate the capability of the apparatus and help identify any special test
considerations. The strain rate dependency of the material was easy to distinguish with tests

conducted from 1500 to 3300 s*.
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6.2 Recommendations

In order to further develop the Hopkinson bar, the following recommendations are being

made:

1. Further enhancement of the gas gun would allow greater striker velocities and, as
a result, greater strain rates. This enhancement could take the form of a longer
cylinder or the development of a fast acting spool type valve.

2. An augmentation of the ELVS system to increase the resolution would allow a
better comparison of the predicted and measured waves. Additionally, the
increased sensitivity would allow the ELVS system to be applied while testing
specimens. The ELVS system could be arranged to measure the difference in
velocities between the bar interfaces allowing a further verification of the
achieved strain rate. The sensitivity of the system can be increased with the
application of different focusing lenses and mirrors.

3. Studies on soft, rubber like, material will require further investigation of strain
rate stability and how it relates to the stress strain curves. The varying strain rates
seen in the RTV silicon tests illustrate the degree of instability that can arise

during testing.
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Strain
Rate

Testing Methods

Category

-Explosives

-Gun Systems
-Pulsed Laser
-Plate Impact

Ultrahigh Strain
Rate

-Taylor Anvil Tests
-Hopkinson Bar
-Expanding Ring

High Strain Rate

-High-velocity hydraulic or
pneumatic machines; cam
plastomer

Low Strain Rate

Table 1.1: Testing Techniques According to Strain Rate

Raw Data Sample Period = dtg,,,
Propagation Data Sample Period = dtpgpagation
Number of Sample in Raw Data = Ng,,,
Number of Samples in Propagation Data = Np,gpagation

Sample Period

Number of Points

Action

dtRaw = CltPropagation

NRaw = NPropagation
NRaW > NPropagation
NRaW < NPropagation

- Values match, no manipulation necessary
-Trim excess data
-Pad end with zeros

dtRaw > dtPropagation

NRaw = NPropagation

NRaW > NPropagation

NRaW < NPropagation

-Resample data decreasing sample period
-Resample data decreasing sample period,
trim excess data

-Pad end with zeros, resample data
decreasing sample period

dtRaw < dtPropagation

NRaW = NPropagation

NRaw > NPropagation

NRaW < NPropagation

-Resample data increasing sample period

-Resample data increasing sample period,
trim excess data

-Pad end with zeros, resample data
increasing sample period

Note: sample period =1/sample rate. As the sample period decreases, the sample rate

increases.

Table 4.1: Possibilities and Required Actions for Compatibility
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Elastic Densi Estimated Speed Acoustical
: ensity
Material Modulus ka/m® of Sound Impedance
(Gpa) | (a/m’) (mis) (kg/m®s)
Aluminium 68.9 2700 5052 1.364E+07
Acrylic 3.47 1178 1716 2.022E+06
LDPE 0.8 952 917 8.727E+05
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Figure 1.1: Schematic of Cam Plastomer, Meyers [1994]
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Figure 1.2: Taylor Impact Specimen, Meyers [1994]
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Figure 1.3:Expanding Ring Technique (a) steel block with explosive in
core;(b) sections of cylinder just after detonation and during flight of ring;(c)
section of ring, Meyers [1994]
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Figure 1.4: Schematic of Split Hopkinson Bar Apparatus
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Figure 1.5: Schematic of First Pressure Bar, Hopkinson [1872]
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Figure 3.1a: Primary Fourier Component of a Square Wave
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Figure 3.1b: Addition of Second Harmonic Component

71




Amplitude

1.5 -

0.5

NN AN ANVAN
NV A

-0.5

JANRYA
\/

JaNEPa\
VYV

-1.5 -

Time (s)

Figure 3.1c: Addition of Third Harmonic to Fourier Series
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Figure 3.2a: Amplitude Spectra for First Three Terms
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Figure 3.2b: Phase Spectra for First Three Terms
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Different Amount of Shift, Doyle [1989]
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Figure 3.6: Segments of an Infinite Wave Train at Different Positions. Left:
nondispersive system. Right: dispersive system, Doyle [1989]
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Figure 3.7: Models of Viscoelastic Solids. (a) Voigt Solid;(b) Maxwell Solid;(c)
General Solid, Kolsky [1963]
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Figure 4.1: Hopkinson Apparatus
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Figure 4.2c: Complete Assembly
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Figure 4.7: Ideal Strain versus Bridge Output
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Figure 4.8a: Strain Gauge Mounted on Acrylic Specimen

Figure 4.8b: Instron Testing Machine
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Figure 4.10b: Laser and Detector Housing




Sample Data

Figure 4.11: Sample Data Dialog Box
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*NAME
Acryl Incident 96 inches 2nd Calibration
*GEOMETRY
0.0254 2.4384 1.2192
*PROPERTIES
1178 3.47E+09 0.38
*CALIBRATION
0 0.00E+00
0.02192 2.93E-04

*FILTER
20000
*PROPAGATION
0 0.065527 -3.89E-06
244141 0.074876 0.740581
488.281 0.097277 1.46891
732.422 0.119215 2.18213

Figure 4.12: Typical Calibration File

Figure 4.13: Bar Data Dialog Box
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Figure 4.15: Separate Wave Data Dialog Box
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Analyse Data

Figure 4.18: Analyse Data Dialog Box
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Figure 4.19: Flow Chart of Analyse Algorithm

92




>

From Main

Convert Voltage to Strain

Calculate Force From
Equation 2.7
Calculate Velocity From
Equation 2.3

To Main

S
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Figure 4.21: Flow Chart of Fourier Manipulation Algorithm
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Figure 4.23: Export Data Dialog Box
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Figure 5.2c: Amplitude Spectra for Incident and Reflected Waves
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Figure 5.3c: Phase Velocities for Acrylic
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Figure 5.4b: Comparison of Attenuation Coefficients
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Figure 5.5a: Measured and Predicted Wave Using Elastic Wave Analysis
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Figure 5.5b: Measured and Predicted Wave Using Viscoelastic Wave Analysis
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Figure 5.6a: Raw Data Acquired from Free End Test for LDPE
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Figure 5.7: Schematic of ELVS System
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Figure 5.8b: ELVS and Predicted Results for Aluminium
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Figure 5.8d: ELVS and Predicted Results for LDPE
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Figure 5.9a: Stress Strain Curves for Polycarbonate at 500 st Using
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Figure 5.9b: Stress Strain Curves for Polycarbonate at 1200 st Using
Aluminium Bars
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Figure 5.9c: Stress Strain Curves for Polycarbonate at 1700 st Using
Aluminium Bars
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Figure 5.10a: Stress Strain Curves for Polycarbonate at 1200 st Using Acrylic
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Figure 5.10b: Stress Strain Curves for Polycarbonate at 1700 st Using Acrylic
Bars
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Figure 5.12: Ballistic Gelatin Results
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Figure 5.13: RTV Silicon Results
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Figure 5.14: Comparison of Strain Rates
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Appendix B



#i f 1 defined( AFX_AVPLI TUDEPROPDLG H_5C0B38B1_5396_11D5 AD6C_00AOCCE1AE89 | NCLUDED )
#def i ne AFX_AVPLI TUDEPROPDLG H__5C0B38B1_5396_11D5_AD6C_00AOCCE1AES9 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/1 AnplitudePropD g.h : header file
I

~—

NN NN NN NNy,
/ CAnplitudePropD g dial og

cl ass CAmplitudePropDi g : public CDial og

/1 Construction
public:
CAnpl i t udePr opDl g( CWhd* pParent = NULL); /'l standard constructor

/1 Dialog Data
/1 {{ AFX_DATA( CAnpl i t udePr opDl g)
enum { I DD = | DD _AVMP_PRCP };
i nt m _nPoi nt s;
/1}} AFX_DATA

/'l COverrides
/1l O assWzard generated virtual function overrides
[ {{ AFX_VI RTUAL( CAnpl i t udePr opD g)
pr ot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}}AFX_VI RTUAL

/1 1nplenmentation
pr ot ect ed:

/'l Generated nmessage nap functions
/1 {{ AFX_NMSE CAnpl i t udePr opDl g)
virtual void OnOK();

virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX_AVPLI TUDEPROPDLG H 5COB38B1_5396_11D5 AD6C 0OAOCCELAES9 | NCLUDED )



#i f 1defined( AFX_ANALYSEDLG H__7F641B02_3A49 11D5_AD55 0OAOCCELAES9 | NCLUDED )
#defi ne AFX_ANALYSEDLG H__7F641B02_3A49 11D5 AD55_O0AOCCELAES89 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l Anal yseDl g. h : header file
I

NN NN NN NNy
/1 CAnal yseDl g di al og

cl ass CAnal yseDl g : public CDi al og

/1 Construction
public:
CAnal yseDl g( CWhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
[ {{ AFX_DATA( CAnal yseDl g)
enum{ TDD = | DD ANALYSEDLG };
doubl e m dSanpLo;
doubl e m dSanpDf;
doubl e m dSanpDo;
doubl e m dSanpLf;
CString m szSanpNane;
CString mszCalib_|;
CString mszCalib_T;
CString mszbata_|;
CString mszbata_T,;
BOOL m bl nci dent Di sper si on;
BOOL m bTransni tt edDi sper si on;
double mdFregFilter;
i nt m _nFouri er Anal ysi s;
i nt m nNyqui st ;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CAnal yseDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1 nplementation
pr ot ect ed:

/'l Generated nmessage map functions
[ {{ AFX_MSE CAnal yseDl g)

virtual void OnCancel ();

af x_nmsg void OnFourier();

af x_nmsg void OnNyquist();

af x_meg void OnFilter();

af x_msg voi d OnConvanal ysi s();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX ANALYSEDLG H 7F641B02_3A49 11D5 AD55 00AOCCE1AE89 | NCLUDED )



#i f 1 defined( AFX_BARDATADLG H__901B25E3_1C7B_11D5_AD55 00AOCCELAES9 | NCLUDED )
#defi ne AFX_BARDATADLG H_901B25E3_1C7B_11D5_AD55_OOAOCCELAES89 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/1 BarDataDl g.h : header file
I

NN NN NN NNy
/1 CBarDataDl g di al og
class CBarDataDl g : public CDi al og

/1 Construction
public:
struct bar_dat a{
CAr r ay<doubl e, doubl e> m dVol t s;
CAr r ay<doubl e, doubl e> m dStrai n;
CArray <doubl e, doubl e> m dG
CArray <doubl e, doubl e> m dFreq;
LT,

public:
BOOL m bReadTransmittedBar;
BOOL m bReadl nci dent Bar ;
doubl e m dl Df, m dI DT;
doubl e m dTDf, m dTDT;
BOOL CGet TransmittedBarDat a();
BOOL Get | nci dent Bar Dat a() ;
doubl e gamm n(doubl e xx);
voi d gcf (doubl e *gammtf, doubl e a, doubl e x, double *gln);
voi d gser (doubl e *ganser, doubl e a, doubl e x, double *gln);

doubl e gammyg(doubl e a, doubl e x);
void fit(double x[],double y[], int ndata, double sig[], int mi, double *a, double *b, double
*siga, double *sigb, double *chi2, double *q);

CBar Dat aDl g( CWhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
[ {{ AFX_DATA( CBar Dat aDl g)
enum { TDD = | DD_BARDATA }:
doubl e mdl Length;
double mdlPRati o;
doubl e mdTDensity;
doubl e mdTDi aneter;
doubl e m dTModul us;
doubl e mdTLengt h;
double mdTPRati o;
double mdlDensity;
doubl e mJdl Di aneter;
doubl e m dl Mbdul us;
CString mszl Fil enane;
CString m szl Nane;
doubl e mdl Sl ope;
CString mszTNane;
CString mszTFi |l enane;
doubl e m dTSI ope;
doubl e mdl Di stance;
doubl e m dTDi st ance;
BOOL m_bl Pr opCoef f I ncl uded,;
BOOL m _bTPr opCoef f I ncl uded,;
double mdlFilter;
double mdTFilter;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CBar Dat aDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/'l I npl ement ati on



pr ot ect ed:

/'l Generated nmessage map functions
[ {{ AFX_MSE CBar Dat aDl g)

af x_nsg void OnBrowsel nci dent();

af x_msg void OnBrowseTransmitted();
virtual void OnOK();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX BARDATADLG H 901B25E3_1C7B 11D5_ AD55 00AOCCE1AE89 | NCLUDED )



#i f 1 defined( AFX_BARDATADLG H__901B25E3_1C7B_11D5_AD55 00AOCCELAES9 | NCLUDED )
#defi ne AFX_BARDATADLG H_901B25E3_1C7B_11D5_AD55_OOAOCCELAES89 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/1 BarDataDl g.h : header file
I

NN NN NN NNy
/1 CBarDataDl g di al og
class CBarDataDl g : public CDi al og

/1 Construction
public:
struct bar_dat a{
CAr r ay<doubl e, doubl e> m dVol t s;
CAr r ay<doubl e, doubl e> m dStrai n;
CArray <doubl e, doubl e> m dG
CArray <doubl e, doubl e> m dFreq;
LT,

public:
BOOL m bReadTransmittedBar;
BOOL m bReadl nci dent Bar ;
doubl e m dl Df, m dI DT;
doubl e m dTDf, m dTDT;
BOOL CGet TransmittedBarDat a();
BOOL Get | nci dent Bar Dat a() ;
doubl e gamm n(doubl e xx);
voi d gcf (doubl e *gammtf, doubl e a, doubl e x, double *gln);
voi d gser (doubl e *ganser, doubl e a, doubl e x, double *gln);

doubl e gammyg(doubl e a, doubl e x);
void fit(double x[],double y[], int ndata, double sig[], int mi, double *a, double *b, double
*siga, double *sigb, double *chi2, double *q);

CBar Dat aDl g( CWhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
[ {{ AFX_DATA( CBar Dat aDl g)
enum { TDD = | DD_BARDATA }:
doubl e mdl Length;
double mdlPRati o;
doubl e mdTDensity;
doubl e mdTDi aneter;
doubl e m dTModul us;
doubl e mdTLengt h;
double mdTPRati o;
double mdlDensity;
doubl e mJdl Di aneter;
doubl e m dl Mbdul us;
CString mszl Fil enane;
CString m szl Nane;
doubl e mdl Sl ope;
CString mszTNane;
CString mszTFi |l enane;
doubl e m dTSI ope;
doubl e mdl Di stance;
doubl e m dTDi st ance;
BOOL m_bl Pr opCoef f I ncl uded,;
BOOL m _bTPr opCoef f I ncl uded,;
double mdlFilter;
double mdTFilter;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CBar Dat aDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/'l I npl ement ati on



pr ot ect ed:

/'l Generated nmessage map functions
[ {{ AFX_MSE CBar Dat aDl g)

af x_nsg void OnBrowsel nci dent();

af x_msg void OnBrowseTransmitted();
virtual void OnOK();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX BARDATADLG H 901B25E3_1C7B 11D5_ AD55 00AOCCE1AE89 | NCLUDED )



/1 CSHB.h : main header file for the CSHB application
I

# f 1defined(AFX_CSHB_H_437D5685_0F45_11D5_ AD55 OOAOCCELAES89 | NCLUDED )
#def i ne AFX_CSHB_H_ 437D5685_OF45_11D5_AD55_O0AOCCELAE89 | NCLUDED

#if _MSC VER > 1000
#pragnma once
#endif // _MSC_VER > 1000

#i fndef __ AFXW N_H

#error include 'stdafx.h' before including this file for PCH

#endi f

#i ncl ude "resource. h" /1l main synbols
NN NN NNy
/1 CCSHBApp

/1l See CSHB.cpp for the inplenmentation of this class

I

cl ass CCSHBApp : public CW nApp

public:
CCSHBAPP( ) ;

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CCSHBApp)
public:
virtual BOOL Initlnstance();
/1}3} AFX_VI RTUAL

/1 1nplenmentation
/1 {{ AFX_MSG( CCSHBApD)
af x_msg voi d OnAppAbout ();
/1 NOTE - the CassWzard will add and renove nenber functions here.
/1 DO NOT EDI T what you see in these bl ocks of generated code !
/1}} AFX_MSG
DECLARE_MESSAGE_MAP()

b

TEEEEEEEEEr iy

/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX CSHB H 437D5685_OF45 11D5 AD55 OOAOCCELAES89 | NCLUDED )



CSHBDoc. h : interface of the CCSHBDoc cl ass

/
/
[EEEEEEEEErrr g

—~—~ -

#i f 1 defined( AFX_CSHBDOC H__C9D5C164 88EO_ 4640 B1CO BCLCBCC2C49D | NCLUDED )
#def i ne AFX_CSHBDOC H__C9D5C164_88E0_4640_B1CO_BCLCBCC2C49D | NCLUDED

#if _MSC_VER > 1000
#pragma once
#endi f // _MBC VER > 1000

cl ass CCSHBDoc : public CDocunent

protected: // create fromserialization only
CCSHBDoc( ) ;
DECLARE_DYNCREATE( CCSHBDoc)

/1l Attributes
public:

/1l Qperations
public:

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CCSHBDoc)
public:
virtual BOOL OnNewDocunent ();
virtual void Serialize(CArchive& ar);
/1}}AFX_VI RTUAL

/1 1nplenmentation
public:

vi rtual ~CCSHBDoc();
#i f def _DEBUG

virtual void AssertValid() const;

virtual void Dunp(CDunpCont ext & dc) const;
#endi f
pr ot ect ed:

/'l Generated nmessage map functions
pr ot ect ed:
/1 {{ AFX_MBG CCSHBDoc)
af x_nmsg void OnFil eReadl nci dent () ;
af x_msg void OnFil eReadTransmi tted();
af x_nmsg voi d OnBarProperties();
af x_nmsg voi d OnSanpl eProperties();
af x_msg void OnExport();
af x_msg voi d OnAnal yseCal cul ateresul ts();
af x_nmeg void OnUtilitiesFft();
af x_msg void OnUtilitiesFileconversion();
af x_nmeg void OnTenpShit();
af x_nsg void OnFil eNewsanpl e();
af x_nmeg voi d OnSeper at ewave();
af x_msg voi d OnUpdat eCal cul at eResul t s(CCndUl * pCndUl ) ;
af x_nmsg voi d OnAnal ysePropagati onCal cul ation();
af x_nmsg voi d OnUpdat eAnal ysePropcal ¢( COmdUl * pCndUl ) ;
af x_nmsg voi d OnUpdat ePr eSeper at ewave( CCrdUl * pCndUl ) ;
af x_nmsg void OnUtilitiesPropagatewave();
af x_msg void OnUpdateltilitiesPropagat ewave(CCrdU * pCndUl ) ;
/1}} AFX_MSG
DECLARE_MESSAGE_MAP()
/I Menber Vari abl es
public:

struct raw data{

CAr r ay<doubl e, doubl e> m dti ne;

CAr ray<doubl e, doubl e> m dvol ts;
CAr r ay<doubl e, doubl e> m dpeak;

CAr r ay<doubl e, doubl e> m dt r uepeak;
CArray<int,int> m npeaki ndex;
CArray<int,int> mntruepeaki ndex;

~—— —
~—— —



doubl e m dDT; /1tinmestep
doubl e m dmaxy, m dmaxx;
doubl e m dm ny, m dmi nx;
doubl e m dzero;
i nt m dmaxi ndex, m dmi ni ndex;
CString mszComent;
CString mszFil enane;
Cd eDat eTi me m_dt Dat e;
}dat al, dat a2;

struct processed_dat af
1/ CAr r ay<doubl e, doubl e> m dti ne;

CAr r ay<doubl e, doubl e> m dstrain;
doubl e m dDf;
[/ doubl e m dbegi n;
/ / doubl e m dend,;
doubl e m dnaxstrain;
doubl e m dm nstrain;
i nt m nbegin;
i nt m_nend;

BOOL m bTi ne;
BOOL m bPol ar;
1/ doubl e m dt ol erance_val ue, m dt hr eshol d1_val ue, m dt hreshol d2_val ue;
}transmtted,incident,reflected,

struct sanpl e_dat a{

CAr r ay<doubl e, doubl e> m dengstress; /] engi neering stress

CAr r ay<doubl e, doubl e> m dengstrai n; /'l engi neering strain

CAr r ay<doubl e, doubl e> m dengstrai nr at e; /'l engineering strain rate

doubl e m dLo, m dDo, m dLf, m dDf ; /lorginal and final dinensions

doubl e m dAr ea;

CString m szNane;

CA eDat eTi e m dt Dat e;

doubl e m dnmax_strai nrate, m dm n_strainrate;
doubl e mdmax_strain, mdm n_strain;

doubl e m dmax_stress, m dm n_stress;

BOOL m bCal cul atedStrai n;

BOOL m bCal cul at edSt rai nRat e;

BOOL m bCal cul at edSt ress;

doubl e m dPressure, mdVel ocity, mdStrikerLengt h;

}sanpl e;
struct bar_dat a{
doubl e m dE, m dD, m dL, m dDensi ty, m dPrati o; /' bar properties
doubl e m dDi st ance;
doubl e m dCo, m dAr ea; //wave velocity in bar
CAr r ay<doubl e, doubl e> m dnV;
doubl e m dSl ope, m dl ntercept; //slope and intercept values for calib
ration
CAr r ay<doubl e, doubl e> m dG /1 if dispersion included
CAr r ay<doubl e, doubl e> m dVel oci ty; /1 if dispersion included
CAr r ay<doubl e, doubl e> m dFor ce; /1then each bar will have a force and a velocity

CAr r ay<doubl e, doubl e> m dDi spl acenent;
doubl e m dDf , m dDT;
double mdFilter;
CString mszFil enane;
CString m sznane;
BOOL m bPropCoef f 1 ncl uded;
struct data{
BOOL m bCal cul at ed;
BOOL m bTi ne;
doubl e m dnax;
doubl e m dm n;
}Force, Vel ocity, Di spl acenent;

}incidentbar,transmttedbar;

struct flags{
BOOL m bReadl nci dent ;
BOOL m bReadTransmitted;
BOOL m bl nci dent Strai n;
BOOL m bTransmittedStrain;



publ

X);

t

BOOL m bRefl ectedStrain

BOOL m bReadl nci dent Bar

BOOL m bReadTransni ttedBar
BOOL m bSepar at edl nci dent ;
BOOL m bSepar at edTransnitted;
BOOL m bProcessedResul ts
BOOL m bReadSanpl eDat a

BOOL m bPropagateltility;

// BOOL m bDat all nt er pol at ed
/1 BOOL m bDat a2l nt er pol at ed
BOOL m bRecal cul at e;

Hlag;

struct scal ¢f
doubl e tine,volts;
doubl e strain, strainrate, stress;
doubl e force, vel ocity, di spl acenent;
doubl e strainratetinme, straintine;
}scal es;

struct PropUtility{
doubl e m dF;
doubl e strain,strainrate, stress;
doubl e force, vel ocity, di spl acenent;
doubl e strainratetine,straintineg;
}PropUtilitydata;

ic:
BOOL Cal cul at ePr opagat i onCoefficient();

CSi ze GetDocSize() { return msizeDoc; }

static CCSHBDoc* Get Doc();

BOOL Export();

BOOL Cal cul ateResul ts();

voi d Crrul (doubl e r_a, doubl e i_a, double r_b, double i_b, double *r_c, double *i_c);
doubl e m dFrequencyFilter

voi d Interpol ateData(int n,doubl e dt_a, double dt_b, double data[]);
BOOL Cal cul at eForce();

BOOL Cal cul ateVel ocity();

BOOL Cal cul at eDi spl acenent () ;

static BOOL ChangeForm(int N, double data[],BOOL *polar);

BOOL Propagat eVave(int datal_n, double data[], double dt,int data2_n,double H],int sign, double

static doubl e arctan(doubl e i nmag, doubl e real);
BOOL Get Begi nEnd( BOCOL Pul se, doubl e y[], doubl e nax, doubl e m n, doubl e zero,int n, int *begin, in

*end,int *begin2,int *end2,int nlntercept);

void InitializeVal ues();
voi d Cdi v(doubl e r_a, double i_a,double r_b,double i_b,double *r_c, double *i_c);

static void Real ft(double data[], unsigned |long n, BOOL *Tine);
static void FFT(double data[], unsigned long nn, int isign);

/1 doubl e gamr n(doubl e xx);
/1l void gcf (double *gammtf, doubl e a, doubl e x, double *gln);
/1l void gser(doubl e *ganser, doubl e a, doubl e x, double *gln);
/'l doubl e gammy(doubl e a, doubl e x);
/1 void fit(double x[],double y[], int ndata, double sig[], int mt, double *a, double *b, double
*siga, double *sigb, double *chi?2, double *q);
void Cal cul ateStress();
void Cal culateStrain();
voi d Cal cul ateStrai nRat e()
BOOL Volts_to_Strain(double in[],double out[],int n,double slope, double *nax, doubl e *m n)
pr ot ect ed:

CSi ze m si zeDoc;
i nt mnFourierAnal ysis;

CAr r ay<doubl e, doubl e> m dH;
struct triggers{



doubl e m dt ol erance_val ue, m dt hr eshol d1_val ue, m dt hreshol d2_val ue;
}trigger;

[EEEEEEEEErrr b

/1 {{ AFX_| NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endif // !defined(AFX_CSHBDOC H__C9D5C164 88EOQ_4640_ B1C0_BCLCBCC2C49D | NCLUDED )



// CSHBView. h : interface of the CCSHBVi ew cl ass
/
/

—~—~ -

[EEEEEEEErrrr by

#i f 1 defined( AFX_CSHBVI EW H__A4DD65E3_CFBF_4E42_8A69 AB7AFOFOESF5 | NCLUDED )
#def i ne AFX_CSHBVI EW H _A4DD65E3_CFBF_4E42_8A69_AB7AFOFOE5F5 | NCLUDED

#if _MSC_VER > 1000
#pragma once
#endi f // _MBC VER > 1000

cl ass CCSHBVi ew : public CView

protected: // create fromserialization only
CCSHBViI ewW ) ;
DECLARE_DYNCREATE( CCSHBVI ew)

/1l Attributes
public:
CCSHBDoc* Get Docunent () ;

/1l Qperations
public:

/'l COverrides
/1l O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CCSHBVi ew)
public:
virtual void OnDrawm( CDC* pDC); // overridden to draw this view
virtual BOOL PreCreat eW ndow CREATESTRUCT& cs);
virtual void Onlnitial Update();
pr ot ect ed:
virtual BOOL OnPreparePrinting(CPrintlnfo* plnfo);
virtual void OnBegi nPrinting(CDC* pDC, CPrintlnfo* plnfo);
virtual void OnEndPrinting(CDC* pDC, CPrintlnfo* plnfo);
virtual void OnPrint(CDC* pDC, CPrintlnfo* plnfo);
/1}3} AFX_VI RTUAL

/1 1nplementation
public:

BOOL GraphTick(int x_origin,int y_origin,double maxx, doubl e naxy, doubl e scal ex, doubl e scal ey);

voi d Al | DoneMdel ess();

BOOL GraphFrequency(BOOL y_vs_t, doubl e dx, doubl e xo, doubl e x[], double y[],

e_X, double scale_y, DAWORD col our, int size);

doubl e scal

BOOL GraphData(BOOL y_vs_t, doubl e dx, doubl e xo, doubl e x[],double y[],int n,double scal e_x, doub

|l e scale_y, DWORD col our,int size,int x_origin,int y_origin);

BOOL DrawAxi s(CDC *pDC,int x_origin,int y origin,int x length,int y_|ength,

CString strTitle, CString strXAxis, CString strYAxis);

vi rtual ~CCSHBVi ew();
[/ public:
/Il struct col ours{
/1 DWORD Red=RGB( 245, 0, 0);
/'l }colour;
#i f def _DEBUG
virtual void AssertValid() const;
virtual void Dunp(CDunpCont ext & dc) const;
#endi f

pr ot ect ed:

int mcydient;
int mcxdient;
/'l Cenerated nmessage nmap functions
pr ot ect ed:
int mnViewkxtr a;
doubl e m dXscal e;
doubl e m dYscal e;
CPoi nt m pt Mouse;
11 {{ AFX_MSG( CCSHBVI ew)
af x_nmsg void OnSi ze(U NT nType, int cx, int cy);
af x_nmsg voi d OnMbuseMove( Ul NT nFl ags, CPoint point);
af x_nmsg void OnViewfreq();
af x_nmsg BOOL OnSet Cursor (CWhd* pWwhd, U NT nHit Test, U NT nmessage);



af x_nsg voi d OnCancel Mode();
af x_nmsg void OnPreVi ewi ndices();
af x_msg voi d OnLButtonDown(U NT nFl ags, CPoint point);
af x_nmsg void OnVi ewel ocity();
af x_nsg void OnVi ewForce();
af x_nmsg void OnViewStrain();
af x_msg voi d OnUpdat eVi ewVel oci t y( CCndUl * pCndUl ) ;
af x_nmsg voi d OnUpdat eVi ewFor ce( CCdUI * pCndUl ) ;
af x_msg voi d OnUpdat eVi ewStrai n( CCndUl * pCndUl ) ;
af x_nmsg void OnVi ewbi spl acenent () ;
af x_msg voi d OnUpdat eVi ewDi spl acenent (CCndUl * pCndUl ) ;
/1}} AFX_MSG
DECLARE_MESSAGE_MAP()
private:
CRect mrcPrintRect;
H

#i f ndef _DEBUG // debug version in CSHBVi ew. cpp
i nl i ne CCSHBDoc* CCSHBVi ew. : Get Docunent ()

{ return (CCSHBDoc*)m pDocunent; }
#endi f
#defi ne RED RGB( 245, 0, 0)
#def i ne BLACK RGB( 0, 0, 0) / /bl ack
#defi ne GREEN RGB( 0, 255, 0) /1 green
#defi ne BLUE RGB( 0, 0, 255) / /bl ue
#define YELLON RGB(255, 255, 0) Ilyell ow
#defi ne MAGENTA RGB( 255, 0, 255) // magent a
#defi ne CYAN RGB( 0, 255, 255) /] cyan
#defi ne GRAY RGB( 127, 127, 127) /1 gray

#define ORANGE RGB(251, 153, 55)
#define BROW  RGB( 108, 100, 90)
R R

/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX_CSHBVI EWH A4DD65E3_CFBF_4E42 8A69 AB7AF9FOE5F5 | NCLUDED )



#i f 1defined( AFX_EXPORTDATADLG H_AF2ESBEL 2D12 11D5 AD55 00AOCCE1AE89 | NCLUDED )
#def i ne AFX_EXPORTDATADLG H__AF2ESBE1_2D12_11D5_AD55_00AOCCELAES9 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l ExportDataDl g.h : header file
I

NN NN NN NNy
/| CExportDataD g dial og

cl ass CexportDataDl g : public CDi al og

/1 Construction

public:
BOOL m bEngi neeri ngAl | owed;
BOOL m bFor cesAl | owed,;
BOOL m bStrai nsAl | owed;
BOOL m bVel ociti esAl | owed;
voi d Set Al | owed() ;

CExport Dat aDl g( CwWwhd* pParent = NULL); /'l standard constructor

/1 Dialog Data
/1 {{ AFX_DATA( CExport Dat aDl g)
enum{ I DD = | DD _EXPORT };
BOOL m _bEngi neeri ngDat a;
BOOL m _bHeader ;
BOOL m bStrai ns;
BOOL m bTr ueDat a;
BOOL m _bFor ces;
BOOL m bVel ociti es;
CString mszExportFi | eNane;
BOOL m bDi spl acenent s;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CExport Dat aDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1 nplementation
pr ot ect ed:

/'l Generated nmessage map functions
11 {{ AFX_MSQ CExport Dat aDl g)

af x_nmsg void OnBrowse();

virtual void OnOK();

virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX_EXPORTDATADLG H AF2ESBE1_2D12 11D5 AD55 OOAOCCELAES89 | NCLUDED )



#i f 1defined( AFX_FFTUTI LI TYDLG H__8D1A1631_4AF4 11D5 AD6C_O0OAOCCE1AE89 | NCLUDED )
#def i ne AFX_FFTUTI LI TYDLG H__8D1A1631_4AF4_11D5_AD6C _00AOCCELAES9 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l FFTUWilityDig.h : header file
I

R NN NN NN NNy
/1l CFFTUtilityD g dial og

class CFFTUtilityD g : public CDi al og

/1 Construction
public:
BOOL Qut put Dat a() ;
BOOL Get | nput Dat a() ;
CFFTUti i tyD g(Cwhd* pParent = NULL); /'l standard constructor

/1 Dialog Data
/1 {{ AFX_DATA(CFFTUi lityD g)
enum{ TDD = | DD FFTUTILITY };
CString mszlnputFile;
CString mszCQutputFile;
i nt m nTr ansform
/1}} AFX_DATA

CArray <doubl e, doubl e> m dDat al;
CArray <doubl e, doubl e> m dDat a2;
/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{AFX_VI RTUAL( CFFTUti | i tyDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1nplementation
pr ot ect ed:

/'l Generated nmessage map functions
I {{AFX_MSG( CFFTUti |ityD @)

af x_nsg void OnBrowsel n();

af x_nmsg voi d OnBrowseQut () ;

virtual void OnOK();

virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_| NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endif // !defined(AFX_FFTUTI LI TYDLG H__8D1A1631_4AF4_11D5_AD6C_O00AOCCELAES89 | NCLUDED )



#i f 1 defined( AFX_| NDEXDLG H__A6D5E483_3E76_11D5 AD60_00AOCCELAES9 | NCLUDED )
#defi ne AFX_| NDEXDLG H__AB6D5E483 3E76_11D5_AD60_OOAOCCELAE89 | NCLUDED

#if _MSC_VER > 1000
#pragma once

#endi f // _MBC VER > 1000
/1l IndexDl g.h : header file
I

NN NN NN NNy
/1 ClndexDl g dial og

class ClndexDi g : public CDialog

/1 Construction
public:
BOOL CheckTine();
BOOL Val i dat eDat a() ;
i nt m nDat a2Si ze;
int mnDatalSi ze;
doubl e m dTDT;
doubl e m dI DT;
i nt m nlndex;
/| CCSHBDoc * Get Docunent () ;
BOOL m bTi ne;
Cl ndexDl g( Cwhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
/1 { { AFX_DATA( CI ndexDl g)
enum { 1 DD = |1 DD_| NDI CES };
double mdle;
double mdls;
double m dRe;
doubl e mdRs;
double mdTe;
doubl e mdTs;
/1}} AFX_DATA

/'l Overrides
/1l O assWzard generated virtual function overrides
11 {{ AFX_VI RTUAL( Cl ndexDl g)
pr ot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
virtual void PostNcDestroy();
/1}} AFX_VI RTUAL

/1 1 nplementation
pr ot ect ed:
CWhd* m pParent;
/'l Generated nmessage nmap functions
11 {{ AFX_MSQE Cl ndexDl g)
virtual void OnOK();
af x_nmsg void OnViewtinme()
af x_nmsg voi d OnChoosel s()
af x_meg voi d OnChooseRs();
af x_nmsg voi d OnChooseTs();
)
)
)

af x_meg voi d OnChoosel e(
af x_nsg voi d OnChooseRe(
af x_meg voi d OnChooseTe(
af x_nsg void OnDestroy()
virtual void OnCancel ();
/1}} AFX_MSG
DECLARE_MESSAGE_MAP()

}
/1 {{AFX_| NSERT_LOCATI ON} }
/1 Mc

rosoft Visual C++ will insert additional declarations i mediately before the previous |ine.

#endif // !defined(AFX_| NDEXDLG H__ABD5E483_3E76_11D5_AD60_OOAOCCELAES9 | NCLUDED )



#if !defined( AFX_| NPUTFI LEDLG H 27E76F10_538A 11D5 AD6C_00AOCCELAES89 | NCLUDED )

#define AFX_| NPUTFI LEDLG H__27E76F10_538A _11D5_AD6C_OOAOCCE1AES89 | NCLUDED

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l InputFileD g.h : header file
I

~—

NN NN NN NN NNy,
/ ClnputFileD g dialog

class ClnputFileD g : public CDialog

public:
struct raw_dat a{
CArray <doubl e, doubl e> m dti ne;
CArray <doubl e, doubl e> m dvolts;
doubl e m dDT;
CA eDat eTi ne m _dt Dat e;
} Dat a;

/1 Construction
public:
i nt m nZeroPoints;
CString CetField(char *string, int offset,int size);
BOOL Get Data();
Cl nput Fi | eDl g( CwWhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
1 {{ AFX_DATA(Cl nput Fi | eDl g)
enum { 1 DD = |1 DD_| NPUTFI LE };
i nt m nBi nary;
CString mszFil eNane;
BOOL m bAnpl i t udeShi ft;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{AFX_VI RTUAL( Cl nput Fi | eDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1 nplementation
pr ot ect ed:

/'l Generated nmessage map functions
1 {{AFX_MSE Cl nput Fi | eDl g)

af x_nmsg void OnBrowse();

virtual void OnOK();

af x_nsg void OnAscii();

af x_nmsg void OnBinary();

virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
; {{ AFX_| NSERT_LOCATI ON} }

I
/ Mcrosoft Visual C++ will insert additional declarations imediately before the previous |ine.

#endi f // !defined( AFX_| NPUTFI LEDLG H 27E76F10_538A 11D5 AD6C_OOAOCCELAES89 | NCLUDED )



MainFrmh : interface of the CMai nFrane cl ass

/
/
[EEEEEEEEErrr g

—~—~ -

# f 1defined( AFX_MAI NFRM H__437D5689 OF45 11D5_AD55 0OAOCCELAES9 | NCLUDED )
#defi ne AFX_MAI NFRM H__437D5689_OF45_11D5_AD55_0OAOCCELAE89 | NCLUDED

#if _MSC_VER > 1000
#pragma once
#endi f // _MBC VER > 1000

cl ass CMai nFrame : public CVDI FraneWhd

DECLARE_DYNAM C( CMai nFr ane)
public:
CMai nFrame() ;

/] Attributes
public:

/1l Qperations
public:

/'l Overrides
/1l O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CMai nFr ane)
virtual BOOL PreCreat eW ndow CREATESTRUCT& cs);
/1}3} AFX_VI RTUAL

/1 1nplementation
public:
virtual ~CMainFrame();
#i f def _DEBUG
virtual void AssertValid() const;
virtual void Dunp(CDunpCont ext & dc) const;
#endi f

protected: // control bar enbedded nenbers
CSt atusBar m wndSt at usBar ;
CTool Bar m wndTool Bar ;

/'l Cenerated nmessage nmap functions
pr ot ect ed:
[ {{ AFX_MSGE CMai nFr ane)
af x_nsg int OnCreat e( LPCREATESTRUCT | pCreateStruct);
/1 NOTE - the ClassWzard will add and renove nenber functions here.
/1 DO NOT EDI T what you see in these bl ocks of generated code!
/1}} AFX_MSG
DECLARE_MESSAGE_MAP()

}s
NNy

/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX MAINFRM H 437D5689 OF45 11D5 AD55 00AOCCE1AE89 | NCLUDED )



#ifndef NR UTILS H_
#define _NR UTILS H_

static double dsqrarg;
#define DSQR(a) ((dsgrarg=(a))==0.070.0:dsqrarg*dsqrarg)

static float sqrarg;
#define SQR(a) ((sqrarg=(a))==0.070.0:sqrarg*sqrarg)

void nrerror(char error_text[]);
#endif //_NR_UTILS H_



#i f 1 defi ned( AFX_PROPAGATEWAVEUTI LI TYDLG H__DO1D5271_7A46_11D5_AD77_OOAOCCELAES9 | NCLUDED )
#def i ne AFX_PROPAGATEWAVEUTI LI TYDLG H__D01D5271_7A46_11D5_AD77_OOAOCCELAES89 | NCLUDED

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l PropagateVWaveltilityD g.h : header file
I

NN NN NNy
/| CPropagat eWaveltilityDl g dial og
cl ass CPropagat eWaveUtilityDi g : public CD al og

/1 Construction
public:
CPropagat eVaveltilityD g(Cwhd* pParent = NULL); /'l standard constructor

/1 Dialog Data
/1 {{ AFX_DATA( CPr opagat eWaveltilityDl g)
enum { TDD = | DD_PROPAGATEWAVE };
double mdTransnittedDi stance;
doubl e mdl nci dent Di st ance;
i nt m nNyqui st ;
double mdFregFilter;
doubl e m dRefl ect edDi st ance;
/1}} AFX_DATA

/'l Overrides
/1l O assWzard generated virtual function overrides
11 {{ AFX_VI RTUAL( CPr opagat eVaveltilityD g)
pr ot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}}AFX_VI RTUAL

/1 1nplenmentation
pr ot ect ed:

/'l Generated nmessage nap functions
[ 1 {{ AFX_MSGE CPr opagat eWaveltilityD g)

/1 NOTE: the CassWzard will add nmenber functions here
/1}} AFX_MSG

DECLARE_MESSAGE_MAP( )

}
/1 {{ AFX_| NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX_PROPAGATEWAVEUTI LI TYDLG H _D01D5271_7AA46_11D5_AD77_00AOCCE1AE89__ | NCLUDED )



#i f 1 defi ned( AFX_PROPCOEFFDLG H_6F355E11_4555 11D5 ADGA O0AOCCE1AE89 | NCLUDED )
#def i ne AFX_PROPCOEFFDLG H__6F355E11 4555 _11D5_AD6A 00AOCCELAES9 | NCLUDED._

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l PropCoeffDi g.h : header file
I

NN NN NN NNy
/'l CPropCoeffDl g dial og

cl ass CPropCoeffDi g : public CDialog

/1 Construction
public:
CPr opCoef f DI g( CWhd* pParent = NULL); /'l standard constructor

/1 Dialog Data
[ {{ AFX_DATA( CPr opCoef f DI g)
enum{ | DD = | DD_PROPCCEFF };
CString mszCalibrationFile;
CString mszbDataFil e;
BOOL m _bUpdat eFi | e;
BOOL m bExportFil e;
BOOL m_bConpl exModul us;
double mdFilter;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
/1 {{ AFX_VI RTUAL( CPr opCoef f DI g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1nplementation
pr ot ect ed:

/'l Generated nmessage map functions
[ {{ AFX_MSE CPr opCoef f DI g)

af x_msg voi d OnDet erm necoeff();
virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_| NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endif // !defined( AFX_PROPCOEFFDLG H__6F355E11_ 4555 11D5 AD6A 00AOCCELAES9 | NCLUDED )



/1 {{ NO_DEPENDENCI ES} }
/'l Mcrosoft Devel oper Studio generated include file.
/'l Used by CSHB.rc

#def i ne | DCONVERT 3
#defi ne 1 DD_ABOUTBOX 100
#defi ne | DD NI COLETCONVERTDLG 102
#def i ne | DR_MAI NFRAVE 128
#defi ne | DR CSHBTYPE 129
#defi ne | DD_AMP_PROP 129
#defi ne | DD SAMPLEDATA 130
#def i ne | DD_BARDATA 131
#defi ne | DD_EXPORT 132
#define | DD_ANALYSEDLG 134
#defi ne | DD SEPARATEWAVEVALUES 135
#define | DD_I NDI CES 136
#defi ne | DD_PROPCOEFF 138
#define | DD_FFTUTI LI TY 140
#defi ne | DD | NPUTFI LE 141
#define | DI _HAPPY 143
#defi ne | DC_CROSSHAI R 146
#def i ne | DD_PROPAGATEWAVE 149
#defi ne | DC SAMPLETI TLE 1000
#def i ne | DC_I NPUTFI LE 1000
#defi ne | DC | NPUTBROWSE 1001
#def i ne | DC_Do 1002
#defi ne | DC QUTPUTFI LE 1002
#define I DC Lo 1003
#define | DC_ > | BARNANVE 1003
#defi ne 1 DC_QUPUTBRONSE 1003
#defi ne | DC | _CALI BRATI ONNANVE 1004
#def i ne | DC_| NCHEADER 1004
#defi ne | DC_I _BARDI AMETER 1005
#define | DC_AMPLTI TUDE 1005
#defi ne | DC_Df 1006
#define 1 DC_| _BARLENGTH 1006
#define | DC_PO NTS 1006
#define | DC_Lf 1007
#defi ne | DC | DI STANCE 1007
#define | DC_| _BARDENSI TY 1008
#defi ne | DC | ~ BAREMODULUS 1009
#def i ne | DC_SAMPLE_DEFAULT 1009
#defi ne | DC_I BARPRATI O 1010
#define | DC_T_BARDI AVETER 1011
#defi ne | DC_T BARLENGTH 1012
#define 1 DC_T_DI STANCE 1013
#defi ne | DC T BARDENSI TY 1014
#define | DC_T_BAREMODULUS 1015
#define | DC_T_BARPRATI O 1016
#define 1 DC_T_BARNAME 1017
#define | DC_ T_CALI BRATI ONNANVE 1018
#define 1 DC_EDI T1 1020
#defi ne | DC_| NPUTNAMVE 1020
#def i ne | DC_FI LENAMVE 1020
#defi ne | DC DI SPFI LTER 1020
#def i ne | DC_EXPORTFI LE 1020
#defi ne | DC_| NCDATE 1020
#def i ne | DC_I NCl DENTDI ST 1020
#define | DC_ > | _FILTER 1020
#define 1 DC_RS 1021
#defi ne | DC_OUTPUTNAME 1021
#def i ne | DC_TRANSM TTEDDI ST 1021
#define | DC_ > T _FILTER 1021
#defi ne | DC_EXP_ENGSTRESS 1022
#define IDCIE 1022
#defi ne | DC_EXP_ENGDATA 1022
#defi ne | DC DI SPFI LTER2 1022
#define | DC_EXP_|I NCI DENT_T 1023
#define | DC_RE 1023
#defi ne | DC_EXP_STRAI NS 1023
#defi ne | DC REFLECTEDDI ST 1023
#define | DC_EXP_TRANSM TTED T 1024
#defi ne | DC BRQ/\SE | NCl DENT 1024
#define | DC_TE 1024
#define | DC_ > EXP_REFLECTED T 1025
#define IDC TS 1025



#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
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#def i
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#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
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ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
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ne
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ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

 EXP_
. EXP_HEADER
> EXP_TRUESTRESS
SLOPE
' TRUEDATA
ENGSTRAI N
| NTERCEPT
P_TRUESTRAI N
ROASE_TRANSM TTED
P_TRANSM TTED_F
SLOPE

P STRAI NRATE

| NTERCEPT
P_REFLECTED F
P_COWPI NC

3838888
Q" % %_

" ﬂQm

g@%

> EXP_COVPTRAN
MP_NAMVE

33
8

MP_LO

88888888888888

TA |
TA |2

PLLeLey
35335
o

TA 13
LIBI
TA 14
LIB T
YSE
faul t
RESHOL D1
RESHOL D2

RBBRBRRRY
99995
>

g

WII

" TOLERANCE
EPARATETRANSM TTED
EPARATEI NCI DENT

" DETERM NECOEFF

VI EWFREQ

> UPDATEFI LE

" BROWSE_| N

" BROASE_OUT

3383383833883

RANSM TTED _V
I NCI DENT_F

RANSM TTED F
DI SPAV
| SPLACEMENTS

3888888858888

B88
:
_<

BR8
>
2
g

SREEE

38

ITIllTI
=0
(2R)]

. CHOOSE_| E

> CHOOSE_RE

. CHOOSE_TE

> BUTTON3

. | NCDI SPERSI ON

8388888

1026
1026
1027
1027
1027
1028
1028
1029
1029
1030
1030
1031
1031
1032
1033
1034
1034
1044
1045
1046
1047
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1050
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1052
1053
1055
1056
1057
1057
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1064
1065
1066
1067
1068
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1070
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1076
1076
1077
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1081
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1086
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1111



#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

/] Next default values for

I

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

| NTERCEPT
" PEAK

" PRESSURE

" VELOCI TY

NYQUI ST

FI LTER

" STRI KERL

) FI LE_READ_| NCI DENT

) FI LE_READ_TRANSM TTED
) CALCULATE_SEPERATEWAVE
) CALCULATE_DRAVWAAVE

) DRAVDATA

) BAR_PROPERTI ES

) SAMPLE_PROPERTI ES

) DRAWPROCESSEDDATA

) CALCULATERESULTS

) EXPORT

8888838

) PROP_PREPROCESS
ROP_CALC

) ANALYSE _CALCULATERESULTS
) PRE_VI EW NDI CES

I LI TI ES_FI LECONVERSI ON
I LI TI ES_FFT

I LI TI ES_PROPCALC

'U)>'U

555

ENP SH T
| LE_NEWSAMPLE
RE_SEPERATEWAVE
) POST_ VI EW/EL
) POST_VWFOR
) POST_VWSTRN
) POST_W\DI SP
) ANALYSE_PROPCALC
D_UTI LI TI ES_PROPAGATEWAVE

UUUUUUUUUUUUUUUUUUUUUUUUUU
'U'U'U'U'UTI—|

#i f def APSTUDI O_| NVOKED
#i f ndef APSTUDI O READONLY_ SYMBOLS

#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne

#endi f
#endi f

_APS_3D_CONTROLS

APS_NEXT_RESOURCE_VALUE

_APS_NEXT_COVMAND_ VALUE
“APS_NEXT_CONTROL_VALUE
_APS_NEXT_SYMED_VALUE

new obj ects

1113

1114

1115

1116

1116

1117

1117

32771
32772
32773
32774
32775
32776
32777
32780
32781
32783
32784
32785
32786
32788
32789
32790
32791
32792
32793
32794
32796
32797
32798
32799
32800
32801
32809

150
32810
1118
101



#i f 1defined( AFX_SAMPLEDATADLG H_8DFCFC20 1C89 11D5 AD55 00AOCCE1AE89 | NCLUDED )
#def i ne AFX_SAVPLEDATADLG H__8DFCFC20_1C89_11D5_AD55_00AOCCELAES9 | NCLUDED_

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l Sanpl eDataDl g. h : header file
I

NN NN NNy
/1 CSanpl eDat aDl g di al og

cl ass CSanpl eDataDl g : public CDi al og

/1 Construction
public:
CA eDat eTi ne m dt Dat e;
CSanpl eDat aDl g( CWhd* pParent = NULL); /1 standard constructor

/1 Dialog Data
/1 {{ AFX_DATA( CSanpl eDat aDl g)
enum { 1 DD = | DD_SAVPLEDATA };
Chat eTi neCtr | m dct r | Dat e;
doubl e mdDf;
doubl e m dDo;
double mdLf;
double mdLo;
CString mszNane;
Cd eDat eTi ne m dt | Dat e;
CA eDat eTi ne m _dt TDat e;
doubl e m dPressure;
doubl e mdVel ocity;
double mdStrikerLengt h;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
[ 1 {{ AFX_VI RTUAL( CSanpl! eDat aDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1nplementation
pr ot ect ed:

/'l Generated nmessage map functions

I {{ AFX_MSE CSanpl eDat aDl g)

af x_msg voi d OnSanpl eDef aul t () ;

virtual void OnOK();

af x_nmsg voi d OnDat eTi nreChange( NVHDR* pNVHDR, LRESULT* pResult);
virtual BOOL OnlnitDial og();

virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

}
/1 {{ AFX_I NSERT_LOCATI ON} }
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX_SAMPLEDATADLG H 8DFCFC20_1C89 11D5 AD55 OOAOCCELAES89 | NCLUDED )



#i f 1 defi ned( AFX_SEPARATEVALUESDLG H A6D5E482 3E76_11D5 AD60_OOAOCCELAES9 | NCLUDED )
#def i ne AFX_SEPARATEVALUESDLG H__AGD5E482 3E76_11D5 AD60_O0OAOCCELAE89 | NCLUDED

#if _MSC_VER > 1000

#pragma once

#endi f // _MBC VER > 1000

/'l SeparateVal uesDl g.h : header file
I

[EOEEEEEEErrr iy

/
/| CSepar at eVal uesDl g di al og

~—

cl ass CSeparat eVal uesDl g : public CDi al og

/1 Construction
public:
CSepar at eVal uesDl g( CWhd* pParent = NULL); /'l standard constructor

/1 Dialog Data
[ 1 {{ AFX_DATA( CSepar at eVal uesDl Q)
enum { | DD = | DD_SEPARATEWAVEVALUES };
doubl e mdthreshol di;
doubl e mdthreshol d2;
doubl e m.dtol erance;
BOOL m bSeparateTransm tted;
BOOL m _bSepar at el nci dent ;
i nt m nl nt er cept ;
/1}} AFX_DATA

/'l COverrides
/Il O assWzard generated virtual function overrides
11 {{ AFX_VI RTUAL( CSepar at eVal uesDl g)
prot ect ed:
virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}3} AFX_VI RTUAL

/1 1nplementation
pr ot ect ed:

/1l Generated nmessage map functions
I 1 {{ AFX_MSQE CSepar at eVal uesDl g)
virtual void OnOK();

af x_nmeg void OnDefaul t();

virtual void OnCancel ();

/1}} AFX_MSG

DECLARE_MESSAGE_MAP()

{{ AFX_| NSERT_LOCATI ON} }

}
I11{{
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous line.

#endi f // !defined( AFX_SEPARATEVALUESDLG H A6D5E482 3E76_11D5_ AD60_OOAOCCELAES9 | NCLUDED )



/1l stdafx.h : include file for standard systeminclude files,

/1l or project specific include files that are used frequently, but
I are changed i nfrequently

/1

# f 1 defined( AFX_STDAFX H_437D5687 OF45_11D5_ AD55_00AOCCELAES89 | NCLUDED )
#defi ne AFX_STDAFX H_ 437D5687_OF45_11D5_AD55_OOAOCCELAES89 | NCLUDED

#if _MSC VER > 1000
#pragnma once
#endif // _MSC_VER > 1000

#def i ne VC_EXTRALEAN /'l Exclude rarely-used stuff from W ndows headers

#i ncl ude <af xwi n. h>
#i ncl ude <af xext. h>
#i ncl ude <af xdi sp. h>
#i ncl ude <afxdtctl.h>
#i fndef _AFX_NO _AFXCMN_SUPPORT

#i ncl ude <af xcm. h> /'l MFC support for Wndows Conmon Controls
#endi f // _AFX_NO_AFXCWN_SUPPORT

M-C core and standard conponents

MFC ext ensi ons

MFC Aut omati on cl asses

M-C support for Internet Explorer 4 Common Controls

~—— —
~—— —

{{ AFX_| NSERT_LOCATI ON} }

I
/1 Mcrosoft Visual C++ will insert additional declarations inmediately before the previous l|ine

#endi f // !defined( AFX_STDAFX H 437D5687_0F45 11D5 AD55 00AOCCEL1AE89 | NCLUDED )
#i ncl ude <af xtenpl . h> /1 MFC tenpl ates | added to account for CArray usage



bacbk2.rc
/I M crosoft Devel oper Studi o generated resource script.
11
#i ncl ude "resource. h"

#defi ne APSTUDI O READONLY_ SYMBOLS

FOLEEEEEErrr i rriirrriirrriirrri
1111111

/1

/] Generated fromthe TEXTI NCLUDE 2 resource.

/1

#i ncl ude "af xres. h"

FEEEEEEEE bbb bbb bbb bbb rri b rrrld
NNy
#undef APSTUDI O READONLY_SYMBOLS

FEELEEL I r b rrr i rrrrr
111
/1l English (U S.) resources

#if !defined( AFX RESOURCE DLL) || defined( AFX_TARG ENU)
#i fdef _W N32

LANGUAGE LANG ENGLI SH, SUBLANG ENGLI SH US

#pragma code_page(1252)

#endi f // W N32

#i f def APSTUDI O_| NVOKED

FEEEEEErrr it bbb bbb bbb rrr i rrrrrd
IRy

Il

/1 TEXTI NCLUDE

Il

1 TEXTI NCLUDE DI SCARDABLE
BEG N
"resource. h\ 0"

END
2 TEXTI NCLUDE DI SCARDABLE
BEG N
"#i nclude ""afxres.h""\r\n"
"\ "
END

3 TEXTI NCLUDE DI SCARDABLE

BEG N
"#define _AFX_NO SPLI TTER RESOURCES\ r\n"
"#define _AFX_NO _OLE_RESOURCES\ r\ n"
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bacbk2.rc

"#define AFX NO TRACKER RESOURCES\r\n"

"#define _AFX_NO_PROPERTY_ RESOURCES\r\n"

"\r\n"

"#1f ldefi ned( AFX RESOURCE DLL) || defined( AFX_TARG ENU)\r\n"

"#ifdef WN32\r\n"

"LANGUAGE 9, 1\r\n"

"#pragma code_page(1252)\r\n"

"#endi f //_WN32\r\n"

"#include ""res\\CSHB.rc2"" [/ non-Mcrosoft Visual C++ edited re
sources\r\n"

"#include ""afxres.rc"" /1 Standard conponents\r\n"

"#include ""afxprint.rc"" [l printing/print preview resource
s\r\n"

"#endi f\r\n"

n \ Oll

END

#endi f /1 APSTUDI O_I NVOKED

FEEEEEEEE bbb bbb bbb rrr i rrrrld

1111111
/1
/[l 1con
/1

/1 1con with |owest ID value placed first to ensure application icon
/1l remains consistent on all systens.

| DR_MAI NFRAMVE | CON DI SCARDABLE "res\\ CSHB. i co"

| DR_CSHBTYPE | CON DI SCARDABLE "res\\ CSHBDoc. i co"

FEEEEEErrr it bbb bbb bbb rri i rrrrld
IRy

11

/1 Bitmap

11

| DR_MAI NFRAVE BI TMVAP  MOVEABLE PURE "res\\ Tool bar. bnp"

FEEEEEErrr it bbb i bbb e rrr i rrrird
IRy

/1
/] Tool bar
/1
| DR_MAI NFRAME TOOLBAR DI SCARDABLE 16, 15
BEG N
BUTTON | D_FI LE_NEW
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BUTTON
BUTTON
SEPARATOR
BUTTON
BUTTON
BUTTON
SEPARATOR
BUTTON
SEPARATOR
BUTTON
END

| D_FI LE_PRI NT

| D_APP_ABOUT

bacbk2.rc

FEEEEEErrr it bbb bbb bbb rrr i rrrrrd

1111111
/1
/1 Menu
/1

| DR_VMAI NFRAME MENU PRELQAD DI SCARDABLE

BEG N

POPUP " &Fi | e"

BEG N

MENUI TEM " &Newh t Ct r | +N",

MENUI TEM " &pen. . . \tCrl +O'
MENUI TEM SEPARATOR
MENUI TEM " P& i nt Setup...",
MENUI TEM SEPARATOR

MENUI TEM "Recent File",

YED

MENUI TEM SEPARATOR
MENUI TEM "E&xi t",

END

POPUP " &Vi ew'

BEG N

MENUI TEM " &Tool bar ",

MENUI TEM " &St at us Bar ",

END

POPUP " &Hel p"

BEG N

MENUI TEM " &About CSHB...",

END
END

| DR_CSHBTYPE MENU PRELOAD DI SCARDABLE

BEG N

POPUP " &Fi | e"

BEG N

Page 3

| D_FI LE_NEW
| D_FI LE_OPEN

| D_FI LE_PRI NT_SETUP

| D_FILE_MRU_FI LE1, GRA

| D APP_EXI T

| D_VI EW TOOLBAR
| D_VI EW STATUS BAR

| D_APP_ABOUT



bacbk2.rc
MENUI TEM " Read | nci dent Data",

MENUI TEM "Read Transm tted Data",

ED
MENUI TEM " &NewA t Ct r | +N',
MENUI TEM "&Qoen. A\t +0,
MENUI TEM " &Cl ose"
MENUI TEM " &Save\ t Ct ri +S"
MENUI TEM " Save &ASs.
MENUI TEM SEPARATO?
MENUI TEM "&Print...\tCrl +P",

MENUI TEM "Pri nt Pre&vi ew',
, | NACTI VE
MENUI TEM " P& int Setup...",
, | NACTI VE
MENUI TEM SEPARATOR
MENUI TEM " Recent Fil e",
YED
MENUI TEM SEPARATCR
MENUI TEM "E&xXi t ",
END
[/ POPUP " Mani pul at e"
/!l BEG N
/1 MENUI TEM " Seper at e Waves",
TEVWAVE
[/ NMENU TEM " Vi ew | ndi ces",
DI CES
[ | END
POPUP "Properties”
BEG N
MENUI TEM " &Bar Properties ...",
MENUI TEM " &Sanpl e Properties”,
END
POPUP " Anal yse"
BEG N
MENUI TEM " Cal cul ate Results",
SULTS
END
POPUP " Post - Process™
BEG N
MENUI TEM " Dr aw Processed Data",
MENUI TEM " Export",
END
POPUP "Utilities"
BEG N
MENUI TEM " FFT",
MENUI TEM " Dr aw FFT",
MENUI TEM " Cal cul ate Results",
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| D_FI LE_READ | NCI DENT
| D_FI LE_READ _TRANSM TT

D
D
D _FI LE_NEW

D_FI LE_OPEN, | NACTI VE
D _FI LE_CLOSE

D_FI LE_SAVE

D_FI

|
|
|
|
| LE_SAVE_AS

| D_FI LE_PRINT, | NACTIV
| D_FI LE_PRI NT_PREVI EW

| D_FI LE_PRI NT_SETUP
| D_FI LE_VMRU_FI LE1, GRA
ID APP EXI T

| D_MANI PULATE_SEPERA

| D_MANI PULATE_VI EW N

| D_BAR_PROPERTI ES
| D_SAMPLE_PROPERTI ES

| D_ANALYSE_CALCULATERE

| D_DRAWPROCESSEDDATA
| D_EXPORT

| D_FFT
| D_DRAWFFT
| D_CALCULATERESULTS
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END

POPUP " Propagati on”

BEG N
MENUI TEM " Pr epr ocess", | D_PROP_PREPRCCESS
MENUI TEM " FFT", | D FFT
MENUI TEM " Cal cul at e", | D_PROP_CALC

END

POPUP " &Hel p"

BEG N
MVENUI TEM " &About CSHB. .. ", | D_APP_ABOUT

END

POPUP " &W ndow'

BEG N
MVENUI TEM " &New W ndow', | D_W NDOW NEW
MENUI TEM " &Cascade", | D_W NDOW CASCADE
MVENUI TEM " &Ti | e", | D W NDOW TI LE_HORZ
MENUI TEM " &Arr ange | cons", | D_W NDOW ARRANGE

END

POPUP " &Edit"

BEG N
MENUI TEM " &Undo\t Ctr | +Z2", | D_EDI T_UNDO
MENUI TEM SEPARATOR
MENUI TEM "Cu&t \t Ctrl +X", | D EDI T_CUT
MENUI TEM " & Copy\t Ctr | +C", | D_EDI T_COPY
MENUI TEM " &Past e\t Ctrl +V*, | D EDI T_PASTE

END

POPUP " &Vi ewW'

BEG N
MENUI TEM " &Tool bar ", | D_VI EW TOOLBAR
MENUI TEM " &St at us Bar ", | D_VI EW STATUS_BAR

END

END

LLELLEEEErr i riirriirrrrirrri
111111

/1

/] Accel erat or

/1

| DR_MAI NFRAME ACCELERATORS PRELOAD MOVEABLE PURE

BEG N
"N, | D_FI LE_NEW VI RTKEY, CONTROL
“g, | D_FI LE_OPEN, VI RTKEY, CONTROL
'S, | D_FI LE_SAVE, VI RTKEY, CONTROL
P, | D_FI LE_PRI NT, VI RTKEY, CONTROL
VAN | D_EDI T_UNDQG, VI RTKEY, CONTROL
"X, | D_EDI T_CUT, VI RTKEY, CONTROL
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"“C', | D_EDI T_COPY, VI RTKEY, CONTROL
"V, | D EDI T_PASTE, VI RTKEY, CONTROL
VK_BACK, | D_EDI T_UNDO, VI RTKEY, ALT
VK _DELETE, | D EDI T_CUT, VI RTKEY, SHI FT
VK_| NSERT, | D_EDI T_COPY, VI RTKEY, CONTROL
VK _| NSERT, | D EDI T_PASTE, VI RTKEY, SHI FT
VK_F6, | D_NEXT_PANE, VI RTKEY
VK _F6, | D_PREV_PANE, VI RTKEY, SHI FT
END
FEELEEEEEE bbb bbb rrrrr
1111
11
/1 Dial og

Il

| DD_ABOUTBOX DI ALOG DI SCARDABLE 0, 0, 235, 79

STYLE DS MODALFRAME | W5 POPUP | WS _CAPTION | WS _SYSMENU
CAPTI ON " About CSHB"

FONT 8, "MsS Sans Serif"

BEG N
| CON | DR_MAI NFRAME, | DC_STATI C, 107, 24, 21, 20
LTEXT "CSHB Version 1.0", | DC_STATIC, 46, 13, 58, 8, SS_NOPREF
| X
LTEXT "Copyright (C) 2001",|DC _STATIC, 130, 13, 59, 8
DEFPUSHBUTTON " OK", | DOK, 92, 58, 50, 14, W5_GROUP
END

| DD_SAMPLEDATA DI ALOG DI SCARDABLE 0, 0, 289, 290

STYLE DS MODALFRAME | W5 POPUP | WS _CAPTION | WS _SYSMENU
CAPTI ON " Sanpl e Dat a"

FONT 8, "MsS Sans Serif"

BEG N

EDI TTEXT | DC_SAVPLETI TLE, 24, 30, 200, 12, ES AUTOHSCROLL

EDI TTEXT | DC Do, 53, 205, 62, 14, ES_AUTOHSCROLL

EDI TTEXT | DC Lo, 53, 227, 62, 14, ES_AUTOHSCROLL

EDI TTEXT | DC_Df, 173, 204, 62, 14, ES_AUTOHSCROLL

EDI TTEXT | DC _Lf, 173, 228, 62, 14, ES_AUTOHSCROLL

CONTROL "Dat eTi mePi cker 3", | DC_DATE, " SysDat eTi nePi ck32",
DTS RI GHTALI GN | WS _TABSTOPR, 37, 73, 145, 16

DEFPUSHBUTTON " Appl y", I DOK, 79, 265, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 159, 265, 50, 14

GROUPBOX "Sanple Title", | DC_STATIC, 17, 15, 218, 33

GROUPBOX "Date of Test",|DC _STATIC, 17,53, 218, 121

GROUPBOX "Sanpl e Di nensions"”, | DC_STATI C, 18, 180, 253, 72

LTEXT "Do:", | DC_STATI C, 36, 208, 12, 8

LTEXT "Lo: ", | DC_STATI C, 36, 230, 12, 8
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END

LTEXT
LTEXT
LTEXT
LTEXT
LTEXT
LTEXT
GROUPBOX
GROUPBOX

bacbk2.rc

"Df :", 1 DC_STATIC, 161, 208, 12, 8
“Lf:", 1 DC_STATIC, 161, 230, 12, 8
"mm', | DC_STATI C, 240, 208, 12, 8
“mi', | DC_STATI C, 240, 230, 12, 8
"m', | DC_STATI C, 119, 208, 12, 8

“mi', | DC_STATI C, 119, 230, 12, 8
"Original", | DC_STATIC, 31, 192, 106, 53
"Final ", | DC_STATI C, 153, 192, 106, 53

| DD_BARDATA DI ALOG DI SCARDABLE 0, 0, 418, 313
STYLE DS_MODALFRAME | WS _POPUP | WS _CAPTI ON | WS_SYSMENU
CAPTI ON "Bar

FONT 8,

BEG N

DEFPUSHBUTTON

GROUPBOX
EDI TTEXT
GROUPBOX
EDI TTEXT
LTEXT
GROUPBOX
EDI TTEXT
LTEXT
EDI TTEXT
GROUPBOX
LTEXT
LTEXT
LTEXT
EDI TTEXT
EDI TTEXT
EDI TTEXT
LTEXT
LTEXT
LTEXT
LTEXT
LTEXT
GROUPBOX
EDI TTEXT
LTEXT
EDI TTEXT
GROUPBOX
LTEXT
LTEXT
LTEXT
EDI TTEXT
EDI TTEXT
EDI TTEXT

Properties”
"M5 Sans Serif"

"Apply", I DOK, 150, 292, 50, 14

"Calibration File",|DC_STATIC, 14, 16, 178, 50

| DC_|I _BARNAME, 21, 84, 136, 12, ES_AUTOHSCROLL

"Bar Name", | DC_STATIC, 14, 71, 178, 31

| DC_I _CALI BRATI ONNAME, 21, 28, 136, 12, ES_AUTOHSCROLL
"Di aneter:", |1 DC_STATIC, 42,121, 31,8
"Geonetry", | DC_STATI C, 14, 110, 178, 63

| DC_| _BARDI AMETER, 77, 120, 57, 13, ES_AUTCOHSCROLL
"Length:", I DC_STATI C, 48, 139, 25, 8

| DC_| _BARLENGTH, 77, 138, 57, 13, ES_AUTOHSCROLL
"Material Properties”,|DC _STATIC, 14, 182,178, 63
"Density:", 1 DC_STATIC, 47, 196, 26, 8

"Elastic Mdulus:", | DC_STATIC, 21, 213, 52, 8

"Poi sson's Ratio:",|DC_STATIC, 22, 230, 51, 8

| DC_|I _BARDENSI TY, 77, 193, 57, 13, ES_AUTOHSCROLL

| DC_| _BAREMODULUS, 77, 210, 57, 13, ES_AUTOHSCROLL
| DC_|I _BARPRATI O, 77, 227, 57, 13, ES_AUTOHSCROLL
"kg/ m3", 1 DC_STATI C, 138, 196, 26, 8

"N nm2", | DC_STATI C, 138, 212, 23,8

"m', | DC_STATI C, 138, 121, 8, 8

"m', | DC_STATI C, 138, 139, 8, 8

"Di aneter:", | DC_STATIC, 253, 121, 31, 8
"Geonetry", | DC_STATI C, 222,111, 178, 63

| DC_T_BARDI AMETER, 285, 120, 57, 13, ES_AUTOHSCROLL
"Lengt h: ", | DC_STATI C, 259, 139, 25, 8

| DC_T_BARLENGTH, 285, 138, 57, 13, ES_AUTOHSCROLL
"Material Properties",|DC _STATIC, 222,182,177, 63
"Density:", | DC_STATI C, 258, 196, 26, 8

"Elastic Modulus:", | DC_STATIC, 232, 213,52, 8
"Poi sson's Ratio:",|DC_STATIC, 233, 230, 51, 8

| DC_T_BARDENSI TY, 285, 193, 57, 13, ES_AUTOHSCROLL
| DC_T_BAREMODULUS, 285, 210, 57, 13, ES_AUTOHSCROLL
| DC_T_BARPRATI O, 285, 227, 57, 13, ES_AUTOHSCROLL
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LTEXT
LTEXT
LTEXT
LTEXT
GROUPBOX
GROUPBOX
GROUPBOX
EDI TTEXT
GROUPBOX
EDI TTEXT
PUSHBUTTON
GROUPBOX
LTEXT
LTEXT

EDI TTEXT

LED
EDI TTEXT

PUSHBUTTON

GROUPBOX

LTEXT

LTEXT

EDI TTEXT
BLED

EDI TTEXT

PUSHBUTTON
LTEXT

94, 8
EDI TTEXT
LTEXT
LTEXT

, 94, 8
EDI TTEXT
LTEXT

END

bacbk2.rc
"kg/ m*3", 1 DC_STATI C, 345, 196, 26, 8
"N n2", | DC_STATI C, 345, 213, 23, 8
"m', | DC_STATI C, 345, 121, 8, 8
"m', | DC_STATI C, 345, 139, 8, 8
"Incident Bar",|DC STATIC, 7,7, 196, 278
"Transm tted Bar", | DC_STATIC, 215, 7, 196, 278
"Calibration File",|DC _STATIC, 222, 16,177, 50
| DC_T_BARNAME, 232, 84, 136, 12, ES_AUTOHSCROLL
"Bar Name", | DC _STATIC, 222,71, 177, 31
| DC_T_CALI BRATI ONNANME, 232, 28, 136, 12, ES_ AUTOHSCROLL
"Browse", | DC_BROWSE | NCI DENT, 71, 47, 50, 14
"Calibration Paraneters",|DC STATIC, 14, 248, 178, 26
"Strai n=", 1 DC_STATIC, 41, 260, 23, 8
"nv+", | DC_STATI C, 107, 260, 18, 8
| DC_ | _SLOPE, 65, 258, 38, 12, ES AUTOHSCROLL | W5 DI SAB

| DC_| _I NTERCEPT, 127, 258, 30, 12, ES AUTOHSCROLL |
W5 DI SABLED

"Browse", | DC_BROANSE_TRANSM TTED, 285, 47, 50, 14

"Cal i brati on Paraneters", | DC _STATIC, 222, 248, 177, 26
"Strai n=", 1 DC_STATI C, 244, 260, 23, 8

"nv+", | DC_STATI C, 311, 260, 18, 8

| DC_T_SLOPE, 268, 258, 38, 12, ES_AUTOHSCRCOLL | W5 _DI SA

| DC_T_| NTERCEPT, 330, 258, 30, 12, ES_AUTOHSCROLL |
WS DI SABLED
"Cancel ", | DCANCEL, 218, 292, 50, 14

Gauge to Interface Distance:", | DC_STATIC, 26, 158,

| DC_| _DI STANCE, 122, 156, 53, 13, ES_AUTOHSCROLL
"m', | DC_STATIC, 177, 158, 8, 8
Gauge to Interface Distance:", | DC _STATIC, 230, 158

| DC_T_DI STANCE, 326, 156, 53, 13, ES_AUTOHSCROLL
"mi ;1 DC_STATI C, 381, 158, 8, 8

| DD_EXPORT DI ALOG DI SCARDABLE 0, 0, 278, 242
STYLE DS_MODALFRAME | WS_POPUP | WB_CAPTI ON | WB_SYSMENU

CAPTI ON " Export™

FONT 8, "MS Sans Serif"

BEG N

DEFPUSHBUTTON

PUSHBUTTON
GROUPBOX
CONTRCL

CONTRCOL

"Export", 1 DCK, 69, 221, 50, 14

"Cancel ", | DCANCEL, 151, 221, 50, 14

"Itenms to Export", | DC_STATIC, 24, 14, 225, 196

"Engi neering Stress", | DC_EXP_ENGSTRESS, "Button",
BS_AUTOCHECKBOX | W5 _TABSTOP, 152, 40, 75, 10

"True Stress", | DC_EXP_TRUESTRESS, "Button",
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on"

CONTRCL
CONTRCL
CONTRCL
CONTRCL
CONTRCL

CONTROL
CONTROL
CONTROL

CONTRCL

GROUPBOX
GROUPBOX
GROUPBOX
GROUPBOX
CONTRCL

CONTRCL
CONTRCL

ECKBOX |

END

CONTROL

bacbk2.rc
BS AUTOCHECKBOX | W5 _TABSTOP, 152, 112, 52, 10
"Engi neering Strain", | DC_EXP_ENGSTRAI N, "Button",
BS AUTOCHECKBOX | W5 TABSTOP, 152, 64, 73, 10
"True Strain", | DC_EXP_TRUESTRAI N, "Button",
BS AUTOCHECKBOX | W5 _TABSTOP, 152, 136, 51, 10
"Strain Rate", | DC_EXP_STRAI NRATE, "But t on",
BS AUTOCHECKBOX | W5 _TABSTOP, 152, 88, 51, 10
"I'nci dent Waveform', | DC_EXP_I NCI DENT_T, "Butt on",
BS_ AUTOCHECKBOX | W5 _TABSTOP, 36, 40, 76, 10
"Tranm tted Waveforni, | DC_EXP_TRANSM TTED T, "Butto

BS_AUTOCHECKBOX | WS_TABSTOP, 36, 54, 84, 10

"Refl ected Wavefornt, | DC_EXP_REFLECTED T, "Button",
BS_AUTOCHECKBOX | WS_TABSTOP, 36, 67, 81, 10

"Incident Waveform ", | DC_EXP_I NCI DENT_F, "Button",
BS AUTOCHECKBOX | W5 _TABSTOP, 36, 111, 78, 10

"Transm tted Wavefornt, | DC_EXP_TRANSM TTED F, "Butt

BS_AUTOCHECKBOX | W5 _TABSTOP, 36, 124, 87, 10

"Refl ected Wavefornt, | DC_EXP_REFLECTED F, "Button",
BS_AUTOCHECKBOX | W5 _TABSTOP, 36, 137, 81, 10
"Frequency Donmai n", | DC_STATI C, 30, 96, 104, 63

"Ti me Domai n", | DC_STATI C, 30, 24, 104, 63

"Post Processed Results", | DC STATIC, 146, 24, 97, 135
"Val ues at Interface", | DC _STATIC, 30, 163, 213, 42
"I'ncident Velocity",1DC_| NCI DENT_V, "Button",
BS_AUTOCHECKBOX | W5 _TABSTOP, 36, 174, 78, 10

"Transm tted Velocity",| DC_TRANSM TTED_V, "Button",
BS_AUTOCHECKBOX | W5 _TABSTOP, 36, 187, 78, 10

"I nci dent Force", | DC | NCl DENT_F, "Button", BS AUTOCH

W5 TABSTOP, 152, 174, 78, 10
"Transm tted Force", |1 DC_TRANSM TTED F, "Button",
BS AUTOCHECKBOX | W5 _TABSTOP, 152, 187, 78, 10

| DD_ANALYSEDLG DI ALOG DI SCARDABLE 0, 0, 334, 170
STYLE DS_MODALFRAME | WS _POPUP | WS _CAPTION | WS_SYSMENU
CAPTI ON " Anal yse Data"

FONT 8,

BEG N

DEFPUSHBUTTON
PUSHBUTTON

GROUPBOX
LTEXT
EDI TTEXT

BLED

LTEXT

"MS Sans Serif"

" Anal yse", | DOK, 95, 149, 50, 14

"Cancel ", | DCANCEL, 176, 149, 50, 14

"Sanpl e Data", | DC_STATIC, 7, 14, 109, 118

"Nane: ", | DC_STATI C, 15, 31, 22, 8

| DC_SAMP_NAME, 38, 30, 73, 12, ES_AUTOHSCROLL | Ws_DI SA

"Do:", | DC_STATI C, 15, 51, 22, 8
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ED

ED

ED

LED

ED

ED

LED

EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

GROUPBOX
LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

BLED

LED

LED

END

GROUPBOX
LTEXT
LTEXT
LTEXT
LTEXT
CONTRCL

CONTROL

CONTROL
|

CONTROL
I

LTEXT
LTEXT
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| DC_SAMP_DOQ, 38, 50, 34, 12, ES AUTCHSCROLL | W5 DI SABL

"Lo:", I DC_STATI C, 15, 71, 22, 8
| DC_SAMP_LGQ, 38, 70, 34, 12, ES_AUTOHSCROLL | W5_DI SABL

"Df:", 1 DC_STATIC, 15, 91, 22, 8
| DC_SAMP_DF, 38, 90, 34, 12, ES_AUTOHSCROLL | W5_DI SABL

"Lf:", 1 DC_STATIC, 15, 111, 22, 8
| DC_SAMP_LF, 38, 110, 34, 12, ES AUTOHSCROLL | WS_DI SAB

"Raw Data Fil es", | DC_STATI C, 124, 15, 203, 58
"I nci dent Bar:",|DC_STATIC, 129, 31, 41, 8
| DC_DATA |, 181, 29, 99, 13, ES_AUTOHSCROLL | WS_DI SABL

"Transmtted Bar:", | DC STATIC, 129, 52,52, 8
| DC_DATA T, 181, 50, 99, 13, ES AUTOHSCROLL | W5 _DI SABL

"I nci dent Bar:",|DC _STATIC, 129, 99, 41, 8
| DC_CALIB_I, 181, 96, 99, 13, ES AUTOHSCROLL | WS DI SAB

"Transm tted Bar:", | DC STATIC, 129, 117,52, 8
| DC_CALI B T, 181, 115, 99, 13, ES AUTOHSCROLL | W5 DI SA

"Calibration Files",|DC_STATIC, 124, 74, 203, 58

“mi', | DC_STATI C, 80, 51, 12, 8

“mi', | DC_STATI C, 80, 71, 12, 8

“mi', | DC_STATI C, 80, 91, 12, 8

“mi', | DC_STATI C, 80, 111, 12, 8

"Include Di spersion Analysis",|DC_|INCD SP,"Button"

BS_AUTORADI OBUTTON | W5_GROUP, 59, 138, 101, 10
"Conventional Anayl sis", | DC_CONVANALYSI S, "Button",
BS_AUTORADI OBUTTOQN, 189, 138, 85, 10

“",1DC_I DI SPAV, "Button", BS AUTOCHECKBOX | W5_DI SAB

W5_TABSTOP, 293, 98, 16, 8
“", 1 DC_TDI SPAV, "But t on", BS_AUTOCHECKBOX | WS_DI SAB

W5 _TABSTOP, 293, 116, 11, 9
"Di spersion", | DC_STATI C, 283, 80, 34, 8
“Avai | abl e", | DC_STATI C, 285, 89, 30, 8

| DD_SEPARATEWAVEVALUES DI ALOG DI SCARDABLE 0, 0, 283, 103
STYLE DS_MODALFRAME | WS_POPUP | WS _CAPTION | WS_SYSMVENU
CAPTI ON " Separ at e Wave Val ues”

FONT 8,

"MS Sans Serif"
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BEG N
DEFPUSHBUTTON
PUSHBUTTON
PUSHBUTTON
LTEXT

, 102, 8
EDI TTEXT
LTEXT
LTEXT

8, 113,

EDI TTEXT

LTEXT

LTEXT

EDI TTEXT

LTEXT

CONTROL
tton",

CONTRCL

END

| DD_| NDI CES DI ALOG DI SCARDABLE 0, 0, 228, 103
STYLE DS_MODALFRAME |

n O(“ ,

"Cancel ",
"Defaul t",
"Primary Edge Trigger Threshold:"

bacbk2.rc

| DCK, 55, 82, 50, 14

| DCANCEL, 183, 82, 50, 14
| DC_Def aul t, 119, 82, 50, 14
, 1 DC_STATI C, 19, 32

| DC_THRESHOLD1, 131, 30, 31, 13, ES_AUTOHSCROLL

"of maxi mum val ue",
"Secondary Edge Trigger Threshold:"

8

| DC_STATI C, 165, 32,57, 8

, | DC_STATIC, 8, 4

| DC_THRESHOLDZ, 131, 47, 31, 13, ES_AUTOHSCROLL

"of first edge”
"Filter:",

, | DC_STATI C, 165, 48, 57, 8
| DC_STATI C, 103, 64, 18, 8

| DC_TOLERANCE, 131, 63, 31, 13, ES_AUTOHSCROLL

"of maxi mum val ue",
"Separate Transmtted"

BS_ AUTOCHECKBOX |
"Separate |Incident",
BS_ AUTOCHECKBOX |

\W5_POPUP |

CAPTION "Starting and End Poi nts"

FONT 8,
BEG N
EDI TTEXT
EDI TTEXT
EDI TTEXT
EDI TTEXT
EDI TTEXT
EDI TTEXT
DEFPUSHBUTTON
PUSHBUTTON
GROUPBOX
GROUPBOX
LTEXT
LTEXT
LTEXT
END

| DD_PROPCCEFF DI ALOG DI SCARDABLE 0, 0, 205, 98
STYLE DS_MODALFRAME |

"MS Sans Serif"

"Cancel",
"Starting I ndex"
"End | ndex",
"I nci dent"
"Refl ected",
"Transm tted"

\W5_POPUP |

CAPTI ON " Propagati on Coefficient”

FONT 8,
BEG N

"MS Sans Serif"

Page 11

\W5_CAPTI ON |

, 65, 28, 32, 12, ES_AUTOHSCROLL
, 134, 28, 32, 12, ES_AUTOHSCROLL
, 65,42, 32, 12, ES_AUTOHSCROLL

, 134, 42,32, 12, ES_AUTOHSCROLL
S 65, 56, 32, 12, ES_AUTOHSCROLL
E, 134, 56, 32, 12, ES_AUTOHSCROLL
, | DCK, 58, 82, 50, 14
| DCANCEL, 118, 82, 50, 14
, | DC_STATI C, 53, 16, 61, 58
| DC_STATI C, 121, 16, 61, 58
, | DC_STATI C, 14, 29, 26, 8
| DC_STATI C, 14, 43, 32, 8
, | DC_STATI C, 14, 57, 38, 8

\W5_CAPTI ON |

| DC_STATI C, 167, 64, 57, 8
, | DC_SEPARATETRANSM TTED, " Bu

W5_TABSTOP, 157, 14, 83, 10
| DC_SEPARATEI NCI DENT, " Butt on",
W5_TABSTOP, 43, 14, 72, 10

W5_SYSMENU

W5_SYSMENU
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DEFPUSHBUTTON "OK", | DK, 48, 77, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 108, 77, 50, 14
GROUPBOX "Files", | DC_STATIC, 7, 7, 183, 48
LTEXT "Data File:", | DC_STATIC, 32, 20, 31, 8
EDI TTEXT | DC_DATA |, 66, 17, 99, 13, ES AUTOHSCROLL | WS DI SABLE
D
LTEXT "Calibration File:",|DC STATIC, 15, 34, 48, 8
EDI TTEXT | DC_CALIB_I, 66, 33, 99, 13, ES_AUTOHSCROLL | WS DI SABL
ED
CONTROL "Update Calibration File", | DC_UPDATEFI LE, "Button",
BS_AUTOCHECKBOX | WS _TABSTOP, 7, 62, 87, 10
CONTROL "Export to File", | DC_EXPFILE, "Button", BS AUTOCHECK
BOX |
WS _TABSTOP, 111, 62, 78, 9
END

| DD_FFTUTI LI TY DI ALOG DI SCARDABLE 0, 0, 219, 118

STYLE DS_MODALFRAME | WS _POPUP | WS _CAPTION | WS SYSMENU
CAPTION "FFT Utility"

FONT 8, "MS Sans Serif"

BEG N
PUSHBUTTON "Browse", | DC_BROWNSE_I N, 143, 21, 50, 14
PUSHBUTTON "Browse", | DC_BROANSE_QUT, 143, 45, 50, 14
CONTRCL "Forward Transforni, | DC_FFT, "Button", BS AUTORADI OB
UTTON |
W5_GROUP, 25, 63, 75, 10
CONTRCL "I nverse Transform', | DC | FFT, "Button", BS_AUTORADI O
BUTTON,
25,76,73, 10
DEFPUSHBUTTON " K", | DCK, 52, 90, 50, 14
PUSHBUTTON "Cancel ", | DCANCEL, 116, 90, 50, 14
EDI TTEXT | DC_| NPUTNAME, 51, 21, 85, 13, ES_AUTOHSCRCOLL
LTEXT "Input File:",1DC_STATIC, 18, 23, 32,8
EDI TTEXT | DC_OUTPUTNANME, 51, 45, 85, 13, ES_AUTOHSCROLL
LTEXT "Qutput File:",IDC_STATIC, 13,47,37,8
END

| DD I NPUTFI LE DI ALOG DI SCARDABLE 0, 0, 230, 68

STYLE DS MODALFRAME | W5 POPUP | WS _CAPTION | WS _SYSMENU
CAPTION "I nput File"

FONT 8, "MsS Sans Serif"

BEG N
DEFPUSHBUTTON " OK", | DCK, 60, 47, 50, 14
PUSHBUTTON "Cancel ", | DCANCEL, 120, 47, 50, 14
LTEXT "File:", | DC_STATIC, 14, 16, 14, 8
EDI TTEXT | DC_FI LENANME, 30, 14, 123, 13, ES_AUTOHSCROLL
CONTROL "Bi nary", | DC_BI NARY, "But t on", BS_AUTORADI OBUTTON

W5_GROUP, 28, 32, 35, 10
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CONTROL "Ascii", | DC_ASCI |, "Button", BS AUTORADI OBUTTON, 85, 3
2,31,
10
PUSHBUTTON "Browse", | DC_BROWSE, 162, 14, 50, 14
CONTROL "Anmpl i tude Shift", 1 DC_AMPSH FT, "Button", BS AUTOCHE
CKBOX |

W5_TABSTOP, 138, 32, 63, 10
END

| DD DI ALOGL DI ALOG DI SCARDABLE 0, 0O, 186, 79

STYLE DS MODALFRAME | W5 POPUP | WS _CAPTION | WS _SYSMENU
CAPTION "D al og"

FONT 8, "MsS Sans Serif"

BEG N
DEFPUSHBUTTON " OK", | DCK, 32, 58, 50, 14
PUSHBUTTON "Cancel ", | DCANCEL, 103, 58, 50, 14
LTEXT "Nunmber of Points to Use:",I|DC_STATIC, 20, 17, 80, 8
EDI TTEXT | DC_, 61, 33, 73, 12, ES_ AUTOHSCRCOLL
END

| DD_AMP_PROP DI ALOG DI SCARDABLE 0, 0, 186, 95

STYLE DS_MODALFRAME | WS _POPUP | WS _CAPTION | WS _SYSMENU
CAPTI ON " Anpl i tude Shift"

FONT 8, "MS Sans Serif"

BEG N

DEFPUSHBUTTON "K', | DCK, 33, 74, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 102, 74, 50, 14

LTEXT "Nunber of point to use as zero:",|DC STATIC, 21, 17
, 112, 8

EDI TTEXT | DC_PA NTS, 57, 37, 70, 13, ES_AUTOHSCROLL
END

| DD_NI COLETCONVERT_DI ALOG DI ALOGEX 0, 0, 372, 106

STYLE DS _MODALFRAME | WS POPUP | WS VI SIBLE | W5_CAPTION | W5_SYSMENU
EXSTYLE W5 _EX_APPW NDOW

CAPTI ON "Ni col et Conversion Utility"

FONT 8, "Ms Sans Serif", 0, 0, Oxl

BEG N

PUSHBUTTON "Browse", | DC_| NPUTBROABE, 308, 15, 50, 14

PUSHBUTTON "Browse", | DC_OUPUTBROWSE, 308, 43, 50, 14

CONTROL "I'ncl ude Header", | DC_| NCHEADER, " But t on", BS_AUTOCHE
CKBOX |

W5_TABSTOP, 103, 65, 88, 9
CONTRCL “Anplitude Shift", | DC_AMPLTI TUDE, "Button",
BS_AUTOCHECKBOX | WS_TABSTOP, 205, 65, 63, 10
DEFPUSHBUTTON " Convert™, | DCONVERT, 120, 85, 50, 14
PUSHBUTTON "Cancel ", | DCANCEL, 202, 85, 50, 14
LTEXT “Input File:",|DC_STATIC, 22,19, 32,8
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EDI TTEXT | DC_I NPUTFI LE, 57, 16, 242, 13, ES_AUTOHSCROLL

LTEXT “Qutput File:",|DC_STATIC, 17, 46, 37, 8

EDI TTEXT | DC_QUTPUTFI LE, 57, 44, 242, 13, ES_AUTOHSCROLL
END

#i f ndef _MAC

FOLEEEEEErr i irrriirrriirrri
1111111

/1

/1 Version

/1

VS VERSI ON_| NFO VERSI ONI NFO
FILEVERSION 1,0,0, 1
PRODUCTVERSI ON 1,0,0, 1
FI LEFLAGSMASK Ox3f L

#i f def _DEBUG
FI LEFLAGS Ox1L

#el se
FI LEFLAGS 0xO0L

#endi f
FI LECS 0x4L
FI LETYPE Ox1L
FI LESUBTYPE 0OxOL

BEG N
BLOCK "StringFil el nfo"
BEG N
BLOCK "040904B0"
BEG N
VALUE " ConpanyNanme", "\0"
VALUE "Fil eDescription", "CSHB MFC Application\0"
VALUE "FileVersion", "1, 0, 0, 1\0"
VALUE "I nt er nal Nane", " CSHB\ 0"
VALUE "Legal Copyright", "Copyright (C 2001\0"
VALUE "Legal Tr adenmar ks", "\O0"
VALUE "Origi nal Fi | enane™, " CSHB. EXE\ 0"
VALUE " Pr oduct Nane", "CSHB Application\ Q"
VALUE " Product Version", "1, 0, 0, 1\0"
END
END
BLOCK "Var Fi | el nf 0"
BEG N
VALUE "Transl ation", 0x409, 1200
END
END

#endi f /1 1 _NMAC
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FEEEEEEEEr bbb bbb bbb rrri b rrrrld
NNy

11

/' DESI GNI NFO

11

#i f def APSTUDI O_| NVOKED
GUI DELI NES DESI GNI NFO DI SCARDABLE

BEG N
| DD_ABOUTBOX, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 228
TOPMARG N, 7
BOTTOWARG N, 72
END

| DD_SAVPLEDATA, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 282
VERTGQUI DE, 24
VERTGUI DE, 115

END

VERTGUI DE,
VERTGUI DE,
VERTGUI DE,
TOPMARG N,

121
235
240
7

BOTTOMWVARG N, 283

HORZGUI DE,
HORZGUI DE,
HORZGUI DE,
HORZGUI DE,

233
252
256
259

| DD_BARDATA, DI ALOG
BEG N
LEFTMARG N, 7

Rl GHTMARG N, 411

VERTGUI DE,
VERTGUI DE,
VERTGUI DE,
VERTGUI DE,
VERTGUI DE,
VERTGUI DE,
VERTGUI DE,
VERTGUI DE,

14
21
41
73
96
136
192
222
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END

| DD_

bacbk2.rc
VERTGUI DE, 399
TOPMARGA N, 7
BOTTOMVARG N, 306
HORZGUI DE, 239

EXPORT, DI ALOG

BEG N

END

| DD_

LEFTMARG N, 7

RI GHTMARG N, 271
VERTGUI DE, 243
TOPMARG N, 7
BOTTOWARG N, 235

ANALYSEDLG, DI ALOG

BEG N

END

LEFTMARG N, 7

Rl GHTMARG N, 327
VERTGQUI DE, 124
TOPMARG N, 7
BOTTOMWARG N, 163
HORZGUI DE, 132

| DD_SEPARATEWAVEVALUES, DI ALOG
BEG N

END

| DD

LEFTMARG N, 7

Rl GHTMARG N, 276
TOPMARG N, 7
BOTTOWARG N, 96

| NDI CES, DI ALOG

BEG N

END

LEFTMARG N, 7

Rl GHTMARG N, 221
TOPMARG N, 7
BOTTOWARG N, 96

| DD_PROPCOEFF, DI ALOG
BEG N

END

LEFTMARG N, 7

Rl GHTMARG N, 198
TOPMARG N, 7
BOTTOWARG N, 91
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END

#endi f

| DD_FFTUTI LI TY, DI ALOG

BEG N
LEFTMARG N, 7
Rl GHTMARG N, 212
TOPMARG N, 7
BOTTOWARG N, 111
END

| DD_I NPUTFI LE, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 223
TOPMARG N, 7
BOTTOWARG N, 61
END

| DD_DI ALOGL, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 179
TOPMARG N, 7
BOTTOWARG N, 72
END

| DD_AVP_PROP, DI ALOG
BEG N
LEFTMARG N, 7
RI GHTMARG N, 179
TOPMARGI N, 7
BOTTOMVARG N, 88
END

bacbk2.rc

/1 APSTUDI O_| NVOKED

FEEEEEEEE bbb bbb bbb rri b rrrld
NNy

11

/[l String Table

11

STRI NGTABLE PRELOAD DI SCARDABLE
BEG N

| DR_MAI NFRAMVE
| DR_CSHBTYPE

unent "

END

" CSHB"
"\ nCSHB\ nCSHB\ n\ n\ nCSHB. Docunment \ nCSHB Doc
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STRI NGTABLE PRELOAD DI SCARDABLE

BEG N
AFX_| DS_APP_TI TLE
AFX_| DS_| DLEMESSAGE
END

STRI NGTABLE DI SCARDABLE
BEG N

) | NDI CATOR_EXT

) | NDI CATOR_CAPS
DI CATOR_NUM

DI CATOR_SCRL
DI CATOR_OVR

I D_|
| D_I
| D_I
| D_I
| D_I
| D_I NDI CATOR_REC

N
) | N
) I'N

N
END

STRI NGTABLE DI SCARDABLE
BEG N

) FI LE_PAGE_SETUP
FILE PRI NT_SETUP

et up”

) FI LE_ PRI NT

) FI LE_PRI NT_PREVI EW

STRI NGTABLE DI SCARDABLE
BEG N

| D_APP_ABOUT
er and
copyri ght\ nAbout "

| D APP_EXI T
unent s\ nExit"
END

STRI NGTABLE DI SCARDABLE
BEG N

LE_MRU FI LE1
E_MRU_FI LE2
E_MRU_FI LE3
E_MRU_FI LE4

E

L
L
L
LE_MRU _FI LES

" CSHB"
" Ready"

"CAP'
" NUM'
" SCRL"
" OVR'
" REC'

"Create a new docunent\ nNew'

"Open an exi sting docunent\nCpen”

"Cl ose the active docunent\nd ose"

"Save the active docunent\nSave"

"Save the active docunent with a new name\

"Change the printing options\nPage Setup"
"Change the printer and printing options\n

"Print the active docunent\nPrint"
"Display full pages\nPrint Preview'

"Di splay programinformation, version nunb

"Quit the application; pronpts to save doc

"Open this
"Open this
"Open this
"Open this
"Open this

Page 18

docunent "
docunent "
docunent "
docunent "
docunent "



%

U FI LE6
U FI LE/
U FI LES
U FI LE9
U FI LE10O
U FI LE11l
U FI LE12
U FI LE13
U FI LE14
U FI LE15
U FI LE16

%%%%

%%%

e ot ot D ot D

nNnIDmImTmTmTmTmnTmm
ol el el el el el el el ol el
I'|'||'|'||'|'||'|'||'|'||'|'||'|'||'|'||'|'||'|'|I'|'|

%

END

STRI NGTABLE DI SCARDABLE
BEG N
| D_NEXT_PANE
| D_PREV_PANE
Pr evi ous Pane"
END

STRI NGTABLE DI SCARDABLE
BEG N

| D_W NDOW_NEW
nt \ nNew W ndow"

| D_W NDOW ARRANGE
\ nArrange | cons”

| D_W NDOW CASCADE
W ndows"

| D_W NDOW Tl LE_HORZ
nTil e W ndows"

| D_W NDOW TI LE_VERT
nTil e W ndows"

| D_W NDOW SPLI T

END

STRI NGTABLE DI SCARDABLE
BEG N

| D_EDI T_CLEAR

| D EDI T_CLEAR_ALL

| D_EDI T_COPY
boar d\ nCopy"

| D_EDI T_CUT
oard\ nCut "

| D EDI T_FI ND

| D_EDI T_PASTE

| D_ EDI T_REPEAT

bacbk2.rc

"Open this docunent”
"Qpen this docunent™
"Open this docunent”
"Qpen this docunent™
"Open this docunent”
"Qpen this docunent™
"Open this docunent”
"Qpen this docunent™
"Open this docunent”
"Qpen this docunent™
"Open this docunent”

"Swtch to the next w ndow pane\ nNext Pane

"Sw tch back to the previous w ndow pane\n

"Open anot her wi ndow for the active docune
"Arrange icons at the bottom of the w ndow
"Arrange wi ndows so they overl ap\nCascade

"Arrange wi ndows as non-overl apping til es\
"Arrange wi ndows as non-overl apping tiles\

"Split the active wi ndow i nto panes\nSplit

"Erase the sel ection\nErase"
"Erase everything\nErase All"
"Copy the selection and put it on the dip

"Cut the selection and put it on the Cipb

"Find the specified text\nFind"
"Insert dipboard contents\nPaste"
"Repeat the |last action\nRepeat™
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| D EDI T_REPLACE
\ nRepl ace”
| D EDI T _SELECT ALL
| D_EDI T_UNDO
| D EDI T_REDO
END

STRI NGTABLE DI SCARDABLE
BEG N

| D_VI EW TOOLBAR

| D VI EW STATUS BAR
sBar"
END

STRI NGTABLE DI SCARDABLE

BEG N
AFX | DS_SCsSI ZE
AFX_| DS_SCMOVE
AFX | DS SCM NI M ZE
AFX_| DS_SCMVAXI M ZE
AFX | DS _SCNEXTW NDOW
AFX_| DS_SCPREVW NDOW
AFX | DS _SCCLGCSE

ve the docunents”

END

STRI NGTABLE DI SCARDABLE
BEG N
AFX_| DS_SCRESTORE
AFX_| DS_SCTASKLI ST
AFX_| DS_MDI CHI LD
END

STRI NGTABLE DI SCARDABLE
BEG N

AFX_| DS_PREVI EW CLOSE

END

#endi f

/1 English (U S.)

bacbk2.rc

"Repl ace specific text with different text

"Sel ect the entire docunent\nSelect AIl"
"Undo the |ast action\nuUndo"
"Redo the previously undone acti on\nRedo"

"Show or hide the tool bar\nToggl e Tool Bar"
"Show or hide the status bar\nToggle Statu

"Change the wi ndow si ze"

"Change the w ndow position"

"Reduce the wi ndow to an icon"

"Enl arge the windowto full size"

"Switch to the next docunent w ndow'
"Switch to the previous docunent w ndow'
"Close the active wi ndow and pronpts to sa

"Restore the window to normal size"
"Activate Task List"
"Activate this w ndow'

"Close print preview node\ nCancel Preview

resources

FEEEEEEErr bbb bbb i bbb rrr i rrrild

IRy

#i f ndef APSTUDI O_| NVOKED

RN NN NNy,

IRy
Il
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/] Generated fromthe TEXTI NCLUDE 3 resource.
/1
#define _AFX NO SPLI TTER RESOURCES
#define _AFX NO OLE RESOURCES
#define _AFX NO TRACKER RESOURCES
#defi ne _AFX_NO_PROPERTY_RESOURCES

#if !'defined( AFX RESOURCE DLL) || defined( AFX_TARG ENU)

#i fdef W N32

LANGUAGE 9, 1

#pragma code_page(1252)

#endi f // W N32

#include "res\CSHB.rc2" [// non-Mcrosoft Visual C++ edited resources

#include "af xres.rc" /1l Standard conponents
#i ncl ude "afxprint.rc" [l printing/print preview resources
#endi f

FEEEEEEEEr bbb i rririr
1
#endi f /1 not APSTUDI O_| N\VOKED
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/1M crosoft Devel oper Studio generated resource script.
I
#i ncl ude "resource. h"

#defi ne APSTUDI O READONLY SYMBOLS

FHLEEEEEErrr i irrriirrriirrr
1111111

/1

/] Generated fromthe TEXTI NCLUDE 2 resource.

/1

#i ncl ude "af xres. h"

FEEEEEEEEr i bbb bbb rri i rrr b rrrrld
NNy
#undef APSTUDI O READONLY_SYMBOLS

FEETLEL i rrrr b rrr i rrirr
111
/1l English (U S.) resources

#if !defined( AFX RESOURCE DLL) || defined( AFX_TARG ENU)
#i fdef _W N32

LANGUAGE LANG ENGLI SH, SUBLANG ENGLI SH US

#pragma code_ page(1252)

#endi f // W N32

#i f def APSTUDI O_| NVOKED

FEEEEEErrr it bbb i bbb i rrr i rrrrld
IRy

Il

/1 TEXTI NCLUDE

Il

1 TEXTI NCLUDE DI SCARDABLE
BEG N
"resource. h\0"

END
2 TEXTI NCLUDE DI SCARDABLE
BEG N
"#i nclude ""afxres.h""\r\n"
"\ "
END

3 TEXTI NCLUDE DI SCARDABLE

BEG N
"#define _AFX_NO SPLI TTER RESOURCES\ r\ n"
"#define _AFX_NO _OLE_RESOURCES\ r\ n"
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CSHB.rc

"#define AFX NO TRACKER RESOURCES\r\n"

"#define _AFX_NO_PROPERTY_ RESOURCES\r\n"

"\r\n"

"#1f ldefi ned( AFX RESOURCE DLL) || defined( AFX_TARG ENU)\r\n"

"#ifdef WN32\r\n"

"LANGUAGE 9, 1\r\n"

"#pragma code_page(1252)\r\n"

"#endi f //_WN32\r\n"

"#include ""res\\CSHB.rc2"" [/ non-Mcrosoft Visual C++ edited re
sources\r\n"

"#include ""afxres.rc"" /1 Standard conponents\r\n"

"#include ""afxprint.rc"" [l printing/print preview resource
s\r\n"

"#endi f\r\n"

n \ Oll

END

#endi f /1 APSTUDI O_I NVOKED

FEEEEEEEE bbb bbb bbb rrr i rrrrld

1111111
/1
/[l 1con
/1

/1 1con with |owest ID value placed first to ensure application icon
/1l remains consistent on all systens.

| DR_MAI NFRAMVE | CON DI SCARDABLE "res\\ CSHB. i co"

| DR_CSHBTYPE | CON DI SCARDABLE "res\\ CSHBDoc. i co"

FEEEEEErrr it bbb bbb bbb rri i rrrrld
IRy

11

/1 Bitmap

11

| DR_MAI NFRAVE BI TMVAP  MOVEABLE PURE "res\\ Tool bar. bnp"

FEEEEEErrr it bbb i bbb e rrr i rrrird
IRy

/1
/] Tool bar
/1
| DR_MAI NFRAME TOOLBAR DI SCARDABLE 15, 15
BEG N
BUTTON | D_FI LE_NEWSAMPLE
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CSHB.rc

BUTTON | D_FI LE_READ | NCI DENT
BUTTON | D_FI LE_READ TRANSM TTED
BUTTON | D_PRE_SEPERATEWAVE
BUTTON | D_SAMPLE_PROPERTI ES
SEPARATOR
BUTTON | D ANALYSE CALCULATERESULTS
SEPARATOR
BUTTON | D_FI LE_NEW
SEPARATOR
BUTTON | D_APP_ABOUT
END
FHLEEEEEErrr i irrriirrriirrri
1111111
/1
/1 Menu
/1
| DR_MAI NFRAME MENU PRELOAD DI SCARDABLE

BEG N

END

| DR_

POPUP " &Fi | e"
BEG N
MENUI TEM " &Newh t Ct r | +N",
MENUI TEM SEPARATOR
MENUI TEM SEPARATOR
MENUI TEM "E&xi t",
END
POPUP " &Vi ew'
BEG N
MENUI TEM " &Tool bar ",
MENUI TEM " &St at us Bar ",
END
POPUP " &Hel p"
BEG N
MENUI TEM " &About CSHB. . .",
END

CSHBTYPE MENU PRELOAD DI SCARDABLE

BEG N

ED

POPUP " &Fi | e"

BEG N
MENUI TEM " New Sanpl e",
MENUI TEM "Read | nci dent Data",
MENUI TEM "Read Transmtted Data",

MENUI TEM SEPARATOR
Page 3

| D_FI LE_NEW
ID_APP EXI T

| D_VI EW TOOLBAR
| D_VI

| EW STATUS_BAR

| D_APP_ABOUT

| D_FI LE_NEWSAVPLE
| D_FI LE_READ_| NCI DENT
| D_FI LE_READ_TRANSM TT



CSHB.rc
MENUI TEM " &NewA t Ct r | +N",
MENUI TEM " &Cl ose",
MVENUI TEM SEPARATOR
MENUI TEM "E&xi t ",
END
POPUP " &Pr ePr ocess”
BEG N
MENUI TEM " &Seper at e Waves",
MENUI TEM " &Vi ew | ndi ces",
ACTI VE
POPUP " &Properti es”
BEG N
MENUI TEM " &Sanpl e Properties”,
ES
MENUI TEM " &Bar Properties"”,
END
END
POPUP " &Anal yse"
BEG N
MENUI TEM " Cal cul ate Results",
SULTS
MENUI TEM SEPARATOR
MENUI TEM SEPARATOR

RE_SEPERATEWAVE

ID_P
| D_PRE_VI EW NDI CES, | N

| D_SAMPLE_PROPERTI

| D_BAR_PROPERTI ES

| D_ANALYSE_CALCULATERE

MENUI TEM " Propagati on Coefficient Calculation", | D ANALYSE PRO

PCALC

END

POPUP " P&ost - Pr ocess™

BEG N
MENUI TEM " Export",
MENUI TEM SEPARATOR
MENUI TEM SEPARATCR
MENUI TEM " Vi ew Di spl acenent ",
MENUI TEM " Vi ew Vel ocity",
MENUI TEM " Vi ew Force",
MENUI TEM " Vi ew Strai n",

END
POPUP "&Utilities"
BEG N
MENUI TEM " FFT Conver si on",
MENUI TEM " Pr opagat e Waves",
WAVE
MENUI TEM "Ni col et Fil e Conversi on",
RSI ON
END
POPUP " &W ndow"
BEG N
MENUI TEM " &New W ndow',

Page 4

| D_EXPORT

| D_POST_V\DI SP
| D_POST_VI EW/EL

| D_POST_VWFOR

| D_POST_VWMSTRN, CHECKE

| D_UTI LI TI ES_FFT
| D_UTI LI TI ES_PROPAGATE
D _UT

I | LI TI ES_FI LECONVE

| D_W NDOW NEW



MENUI TEM "
MENUI TEM "
MENUI TEM "

END

POPUP " &Vi ew'

BEG N
MVENUI TEM

END

POPUP " &Hel p"

BEG N

MENUI TEM "

CSHB.rc

&Cascade",
&Til e",

&Arrange | cons",

"&Tool bar",
MENUI TEM "

&St at us Bar"

&About CSHB..."

| D_W NDOW CASCADE
| D_W NDOW TI LE_HORZ
| D_W NDOW ARRANGE

| D_VI EW TOOLBAR
| D_VI EW STATUS BAR

| D_APP_ABOUT

END
END

FEEEEEEEEr bbb bbb rr bbb rri b rrrild

1111111

/1

/1 Accel erator
/1

| DR_MAI NFRAME ACCELERATORS PRELOAD MOVEABLE PURE

BEG N
n Nl’

<QXNT9Q

VK_BACK,
VK_DELETE,
VK_ | NSERT,
VK_| NSERT,
VK_F6,
VK_F6,

END

FEEEEEErrr it bbb bbb rr bbb rrr i rrrrld

1111
11

/1 Dial og
11

D_FI LE_NEW
) FI LE_OPEN,
) FI LE_SAVE,

O 0

T_UNDO,

VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY,
VI RTKEY
VI RTKEY,

| DD_ABOUTBOX DI ALOG DI SCARDABLE 0, 0, 235, 79

Page 5

CONTROL
CONTRCL
CONTROL
CONTRCL
CONTROL
CONTRCL
CONTROL
CONTRCL
ALT

SHI FT
CONTROL
SHI FT

SHI FT



STYLE DS_MODALFRAME
CAPTI ON " About CSHB"

FONT

I X

END

8, "M5 Sans Serif"
BEG N

| CON
LTEXT

LTEXT

DEFPUSHBUTTON

WS _POPUP |

CSHB.rc

W5_CAPTI ON |

W5_SYSMENU

| DR_MAI NFRAME, | DC_STATI C, 107, 24, 21, 20
"CSHB Version 1.0",

"Copyright (C 2001",
, 1 DOK, 92, 58, 50, 14, W5 GROUP

n G<"

| DC_STATI C, 46, 13, 58, 8, SS_NOPREF

| DC_STATI C, 130, 13, 59, 8

| DD_SAVPLEDATA DI ALOG DI SCARDABLE 0, 0, 242, 287

\\W5_CAPTI ON |

W5_SYSMENU

SAMPLETI TLE, 24, 30, 200, 12, ES_AUTOHSCROLL

Do, 43, 159, 38, 12, ES_AUTOHSCROLL

Lo, 43, 181, 38, 12, ES_AUTOHSCROLL

156, 159, 38, 12, ES_AUTOHSCROLL

156, 181, 38, 12, ES_AUTOHSCROLL

LOCITY 64, 223, 38, 12, ES_AUTOHSCROLL
PRESSURE, 177, 222, 38, 12, ES_AUTOHSCROLL

| DC_STRI KERL, 64, 239, 38, 12, ES_AUTOHSCROLL

| DCANCEL, 135, 263, 50, 14

STATI C, 7, 15, 228, 33
STATIC, 7, 54, 228, 72
, | DC_STATI C, 7, 134, 228, 72

| DC_STATI C, 29, 183, 12, 8
| DC_STATI C, 144, 162, 12, 8
| DC_STATI C, 144, 183, 12, 8

STATI C, 198, 162,12, 8
STATI C, 198, 184, 12, 8
STATI C, 85, 162, 12, 8
STATI C, 85, 184,12, 8

, | DC_STATI C, 21, 146, 82, 53
,IDC_STATIC,136,146,82,53

STATI C, 24, 103, 44, 8

| DC_I NCDATE, 115, 65, 113, 12, ES_AUTOHSCROLL

| DC_STATI C, 24, 68, 63, 8

STYLE DS _MODALFRAME | WS _POPUP
CAPTI ON " Sanpl e Dat a"
FONT 8, "MsS Sans Serif"
BEG N
EDI TTEXT | DC_
EDI TTEXT IDC
EDI TTEXT | DC_
EDI TTEXT IDC Df ,
EDI TTEXT | DC_Lf,
EDI TTEXT IDC VE
EDI TTEXT | DC_
EDI TTEXT
CONTROL "Dat eTi nePi cker 3",
DTS RI GHTALI GN
1,99,
145, 16
DEFPUSHBUTTON "Appl y", | DOK, 55, 263, 50, 14
PUSHBUTTON "Cancel ",
GROUPBOX "Sanple Title",1DC_
GROUPBOX "Date of Test",1DC_
GROUPBOX "Sanple D nensi ons”
LTEXT Do. ,IDC STATI C, 29 162, 12, 8
LTEXT "Lo: ",
LTEXT 'Df.,
LTEXT "Lf ,
LTEXT “mm', | DC_
LTEXT "mi', | DC_
LTEXT “mm', | DC_
LTEXT "mi', | DC_
GROUPBOX "Original™”
GROUPBOX "Final"
LTEXT "Sanple Date:",1DC_
EDI TTEXT
ONLY
LTEXT "I ncident Data Date:",
LTEXT "Transmtted Data Date:",

Page 6

| DC_DATE, " SysDat eTi mnePi ck32",

DTS_LONGDATEFORMAT | W5 _TABSTOP, 8

ES_READ

| DC_STATI C, 24,82, 74, 8



EDI TTEXT

ADONLY

END

GROUPBOX
LTEXT
LTEXT
LTEXT
LTEXT
LTEXT
LTEXT

CSHB.rc
| DC_TRANSDATE, 115, 81, 113, 12, ES AUTOHSCROLL | ES_RE

"I nput Conditions",|DC _STATIC, 7, 210, 228, 46
"Striker Velocity:",1DC_STATIC, 13, 224, 50, 8
"Qun Pressure:", | DC_STATIC, 131, 224, 46, 8
"m s", | DC_STATI C, 107, 224, 13, 8

"psi", | DC_STATIC, 219, 224, 10, 8

"Striker Length:",1DC_STATIC, 13, 240, 47, 8
"m', | DC_STATI C, 107, 240, 8, 8

| DD_BARDATA DI ALOG DI SCARDABLE 0, 0, 418, 364
STYLE DS_MODALFRAME | WS_POPUP | WB_CAPTI ON | WB_SYSMENU
CAPTI ON " Bar

FONT 8,

BEG N

DEFPUSHBUTTON

GROUPBOX
EDI TTEXT

DONLY

GROUPBOX
EDI TTEXT

LTEXT
GROUPBOX
EDI TTEXT

LTEXT
EDI TTEXT

GROUPBOX
LTEXT
LTEXT
LTEXT
EDI TTEXT

EDI TTEXT
EDI TTEXT

LTEXT
LTEXT
LTEXT
LTEXT
LTEXT
GROUPBOX
EDI TTEXT

Properties”
"M5 Sans Serif"

"Appl y", | DOK, 183, 343, 50, 14
"Cal i bration File",|DC STATIC, 14, 16, 178, 50
| DC_| _BARNAME, 21, 84, 164, 12, ES_AUTOHSCROLL | ES_REA

"Bar Nane", | DC_STATIC, 14, 71, 178, 31
| DC_| _CALI BRATI ONNAME, 21, 28, 164, 12, ES_AUTOHSCROLL

ES_READONLY

"Di aneter:", |1 DC_STATIC, 42,121, 31,8
"Geonetry", | DC_STATI C, 14, 110, 178, 63

| DC_| _BARDI AMETER, 77, 120, 57, 13, ES_AUTOHSCROLL
ES_READONLY

"Length: ", 1 DC_STATI C, 48, 139, 25, 8

| DC_|I _BARLENGTH, 77, 138, 57, 13, ES_AUTOHSCROLL |
ES_READONLY

"Material Properties”,|DC _STATIC, 14, 182,178, 63
"Density:", 1 DC_STATIC, 47, 196, 26, 8

"Elastic Modulus:", | DC_STATIC, 21, 213, 52, 8
"Poi sson's Ratio:",|DC_STATIC, 22, 230, 51, 8

| DC_|I _BARDENSI TY, 77,193, 57, 13, ES_AUTOHSCROLL
ES READONLY

| DC_|I _BAREMODULUS, 77, 210, 57, 13, ES_AUTOHSCROLL
ES READONLY

| DC_|I _BARPRATI O, 77, 227, 57, 13, ES_AUTOHSCROLL |
ES READONLY

"kg/ m*3", 1 DC_STATI C, 138, 196, 26, 8

"N m2", | DC_STATI C, 138, 212, 23, 8

"m', | DC_STATI C, 138, 121, 8, 8

"m', | DC_STATI C, 138, 139, 8, 8
"Dianmeter:", | DC_STATI C, 253, 121, 31, 8
"Ceonetry", | DC_STATI C, 222,111, 178, 63

| DC_T_BARDI AMETER, 285, 120, 57, 13, ES_AUTOHSCROLL
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LTEXT
EDI TTEXT

GROUPBOX
LTEXT
LTEXT
LTEXT
EDI TTEXT

EDI TTEXT
EDI TTEXT

LTEXT
LTEXT
LTEXT
LTEXT
GROUPBOX
GROUPBOX
GROUPBOX
EDI TTEXT
ADONLY
GROUPBOX
EDI TTEXT

PUSHBUTTON

GROUPBOX
78, 26

LTEXT

LTEXT

EDI TTEXT
NLY

PUSHBUTTON

GROUPBOX
177, 26

LTEXT

LTEXT

EDI TTEXT
ONLY

LTEXT
94, 8

EDI TTEXT

LTEXT
LTEXT
, 94,8

CSHB. rc
ES READONLY
"Lengt h: ", | DC_STATI C, 259, 139, 25, 8
| DC_T_BARLENGTH, 285, 138, 57, 13, ES_AUTOHSCROLL |
ES READONLY
"Material Properties”,|DC STATIC, 222,182,177, 63
"Density:", | DC_STATI C, 258, 196, 26, 8
"El astic Modul us: ", 1 DC_STATI C, 232, 213,52, 8
"Poi sson's Ratio:",|DC_STATIC, 233, 230, 51, 8
| DC_T_BARDENSI TY, 285, 193, 57, 13, ES_AUTCHSCROLL |
ES READONLY
| DC_T_BAREMODULUS, 285, 210, 57, 13, ES_AUTOHSCROLL |
ES READONLY
| DC_T_BARPRATI O, 285, 227, 57, 13, ES_AUTOHSCROLL |
ES READONLY
"kg/ m3", 1 DC_STATI C, 345, 196, 26, 8
"N m2", | DC_STATI C, 345, 213, 23, 8
"m', | DC_STATI C, 345, 121, 8, 8
"“m', | DC_STATI C, 345, 139, 8, 8
"Incident Bar",|DC_STATIC, 7,7, 196, 324
"Transm tted Bar", | DC_STATIC, 215, 7, 196, 325
"Calibration File",|DC_STATIC, 222, 16, 177, 50
| DC_T_BARNAME, 229, 85, 164, 12, ES AUTOHSCROLL | ES RE

"“Bar Name", | DC_STATIC, 222, 71, 177, 31
| DC_T_CALI BRATI ONNANME, 229, 28, 164, 12, ES_AUTOHSCROLL

ES READONLY
"Browse", | DC_BROASE | NCI DENT, 71, 47, 50, 14
"Strain Calibration Paraneter",|DC STATIC, 14, 248, 1

"Strain=", | DC_STATI C, 73, 260, 23, 8
"\" | DC_STATI C, 140, 260, 8, 8
| DC_| _SLOPE, 97, 258, 38, 12, ES_AUTOHSCROLL | ES_READO

"Browse", | DC_BROANSE _TRANSM TTED, 285, 47, 50, 14
"Strain Calibration Paraneter”, | DC _STATIC, 222, 248,

"Strai n=", 1 DC_STATI C, 281, 260, 23, 8
"\, | DC_STATI C, 347, 260, 8, 8
| DC_T_SLOPE, 305, 257, 38, 12, ES AUTOHSCROLL | ES_READ

Gauge to Interface Distance:", | DC _STATIC, 26, 158,
| DC_| _DI STANCE, 122, 156, 53, 13, ES_AUTOHSCROLL |
ES READONLY

"m', | DC_STATIC, 177, 158, 8, 8
" CGauge to Interface Distance:",|DC _STATIC, 229, 158
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EDI TTEXT

LTEXT
CONTROL
LED |

LTEXT
92, 104,

CONTROL
LED |

LTEXT
292,

LTEXT

EDI TTEXT
DONLY

LTEXT

EDI TTEXT
DONLY

GROUPBOX

GROUPBOX

LTEXT

LTEXT
END

CSHB. rc
| DC_T_DI STANCE, 326, 156, 53, 13, ES AUTOHSCROLL |
ES READONLY
"m', | DC_STATI C, 381, 158, 8, 8
""", 1 DC_I DI SPAV, "But t on", BS AUTOCHECKBOX | W5 _DI SAB

W5 _TABSTOP, 159, 292, 16, 8
"Propagati on Coefficient Included",|DC STATIC, 50,2

8
""", 1 DC_TDI SPAV, "But t on", BS_AUTOCHECKBOX | W5_DI SAB

W5 _TABSTOP, 367, 292, 16, 8
"Propagati on Coefficient Included”,|DC _STATIC, 257,

104, 8
"Frequency Filter :",1DC _STATIC, 50, 308, 55, 8
| DC | _FILTER, 110, 307, 38, 12, ES AUTOHSCROLL | ES _REA

"Frequency Filter :",IDC_STATIC, 257, 308, 55, 8
| DC_T_FILTER, 317, 307, 38, 12, ES AUTOHSCROLL | ES_REA

" Appended Data", | DC_STATI C, 222, 279, 177, 46
" Appended Data", | DC_STATIC, 14, 279, 177, 46
"Hz", | DC_STATI C, 155, 308, 24, 8

"Hz", | DC_STATI C, 361, 308, 16, 10

| DD_EXPORT DI ALOG DI SCARDABLE 0, 0, 202, 174
STYLE DS_MODALFRAME | WS_POPUP | WB_CAPTI ON | WB_SYSMENU

CAPTI ON " Export™

FONT 8, "MS Sans Serif"

BEG N
EDI TTEXT

PUSHBUTTON

CONTROL
ECKBOX |

CONTRCL
STOP,
CONTRCL
TOP, 22,
CONTRCL
CONTRCL

| DC_EXPORTFI LE, 22, 18, 117, 12, ES_AUTOHSCROLL
"Browse", | DC_BROWBE, 145, 17, 50, 14
"I ncl ude Header", | DC_EXP_HEADER, "Butt on", BS_AUTOCH

W5 TABSTOP, 22, 51, 65, 10
"True Stress, Strain and Strain Rate Data",
| DC_EXP_TRUEDATA, "But t on", BS AUTOCHECKBOX | W5 TAB

22, 65, 143, 10
"Engineering Stress, Strain and Strain Rate Data",
| DC_EXP_ENGDATA, "Butt on", BS_AUTOCHECKBOX | W5_TABS

79, 165, 10

"Strain Waveforns", | DC_EXP_STRAI NS, "Butt on",
BS_AUTOCHECKBOX | W5 _TABSTOP, 22, 93, 72, 10
"Forces", | DC_FORCES, "But t on", BS_AUTOCHECKBOX |
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X |

END

CONTRCL

CONTROL

DEFPUSHBUTTON
PUSHBUTTON

GROUPBOX
LTEXT

CSHB.rc
WS TABSTOP, 22, 107, 78, 10
"Vel ocities", | DC VELOCI TI ES, "Button", BS AUTOCHECKB

W5 _TABSTOP, 22, 121, 78, 10

"Di spl acenment s", | DC_DI SPLACEMENTS, "Butt on",
BS AUTOCHECKBOX | W5 TABSTOP, 22, 135, 78, 10
"K', | DCK, 44, 153, 50, 14

"Cancel ", | DCANCEL, 107, 153, 50, 14

“Itenms to Export",|DC_STATIC, 7, 38, 188, 113
"File:", I DC_STATIC, 7,19, 14,8

| DD_ANALYSEDLG DI ALOG DI SCARDABLE 0, 0, 362, 186
STYLE DS_MODALFRAME | WS_POPUP | WS _CAPTION | WS_SYSMENU
CAPTI ON " Anal yse Data"

FONT 8,

BEG

LY

LY

LY

NLY

NLY

NLY

N

DEFPUSHBUTTON
PUSHBUTTON

GROUPBOX
LTEXT
EDI TTEXT
LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

GROUPBOX
LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

LTEXT
EDI TTEXT

ONLY

LTEXT
EDI TTEXT

DONLY

GROUPBOX

"MS Sans Serif"

" Anal yse", | DOK, 92, 165, 50, 14

"Cancel ", | DCANCEL, 219, 165, 50, 14

"Sanpl e Data", | DC_STATIC, 7, 14, 109, 118

"Name: ", | DC_STATI C, 15, 31, 22, 8

| DC_SAMP_NAME, 38, 30, 73, 12, ES_AUTOHSCROLL

"Do: ", | DC_STATIC, 15, 51, 22, 8

| DC_SAMP_DO, 38, 50, 34, 12, ES_AUTOHSCROLL | ES READON

"Lo:", | DC_STATIC, 15, 71, 22, 8
| DC_SAMP_LO, 38, 70, 34, 12, ES_AUTOHSCROLL | ES_READON

"Df : ", 1 DC_STATI C, 15, 91, 22, 8
| DC_SAMP_DF, 38, 90, 34, 12, ES AUTOHSCROLL | ES READON

“Lf:", 1 DC_STATIC, 15, 111, 22, 8
| DC_SAMP_LF, 38, 110, 34, 12, ES_AUTOHSCROLL | ES_READO

"Raw Data Fil es", | DC_STATIC, 124, 15, 231, 58
"I ncident Bar:",|DC STATIC, 129, 31, 41,8
| DC_DATA |, 181, 29, 134, 13, ES AUTOHSCROLL | ES READO

"Transnitted Bar:", | DC_STATIC, 129, 52, 52, 8
| DC_DATA T, 181, 50, 134, 13, ES_AUTOHSCROLL | ES_READO

"I ncident Bar:",|DC STATIC, 129, 99, 41, 8
| DC_CALIB 1,181, 96, 134, 13, ES AUTOHSCROLL | ES_READ

"Transnitted Bar:", | DC_STATIC, 129, 117, 52, 8
| DC_CALI B T, 181, 115, 134, 13, ES_AUTOHSCROLL | ES_REA

"Calibration Files",|DC _STATIC, 124, 74, 231, 58
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LTEXT “mi', | DC_STATI C, 80, 51, 12, 8
LTEXT "mi', | DC_STATI C, 80, 71, 12, 8
LTEXT “mi', | DC_STATI C, 80, 91, 12, 8
LTEXT "mt', | DC_STATI C, 80, 111, 12, 8
CONTROL "Fourier Analysis",|DC FOUR ER, "Button",
BS_AUTORADI OBUTTON | W5_GROUP, 203, 150, 65, 10
CONTROL "Conventional Anayl sis", | DC_CONVANALYSI S, "Button",
BS_AUTORADI OBUTTON, 203, 138, 85, 10
CONTRCL “",1DC_I DI SPAV, "Button", BS AUTOCHECKBOX | W5 _DI SAB
LED |
W5 _TABSTOP, 329, 98, 16, 8
CONTRCL "", 1 DC_TDI SPAV, "But t on", BS_ AUTOCHECKBOX | W5_DI SAB
LED |
W5 _TABSTOP, 329, 116, 11,9
LTEXT "Propagati on Coefficient”, | DC _STATIC, 275, 80, 74, 8
LTEXT "Avai | abl e", | DC_STATI C, 317, 88, 30, 8
EDI TTEXT | DC_DI SPFI LTER, 111, 139, 41, 12, ES _AUTCHSCROLL
WS DI SABLED
LTEXT "Hz", | DC_STATI C, 155, 140, 10, 8
CONTRCL "Use Nyquist", 1 DC_NYQUI ST, "Button", BS_ AUTORADI OBUT
TON |
W5 DI SABLED | W5_GROUP, 39, 152, 54, 10
CONTROL "Filter Frequency",|DC FILTER, "Button",
BS_ AUTORADI OBUTTON | WS DI SABLED, 39, 139, 66, 10
END

| DD_SEPARATEWAVEVALUES DI ALOG DI SCARDABLE 0, 0, 283, 114
STYLE DS_MODALFRAME | WS _POPUP | WS _CAPTION | WS_SYSMENU
CAPTI ON " Separ at e Wave Val ues”

FONT 8, "Ms Sans Serif"

BEG N

DEFPUSHBUTTON " OK", | DOK, 55, 93, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 183, 93, 50, 14

PUSHBUTTON "Default", | DC Defaul t, 119, 93, 50, 14

LTEXT "Primary Edge Trigger Threshold:", | DC _STATIC, 19, 32
, 102, 8

EDI TTEXT | DC_THRESHOLD1, 131, 30, 31, 13, ES_AUTOHSCROLL

LTEXT "of maxi mum val ue", | DC_STATI C, 165, 32, 57, 8

LTEXT "Secondary Edge Trigger Threshol d:",1DC _STATIC, 8, 4
8, 113,

8

EDI TTEXT | DC_THRESHOLD2, 131, 47, 31, 13, ES_AUTOHSCROLL

LTEXT "of first edge",|DC_STATIC, 165, 48, 57, 8

LTEXT "Filter:", |1 DC_STATIC, 103, 64, 18, 8

EDI TTEXT | DC_TOLERANCE, 131, 63, 31, 13, ES_AUTOHSCROLL

LTEXT "of maxi mum val ue", | DC_STATI C, 167, 64, 57, 8

CONTRCL "Separate Transmtted", | DC_SEPARATETRANSM TTED, " Bu
tton",
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BS AUTOCHECKBOX | W5 _TABSTOP, 157, 14, 83, 10

CONTROL "Separate Incident",| DC_SEPARATEI NCI DENT, "Button",
BS AUTOCHECKBOX | W5 _TABSTOP, 43, 14,72, 10

CONTROL "Use Intercept Method", | DC | NTERCEPT, "Button",
BS_AUTORADI OBUTTON | W5_GROUP, 35, 80, 89, 10

CONTROL "Use Peak Detection Method", | DC _PEAK, "Button",

BS_AUTORADI OBUTTON, 151, 79, 106, 10
END

| DD _| NDI CES DI ALOG DI SCARDABLE 0, 0, 248, 92
STYLE DS _MODALFRAME | W5 POPUP | WS_CAPTI ON
CAPTION "Starting and End Poi nts"

FONT 8, "Ms Sans Serif"

BEG N
EDI TTEXT IDC IS, 59, 19, 45, 12, ES_AUTOHSCROLL
EDI TTEXT | DC | E, 143, 19, 45, 12, ES AUTOHSCROLL
EDI TTEXT | DC_RS, 59, 33, 45, 12, ES_AUTOHSCROLL
EDI TTEXT | DC_RE, 143, 33, 45, 12, ES_AUTOHSCROLL
EDI TTEXT | DC TS, 59, 46, 45, 12, ES_AUTOHSCROLL
EDI TTEXT | DC_TE, 143, 46, 45, 12, ES_AUTOHSCROLL
DEFPUSHBUTTON " OK", | DCK, 27, 71, 50, 14
PUSHBUTTON "Cancel ", | DCANCEL, 98, 71, 50, 14
GROUPBOX "Start | ndex",|DC _START, 54,7, 76, 58
GROUPBOX "End I ndex", | DC _END, 136, 7, 76, 58
LTEXT "Incident", | DC_STATIC, 22, 21, 26, 8
LTEXT "Refl ected", | DC_STATIC, 16, 35, 32, 8
LTEXT "Transm tted", | DC_STATIC, 10, 48, 38, 8
PUSHBUTTON "View Time", | DC_VI EWI ME, 169, 71, 50, 14
PUSHBUTTON """ I DC_CHOCSE I S, 110, 21, 10, 8
PUSHBUTTON "", 1 DC_CHOOSE_RS, 110, 35, 10, 8
PUSHBUTTON "" 1 DC_CHOCSE TS, 110, 48, 10, 8
PUSHBUTTON "", 1 DC_CHOCSE | E, 194, 21, 10, 8
PUSHBUTTON "" 1 DC_CHOCOSE_RE, 194, 35, 10, 8
PUSHBUTTON "", 1 DC_CHOOSE_TE, 194, 48, 10, 8

END

| DD_PROPCCEFF DI ALOG DI SCARDABLE 0, 0, 264, 116

STYLE DS_MODALFRAME | WS_POPUP | WS _CAPTION | WS_SYSMENU
CAPTI ON " Propagati on Coefficient”

FONT 8, "Ms Sans Serif"

BEG N

DEFPUSHBUTTON " OK", | DCK, 50, 95, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 135, 95, 50, 14

GROUPBOX "Files", | DC_STATIC, 7,7, 250, 65

LTEXT "Data File:",1DC_STATIC, 32, 20, 31, 8

EDI TTEXT | DC_DATA |, 66, 17, 183, 13, ES_AUTOHSCROLL | ES_READON
LY

LTEXT “"Calibration File:",|DC_STATIC, 15, 34, 48, 8
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EDI TTEXT | DC_CALIB I, 66, 33,183, 13, ES AUTOHSCROLL | ES READO
NLY
CONTROL "Update Calibration File",|DC UPDATEFI LE, "Button",
BS_AUTOCHECKBOX | W5 _TABSTOP, 15, 54, 87, 10
CONTROL "Export to File", | DC _EXPFILE, "Button", BS AUTOCHECK
BOX
W5 TABSTOP, 148, 55, 78, 9
CONTRCL "Export Conpl ex Modul us", | DC_COMPLEXMOD, " But t on",
BS AUTOCHECKBOX | W5 TABSTOP, 15, 76, 93, 10
LTEXT "Filter:",1DC _STATIC, 133,77, 18,8
EDI TTEXT | DC_FI LTER, 153, 75, 44, 13, ES_AUTOHSCROLL
LTEXT "Hz", | DC_STATI C, 202, 78, 10, 8
END

| DD_FFTUTI LI TY DI ALOG DI SCARDABLE 0, 0, 219, 118

STYLE DS_MODALFRAME | WS _POPUP | WS _CAPTION | WS _SYSMENU
CAPTION "FFT Utility"

FONT 8, "MS Sans Serif"

BEG N
PUSHBUTTON "Browse", | DC_BROWNSE_I N, 143, 21, 50, 14
PUSHBUTTON "Browse", | DC_BROANSE_QUT, 143, 45, 50, 14
CONTRCOL "Forward Transforni, | DC_FFT, "Button", BS AUTORADI OB
UTTON |
W5_GROUP, 25, 63, 75, 10
CONTRCL "I nverse Transform', |1 DC | FFT, "Button", BS_AUTORADI O
BUTTON,
25,76,73, 10
DEFPUSHBUTTON " K", | DCK, 52, 90, 50, 14
PUSHBUTTON "Cancel ", | DCANCEL, 116, 90, 50, 14
EDI TTEXT | DC_| NPUTNAME, 51, 21, 85, 13, ES_AUTOHSCRCOLL
LTEXT "Input File:",1DC_STATIC, 18, 23, 32,8
EDI TTEXT | DC_OUTPUTNANME, 51, 45, 85, 13, ES_AUTOHSCROLL
LTEXT "Qutput File:",IDC_STATIC, 13,47,37,8
END

| DD I NPUTFI LE DI ALOG DI SCARDABLE 0, 0, 346, 69

STYLE DS MODALFRAME | W5 POPUP | WS _CAPTION | WS _SYSMENU
CAPTION "I nput File"

FONT 8, "MsS Sans Serif"

BEG N

DEFPUSHBUTTON " OK", | DCK, 102, 48, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 193, 48, 50, 14

LTEXT "File:", | DC_STATIC, 14, 16, 14, 8

EDI TTEXT | DC_FI LENANME, 30, 14, 250, 13, ES_AUTOHSCROLL

CONTROL "Bi nary", | DC_BI NARY, "But t on", BS_AUTORADI OBUTTON |

W5_GROUP, 47, 32, 35, 10

CONTROL "Ascii", | DC_ASCI |, "Button", BS AUTORADI OBUTTON, 145,

32, 31,
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10
PUSHBUTTON "Browse", | DC_BROWSE, 289, 14, 50, 14
CONTROL "Anmpl i tude Shift", 1 DC_AMPSH FT, "Button", BS AUTOCHE
CKBOX |
Ws_TABSTOP, 239, 31, 63, 10
END

| DD_AMP_PROP DI ALOG DI SCARDABLE 0, 0, 159, 53

STYLE DS MODALFRAME | W5 POPUP | WS _CAPTION | WS _SYSMENU
CAPTI ON " Anpl i tude Shift"

FONT 8, "Ms Sans Serif"

BEG N

DEFPUSHBUTTON " OK", | DOK, 20, 32, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 89, 32, 50, 14

LTEXT "Nunber of point to use as zero:",|DC _STATIC, 7, 14,
99, 8

EDI TTEXT | DC_PA NTS, 109, 12, 30, 13, ES_AUTOHSCROLL
END

| DD _NI COLETCONVERTDLG DI ALOGEX 0, 0, 372, 106

STYLE DS _MODALFRAME | W5 POPUP | WS _VISIBLE | W5 _CAPTION | W5 _SYSMENU
EXSTYLE WS_EX_APPW NDOW

CAPTI ON "Ni col et Conversion Utility"

FONT 8, "Ms Sans Serif", 0, 0, Oxl1

BEG N

PUSHBUTTON "Browse", | DC_| NPUTBROASE, 308, 15, 50, 14

PUSHBUTTON "Browse" , | DC_OUPUTBROASE, 308, 43, 50, 14

CONTROL "I'ncl ude Header", | DC_| NCHEADER, " But t on", BS_AUTOCHE
CKBOX |

W5_TABSTOP, 103, 65, 88, 9
CONTROL "Anplitude Shift",| DC_AMPLTI TUDE, "Button",
BS_AUTOCHECKBOX | WS_TABSTOP, 205, 65, 63, 10
DEFPUSHBUTTON " Convert", | DCONVERT, 120, 85, 50, 14

PUSHBUTTON "Cancel ", | DCANCEL, 202, 85, 50, 14

LTEXT "I nput File:",IDC_STATIC, 22,19, 32,8

EDI TTEXT | DC_I NPUTFI LE, 57, 16, 242, 13, ES_AUTOHSCROLL

LTEXT "Qutput File:",|DC_STATIC, 17, 46, 37, 8

EDI TTEXT | DC_QUTPUTFI LE, 57, 44, 242, 13, ES_AUTOHSCROLL
END

| DD_PROPAGATEWAVE DI ALOG DI SCARDABLE 0, 0, 203, 122

STYLE DS _MODALFRAME | WS _POPUP | WS _CAPTION | W5_SYSMENU

CAPTI ON " Propagat e Wave"

FONT 8, "Ms Sans Serif"

BEG N
EDI TTEXT | DC_I NCI DENTDI ST, 92, 15, 60, 12, ES_AUTOHSCROLL
EDI TTEXT | DC_REFLECTEDDI ST, 92, 32, 60, 12, ES_AUTOHSCROLL
EDI TTEXT | DC_TRANSM TTEDDI ST, 92, 49, 60, 12, ES_AUTOHSCROLL
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CONTROL

EDI TTEXT
CONTROL
TON |

DEFPUSHBUTTON
PUSHBUTTON
LTEXT

LTEXT

LTEXT

LTEXT

LTEXT

LTEXT

LTEXT

END

#i fndef _MAC

CSHB. rc
"Filter Frequency",|DC FILTER, "Button",
BS_AUTORADI OBUTTON, 28, 73, 66, 10
| DC_DI SPFI LTER2, 100, 73, 41, 12, ES_AUTOHSCROLL
"Use Nyquist", 1 DC_NYQUI ST, "Button", BS AUTORADI OBUT

W5_GROUP, 28, 86, 54, 10

"OK", 1 DOK, 45, 101, 50, 14

"Cancel ", | DCANCEL, 108, 101, 50, 14

"I nci dent Wave:", | DC_STATIC, 36, 16, 50, 8
"Transm tted Wave: ", | DC_STATI C, 25, 52, 61, 8
"nm', | DC_STATI C, 155, 18, 8, 8

"nt', | DC_STATI C, 155,52, 8,8

"Hz", | DC_STATI C, 146, 75, 10, 8

"Refl ected Wave: ", | DC_STATI C, 31, 34,55, 8
"nm', | DC_STATI C, 155, 35, 8, 8

FEEEEEErrr it bbb i bbb rrr i rrrild

1111111

/1

/1 Version
/1

VS_VERSI ON_| NFO VERSI ONI NFO

FILEVERSION 1,0,0,1

PRODUCTVERSI ON 1, 0,0, 1

FI LEFLAGSVASK Ox3f L

#i f def _DEBUG

FI LEFLAGS Ox1L
#el se

FI LEFLAGS 0xO0OL
#endi f

FI LECS 0x4L

FI LETYPE Ox1L

FI LESUBTYPE 0OxOL
BEG N

BLOCK "StringFil el nfo"

BEG N

BLOCK " 040904B0"

BEG N

VALUE " CompanyNane", "\O0"

VALUE "Fil eDescription", "CSHB MFC Application\0"
VALUE "Fil eVersion", "1, 0, 0, 1\0"

VALUE "I nternal Nane", " CSHB\ 0"

VALUE "Legal Copyright", "Copyright (C 2001\0"
VALUE "Legal Tr adenmar ks", "\O0"
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VALUE "Origi nal Fi | enane™, " CSHB. EXE\ 0"
VALUE " Pr oduct Nane", "CSHB Application\ Q"
VALUE " Product Version", "1, 0, 0, 1\0"

END
END
BLOCK "Var Fi | el nf o"
BEG N
VALUE "Transl ati on", 0x409, 1200
END
END

#endi f [l ' _NAC

FEEEEEEEE b bbb bbb rrri b rrrild
NNy

11

/1 DESI GNI NFO

11

#i f def APSTUDI O_| NVOKED
GUI DELI NES DESI GNI NFO DI SCARDABLE

BEG N
| DD_ABOUTBOX, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 228
TOPMARG N, 7
BOTTOWARG N, 72
END

| DD_BARDATA, DI ALOG

BEG N
LEFTMARG N, 7
Rl GHTMARG N, 411
VERTGUI DE, 14
VERTGUI DE, 21
VERTGUI DE, 50
VERTGUI DE, 73
VERTGUI DE, 96
VERTGUI DE, 136
VERTGUI DE, 148
VERTGUI DE, 192
VERTGUI DE, 222
VERTGUI DE, 229
VERTGUI DE, 258
VERTGUI DE, 355
VERTGUI DE, 399
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TOPMARG N, 7
BOTTOMVARG N, 357
HORZGUI DE, 239
HORZGUI DE, 250
HORZGUI DE, 300
HORZGUI DE, 319
HORZGUI DE, 332
END

| DD_EXPORT, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 195
VERTGQUI DE, 22
VERTGUI DE, 139
TOPMARG N, 7
BOTTOWARG N, 167
END

| DD_ANALYSEDLG, DI ALOG

BEG N
LEFTMARG N, 7
Rl GHTMARG N, 355
VERTGUI DE, 124
VERTGUI DE, 329
TOPMARG N, 7

BOTTOWARG N, 179

HORZGUI DE, 132
END

CSHB.rc

| DD_SEPARATEWAVEVALUES, DI ALOG

BEG N
LEFTMARG N, 7
RI GHTMARG N, 276
TOPMARG N, 7
BOTTOMWARG N, 107
END

| DD_I NDI CES, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 241
VERTGUI DE, 54
VERTGUI DE, 60
VERTGUI DE, 110
VERTGUI DE, 138
VERTGUI DE, 144
VERTGUI DE, 194
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VERTGUI DE, 212

TOPMARG N, 7

BOTTOWARG N, 85

HORZGUI DE, 25

HORZGUI DE, 39

HORZGUI DE, 52
END

| DD_PROPCOEFF, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 257
TOPMARG N, 7
BOTTOMWARG N, 109
END

| DD_FFTUTI LI TY, DI ALOG
BEG N
LEFTMARG N, 7
RI GHTMARG N, 212
TOPMARG N, 7
BOTTOMWARG N, 111
END

| DD_I NPUTFI LE, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 339
TOPMARG N, 7
BOTTOMWARG N, 62
END

| DD_AMP_PROP, DI ALOG
BEG N
LEFTMARG N, 7
R GHTMARG N, 152
TOPMARG N, 7
BOTTOMVARG N, 46
HORZGUI DE, 25
END

| DD_PROPAGATEVWAVE, DI ALOG
BEG N
LEFTMARG N, 7
Rl GHTMARG N, 196
VERTGQUI DE, 92
TOPMARG N, 7
BOTTOMWARG N, 115

CSHB.rc
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CSHB. rc
END
END
#endi f /1 APSTUDI O | NVOKED

FOLEEEEEErrr i rriirrriirrriirrri
1111111

/1

/] Cursor

/1

| DC_CROSSHAI R CURSOR DI SCARDABLE "res\\cursorl.cur"

FEEEEEEErr bbb bbb bbb rrr i rrrrld
IRy

/1
/1l String Table
/1
STRI NGTABLE PRELCAD DI SCARDABLE
BEG N
| DR_MAI NFRAVE " CSHB"
| DR_CSHBTYPE "\ nCSHB\ nCSHB\ n\ n\ nCSHB. Docunent \ nCSHB Doc
unent "
END
STRI NGTABLE PRELOAD DI SCARDABLE
BEG N
AFX_| DS_APP_TI TLE " CSHB"
AFX_| DS_| DLEMESSAGE " Ready"
END
STRI NGTABLE DI SCARDABLE
BEG N
| D_I NDI CATOR_EXT " EXT"
| D_| NDI CATOR_CAPS " CAP"
| D_I NDI CATOR_NUM " NUM'
| D_| NDI CATOR_SCRL " SCRL"
| D_I NDI CATOR_OVR "OVR'
| D_| NDI CATOR_REC " REC"
END
STRI NGTABLE DI SCARDABLE
BEG N
| D FI LE_NEW "Create a new document\ nNew'
| D_FI LE_OPEN "Open an exi sting docunent\nCpen”
| D FI LE CLOSE "Close the active docunent\nC ose"
| D_FI LE_SAVE "Save the active docunent\nSave"
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| D_FI LE_SAVE_AS
nSave As"

| D_FI LE_PAGE_SETUP

| D_FI LE_PRI NT_SETUP
Print Setup”

| D_FI LE_PRI NT

| D_FI LE_PRI NT_PREVI EW
END

STRI NGTABLE DI SCARDABLE
BEG N

| D_APP_ABOUT
er and
copyri ght\ nAbout "

| D APP_EXIT
ument s\ nExi t"
END

STRI NGTABLE DI SCARDABLE
BEG N

LE_MRU_FI LE1
E_MRU FI LE2
E_MRU_FI LE3
E_MRU_FI LE4
E_MRU_FI LE5
E_MRU_FI LE6
E_MRU_FI LE7
E_MRU FI LES
E_MRU_FI LE9
E_MRU_FI LE10
E_MRU_FI LE11
E_MRU_FI LE12
E_MRU_FI LE13
E_MRU_FI LE14
E_MRU_FI LE15
E_MRU_FI LE16

UEJCJDKJCJU(JCJDKJCJU(JCJD
EZDIJEZEIJDZDIJEZEIJE:DI]E

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

END

STRI NGTABLE DI SCARDABLE
BEG N
| D_NEXT_PANE

| D PREV_PANE
Pr evi ous Pane"
END

STRI NGTABLE DI SCARDABLE
BEG N

CSHB.rc

"Save the active docunent with a new nane\

"Change the printing options\nPage Setup"
"Change the printer and printing options\n

"Print the active docunent\nPrint"

"Di splay ful

"Di splay program information,

"Quit the application;

"Cpen t hi

"Open thi
"Cpen t hi

"Open thi
"Open thi
"Open thi
"Cpen t hi

"Qpen thi
"Cpen t hi

"Open thi
"Open thi
"Open thi
"Open thi
"Open thi
"Open thi
"Open thi

OO nuunuunmuuunuunuumunnnmunnon

docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "
docunent "

pages\ nPrint Preview

ver si on nunb

pronpts to save doc

"Switch to the next w ndow pane\ nNext Pane

"Switch back to the previous wi ndow pane\n
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| D W NDOW NEW
nt \ nNew W ndow"

| D W NDOW ARRANGE
\ nArrange | cons”

| D W NDOW CASCADE
W ndows™

| D W NDOW Tl LE_ HORZ
nTil e Wndows"

| D W NDOW Tl LE_VERT
nTil e Wndows"

| D W NDOW SPLI T
END
STRI NGTABLE DI SCARDABLE
BEG N

| D EDI T_CLEAR

| D_ EDI T_CLEAR ALL

| D EDI T_COPRPY
boar d\ nCopy"

| D EDI T_CUT
oard\ nCut"

| D_EDI T_FI ND

| D_EDI T_PASTE

| D_EDI T_REPEAT

| D_EDI T_REPLACE
\ nRepl ace"

| D EDI T_SELECT ALL

| D_EDI T_UNDO

| D_EDI T_REDO
END

STRI NGTABLE DI SCARDABLE
BEG N

| D VI EW TOOLBAR

| D_VI EW STATUS_ BAR
sBar"
END

STRI NGTABLE DI SCARDABLE
BEG N
AFX_| DS_SCSI ZE
AFX_| DS_SCMOVE
AFX_| DS_SCM NI M ZE
AFX_| DS_SCVAXI M ZE
AFX_| DS_SCNEXTW NDOW
AFX_| DS_SCPREVW NDOW
AFX_| DS_SCCLOSE

CSHB. rc
"Open anot her wi ndow for the active docune

"Arrange icons at the bottom of the w ndow
"Arrange wi ndows so they overl ap\ nCascade

"Arrange wi ndows as non-overlapping til es\
"Arrange wi ndows as non-overlapping til es\

"Split the active wi ndow i nto panes\nSplit

"Erase the sel ection\nErase”
"Erase everything\nErase A I"
"Copy the selection and put it on the dip

"Cut the selection and put it on the Cipb

"Find the specified text\nFind"

"Insert dipboard contents\nPaste"

"Repeat the | ast action\nRepeat™

"Repl ace specific text with different text

"Sel ect the entire docunent\nSelect AIl"
"Undo the | ast acti on\ nUndo"
"Redo the previously undone acti on\nRedo"

"Show or hide the tool bar\nToggl e Tool Bar"
"Show or hide the status bar\nToggle Statu

"Change the wi ndow si ze"

"Change the w ndow position”

"Reduce the wi ndow to an icon"

"Enl arge the window to full size"

"Swtch to the next docunment w ndow'
"Switch to the previous docunment w ndow'
"Close the active wi ndow and pronpts to sa
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CSHB.rc
ve the docunents"

END

STRI NGTABLE DI SCARDABLE

BEG N
AFX_| DS_SCRESTORE "Restore the w ndow to normal size"
AFX_1 DS_SCTASKLI ST "Activate Task List"
AFX_| DS_MDI CHI LD "Activate this w ndow'

END

STRI NGTABLE DI SCARDABLE
BEG N

AFX | DS PREVIEW CLOSE "Cl ose print preview node\nCancel Preview
END

STRI NGTABLE DI SCARDABLE

BEA N
| D ANALYSE CALCULATERESULTS "\ nCal cul ate Results”
| D_PRE_VI EW NDI CES "“Vi ew I ndici es"
| D_FI LE_NEWSAMPLE "\ nNew Sanpl e"
END
STRI NGTABLE DI SCARDABLE
BEG N
| D FILE READ I NCI DENT "Read New Incident Data Set\nRead | ncident
Dat a"
| D FI LE READ TRANSM TTED "\ nRead Transnitted Data"
| D_SAMPLE_PROPERTI ES "\ nSanpl e Properties”
END

#endi f /1l English (U S.) resources
FEEEEELEEE bbb bbb rr i rrrrr
1111

#i f ndef APSTUDI O | NVOKED

FELEEEEEErrr i rriirrriirrri
1111111

/1

/] Generated fromthe TEXTI NCLUDE 3 resource.

/1

#define _AFX NO SPLI TTER RESOURCES

#define _AFX NO OLE RESOURCES

#define _AFX NO TRACKER RESOURCES

#defi ne _AFX_NO_PROPERTY_ RESOURCES

#1f ldefined( AFX_ RESOURCE DLL) || defined( AFX_TARG_ENU)
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CSHB. rc
#i fdef W N32
LANGUAGE 9, 1
#pragma code_page(1252)
#endi f // W N32
#include "res\CSHB.rc2" [// non-Mcrosoft Visual C++ edited resources

#include "af xres.rc" /1l Standard conponents
#i ncl ude "afxprint.rc" [l printing/print preview resources
#endi f

FEEEEEEEE bbb rririr
1
#endi f /1 not APSTUDI O_| N\VOKED
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/1 Anal yseDi g.cpp : inplenentation file
I

#i ncl ude "stdafx. h"
#i ncl ude " CSHB. h"
#i ncl ude "Anal yseDl g. h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE ;
#endi f

~—

NN NN NN NNy,
/ CAnal yseDl g di al og

CAnal yseDl g: : CAnal yseDl g( CWhd* pParent /*=NULL*/)
CDi al og( CAnal yseDl g: : 1 DD, pParent)
{

//{{AFX_DATA I NI T(CAnal yseDl g)
m dSanplLo
m_dSanpDf
m_dSanpDo
m dSanpLf
m szSanpNane = _T("");
m szCalib_| CT(""M);

mszCalib_T
mszData | = T("")
mszData T = _T(""

m bl nci dent Di spersi on = FALSE;

m bTransni tt edDi spersi on = FALSE;
m dFreqFilter = 0.0;

m nFouri er Anal ysis = -1;

m nNyqui st = -1;

/1}}AFX_DATA INT

coool
0000

voi d CAnal yseDl g: : DoDat aExchange( CDat aExchange* pDX)
{
CDi al og: : DoDat aExchange( pDX) ;
[ 1 {{ AFX_DATA_NMAP( CAnal yseDl g)
DDX_Text (pDX, | DC_SAMP_LO, m dSanpLo);
DDX_Text (pDX, | DC_SAMP_DF, m dSanpDf);
DDX_Text (pDX, | DC_SAMP_DO, m dSanpDo) ;
DDX_Text (pDX, | DC_SAMP_LF, m dSanpLf);
DDX_Text (pDX, | DC_SAMP_NAME, m szSarmName)
DDX Text (pDX, | LIB I, mszCalib I);
DDX_Text ( pDX, | B_T mszCalib T);
DDX Text (pDX, | I, mszData |);
DDX_Text (pDX, |DC_ T m szData T);
DDX_Check( pDX, |DC_|I DI SPAV, m bl nci dent Di spersion);
DDX_Check( pDX, | DC TDI SPAV, m bTransnittedDi spersi on)
DDX Text (pDX, 1DC DI SPFILTER, mdFreqFilter);
DDX_Radi o( pDX, | DC_FOURI ER, m nFouri er Anal ysi s);
DDX_Radi o( pDX, | DC_NYQUI ST, m nNyqui st);
/1Y AFX_DATA_MAP
i f (m.nFourier Anal ysi s==0)

8888888

. CA
> CALI

. DATA_
> DATA

Cet Dl gl tem( |1 DC_FI LTER) - >Enabl eW ndow TRUE) ;
Get Dl gl t en{ | DC_NYQUI ST) - >Enabl eW ndow TRUE) ;
i f (m.nNyquist!=0)
{Get Dl gl tem( | DC_DI SPFI LTER) - >Enabl eW ndow( TRUE) ;
tel se{
Get Dl gl t en{ | DC_DI SPFI LTER) - >Enabl eW ndow( FALSE) ;

BEG N_MESSAGE_MAP( CAnal yseDl g, CDi al og)
[ {{ AFX_MSG_MAP( CAnal yseDl g)



N _CLI CKED( | DC_FOURI ER, OnFouri er)
N_CLI CKED( | DC_NYQUI ST, OnNyqui st)
N CLI CKED(| DC_FI LTER, OnFilter)
| BN_CLI CKED(| DC_CONVANALYSI S, OnConvanal ysi s)
[ 1T} AFX_MSG MAP
END_MESSAGE_MAP()
NN NN NN NNy
CAnal yseDl g nessage handl ers

ON_B
ON B
ON B
ON B

I
I
voi d CAnal yseDl g:: OnCancel ()

/1l TODO. Add extra cl eanup here
CDi al og: : OnCancel ();

voi d CAnal yseDl g:: OnFouri er ()

{
Cet Dl gl tem( |1 DC_FI LTER) - >Enabl eW ndow( TRUE) ;
Get Dl gl t en{ | DC_NYQUI ST) - >Enabl eW ndow TRUE) ;
i f(mnNyqui st!=0)
{Get Dl gl tem( 1 DC_DI SPFI LTER) - >Enabl eW ndow( TRUE) ; }
el se
{Get Dl gl tem( | DC_DI SPFI LTER) - >Enabl eW ndow( FALSE) ; }

}
voi d CAnal yseDl g: : OnNyqui st ()

Get Dl gl t en( | DC_DI SPFI LTER) - >Enabl eW ndow( FALSE) ;
}
voi d CAnal yseDl g:: OnFilter()

Get Dl gl t en( | DC_DI SPFI LTER) - >Enabl eW ndow TRUE) ;
}
voi d CAnal yseDl g: : OnConvanal ysi s()

Get Dl gl t en( | DC_FI LTER) - >Enabl eW ndow( FALSE) ;

Get DI gl t em( | DC_DI SPFI LTER) - >Enabl eW ndow( FALSE) ;
Get Dl gl t en{ | DC_NYQUI ST) - >Enabl eW ndow( FALSE) ;



/! BarDataDi g.cpp : inplenentation file
I

#i ncl ude "stdafx. h"
#i ncl ude " CSHB. h"
#i ncl ude "Bar Dat aDl g. h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef THI S_FI LE

static char THHS FILE[] = _ FILE ;
#endi f

//1 added

#define Pl 3.14159265

#defi ne | TMAX 100

#def i ne EPS 3. 0e-7

#defi ne FPM N 1. Oe- 30

#i ncl ude "mat h. h"

#include "nrutil.h"

#include "fstream h"

TIOLLTEELEE i r i rr il
/1 CBarDataDl g di al og

CBar Dat aDl g: : CBar Dat aDl g( Cwhd* pParent /*=NULL*/)
CDi al og( CBar Dat aDl g: : 1 DD, pParent)
{

11 {{ AFX_DATA I NI T(CBar Dat aDl g)

m dl Lengt h 0.0;

m dl PRati o 0. 0;

m dTDensity = 0.0;

m dTDi aneter = 0.0;

m dTModul us = 0. 0;

m dTLengt h

m dTPRati o

m dl Density = 0

m dI Di anet er

m_dI Modul us 0

m szl Fi |l ena =

m szl Name = _T("'

m dl Sl ope = 0. 0;
= _T(™"
a =

0;

=00
= 0.0;
= 0.0;

("");

0;
0;

m sz TNane
m szTFi | en
m dTS| ope =
m dl Di st ance =
m dTDi st ance =
m bl PropCoeffln
m bTPropCoeff |
mdlFilter 0.
m dTFilter = 0.0;

/TYYAFX DATA INIT

m _bReadl nci dent Bar =FALSE;

m _bReadTr ansmi t t edBar =FALSE;

me
0.

ed
ed

FALSE;

0

T

")

")
RICO¥
0;

0;

u

u FALSE;

d
d

0.
0.
ncl
ncl
0;

voi d CBar Dat aDl g: : DoDat aExchange( CDat aExchange* pDX)

CDi al og: : DoDat aExchange( pDX) ;

11 {{ AFX_ DATA \ MAP( CBar Dat aDl g)

DDX_Text (pDX, | DC | BARLENGTH, m dl Lengt h) ;
DDX_Text (pDX, 1 DC | _BARPRATIO mdl PRatio);
DDV_M nMaxDoub DX, mdlPRatio, 0., 0.5);
DDX_Text ( pDX, > T _BARDENSI TY, m dTDensi ty)
DDX_Text ( pDX, > T _BARDI AVETER, m dTDi anet er)
DDX_Text ( pDX, > T_BAREMODULUS, m dTMbdul us);
T
T

o
—~
o I

|
|
|
|
|
DDX Text (pDX, | BARLENGTH, deLengt h) ;
DDX_Text ( pDX, | BARPRATI O, m dTPRati o) ;
DDV_M nMaxDoubl DX, mdTPRatio, 0., 0.5);

|

|

|

|

|

|

|

88888

o
—~
o I

DDX_Text ( pDX, > | _BARDENSI TY, m dl Densi ty)

> | _BARDI AVETER, m dI Di anet er)

> | _BAREMODULUS, m dI Mbdul us);

> | _CALI BRATI ONNAME, m szl Fi | ename)
> 1| _BARNAME, m szl Nane);

> | _SLOPE, m dI Sl ope);

> T_BARNAME, m_szTNarre);

DDX_Text ( pDX,
DDX_Text ( pDX,
DDX_Text ( pDX,
DDX_Text ( pDX,
DDX Text ( pDX,
DDX_Text ( pDX,

8888888



CALI BRATI ONNAVE, m szTFi | ename) ;

DI STANCE, m dI Di st ance);
DI STANCE, m dTDi st ance);
DI SPAV, m bl PropCoef f | ncl uded) ;
DI SPAV, m bTPropCoef f I ncl uded);
Fl
FI

DDX_Text (pDX, IDC T_

DDX_Text (pDX, |1 DC_T_SLOPE, m dTSl ope);
DDX_Text (pDX, 1DC_I_

DDX_Text ( pDX, | DC_T

DDX_Check(pDX, |DC.I

DDX_Check(pDX, |DC T

DDX_Text (pDX, IDCT_FILTER, mdlFilter);
DDX_Text (pDX, IDC_ T FILTER, mdTFilter);
11} YAFX_DATA_MAP

BEG N_MESSAGE MAP( CBar Dat aDl g, CDi al og)

1 T{{ AFX_NMSG_MAP( CBar Dat aDl g)

ON_BN_CLI CKED( | DC_BROWSE | NCI DENT, OnBrowsel nci dent)
ON_BN_CLI CKED( | DC_BROWSE_TRANSM TTED, OnBrowseTransnitted)

[ 1T} AFX_MSG MAP
END_MESSAGE MAP()
/1
/1 CBarDataDl g message handl ers
voi d CBar Dat aDl g: : OnBr owsel nci dent ()
{

CDi al og: : Updat eDat a( TRUE) ;

m_dl Modul us=0;

m dl Lengt h=0;

m dl Di st ance=0;
dI PRat i 0=0;
1 dI Densi t y=0;
1 dl Di anet er =0;
1 d

S3333 3333

0
=
o
5
D
—
—
>
e
c
[oX
[¢]
Q.
.I.I
>
-
0
m

Cet I nci dent Bar Dat a() ;
CDi al og: : Updat eDat a( FALSE) ;
}

void CBarDataDl g::fit(double x[], double y[],

[EOEEEEEEErrr iy

int ndata, double sig[], int mut,

*b, double *siga, double *sigb, double *chi2, double *q)
{

/llinear regression nodel of data

int i;

"Numerical Recipes in C 2nd Edition" pg 665-666

doubl e wt,t, sxoss, sx=0. 0, sy=0. 0, st 2=0. 0, ss;

doubl e sxy=0, sx2=0;

*b=0. 0;
if (mat) {
ss=0. 0;
for (i=0;i<ndata;i++){
wt=1. 0/ DSQR(sig[i]);
ss+=wt ;
sXx+=x[i]*w;
sy+=y[i]*wt;

}el sef
for (i=0;i<ndata;i++){
SX+= x[|]

}

ss=ndat a;

SX0SS=SX/SS;
if (ot ) {
for (i=0;i<ndata;i++){
=(x[i]-sxoss)/sig[i];

/1w th weights

/1w thout weights
//sumof x's
/[/sumof y's

doubl e *a,

doubl e



I
| *

}

st 2+=t *t;
*b+=t*y[i]/sig[i];

}el se{
for (i=0;i<ndata;i++){
t=x[i]-sxoss;
st 2+=t *t;
b+=t*y[i];

}

*b/ =st 2;
*a=(sy-sx*(*b))/ss;

*siga=sqrt ((1l. O+sx*sx/ (ss*st2))/ss);
/1 *sigb=sqgrt(1.0/st2);

*chi 2=0. 0;
*q=1. 0;
i f(mt==0){

for (i=0;i<ndata;i++)
_*chi 2+4=DSQR(Y[i]-(*a)- (*b)*x[i]);
sigdat=sqrt ((*chi 2)/(ndata-2));
*si ga*=si gdat ;
*si gb*=si gdat ;
tel sef
for (i=0;i<ndata;i++)
*chi 2+=DSQR(y[i]-(*a)-(*b)*x[i]/sig[i]);
i f (ndata>2) *g=gammmq(0.5*(ndata-2),0.5*(*chi2)); //Equation 15.2.12
*/

doubl e CBar Dat aDl g: : gammi n( doubl e xx)

{

doubl e x,y, tnp, ser;

static double cof[6]={76.18009172947146, - 86. 50532032941677, 24. 01409824083091
-1.231739572450155, 0. 1208650973866179e- 2, - 0. 5395239384953e- 5} ;

int j;

Y=X=XX;

t mp=x+5. 5;

t mp- =(x+0. 5) *1 og(t np) ;

ser=1. 000000000190015;

for (j=0;j<=5;j++) ser+=cof[j]/++y;

return -tnmp+l og(2.5066282746310005*ser/ x);

}
voi d CBar Dat aDl g: : gser (doubl e *ganser, double a, double x, double *gln)

{
11

I

I

I

void nrerror( char error_text[]);
int n;
doubl e sum del, ap;

*gl n=gam n(a) ;
if (x<=0.0){
if (x<0.0) nrerror ("x less than O in routine gser");
*ganser =0. 0;
return;
}el se{
ap=a;
del =sun¥1. 0/ a;
for (n=1;n<=l TMAX; n++) {
++ap;
del *=x/ap;
sum +=del
if (fabs(del)<fabs(sum *EPS) {
*ganmser =suntexp(-x+a*l og(x)-(*gln));

return;
}
nrerror("a too large, | TMAX too small in gser");
return;



voi d CBar Dat aDl g: : gcf (doubl e *gamtf, double a, double x, double *gln)

{
/1l void nrerror(char error_text[]);
int i;
doubl e an, b, c, d, del, h;
*gl n=gam n(a) ;
b=x+1. 0- a;
c=1. 0/ FPM N,
d=1.0/b;
h=d;
for (i=1;i<=ITMAX;i++){
an=-i*(i-a);
b+=2. 0;
d=an*d+b;
if (fabs(d)<FPM N) d=FPM N;
c=b+an/ c;
if (fabs(c)<FPM N) c=FPM N;
d=1.0/d;
del =d*c;
h *=del ;
if (fabs(del -1.0)<EPS) break;
}
/1 if (i>TMAX) nrerror("a too |arge, ITMAX too snmall in gcf");
/1 *gammcf =exp(-x+a*l og(x)-(*gln))*h;
}
doubl e CBarDat aDl g: : garmyg( doubl e a, doubl e x)
{

doubl e ganser, ganncf, gl n;

/Il if (x<0.0||a<=0.0)nrerror("Invalid arugenments in ganmq");
i f(x<(a+1.0)){
gser ( &ganser, a, x, &gl n) ;
return 1.0-ganser;
}el se{
gcf (&gammcf, a, x, &gl n) ;
return gamcf;

}
BOOL CBar Dat aDl g: : Get I nci dent Bar Dat a()
{

char string[1000];
char seps[] ="

BOOL stopflag = fal se;

OPENFI LENAME OpenFi | eNarre;

TCHAR szFi |l e[ 256000] = "\ 0"; /Il File list

static char szFilter[] = "Calibration Files (*.cal)\0*.cal\OQO"
"All Files (*.*)\0*.*\0\0";

| . mdStrain. RenoveAl | ();
I.mdVolts. RenoveAl l ();

OpenFi | eName. | Struct Si ze = si zeof (OPENFI LENAME) ;
OpenFi | eNanme. hwndOmner = NULL;

OpenFi | eNane. hl nst ance = NULL;

QpenFil eNane. I pstrFilter = szFilter;

OpenFi | eNane. | pstrCustonfilter = NULL;

OpenFi | eNanme. nMaxCust Filter = 0;

OpenFi | eNane. nFilterl ndex = 0;

QpenFil eNane. | pstrFile = szFile;

OpenFi | eName. nMaxFil e = sizeof (szFile);

QpenFil eNane. | pstrFileTitle = NULL;

OpenFi | eNane. nMaxFi l eTitle = 0;

QpenFil eNane. I pstrinitialDir = m szl Fi | enang;

OpenFil eName. I pstrTitle = "Select Incident Bar Calibration File";



QpenFi | eNane. nFil eO fset = 0;

OpenFi | eNane. nFi | eExt ensi on = 0;

QpenFi | eNane. | pstrDef Ext = "";

OpenFi | eNane. | pf nHook = NULL;

QpenFi | eNane. | pTenpl at eNanme = NULL;

OpenFi | eNane. Fl ags = OFN_EXPLORER | OFN_FI LEMUSTEXI ST;

/1 Open dial og box

CGet OpenFi | eNane( &penFi | eNan®e) ;

/'l Filenanmes are stored in szFile;

/1 Assign the value of szFile to mFileList

m szl Fil enane = szFil e;

/1l Update the information in the textbox to show the current files sel ected

ifstreamifsin(mszlFilenane,ios::in|ios::nocreate);

if (lifsin)

{ Af xMessageBox("Can't Open File", MB_| CONHAND) ;
return FALSE;

}
i fsin.getline(string, 1000,'\n");

do{
if (string[0]=="*")
{

if ((strncnp(string,"*NAME", 5))==0) /'l check for nane of bar

{
i fsin.getline(string, 1000,'\n"); /1gets next line after identifier
m szl Name=stri ng;

}

if ((strncnp(string,"*GEQOVETRY", 5)) ==0)

{
ifsin.getline(string,1000,'\n"); /lgets bar geonerty
m dl Di amet er =(at of ( strtok( string, seps))) ;
m dl Lengt h=(at of ( strtok( NULL, seps))) ;
m dl Di st ance=(atof ( strtok( NULL, seps)));

}

if ((strncnp(string,"*PROPERTIES", 7)) ==0)

{
ifsin.getline(string,1000,'\n"); /lgets bar properties
m dl Density=(atof ( strtok( string, seps))) ;
m dl Modul us=(at of ( strtok( NULL, seps))) ;
m dl PRat i o=(atof ( strtok( NULL, seps))) ;

}

i{f ((strncnp(string,"*FILTER", 7)) ==0)

ifsin.getline(string,1000,'\n"); /Il gets bar properties
m_dl Filter =(atof ( strtok( string, seps))) ;

i}f ((strncnp(string,"*CALI BRATI ON', 5) ) ==0)
{ ifsin.getline(string,1000,'\n");
while(((string[0])!="*")&&(ifsin!=0))
if ((string[ 0] I'=""")&&(string[0]!="\0"))

{ .mdVolts. Add((atof( strtok( string, seps ))

.mdStrain. Add((atof ( strtok( NULL, seps )))g?

}
ifsin.getline(string,1000,'\n"');

}
}
if ((strncnp(string,"*PROPAGATI ON', 7)) ==0)
{ ifsin.getline(string,1000,'\n");
I . m dFreq. RemoveAl | ();
I. mdG RenoveAl | ();
V\lmle(((strlng[O])|='*')&&(ifsin!:O))
{
if ((string[O] I = "")&&(string[O]!:'\O'))
{ .mdFreq. Add((atof ( strtok( string, seps ))));
.m dG Add( (atof ( strtok( NULL, seps ))))
.m dG Add((at of ( strtok( NULL, seps ))));



ifsin.getline(string,1000,'\n"');

}
mdl Df=l. mdFreq[1]-1. mdFreq[0];

m dl DT=1/ (1. m dG Get Si ze() *m dI Df ) ;
m bl Pr opCoef f | ncl uded=TRUE;

}
} .
if(string[O]!="*")
{ifsin.getline(string, 1000,'\n");}
} whi | e(i fsin!=0);

i fsin.close();

doubl e tenp;

| . m dFreq. RenoveAl | ();

fit(& .mdVolts[O0],& .mdStrain[0],l.mdStrain. CGetSize(), 0,0, & enp, &n dl Sl ope, 0, 0, 0, 0);

/1l Set intercept =0 since at zero force there nust be zero strain
m_bReadl nci dent Bar =TRUE;

return TRUE;

}
voi d CBar Dat aDl g: : OnBrowseTransmitt ed()
{

/|l Get the current information entered
CDi al og: : Updat eDat a( TRUE) ;

m dTMbodul us=0;

m dTLengt h=0;

m dTDi st ance=0;

m dTPRat i 0=0;

m dTDensi t y=0;

m dTDi anet er =0;

m_dTS| ope=0;

m szTFi | enane="";

m szTName="";

m dTDf =0;

m dTDT=0;

m_bTPr opCoef f | ncl uded=FALSE;

CGet Transni tt edBar Dat a() ;
CDi al 0g: : Updat eDat a( FALSE) ;

}
BOOL CBar Dat aDl g: : Get Transmi t t edBar Dat a( )
{

char string[1000];
char seps[] ="

bool stopflag = fal se;

T.mdStrain. RenoveAl | ();
T. m dVol ts. RemoveAl | ();

OPENFI LENAME OpenFi | eNane;

TCHAR szFil e[ 256000] = "\ 0"; /Il File list

static char szFilter[] = "Calibration Files (*.cal)\0*.cal\OQ"
"All Files (*.*)\0*.*\0\0";

OpenFi | eName. | Struct Si ze = si zeof (OPENFI LENAME) ;
OpenFi | eNane. hwndOaner = NULL;

OpenFi | eNane. hl nst ance = NULL;

QpenFil eNane. I pstrFilter = szFilter;

OpenFi | eNane. | pstrCustonfilter = NULL;

OpenFi | eNanme. nMaxCust Filter = 0;

OpenFi | eNane. nFilterl ndex = 0;

QpenFil eNane. | pstrFile = szFile;

OpenFi | eName. nMaxFil e = sizeof (szFile);
QpenFil eNane. | pstrFileTitle = NULL;
OpenFi | eName. nMaxFi | eTitle = 0;



QpenFil eNane. I pstrinitial Di
OpenFil eNane. I pstrTitle ="'
QpenFi | eNane. nFil eO fset = 0;
OpenFi | eNane. nFi | eExt ensi on = 0;

QpenFi | eNane. | pstrDef Ext = "";

OpenFi | eNane. | pf nHook = NULL;

QpenFi | eNane. | pTenpl at eNanme = NULL;

OpenFi | eNane. Fl ags = OFN_EXPLORER | OFN_FI LEMUSTEXI ST;

r = mszTFi |l enane;
'Sel ect Transnitted Bar Calibration File";
o.

/1 Open dial og box

CGet OpenFi | eNane( &penFi | eNan®e) ;

/'l Filenanes are stored in szFile;

/1 Assign the value of szFile to mFileList

m szTFi | enane = szFil e;

/1l Update the information in the textbox to show the current files sel ected

ifstreamifsin(mszTFil enanme,ios::in|ios::nocreate);

if (lifsin)

{ Af xMessageBox("Can't Open File", MB_| CONHAND) ;
return FALSE;

}
i fsin.getline(string, 1000,'\n");

do{
if (string[0]=="*")
if ((strncnp(string,"*NAME", 5))==0) /'l check for nane of bar
{
i fsin.getline(string, 1000,'\n"); /1gets next line after identifier
m szTName=stri ng;
}
if ((strncnp(string,"*GEQOVETRY", 5)) ==0)
{
ifsin.getline(string,1000,'\n"); //gets bar geonerty
m dTDi amet er =(at of ( strtok( string, seps))) ;
m dTLengt h=(at of ( strtok( NULL, seps))) ;
m dTDi st ance=(at of ( strtok( NULL, seps)));
}
if ((strncnp(string,"*PROPERTIES", 7)) ==0)
{
ifsin.getline(string,1000,'\n"); /Il gets bar properties
m dTDensity=(atof ( strtok( string, seps))) ;
m dTModul us=(at of ( strtok( NULL, seps))) ;
m dTPRat i o=(atof ( strtok( NULL, seps))) ;
}
if ((strncnp(string,"*FILTER", 5))==0)
{
ifsin.getline(string,1000,'\n"); /'l gets bar properties
m dTFi [ ter=(atof ( strtok( string, seps))) ;
}
if ((strncnp(string,"*CALI BRATI ON', 5)) ==0)
{ i fsin.getline(string, 1000,'\n");
T.m dStrain. RenoveAl | ();
T. m dVol ts. RenoveAl | ();
while(((string[0])!="*")&&(ifsin!=0))
{ if ((string[0] !'=""")&&(string[0]!="\0"))
{ T.mdVol ts. Add((atof ( strtok( string, seps ))));
T.mdStrain. Add((atof ( strtok( NULL, seps )))); //times bye 10"-3 to get i
nto volts

}
ifsin.getline(string,1000,'\n"');
}

}
if ((strncnp(string,"*PROPAGATI ON', 7)) ==0)
{ ifsin.getline(string,1000,'\n");
T. m dFreq. RenoveAl | ();
T. m dG RenoveAl | ();
while(((string[0])!="*")&&(ifsin!l=0))
{

if ((string[0] !'=""")&&(string[0]!="\0"))
{ T.m dFreq. Add((atof ( strtok( string, seps ))));
T.m dG Add((atof ( strtok( NULL, seps ))));



T.m dG Add((atof ( strtok( NULL, seps ))));
}
ifsin.getline(string,1000,'\n"');
}
m dTDf =T. m dFreq[ 1] - T. m dFreq[ 0] ;
m dTDT=1/ (T. m dG Get Si ze() *m dTDf ) ;
m_bTPr opCoef f | ncl uded=TRUE;
}
if(string[O]!="*")
{ifsin.getline(string, 1000,'\n");}
} ile(ifsin!=0);
T. m dFreq. RenoveAl | ();
i fsin.close();
doubl e tenp;
fit(&T. mdVolts[O0],&T.mdStrain[0], T.mdStrain. GetSize(), 0,0, & enp, &m dTSI ope, 0, 0, 0, 0);

m bReadTransmi tt edBar =TRUE;
return TRUE;

voi d CBar Dat aDl g: : OnOK()
/] TODO. Add extra validation here
CDi al 0g: : OnCK() ;



/1 ChildFrmcpp : inplenentation of the CChildFrane class
I

#i ncl ude "stdaf x. h"

#i ncl ude " CSHB. h"

#i nclude "Chil dFrm h"

#i f def _DEBUG

#defi ne new DEBUG_NEW
#undef TH S FI LE

static char THIS FILE[] = _FILE _;

#endi f

TILTLTLIE i it it ririririiiiiils
[/ CChil dFrane

| MPLEMENT_DYNCREATE( CChi | dFr ane, CMDI Chi | dWhd)

BEG N_MESSAGE_MAP( CChi | dFrane, CNMDI Chi | dwad)
11T {{ AFX_MSG_MAP( CChi | dFr ane)
/1 NOTE - the CassWzard will add and renove mappi ng nacros here.
/1 DO NOT EDI T what you see in these bl ocks of generated code !
/1}}AFX_MSG_MVAP
END_MESSAGE_MAP()

TIOLLTEEL i rriririirirri
CChi | dFranme construction/ destruction

~

/
/
CChi | dFr ane: : CChi | dFr ame()

// TODO. add nenber initialization code here

}
CChi | dFr ane: : ~CChi | dFrane()
{
}
BOCOL CChi | dFrane: : PreCr eat eW ndow CREATESTRUCT& cs)
{
/1l TODO Modify the Wndow class or styles here by nodifying
/1 the CREATESTRUCT cs
i f( !CMD Chil dWad: : PreCreat eW ndow cs) )
return FALSE;
return TRUE;
}
LT bbb bbb bbb bbb rrrrnng
/1 CChil dFrame di agnostics
i fdef _DEBUG
oi d CChi | dFrane: : AssertValid() const

CMDI Chi | dWhd: : AssertValid();

oi d CChi | dFrane: : Dunp( CDunpCont ext & dc) const

~< <

CMDI Chi | dWAd: : Dunp(dc) ;

#endi f //_DEBUG

[EEEEEEEEErrr g
il

I /
/1 CChil dFrame nmessage handl ers



/1l ConvertUtilityDig.cpp : inplenentation file
I

#i ncl ude "stdafx. h"

#i ncl ude "cshb. h"

#i ncl ude "ConvertUilityD g.h"
#i ncl ude "AnplitudePropD g. h"
#i ncl ude "math. h"

#i nclude "fstream h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef THI S_FI LE

static char THHS FILE[] = _ FILE
#endi f

/1

11111
yD g

~—

[ rrrrrrrrd
/ it

[HOTEEEEE i rr i rririrrirg
CConvert Utili i

/
di al og

CConvertUtilityDl g::CConvertUilityD g(Cwd* pParent /*=NULL*/)
CDi al og(CConvertUtilityDi g::1DD, pParent)
{

~

I {{ AFX_DATA_ I NI T(CConvert UtilityDi g)
1 bAmpl it udeShi ft = FALSE;
1 bl ncl udeHeader = FALSE;
1 szl nput Fi | e = _T("M)
1szQutFile = _T("");
/T}}AFX_DATA INIT
1 bAnpl it udeShi ft =TRUE;
1 bl ncl udeHeader =TRUE;

voi d CConvert UtilityD g:: DoDat aExchange( CDat aExchange* pDX)
{

CDi al og: : DoDat aExchange( pDX) ;

[ {{ AFX_DATA MAP(CConvertUtilityD g)
DDX_Check(pDX, |1 DC_AMPLTI TUDE, m bAnplitudeShift);
DDX_Check(pDX, |DC | NCHEADER, m bl ncl udeHeader);
DDX Text (pDX, 1 DC_I NPUTFILE, mszlnputFile);
DDX_Text (pDX, | DC_OUTPUTFILE, mszQutFile);

/1}} AFX_DATA NAP

BEG N_MESSAGE_MAP(CConvert UilityD g, CDial og)
[ T{{ AFX_MSG_MAP( CConvertUtilityD g)
ON_COWMMAND( 1D _UTI LI TI ES_FI LECO\NERSI ON, OnUtilitiesFileconversion)
ON_BN_CLI CKED(| DC_| NPUTBROWSE, Onl nput br owse)
ON_BN_CLI CKED( | DC_OUPUTBROWSE, OnQuput br owse)
ON BN _CLI CKED( | DCONVERT, OnConvert)
/1}} AFX_MSG_NVAP
END_MESSAGE_MAP()

NN NN NNy
/1 CConvertUtilityD g nessage handl ers

void CConvertUtilityD g::OnUtilitiesFileconversion()
// TODO. Add your command handl er code here

}
voi d CConvertUilityD g:: Onlnputbrowse()
{

/1l Calls the dialog box to select files
bool stopflag = fal se;
OPENFI LENAME OpenFi | eNarre;
TCHAR szFi |l e[ 256000] = "\ 0"; /Il File list
static char szFilter[] ="WT Files (*.wft)\0*. wft\0"
"All Files (*.*)\0*.*\0\0";

QpenFi | eName. | Struct Si ze = si zeof (OPENFI LENAME) ;
OpenFi | eNane. hwndOmner = NULL;

OpenFi | eNane. hl nst ance = NULL;

OpenFil eName. I pstrFilter = szFilter;



QpenFi | eNane. | pstrCustonFilter = NULL;
OpenFi | eNanme. nMaxCust Filter = 0;
QpenFi | eNane. nFilterl ndex = 0;

QpenFil eNane. | pstrFile = szFile;

OpenFi | eName. nMaxFil e = sizeof (szFil e);

OpenFil eNane. | pstrFileTitle = NULL;

OpenFi | eNane. nMaxFi l eTitle = 0;

OpenFi | eNane. | pstrinitial D| r = NULL; //dat al. m szFi |l enane;
QpenFil eName. I pstrTitle = "I nport Data"

OpenFi | eNane. nFil eOf fset = 0;

OpenFi | eNane. nFi | eExt ensi on = 0;

OpenFi | eNane. | pstrDef Ext = "";

OpenFi | eNane. | pf nHook = NULL;

OpenFi | eNane. | pTenpl at eNane = NULL;

OpenFi | eNane. Fl ags = OFN_EXPLORER | OFN_FI LEMUSTEXI ST;

/1 Open dial og box

Cet OpenFi | eNane( &penFi | eNan®e) ;

/1 Assign the value of szFile to mFileList

mszlnputFile = szFil e;

/1l Update the information in the textbox to show the current files sel ected
CDi al og: : Updat eDat a( FALSE) ;

m_bReadl nput =TRUE;

}
voi d CConvertUtilityD g:: OnQuput browse()

/1 Calls the dialog box to select files

bool stopflag = fal se;

OPENFI LENAME SaveFi | eNane;

TCHAR szFi |l e[ 256000] = "\ 0"; /Il File list

static char szFilter[] = "AD Files (*.ad)\O0*.ad\Q"
"Text Files (*.txt)\0*.txt\0O"
"All Files (*.*)\0*.*\0\0";

char seps[] ="

LPTSTR string = new TCHAR[ m szl nput Fi | e. Get Lengt h() +1] ;
_tcscpy(string, mszlnputFile);

string=strtok( string, seps );
strcat(string,".ad");

LPTSTR szName = string;

SaveFi | eName. | Struct Si ze = si zeof (OPENFI LENAME) ;
SaveFi | eNane. hwvhdOamner = NULL;

SaveFi | eNare. hl nstance = NULL;

SaveFil eNane. | pstrFilter = szFilter;

SaveFi | eNane. | pstrCustonFilter = NULL;

SaveFi | eNane. nMaxCustFilter = O;

SaveFi | eNarme. nFilterlndex = 0;

SaveFi |l eNane. | pstrFile = szNane;

SaveFi | eName. nMaxFi |l e = sizeof (szFile);

SaveFil eNane. | pstrFileTitle = NULL;

SaveFi | eNanme. nMaxFil eTitle = 0;

SaveFi | eNane. | pstrinitial D| r =NULL;

SaveFil eName. I pstrTitle = "Export Data to File";
SaveFi | eNanme. nFi |l eOf fset = 0;

SaveFi | eName. nFi | eExt ensi on = 0;

SaveFi | eNane. | pstrDef Ext = ""

SaveFi | eNane. | pf nHook = NULL;

SaveFi | eNane. | pTenpl at eName = NULL;

SaveFi | eNane. Fl ags = OFN_EXPLORER | OFN_HI DEREADONLY| OFN_OVERWRI TEPROWPT;

/1 Open dial og box
Get SaveFi | eNanme( &SaveFi | eNane) ;
m szCQut Fi | e=szNan®;
CDi al og: : Updat eDat a( FALSE) ;



m_bReadQut put =TRUE;

}
voi d CConvert UtilityD g:: OnConvert ()
{
CString strMessage;
CAnpl i t udePropDl g dl g;
Updat eDat a() ;
//check to see if name was typed in
i f(m bReadl nput ==FALSE)
{ if(mszlnputFile!l="")
{m_bReadI nput =TRUE; } }
i f (m bReadQut put ==FALSE)
{ if(mszQutFile!="")
{m_bReadQut put =TRUE; } }
i f((m_bReadl nput) &&( m bReadCut put))
{
i f (m_bAnplitudeShift)
i f (dl g. DoModal () ==l DOK)
{
m_nZer oPoi nt s=dl g. m nPoi nt s;
Begi nWai t Cursor ();
Convert();
EndWai t Cur sor () ;
lel se
{
Begi nWai t Cursor () ;
Convert();
EndWai t Cur sor () ;
}
tel sef
strMessage="Both input and output files required";
MessageBox(strMessage, "Error", MB_| CONERROR) ;
}
}

BOOL CConvertUtilityDl g:: Convert ()

struct file_infof
i nt Header_size, Fil e_si ze, year, nont h, day;
int tinme,data count, Vertical zero;
doubl e Vertical _norm User_vertical _norm User_vertical _zero;
doubl e User horizontal zero, User _horizontal norm
CString Title,User_vertical | abel,User_horizontal | abel;
CString User_notes, Audit,Nicolet Digitizer_Type;
i nt Bytes_per_data_point, Resol ution, Process_fl ag, Dat a_conpr essi on;
i nt Nunber _of _Segnents, Lengt h_of _Segment s, Nunber _ti nebases, Lengt h_Zonel;
doubl e Horz_norm Zonel, Horz_zer o_Zonel;
i nt Ti ne_Domai n;
Hile;

char string[1750];

int i=0;

char hi ghbyte[1], | owbyte[1];
CArray <doubl e, doubl e> xpoi nt;
CArray <doubl e, doubl e> ypoi nt;
CString strMessage;

i nt nunber;

i nt hour =0, m nut e=0, second=0;
doubl e dzer 0=0;

i fstreambinary(mszlnputFile,ios::nocreate | ios::binary);



if (!binary)

strMessage="Coul d Not Open Input File";
MessageBox(strMessage, "Error", MB_| CONERROR) ;
return O;

}
bi nary. getline(string,1750,'\n");

| e. Ti me_Dorai n=at oi (GetFi el d(string,4,2));
il e. Header _size=atoi (GetField(string,8,12));
ile.File_size=atoi(CGetField(string, 20, 12));

.year=atoi (GetField(string, 125,3));

.nmont h=at oi (GetFi el d(string, 128, 3));

.day=atoi (Get Field(string, 131, 3));

.tinme=atoi (GetField(string,134,12));//divide by 1e3 to get into seconds

file.data_count=atoi (CGetField(string, 146, 12));

file.Vertical zero=atoi (GetField(string, 158, 12));
file.Vertical _normeat of (Get Fi el d(string, 170, 24));
file.User_vertical zero=atof (GetField(string, 194, 24));
file.User_vertical _nornratof (CGetField(string, 218, 24));
file.User_vertical _| abel =Get Fi el d(string, 242, 11);

file.Horz_zero Zonel=at of (GetFi el d(string, 1060, 24));
file.Horz_norm Zonel=at of (Get Fi el d(string, 1036, 24));
file.User _horizontal zero=atof (GetField(string, 253, 24));
file.User_horizontal _normratof (GetField(string, 277,24));
file.User_horizontal | abel =GetFi el d(string, 301, 11);

file. Title=GetField(string,44,81);
. User_notes=GetField(string, 312,129);

file
file. Audit=GetFiel d(string, 441, 196);
file.Nicolet_Digitizer_Type= GEtFleId(string,637,21);

file.Bytes_per_data_point=atoi (GetField(string, 658,3));
file.Resolution=atoi(CetField(string, 661, 3));
file.Process_flag=atoi (CGetField(string, 826, 3));
file.Data_conpression=atoi (GetField(string, 829, 3));
file.Nunber_of Segnent s=atoi (Get Fi el d(string, 832,12));
file.Length_of_Segnents=atoi (GetField(string, 844,12));
file.Nunber tinebases=atoi (GetField(string, 856, 12))
file.Length_Zonel=atoi (GetField(string, 1024, 12))

if(file. Tine_Domain!=1)
{

strMessage="Can Only Convert Tine Domain Data"
MessageBox(strMessage, "Error", MB_| CONERROR) ;

return O;

if(file.Data_conpression!=0)

strMessage="Data Has Been Conpressed"
MessageBox(str Message, "Warni ng", MB_I CONEXCLAMATI ON ) ;

return O;
}
i f(file.Nunber_of _Segnents!=1)
{
striMessage="WII|l Only Convert Segnment 1";
MessageBox(str Message, "Warni ng", MB_| CONEXCLAMATI ON ) ;
Yoo
if(file.Process_flag!=0)
{

str Message="War ni ng: Dat a Has Been Processed on Oscilliscope"
MessageBox(str Message, "Warni ng", MB_| CONEXCLAMATI ON ) ;



}

bi nary. seekg(fil e. Header _si ze);

bi nary. read(l owbyte, 1);
bi nary. read(hi ghbyte, 1)
i =0;
do{

nunber =0x00;

nunmber =( BYTE( hi ghbyt e[ 0] ) <<8) +BYTE(| owbyt e[ 0] ) ;
i f (nunber>=int(pow 2,15)))

nunber - =i nt (pow 2, 16) ) ;

}
xpoi nt. Add(((i*file.Horz_norm Zonel)+file.Horz_zero_Zonel)*file. User_horizontal _norm-
file.User_horizontal zero);

ypoi nt . Add( ((nunber-file. Vertical _zero)*file.Vertical _norm*file.User_vertical _normt
f|Ie User _vertical _zero);

bi nary. read(l owbyte, 1);

bi nary. read(hi ghbyte, 1);

i ++;

twhile (i<file.Length_Zonel);

bi nary. cl ose();

of streamoutfil e(mszQutFile,ios::out);
if (!binary)

{

strMessage="Coul d Not Open Qutput File";
MessageBox(strMessage, "Error", MB_| CONERROR) ;

return O;
}
i f (mDbAnplitudeShift)
{//pAnpl i tudeShift->Get Check()){
i f (m._nZer oPoi nt s! =0)
{ for (i=0;i<mnZeroPoints;i++)
dzero+=ypoint[i];
dzer o/ =m_nZer oPoi nt s
lel se
{ dzero0=0;}
lel se
{ dzer 0=0;
}

i f (m.blncl udeHeader ==TRUE) {

hour=int(file.tine/3600e3);
m nut e= |nt((f|Ie time- hour*3600e3)/60e3);

second= |nt(( ile.tinme-hour*3600e3- n1nute*60e3)/1e3);
outfile<<"\"File:\t" <<n1sz|nputF|Ie<<end
outfile<<"\"Date:\t"

outfile. fill('0");
outfile.width(2);

outfile<<file.year<<"/";
outfile. fill('0");
outfile.wdth(2);

outfil e<<fil e. nont h<<"
outfile. fill("
outfile.width(2);

",
0');

outfile <<file.day<<"\t";
outfile. fill('0");
outfile.w dth( ),



outfil e<<hour<<":";
outfile . fill('0");
outfile.wdth(2);

outfil e<<m nute<<":";
outfile. fill('0");
outfile.wdth(2);

out fil e<<second<<end| ;

outfil e<<"

outfil e<<"\
outfile<<"\
outfil e<<"\
outfile<<"\
outfil e<<"\

for (i=0;i<file.

\"Nunmber of Data Points:\t"<<file.data_count<<endl;
"Vertical Label:\t"<<file.User vertical | abel <<endl;
"Horizontal Label:\t"<<file.User_horizontal _|abel <<endl;
"Channel Title:\t"<<file.User_notes<<endl;
"Data Shifted by:\t"<<dzero<<endl ;
"Time(s)\t"<<file.User_vertical _| abel <<endl ;

Lengt h_Zonel; i ++)

outfile<<xpoint[i]<<"\t"<<ypoint[i]-dzero<<endl;

outfile.close();

MessageBox (" Conver si on Conpl et ed", "Done");

return TRUE;
}

CString CConvertUtil
{

CStr
i nt

ng conbi ne;

i ng
i =0;

ityDlg::GetField(char *string, int offset, int size)

for (i=offset;i<(offset+size);i++)

conbi ne+=string[i];

}

return conbi ne;

}

voi d CConvertUilityD g::OnCancel ()

/1 TODO Add extra cl eanup here

CDi al og: : OnCancel ();



/1 CSHB.cpp : Defines the class behaviors for the application.
I

#i ncl ude "stdafx. h"
#i ncl ude " CSHB. h"

#i ncl ude "Mai nFrm h"
#i ncl ude "ChildFrm h"
#i ncl ude " CSHBDoc. h"
#i ncl ude " CSHBVi ew. h"

#i f def _DEBUG
#def i ne new DEBUG _NEW
#undef TH S_FILE

static char THHS FILE[] = _ FILE

#endi f
NN NN NN NNy
/] CCSHBApp

BEG N_MESSAGE_MAP( CCSHBApp, CW nApp)
11 {{ AFX_MSG_NMAP( CCSHBApp)
ON_COMVAND( TD_APP_ABOUT, OnAppAbout )
/1 NOTE - the CassWzard will add and renove mappi ng nacros here.
/1 DO NOT EDI T what you see in these bl ocks of generated code!
/1}}AFX_MSG_MAP
/1 Standard file based docunment comands
ON_COVMAND( | D_FI LE_NEW CW nApp: : OnFi | eNew)
ON_COWAND( | D_FI LE_OPEN, CW nApp: : OnFi | eOpen)
/1l Standard print setup conmmand
ON_COWAND( | D_FI LE_PRI NT_SETUP, CW nApp: : OnFi | ePri nt Set up)
END_MESSAGE MAP()

NN NN NN NNy
/1 CCSHBApp construction

CCSHBApp: : CCSHBAPP( )

// TODO add construction code here,
/1l Place all significant initialization in Initlnstance

[EEEEEEEErrrr gy

}
/
/1 The one and only CCSHBApp obj ect

/
/
CCSHBApp t heApp;

NN NN NN NNy
/1 CCSHBApp initialization
BOOL CCSHBApp: : I nitl nstance()
{
Af xEnabl eCont r ol Cont ai ner () ;

/1 Standard initialization

/1 1f you are not using these features and wi sh to reduce the size
/1 of your final executable, you should renpbve fromthe follow ng
/1l the specific initialization routines you do not need.

#i f def _AFXDLL

Enabl e3dControl s(); /1 Call this when using MFC in a shared DLL
#el se

Enabl e3dControl sStatic(); /1 Call this when linking to MFC statically
#endi f

/1l Change the registry key under which our settings are stored.

/1l TODO. You should nodify this string to be something appropriate
/'l such as the name of your conpany or organi zation.

Set Regi stryKey(_T("Local AppW zard- Generated Applications"));

LoadStdProfil eSettings(); // Load standard INl file options (including MRU)

Regi ster the application's docunment tenplates. Docunent tenplates

11/
/!l serve as the connection between docunents, frane wi ndows and vi ews.

Cwul ti DocTenpl at e* pDocTenpl at e;



pDocTenpl ate = new CMul ti DocTenpl at e(
| DR_CSHBTYPE,
RUNTI ME_CLASS( CCSHBDoc) ,
RUNTI ME_CLASS( CChi | dFrane), // custom MDI child frane
RUNTI ME_CLASS( CCSHBVi ew) ) ;
AddDocTenpl at e( pDocTenpl at e) ;

// create nmain MDI Frane w ndow

CMai nFr ane* pMi nFranme = new CMai nFr ane;

i f (!pMainFrane->LoadFrane(| DR_MAI NFRAME) )
return FALSE;

m_pMai nWhd = pMai nFr ane;

/'l Parse conmand |line for standard shell conmands, DDE, file open
CConmandLi nel nf o cndl nf o;
Par seConmandLi ne( cndl nf o) ;

/1l Dispatch conmands specified on the command |ine
i f (!ProcessShel | Command(cndl nfo))
return FALSE;

/1 The main wi ndow has been initialized, so show and update it.
pMai nFr ame- >ShowW ndow( m_ nCrdShow) ;
pMai nFr ame- >Updat eW ndow( ) ;

return TRUE;

NN NN NN NNy
/1 CAboutDl g dial og used for App About
class CAboutDi g : public CDialog

{
public:
CAbout DI g() ;

/1 Dialog Data
/1 { { AFX_DATA( CAbout DI g)
enum { 1 DD = | DD_ABOUTBOX };
/1}} AFX_DATA

/1l O assWzard generated virtual function overrides

/1 {{ AFX_VI RTUAL( CAbout DI g)

pr ot ect ed:

virtual void DoDat aExchange( CDat aExchange* pDX); /| DDX/ DDV support
/1}}AFX_VI RTUAL

/1 1nplenmentation
pr ot ect ed:
/1 {{ AFX_MSG CAbout DI g)
/1 No message handl ers
/1}} AFX_MSG
DECLARE_MESSAGE_MAP()

i
CAbout Dl g: : CAbout Dl g() : CDi al og( CAbout DI g: : | DD)
{

/1 {{ AFX_DATA_I NI T( CAbout DI g)
/1}}AFX_DATA INI T

voi d CAbout DI g: : DoDat aExchange( CDat aExchange* pDX)
{

CDi al og: : DoDat aExchange( pDX) ;
/1 {{ AFX_DATA NMAP( CAbout DI g)
/1}} AFX_DATA_MAP

BEG N_MESSAGE_MAP( CAbout DI g, CDi al og)
[T {{ AFX_MSG_MAP( CAbout DI g)
/1 No message handl ers
/1}} AFX_MSG MAP
END_MESSAGE_MAP()

/'l App command to run the dial og



voi d CCSHBApp: : OnAppAbout ()

{
CAbout Dl g about Dl g;
about DI g. DoModal () ;
}
FOEEEEEEEEE i
/'l CCSHBApp message handl ers



/1 CSHBDoc.cpp : inplenentation of the CCSHBDoc cl ass
I

#i
#i
#i

I
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude

i ncl ude

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

#def i ne
#def i ne

"st daf x. h"
" CSHB. h"
"Dat a. h" //1 added

"reci pes. cpp”

" CSHBDoc. h"

<i ostream h>

<fstream h>

<mat h. h>

<string. h>

<stdi o. h>

"Bar Dat aDl g. h"

" Sanpl ebat aDl g. h"

"Export DataDl g. h"

"Anal yseDl g. h"

" Separ at eVal uesDl g. h"

"I ndexDl g. h"

"PropCoeffD g. h"
"FFTUtilityDl g. h"

"I nputFileD g.h"
"ConvertUtilityD g.h"
"Propagat eWaveltilityDl g. h"
<af xdi sp. h> /1 for CO eDateTinme

Pl 3. 14159265359
e 2.718281828459045

#define SWAP(a, b) tenpr=(a); (a)=(b); (b)=tenpr;

#i f def

_DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE ;
#endi f

~—

/
/

[EOEEEEEEEErr i r g

CCSHBDoc

| MPLEVENT DYNCREATE( CCSHBDoc, CDocument )

BEG N_MESSAGE MAP( CCSHBDoc, CDocunent)
11 {{ AFX_MSG_MAP( CCSHBDoc)

CCSHBDoc:

}

CCSHBDoc:

ON_COWAND( | D_FI LE_READ | NCI DENT, OnFi |l eReadl nci dent)
ON_COMVAND( | D_FI LE_READ TRANSM TTED, OnFi | eReadTr ansni t t ed)
ON_COWMMAND( | D_BAR PROPERTI ES, OnBar Properti es)

ON_COMVAND( | D_SAMPLE_PROPERTI ES, OnSanpl eProperti es)

ON_COMVAND( | D_EXPORT, OnExport)

ON_COMVAND( | D_ANALYSE CALCULATERESULTS, OnAnal yseCal cul ateresul ts)
ON_COMVAND( | D_UTI LI TIES FFT, OnUtilitiesFft)

ON_COMVAND( | D_UTI LI TI ES_FI LECONVERSI ON, OnUtiliti esFil econversion)

ON_COMVAND( | D_TEMP_SHI T, OnTenpShi t)

CALCIWWANEKID_FILE_NEWSANPLE OnFi | eNewsanpl e)
ON_COWAND( | D PRE_SEPERATEWAVE, OnSeper at ewave)

ON_UPDATE_COWMVAND Ul (1 D_ANALYSE_CALCULATERESULTS, OnUpdat eCal cul at eResul t's)
ON_COMMAND( | D_ANALYSE_PROPCALC,  OnAnal ysePropagati onCal cul ati on)

ON_UPDATE_COMVAND _UI (
ON_UPDATE_COMVAND_UI (
ON_COVMAND( | D_UTI LI TI
ON_UPDATE_COMVAND _UI (

I D_ANALYSE PROPCALC, OnUpdat eAnal ysePropcal c)

| D_PRE_SEPERATEWAVE, OnUpdat ePr eSeper at ewave)
ES_PRCPAGATEWAVE, OnUtilitiesPropagat ewave)

| D_UTI LI TI ES_PROPAGATEWAVE, OnUpdateUtiliti esPropagat ewave)

1T} AFX_MBG _MAP
END_MESSAGE_MAP()

THOLLEEEL i r i rr i riiririrlrg
/] CCSHBDoc construction/destruction

: CCSHBDoc ()

// TODO. add one-tine construction code here

: ~CCSHBDoc ()



{
}

BOOL CCSHBDoc: : OnNewDocunent ()
InitializeValues();

i f (!CDocunent:: OnNewDocunent ())
return FALSE;

TODO. add reinitialization code here

I
/1 (SDI documents will reuse this docunent)

return TRUE;

THOLLTEELEE i r il
/] CCSHBDoc serialization

voi d CCSHBDoc: : Seri al i ze( CArchi ve& ar)
if (ar.lsStoring())
/1 TODO add storing code here

}
el se
/1 TODO add | oading code here
}
}
NN NN NN NNy
/'l CCSHBDoc di agnostics
#i f def _DEBUG
voi d CCSHBDoc: : AssertValid() const
{
CDocunent : : Assert Val i d();
}

voi d CCSHBDoc: : Dunp( ChunpCont ext & dc) const

{
CDocunent : : Dunp(dc) ;

}
#endi f //_DEBUG

FEOEEEEEEErrr g

/1
// CCSHBDoc commands

voi d CCSHBDoc: : OnFi | eReadl nci dent ()
{

ClnputFileDl g dl g;
int i=0;

i f (dlg. DoMbdal () ==I DOK)

i f((flag. mDbProcessedResults)]|| (incidentbar.Velocity.mbCalculated)|]|(transmn ttedbar. Vel oc
ity. mbCal cul at ed))

{fl ag. m bRecal cul at e=TRUE; }

fl ag. m bSepar at edl nci dent =FALSE;

datal. m szFi | enane=dl g. m szFi | eNane;

datal. m szComent ="";

dat al. m dmaxy=- 100000000;

dat al. m dmi ny=1000000000;

fl ag. m bSepar at edl nci dent =FALSE;

datal. mdti me. RenoveAl | ();

datal. m dvol ts. RemoveAl | ();

dat al. m dDT=dl g. Dat a. m dDT;



for(i=0;i<dlg.Data. mdvolts. CetSize();i++)
{

datal. mdvolts. Add(dl g. Data. mdvol ts[i]);
if ((datal. mdvolts[i])>(datal. mdmaxy))
{datal. m dnaxy=dat al. m dvol ts[i];}

if ((datal.mdvolts[i]<datal. mdm ny))
{dat al. m dmi ny=dat al. m dvol ts[i];}

}
dlg Dat a. m dvol ts. RenoveAl | ();
i f((dl g. m bAnplitudeShi ft)&&(dl g. m nZer oPoi nt s>0))
{
for (i=0;i<dlg.mnZeroPoints;i++)
{datal. m dzero+=datal. mdvolts[i];}
dat al. m dzer o/ =dl g. m_nZer oPoi nt s;
lel se
dat al. m dzer 0=0;
}

fl ag. m bReadl nci dent =TRUE;
Updat eAl | Vi ews( NULL) ;
dat al. m dt Dat e=dl g. Dat a. m dt Dat e;

/1l Readl nci dent Dat a() ;

}
voi d CCSHBDoc: : OnFi | eReadTransmni tted()

ClnputFileD g dlg;
int i=0;

i f (dlg. DoMbdal () ==I DOK)

i f((flag. mbProcessedResults)]|| (incidentbar.Velocity.mbCalculated)|]|(transm ttedbar. Vel oc
ity. mbCal cul at ed))

{fl ag. m bRecal cul at e=TRUE; }

dat a2. m szFi | enane=dl g. m szFi | eNane;

data2. m szComment ="";

dat a2. m drmaxy=- 100000000;

dat a2. m dmi ny=1000000000;

fl ag. m bSepar at edTr ansmi tted= FALSE;

data2. mdti me. RenoveAl | ();

dat a2. m dvol t s. RenoveAl | ()

dat a2. m dDT=dl g. Dat a. m dDT;

for(i=0;i<dlg.Data. mdvolts. GetSize();i++)

{
data2. mdvolts. Add(dl g. Data. mdvol ts[i]);
if ((data2. mdvolts[i])>(data2. m dnaxy))
{dat a2. m dnaxy=dat a2. m dvol ts[i];}
if ((data2.mdvolts[i]<data2. mdm ny))
{dat a2. m dmi ny=dat a2. m dvol ts[i];}

I g. Data. m dvol ts. RenoveAl | ();
f((dl g. m bAnplitudeShift)&&(dl g. m nZeroPoi nt s>0))

FM—Q_W—‘

for (i=0;i<dlg.mnZeroPoints;i++)
{data2. m dzero+=data2. mdvolts[i];}
dat a2. m dt Dat e=dl g. Dat a. m dt Dat e;
dat a2. m dzer o/ =dl g. m_nZer oPoi nt s;

el se

—

dat a2. m dzer 0=0;

| ag. m bReadTr ansmi tt ed=TRUE;
| ag. m bSepar at edTr ansmi t t ed=FALSE;
pdat eAl | Vi ews( NULL) ;

C T



}
BOOL CCSHBDoc: : Vol ts_to_Strain(double in[],double out[], int n, double slope, double *max,
*m n)

int i=0;

*max=- 1e20;

*m n=1e20;

for (i=0;i<n;i++)

{ out[i]=(in[i]*slope);
if (out[i]>*max)
{*max=out[i];}
if (out[i]<*mn)

{*m n=out[i];}

}
return TRUE;

voi d CCSHBDoc: : Cal cul at eStrai nRat e()

doubl e dv_real =0, dv_i mag=0, strai n_rate_real =0, strai n_rate_i nag=0
int i=0, N=0;
sanpl e. m_ dengstrai nrate. RenoveAl | ();

i f ((m.nFourierAnal ysi s==0) &&(transm ttedbar. Vel ocity. m bCal cul at ed) &&
(i ncidentbar. Vel ocity. m bCal cul at ed))

{ /1 Di spersion |ncluded
for (i=0;i<incidentbar.mdVelocity. CetSize();i+=2)

sanpl e. m dengstrai nrate. Add(i nci dentbar. m dVel ocity[i]-
transnittedbar. mdVelocity[i]);

sanpl e. m dengstrai nrat e. Add(i nci dent bar. m dVel ocity[i +1] -
transmttedbar. mdVel ocity[i +1]);

//change to tine donain

Real ft (&sanpl e. m dengstrainrate[ 0] -1, sanpl e. m_ dengstrai nrate. GetSi ze(),
&sanpl e. m bCal cul at edSt rai nRat e) ;

for (i=0;i<sanple.mdengstrainrate. GetSize();i++)

{
sanpl e. m_dengstrai nrate[i]=sanpl e. m dengstrainrate[i]/sanple. mdLo;
}el sef
for (i=0;i<reflected. mdstrain.CGetSize();i++)
{

strain_rate_real =(-2*inci dentbar. mdCo)/ (sanple. mdLo)*refl ected. mdstrain[i];
sanpl e. m_ dengstrai nrate. Add(strain_rate_real);

}

//find maxi mrum and mnimum strain rate

sanpl e. m dmax_strai nrat e=-1e20

sanpl e. m dm n_strainrate=1e20

for (i=0;i<sanple.mdengstrainrate.GetSize();i++)

{ if (sanple.mdengstrainrate[i]>sanple. mdmax_strainrate)
{sanpl e. m dnax_strai nrat e=sanpl e. m dengstrainrate[i];}

if (sanple.mdengstrainrate[i]<sanple.mdm n_strainrate)

{sanpl e. m dm n_strainrate=sanpl e.mdengstrainrate[i];}

}
sanpl e. m bCal cul at edSt r ai nRat e=TRUE

voi d CCSHBDoc: : Cal cul ateStrain()

{

doubl e strain=0,integral =0

int i=0;

sanpl e. m dengstrai n. RenoveAl | ();

sanmpl e. m dmax_st rai n=- 100000000000000;
sanpl e. m_dm n_strai n=100000000000;

i f (m.nFouri erAnal ysi s==0) /1 Di spersion |ncluded

doubl e



{ /lintegrate strain rate to find strain
sanpl e. m dengstrai n. Add(0) ;
for (i=1;i<sanple.mdengstrainrate. GetSize();i++)

i ntegral +=(datal. m dDT) * //trapeziodal integration
(sanpl e. m dengstrai nrate[i] +sanpl e. m dengstrainrate[i-1])/2;
st rai n=i nt egral
sanpl e. m dengstrai n. Add(strain);
if (strain>sanple. mdmax_strain)
{sanpl e. m dnax_strai n=strain;}
if (strain<sanple.mdmn_strain)
{sanpl e.mdm n_strai n=strain;}

}el se{
sanpl e. m dengstrain. Add(0) ;
/lintegrate reflected strain to find strain
for (i=1;i<reflected. mdstrain.GetSize();i++)
{
i nt egral +=(datal. m dDT) * //trapeziodal integration
(reflected. mdstrain[i]+reflected. mdstrain[i-1])/2;

strai n=-(2*i nci dent bar. m dCo/ sanpl e. m dLo) *i nt egr al
sanpl e. m dengstrain. Add(strain);
if (strain>sanple. mdmax_strain)
{sanpl e. m dnmax_strai n=strain;}
if (strain<sanple.mdmn n_strain)
{sanpl e. m dm n_strai n=strain;}

}
sanpl e. m bCal cul at edSt r ai n=TRUE

}
voi d CCSHBDoc: : Cal cul ateStress()
{

doubl e stress_real =0, stress_i mag=0, dFor ce_r eal =0, dFor ce_i mag=0;
int i=0, N=0;

sanpl e. m_ dengstress. RenmoveAl | ();

i f ((m.nFouri erAnal ysi s==0) &(i nci dent bar. For ce. m_bCal cul at ed)
&&(transm ttedbar. Force. m bCal cul at ed))

{ /1 Di spersion |ncluded
for (i=0;i<incidentbar.mdForce. CGetSize();i+=2)

{

sanpl e. m dengstress. Add(transni ttedbar. m dForce[i]);
sanpl e. m dengstress. Add(transm ttedbar. m dForce[i +1]);

//change to tine domain.
Real ft (&sanpl e. m dengstress[ 0] - 1, sanpl e. m dengst ress. Get Si ze()
, &anpl e. m bCal cul at edStress);

for (i=0;i<incidentbar.mdForce. GetSize();i++)
{ sanpl e.mdengstress[i]=sanpl e. mdengstress[i]/(sanple. mdArea);

}el sef
for (i=0;i<(transmitted. mdstrain.GetSize());i++)//transmitted. mnend-transm tted. mnbegin
)i ++)
stress_real =i nci dent bar. m dE* (i nci dent bar. m dArea/ sanpl e. m dArea)*transnitted. mdstra
nfil;
sanpl e. m dengstress. Add(stress_real);
}

//find max and mn stress
sanpl e. m dmax_stress=-1e20
sanpl e. m_dm n_stress=1e20



}

voi d CCSHBDoc: :

{

for

{

(i

i f (sanple.mdengstress[i]>sanple. mdnmax_stress)
{sanpl e. m dmax_stress=sanpl e. m dengstress[i];
i f (sanple.mdengstress[i]<sanple.mdm n_stress)

=0; i <sanpl e. m dengstress. Get Si ze();

i ++)

}

{sanpl e. m dm n_stress=sanpl e. m dengstress[i];}

}
sanpl e. m bCal cul at edSt r ess=TRUE;

CBar Dat aDl g dl g;
i =0;
//gets current val ues

m _dl Modul us=i nci dent bar. m_

i nt

dl g.
dl g.
dl g.
dl g.
dl g.
dl g.
dl g.

dl g.
dl g.
dl g.
dl g.

dl g.
dl g.
dl g.
dl g.

dl g.
dl g.
dl g.

i{f (dl g. DoMbdal () ==

m_dl Di anet er =i nci dent bar.

OnBar Properties()

m _dl Lengt h=i nci dent bar. m d

m_
m_
m_
m_
m_

m szl Name=i nci dent bar .
m bl PropCoeff | ncl uded=i nci dent bar m_bPr opCoef f | ncl uded;

dl Di st ance=i nci dent bar.

| PRat i o=i nci dentbar. md

1d
dl Densi ty=i nci dent bar. m_
1 dl Sl ope=i nci dent bar .

szl Fi | ename=i nci dent bar .

msz

m dl Fi | t er =i nci dent bar. m d

m dTModul us=transmi tt edbar.
m dTDi anet er=transni tt edbar.

m dTLengt h=transni tt edbar.

m dTDi st ance=transni tt edbar.

m dTPRati o=t ransni tt edbar.
m dTDensi ty=transmi tt edbar.

m dTS| ope=transmi ttedbar.

.m szTFi | enane=transnittedbar.
.m szTNanme=transmi tt edbar.
. m bTPr opCoef f I ncl uded=t r ansmi tt edbar. m 1 bPropCoef f | ncl uded;
.mdTFilter=transmttedbar.

| DOK)

/'l Retrieve Dialog Data
i f(dl g. m bReadl nci dent Bar) {
flag. m bReadl nci dent Bar =TRUE;

}

Qs

nci dent bar.
nci dent bar .
nci dent bar.
nci dent bar.
nci dent bar .
nci dent bar .
nci dent bar .

nci dent bar.
nci dent bar.

nci dent bar.
nci dent bar.
nci dent bar .
nci dent bar.
nci dent bar.
nci dent bar.

nci dent bar .

i f (incidentbar.
for (i=0;i<dlg.l.
i nci dent bar .

lg.l.

m dE=dl g. m dl Modul us;
m dD=dl g. m dI Di anet er;

dE;

m dD;
L;
m dDi st ance;

Prati o;
dDensity;

m_dSl ope;

m szFi | enane;

nane;
Filter;
m dE;

m dD;
m dL;

m dDi st ance;
m dPrati o;

m dDensity;

m_dSl ope;

mdFilter;

m dL=dl g. m dl Lengt h;

m_dDi st ance=dl g. m dI Di st ance;

m szFi | enane;
m_sznane;

m dPr ati o=dl g. m dI PRat i o;

m dDensity=dl g. m dl Density;
m dCo=sqrt (i nci dent bar. m dE/ i nci dent bar .
m_dAr ea=pow(i nci dent bar. m dD, 2) *PI / 4;

m dSl ope=dl g. m dI Sl ope;

m szFi | ename=dl g. m szl Fi | enane;

m sznane=d
m _bPr opCoe
m dDf =dl g.
m dDT=dl g.
mdFilter=

m dG Renpv
m bPro

m dG Add(

| g. m szl Nane;

ol

ffln
m dlI
m dI
dl g.
eAl ();
pCoef f

In
de Cet Si

dg.l.md

m dG RenmoveAl | ();

i f(dl g.mbReadTransm ttedBar){

fl ag. m bReadTr ansni t t edBar =TRUE;

diFilter;

m dDensi ty);

I uded di g. m bl PropCoef f I ncl uded;



transm ttedbar. m dE=dl g. m dTMbdul us;

transnittedbar. m dD=dl g. m dTDi anet er;

transm ttedbar. m dL=dl g. m dTLengt h;

transnittedbar. m dbDi st ance=dl g. m dTDi st ance;

transm ttedbar. m dPrati o=dl g. m dTPRati o;

transnittedbar. m dDensity=dl g. m dTDensi ty;

transmittedbar. m dCo=sqrt(transm ttedbar. m dE/ transnittedbar. m dDensity);
transnittedbar. m dArea=pow(transnittedbar. mdD, 2) *Pl/ 4;

transmittedbar. m dSl ope=dl g. m dTSl ope;

transnittedbar. mszFil ename=dl g. m szTFi | enane;

transmittedbar. m szname=dl g. m szTNare;

transmi tt edbar. m bPropCoef f | ncl uded= di g. m bTPr opCoef f | ncl uded,;
transmittedbar. m dDf =dl g. m dTDf ;

transm ttedbar. m dDT=dl g. m_ dTDT

transnittedbar. mdFilter=dlg. m_dTFi lter;

1 L();
if (transm ttedbar. m bPropCoeff | uded)
t

I nc
{ for (i=0;i<dlg.T.mdG GetSize();i++)
{transnmittedbar. m dG Add(dlg. T. mddi]);}

transm ttedbar. m dG RenoveAl

}
dl g. T. m_ dG RenoveAl | ();

//set filter frequency to | owest applicable filter

i f((flag. mbProcessedResults)]|| (incidentbar.Velocity.mbCalculated)|]|(transmn ttedbar. Vel oc
ity. mbCal cul at ed))
{fl ag. m bRecal cul at e=TRUE; }
}

}

voi d CCSHBDoc: : OnSanpl ePr operti es()
{
CSanpl ebat aDl g dl g;
/1 get current val ues
//dl g. m dat e=sanpl e. m nyDat €;
dl g. m dDf =sanpl e. m dDf *1000;
dl g. m dDo=sanpl e. m_dDo* 1000:;
dl g. m dLf =sanpl e. m_dLf *1000:;
dl g. m dLo=sanpl e. m dLo* 1000;

dl g. m dPressur e=sanpl e. m dPressure;

dl g. m dVel oci t y=sanpl e. m dVel oci ty;

dl g. m dStri ker Lengt h=sanpl e. m dStri ker Lengt h;

dl g. m dt | Dat e=dat al. m dt Dat e

dl g. m dt TDat e=dat a2. m _dt Dat e;

dl g. m szNane=sanpl e. m szNane;

if ((flag. mbReadl nci dent)&&( I fl ag. m bReadSanpl eDat a) )

{dl g. m dt Dat e=dat al. m dt Dat e; }

el se i f((flag. m bReadTransmi tted) &&( ! fl ag. m bReadSanpl eDat a))
{dl g. m dt Dat e=dat a2. m dt Dat e; }

el se i f(fl ag. m bReadSanpl eDat a)

{dl g. m dt Dat e=sanpl e. m dt Dat e; }

el se /1 no valid date so choose current
{ dl g. m dt Dat e= CO eDat eTi nme: : Get Current Ti me() ;

}

i{f (dl g. DoMbdal () ==I DOK)

/!l Retrieve Dialog Data
sanpl e. m dt Dat e=dl g. m dt Dat e;
sanpl e. m_dDf =d| g. m dDf / 1000;
sanpl e. m_ dLf =dl g. m_dLf/ 1000;
sanpl e. m dDo=d| g. m dDo/ 1000;
sanpl e. m dLo=dl g. m_dLo/ 1000;

sanpl e. m szNane=dl g. m_szNarre

sanpl e. m dt Dat e=dl g. m dt Dat e;

sanpl e. m_dAr ea=pow( sanpl e. m_ dDo 2)*Pl/ 4;
sanpl e. m dStri ker Lengt h=dl g. m_ dstri ker Lengt h;
sanpl e. m dVel oci t y=di g. m dVel oci ty;

sanpl e. m_ dPressure=dl g. m dPressure;



if ((fabs(sanple.m dDo)>5e-7)&&(fabs(sanple. mdLo)>5e-7))

{
fl ag. m bReadSanpl eDat a=TRUE;
lel se
{ Af xMessageBox("Do and Lo Miust be Greater Than 5e-7.\n Sanple Data Not Valid.", MB_| CONE
RROR) ;
fl ag. m bReadSanpl eDat a=FALSE; }

i f((flag. mbProcessedResults)]|| (incidentbar.Velocity.mbCalculated)|]|(transm ttedbar. Vel oc
ity. mbCal cul at ed))
{fl ag. m bRecal cul at e=TRUE; }

}
Updat eAl | Vi ews( NULL) ;

voi d CCSHBDoc: : FFT(doubl e data[], unsigned long nn, int isign)
{

// This alogrithmis taken from Nunerical Recipes in C 2nd Edition pg507

/1isign=1 replaces data by discrete Fourier Transformor if isign=-1 inverse of Fourier transf
orm

//data is a real array of length 2*nn

//'nn must be an integer power of 2 Check for before entering

unsigned long n, a,mMmuax, mj,istep,i;

doubl e wt enp, wr, wpr, wpi , wi , t het a;

doubl e tenpr,tenpi;

n=nn<<1;

=1

for (i=1;i<n;i+=2){ //does bit reversal
if (j>i){

SWAP(data[j],data[i]);
SWAP(data[] +1], data[ 1 +1]);

mEn>>1;
while (mp=2&& >m {
J-=m

}

nmex=2;
whil e (n>mmax) { /louter Loop executed log(2)nn tines
i st ep=mmax<<1;
t het a=i si gn*(2*PI / mmax) ; /llnitialize trigononmetric recurrence
wt enp=si n(0. 5*t het a) ;
wpr =- 2. 0*wt enp*wt enp;
wpi =si n(theta);
w =1. 0;
wi =0. 0;

for (nmeEL; mkmax; mk=2) {
for(i=mi<=n;i+=istep){

j =i +mrax;
tenpr=w*data[j]-w *data[] +1];
tenmpi =w *dat a[ j +1] +wi *data[j];
data[j]=data[i]-tenpr;
data[j +1] =dat a[i +1] -t enpi ;
data[i] +=t enpr;
dat a[i +1] +=t enpi ;

W =(Wt enp=wr ) *wpr - Wi *wpi +wr ;
Wi =W *wpr +wt enprwpi +wi

nmex=i st ep;

i}f (isign==-1){
for (a=1;a<=n;a+t+)



{dat a[ a] =dat a[ a] / nn; }

voi d CCSHBDoc: : OnExport ()
{

Export();

voi d CCSHBDoc: : Real ft (doubl e data[], unsigned |ong n, BOOL *Ti ne)

/I FFT for real data. Taken from Numerical Recipes in C 2nd edition pg 513
/!l a nore efficient way of transfornmng data when it is rea
/lmultiply by 2/n for inverse tranform ?

unsigned long a,i,il,i2,i3,i4,np3;
doubl e ¢1=0. 5, ¢c2, hlr, hli, h2r, h2i
doubl e wr, wi, wpr, wpi , wt enp, t het a;

int isign;
if (!'*Tine)({
i sign=-1;

for (a=2; a<=n; a+=2)
{data[a] =-data[a];}

*Ti me=TRUE;
lel se
i
i sign=1;
*Ti me=FALSE;
}
t het a=PI / (doubl e) (n>>1);
if (isign==1){
c2=-0.5;
FFT(data, n>>1,1);
}el se{
c2=0.5;
t het a=-t het a;
}

wt enp=si n( 0. 5*t heta);

wpr =- 2. 0*wt enp*w enp;

wpi =si n(theta);

wr =1. O+wpr

Wi =wpi ;

np3=n+3;

for (i=2;i<=(n>>2);i++){
i 4=1+(i 3=np3- (i 2=1+(i 1=i +
hlr=cl*(datali 1] +data[i 3]
hli =cl*(datali 2] -data[i 4]
h2r=-c2*(data[i 2] +data[i 4]);
h2i =c2*(data[i 1] -data[i 3]);
data[i 1] =hlr +wr *h2r-w *h2i ;
dat a[ i 2] =hli +wr *h2i +wi * h2r
dataf[i 3] =hlr-wr *h2r +wi * h2i
dat a[ i 4] =- hli +wr *h2i +wi *h2r
wr=(Wt enp=wr ) *wpr - Wi *wpi +wr ;
Wi =W Fwpr +wWE enprwpi +wi

-1)));

1

[
)
)
]
)

}
i f(isign==1){
dat a[ 1] =(hlr=dat a[ 1] ) +dat a[ 2] ;
dat a[ 2] =h1lr-dat a[ 2] ;
telse {
datal 1] =c1*((hlr=dat a[
dat a[ 2] =c1*(hlr-data[ 2
FFT(data, n>>1, - 1)

1])+data[2]);
1);



i}f (isign==1){
or (a=2; a<=n; a+=2)
d

i
f
{data[a] =(-data[a]);}

voi d CCSHBDoc: : Cdi v(doubl e r_a, double i_a, double r_b,

{
[/ Conpl ex Division
//c=alb

doubl e r, den;

if ((fabs(r_b)>=fabs(i_b))&&(r_b!=0]]i_b!=0)){
if (r_b!=0)
{ r=i_b/r_b;
den=r_b+r*i b;
*r_c=(r_a+r*i_a)/den;
*i_c=(i_a-r*r_a)/den;
lel se
{ *r_c=i_ali_b;
*i _c=-r_ali_b;
}

Yelse if ((fabs(r_b)<fabs(i_b))&&(r b!=0||i _b!=0))

i f(i_b!=0)
{ r=r_b/i _b;
den=i _b+r*r_b;
*r_c=(r_a*r+i _a)/den;
*i_c=(i_a*r-r_a)/den;
lel se
{ *r_c=r_alr_b;
*i _c=i_alr_b;

lel se

{ [1if b=0 then set c¢=0
*r _c¢=0;
*j _c=0;

}

}
voi d CCSHBDoc: : Crul (doubl e r_a, double i_a, double r_b,

{

/1 Conpl ex nul tiplication

/'l c=a*b
*r_c=r_a*r_b-i_a*i_b;

*i _c=i_a*r_b+r_a*i _b;

voi d CCSHBDoc: : I nitializeVal ues()
{

OnFi | eNewsanpl e();
/ *sanpl e. m dDo=0;
sanpl e. m dLo=0;
sanpl e. m szNane="";
sanpl e. m dAr ea=0;
sanpl e. m dVel oci t y=0;
sanpl e. m dPr essur e=0;
*
/
sanpl e. m dStri ker Lengt h=0;
i nci dent bar. m dE=0;
nci dent bar. m dD=0;
nci dent bar. m dL=0;
nci dent bar. m dDi st ance=0;
nci dent bar. m dPr ati 0=0;
nci dent bar. m dDensi t y=0;
nci dent bar. m dCo=0;
nci dent bar. m dAr ea=0;
nci dent bar. m dSl ope=0;
nci dent bar. m dl nt er cept =0;
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i nci dent bar. m szFi | ename=""

i nci dent bar . n1bPropCbeffIncIuded FALSE;
i nci dent bar. m sznane="
incidentbar.nLdFiIter=0

transm ttedbar. m dE=0;
transnm tt edbar. m dD=0;
transm ttedbar. m dL=0;
transnittedbar. m dDi st ance=0;
transm ttedbar. n1dPrat|o O
transmttedbar. md

transnittedbar. md
transnittedbar.n1dArea=0
transnittedbar. m dSl ope=0
transnittedbar. mdl ntercept=0;

transm ttedbar. mszFil enane=""
transnittedbar. m bPropCoeffl ncl uded=FALSE
transm ttedbar. m szname=""

transnittedbar. mdFilter=0

m _dFr equencyFi | t er =5e3;
fl ag. m bReadl nci dent Bar =FALSE;
fl ag. m bReadTr ansni t t edBar =FALSE

BOOL CCSHBDoc: : Cet Begi nEnd( BOOL Pul se, doubl e y[], doubl e nmax, double min, double zero,int n, int
egin, int *end,int *begin2, int *end2, int nlntercept)

/
/
/

~——
nm>==

I

int |last _index=0,zero index=0,| ower bound=0;
doubl e threshol d=0, t hr eshol d2=0, Tol er ance=0;
int i=0,j=0,a=0, b=0;

doubl e di fference=0;

doubl e sl ope[ 2];

i nt of fset=0;

CArray <doubl e, doubl e> dpeak
CArray <int,int> npeakindex;
CArray <doubl e, doubl e> dt ruepeak
CArray <int,int> ntruepeaki ndex;

dpeak. RenoveAl | ();
npeaki ndex. RenoveAl | ();
dt ruepeak. RemoveAl | () ;
nt r uepeaki ndex. RenoveAl
1

(
TEEEEEErrrrrrrrrrrri /

)

/ Peak Finding Section/////111111111111111111
/
i nd the begining index.

t hr eshol d=rmax*tri gger. m dt hreshol d1_val ue; /lset threshold to cross to 10% of max

/[lthe first pulse nust cross this threshold
i =0;
Tol erance=max*tri gger. m dtol erance_val ue;
do{
i ++;
Iwhile ((i<n)&&(y[i]<threshold));

zer 0=0;
do{
i--
twhile ((i>0)&&(y[i]>zero)); //reads val ues back fromthreshold until zero
*begi n=i ; /'l the begining index is a peak (a valley)

f(nlntercept==0) //find where curves intercept axis
/lintercept method assunmes both curves go through zero at begi nning and end points

i
{

11
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do

t i ++;
twhile ((i<n)&&(y[i]>zero));
*end=i ;

i f(!Pul se)
{ do

t i ++;
twhile ((i<n)&&(y[i]>m n*trigger.mdthreshol dl_value));
| ower _bound=i
do
.
P

twhile ((i>0)&&(i>*end)&&(y[i]<zero));
*begi n2=i

i =l ower _bound;

do

t i ++;
twhile ((i<n)&&(y[i]<zero));
*end2=i

}

/'l some error checking
i f(*begi n>n)
{*begi n=n; }
i f(*begi n2>n)
{*begi n2=n;}
i f(*end>n)

*end=n;
el se if(*end<*begin)

*end=*begi n;

}
i f(*end2>n)

*end2=n;
el se if(*end2<*begi n2)

*end2=*begi n2;

return TRUE;

dpeak. Add(y[ *begi n]);
npeaki ndex. Add( *begi n) ;

:]_;

?or (i =*begin;i<n;i++)

{ slope[O]=y[i]-y[i-1];
slope[ 1] =y[i-1]-y[i-2];

i f(((slope[0]>=0)&&(slope[1]<0))]|]|((s! ope[0]<=0)&&( sl ope[1]>0)))
{ dpeak. Add(y[i-1]);

npeaki ndex. Add(i-1);

a++;

}

//1last point of data is a peak
dpeak. Add(y[i-1]);
npeaki ndex. Add(i -1);
of f set =0;
for (i=2;i<(dpeak.CetSize()-offset-1);i++)

12



dpeak[i] =dpeak][i +of f set];
npeaki ndex[ i ] =npeaki ndex[i +of f set];

i f (fabs(dpeak[i]-dpeak[i-1])<2*Tol erance)
{

a=0;
whil e ((fabs(dpeak[i +offset]-dpeak[i-1])<2*Tol erance)
&&( (i +of f set) <(dpeak. Get Si ze()-1)))

of f set ++
if ((dpeak[i-1]>dpeak[i-2])&& /] maxi mum
(dpeak[i +of f set] >dpeak[i-1]))

dpeak[i - 1] =dpeak|[i +of f set];

npeaki ndex[i - 1] =npeaki ndex[i +of f set];
telse if((dpeak[i-1]<dpeak[i-2])&& //m nimm

(dpeak[i +of f set] <dpeak[i-1]))

dpeak[i - 1] =dpeak|[i +of f set];
npeaki ndex[ i - 1] =npeaki ndex[ i +of f set];

}

Y/ /end while

dpeak[i] =dpeak[i +of fset];

npeaki ndex[ i ] =npeaki ndex[i +of fset];
Y lend if

dt ruepeak. Add( dpeak[ 0] ) ; /lassume first peak is an actual peak
nt r uepeaki ndex. Add( npeaki ndex[ 0] ) ;

for (i=2;i<(dpeak.CetSize()-offset);i++){ // makes sure that they are all peaks a
nd not inflection points
i f( ((dpeak[i]>dpeak[i-1]) &&(dpeak[i-2]>dpeak[i-1]))
|1 ((dpeak[i]<dpeak[i-1])&& dpeak][i-2]<dpeak[i-1])) )
{ dt ruepeak. Add( dpeak[i-1]);
nt r uepeaki ndex. Add( npeaki ndex[i-1]);
} }
dt ruepeak. Add( dpeak[ dpeak. Cet Si ze()-1]); /lassunme | ast peak is an actual peak

nt r uepeaki ndex. Add( npeaki ndex[ dpeak. Get Si ze()-1]);
TEEEEEErrrr i rr77711Begin and End Finding Section/ /1111111111

i f (Pul se) /1 finding transmtted wave

i=1;
do

{ H .
}mhi:;+k(dtruepeak[i]>:zer0)&&(i<(dtruepeak.GEtSize()-l)));

| ast _i ndex=i
/lall values after y goes through zero are ignored
/I conpares difference of peaks and next valley to origina
i =0;
di fference=dtruepeak|[ 1] - dt ruepeak[ 0] ;
do
{

i +=2; //look at valleys only

twhile ((i<=last_index)&&((dtruepeak[i-1]-dtruepeak[i])<
(difference)*trigger.mdthreshol d2_val ue));
*end=nt r uepeaki ndex[i];

i f(y[*end] <0)

13



i =nt ruepeaki ndex[i -1];
do

| ++;
twhile (y[i]>zero);
*end=i ;

}
*end2=0;
*begi n2=0;
return TRUE;
lelse //find incident and refl ected wave

/'l checks to see if wave goes through zero

i=1;
do
{

i ++;

}while ((dtruepeak[i]>zero)&&(i <dtruepeak. Get Si ze()));

zer o_i ndex=i

/lall values after y goes through zero are ignored

/'l conpares difference of peaks and next valley to origina
di ff erence=dtruepeak|[ 1] - dt ruepeak[ 0] ;
i =0;

do

{
i+=2; //look at valleys only
twhile ((i<=zero_index)&&(dtruepeak[i-1]-dtruepeak[i])<
(difference)*trigger. mdthreshol d2_val ue));
| ast _index=i;//last peak that is possibly part of the incident pulse
*end=nt r uepeaki ndex[i];

/1if valley is below zero then find the point where the curve crosses zero
i f(y[*end] <0)
{

i =nt r uepeaki ndex[i -1];
do

{i++

twhile (y[i]>zero);
*end=i ;

/1*end is end of incident pulse

t hr eshol d=mi n*tri gger. m dt hreshol d1_val ue; //set threshold to cross to 10% of min

i =l ast _i ndex; //start checking fromend of incident pulse
while ((i<(dtruepeak. CGetSize()-1))&&(dtruepeak[i]>threshold))
{

i ++;
/i is the index of the peak that exceed the threshold
| ower _bound=nt r uepeaki ndex[i-1];
j =nt ruepeaki ndex[i];
/'l check to see if curve passes through zero before hitting valley
while ((j>=Iower_bound)&&(y[]j]<0)&&(j>0)){
i--

}

*begi n2=j ;

dt ruepeak[i-1]=y[j];

nt ruepeaki ndex[i-1] 5 ;

di fference=dtruepeak[i]-dtruepeak[i-1];

/lstart ook at valleys at begining of reflected pul se
i-=1;// start at zero point on reflected pul se
do

{

i +=2; //look at valleys only

14



twhile ((i<(dtruepeak.GetSize()))&& (fabs(dtruepeak[i-1]-dtruepeak[i])< fabs(differenc
e*trigger. mdthreshol d2_val ue)));

*end2=nt r uepeaki ndex[i];
i f(y[*end2] >0)
{

i =nt r uepeaki ndex[i -1];
do

{i++

twhile (y[i]<zero);
*end2=i

}
/'l some error checking
i f(*begi n>n)
{*begi n=n; }
i f(*begi n2>n)
{*begi n2=n;}
i f(*end>n)

*end=n;
el se if(*end<*begin)

*end=*begi n;

}
i f(*end2>n)

*end2=n;
el se if(*end2<*begi n2)

*end2=*begi n2;

urn TRUE;
end el se

-
~

doubl e CCSHBDoc: : ar ct an(doubl e i mag, double real)
{

doubl e angl e=0, ans=0;

if ((real!=0)&&(img!=0)){
angl e=((atan(imag/real)));
if ((real>0)&&(imag>0)) //first quadrant
{ans=angl e; }
el se if((real <0)&&(i mag>0)) //second quadrant
{ans=PI +angl e; }
el se if((real <0)&&(i mag<0)) //third quadrant
{ans=angl e- Pl ;}
el se if((real >0)&&(i mag<0)) //fourth quadrant
{ans=angl e; }

}el sef

i f(real ==0)
if (img<0)
{ ans=-PI/2;}
el se
{ans=PI/2;}

el se if(inmag==0)
i f(real <0)
{ans=PI ;}
el se
{ans=0;}

lel se

{ans=0;}
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return (ans);

voi d CCSHBDoc: : OnAnal yseCal cul at eresul t s()
{

Cal cul at eResul ts();

BOOL CCSHBDoc: : Propagat eWave(int datal_n, doubl e data[], double dt, int data2_n,double H],int sign,
doubl e x)

/1 This function corrects the neasured wave for dispersion and attenuation. The wave is corre
cted for frequencies

/1 up to mdD sperion Filter. The rest of the data is filled with zeros. Wen sign=1 the wa
ve is propagting from

/'l the gauge towards the interface, if sign=1 it is propagting fromthe interface to the gauge

X i s the distance

// fromthe gauge to the interface.

/! data MUST BE I N POLAR FORM Not checked for.

int i=0;
i nt N=0;
doubl e fo;

fo=1/(datal_n*dt); //base frequency

N=i nt (m dFrequencyFilter/fo);// nunber of point to filter to

//this should be needless as the filter shoud be | ess than the nunber of points in the TF
i f(2*N>datal n)

{ N=datal_n/2;}

else if (2*N>data2_n)

{ N=dat a2_n/ 2; }

for (i=0;i<(2*N);i+=2) /lapply the dispersion correction to data (repl aces data)

data[i]=data[i]*pow e, (sign*Hi]*x));
data[i +1] =data[i +1] +si gn*H i +1] *x;

for(i=2*N,i<datal_n;i +=2) //fill the rest of the data with zeros
{ data[i] =0;
dat a[ i +1] =0;

return TRUE;

BOOL CCSHBDoc: : ChangeForn{int N, doubl e data[], BOOL *pol ar)

{
doubl e r =0, nodul us=0, angl e=0;
int i=0,a=0;
i f(!*polar) /I Change rectangul ar pol ar coordi nates

for (i=0;i<Ni+=2)

if (fabs(data[i])>=fabs(data[i+1]))
{ i f(datali]==0)

nmodul us=f abs(data[i +1]);
telse {

r=data[i+1]/dataf[i];

nmodul us=f abs(data[i])*sqrt(1+r*r);

lel se
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{ if(data[i+1]==0)

modul us=f abs(data[i]);
tel se{
r=dataf[i]/data[i+1];
nmodul us=f abs(data[i +1])*sqrt (1+r*r);

angl e=arctan(datali +1],data[i]);
dat a[ i ] =nodul us;
dat a[ i +1] =angl e;

}

a=0;

[/ unwr aps phase spectra
i f(data[ 1] >Pl)
{ dof

Ywhil e ((data[1] +a*2*Pl)>Pl);
else if(data[1l] <-Pl)
dof{
a++;
twhile ((data[l]+a*2*Pl)>Pl);
dat a[ 1] +=a*2* Pl
for(i=3;i<Ni+=2)
if (fabs((data[i]+a*2*Pl)-data[i-2])>Pl)
{ if((data[i]+a*2*Pl)<datali-2])
{ do{
a++;
}while(fabs((data[i]+a*2*Pl)-data[i-2])>Pl);

el se
{ dof
a- -

}mhile(%abs((data[i]+a*2*PI)-data[i-2])>PI);

}
data[i] +=a*2*Pl

}

*pol ar =TRUE;
}el sef /I change polar into rectangul ar
for (i=0;i<Ni+=2)

nmodul us=datali];

angl e=dat a[ i +1] ;

dat a[ i ] =nodul us*cos(angl e);
dat a[ i +1] =modul us*si n(angl e) ;

}
*pol ar =FALSE;

}
return TRUE;
}

BOOL CCSHBDoc: : Cal cul at eVel oci ty()

/1l This routine calculates the velocity at the interface of both the incident and transnmitted
/'l bars. The strain data must be in rectangular form

doubl e num real =0, num_ i mag=0, sun¥0, w=0;

int i=0;

i f (m_nFouri er Anal ysi s==0)
i f((flag. mblncidentStrain)&&(flag. mbReflectedStrain)

&&('refl ected. m bPol ar) &&(!incident. mbPol ar) &&
(!'incidentbar. Vel ocity. mbCal cul ated))
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W=0;

sum=0;

for (i=2;i<incidentbar.mdVelocity. CetSize();i+=2)
{

w+=i nci dent bar. m dDf *2* Pl ;

Cul (i ncidentbar. mdVel ocity[i],incidentbar. mdVelocity[i+1], 0, w,
&umreal , &um i mag) ;

Cdi v(num real , num.i mag, i nci dentbar. mddi],incidentbar. mddi +1],
& nci dentbar. m dVel ocity[i], & nci dentbar. m dVel ocity[i +1]);

sumt=i nci dent bar. m dVel ocity[i];

}

i nci dentbar. mdVel ocity[0]=-2*sum //DC Term = sum of all others
i nci dent bar. m dVel oci ty[ 1] =0;

i nci dent bar. Vel oci ty. m bCal cul at ed= TRUE;

i nci dent bar. Vel ocity. m bTi me=FALSE;

}

if((flag. mbTransm ttedStrain)&&(!transnitted. mbPol ar) &&
(!'transmttedbar. Vel ocity. mbCal cul at ed))

{
w=0;
sun¥o;
for (i=2;i<transmttedbar.mdVelocity. GetSize();i+=2)
{
wt+=t ransmni ttedbar. m dDf *2* Pl ;
Crul (transm ttedbar. mdVelocity[i],transm ttedbar. mdVel ocity[i+1], 0, w,
&um real , &um i mag) ;
Cdi v(numreal ,numimag,transmttedbar. mddi],transmttedbar. mdgi +1],
& ransmittedbar. mdVel ocity[i], & ransm ttedbar. mdVelocity[i+1]);
sumt=transm tt edbar. m dVel ocity[i];
transnittedbar. m dVel ocity[ ]—-2*sum /1 DC Term = sum of all others
transm ttedbar. mdVel ocity[1] =
transmittedbar. Vel ocity. m bCal cul at ed=TRUE;
transmittedbar. Vel oci ty. m bTi me=FALSE;
}el sef
if((fl m bl nci dent Strai n) &(fl ag. m bRef | ect edStrai n) &&
( dent bar. Vel ocity. m bCal cul at ed))
{
for (i=0;i<incidentbar. mdVelocity. CetSize();i++)
{
i ncidentbar. mdVelocity[i]*=sqgrt(incidentbar.mdE/ incidentbar.mdDensity);
}
i nci dent bar. Vel ocity. m bCal cul at ed=TRUE;
i nci dent bar. Vel ocity. m bTi me=TRUE;
}

if((flag.mbTransmittedStrain)&&
('transmittedbar. Vel ocity. m bCal cul at ed))

{
for (i=0;i<transmittedbar. mdVelocity.GetSize();i++)
transm ttedbar. mdVelocity[i]*=sqrt(transm ttedbar. m dE/transnittedbar. m dDensity)
} : .
transnittedbar. Vel ocity. m bCal cul at ed=TRUE;
transm ttedbar. Vel ocity. m bTi ne=TRUE;
}

}
return TRUE;

}
BOOL CCSHBDoc: : Cal cul at eDi spl acenent ()

{

doubl e integral =

i nt

i =0;

i nt egral =0;
i nci dent bar. m dDi spl acenent . RenoveAl | ();
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transm ttedbar. m dDi spl acenent. RenoveAl | ();

i nci dent bar . Di spl acenent.. m dnmax=- 100000000000000;

i nci dent bar. Di spl acenent. m dm n=100000000000;
transm ttedbar. Di spl acerment. m dnax=- 100000000000000;
transnittedbar. D spl acement. m dmi n=100000000000;

if ((incidentbar. Vel ocity.mbCal cul ated)&&(i nci dentbar. Vel ocity. mbTine))
{

i nci dent bar. m dbDi spl acenent . Add(0) ;
for(i=1;i<incidentbar. mdVelocity. GetSize();i++)

i ntegral +=(datal. m dDT) * /ltrapeziodal integration
(i ncidentbar. mdVel ocity[i]+incidentbar. mdVelocity[i-1])/2;

i nci dent bar. m dDi spl acenent . Add(i ntegral);

i f (integral >incidentbar.D splacenent. m dnax)
{i nci dent bar. Di spl acenent. m dnmax=i ntegral ;}

i f (integral<incidentbar.D splacenent.mdm n)
{ii nci dent bar . Di spl acenment. m dm n=i ntegral;}

i nci dent bar . Di spl acenent. m bCal cul at ed=TRUE;
nci dent bar. Di spl acenent . m bTi me=TRUE;

}
!
i

—_—

i nt egral =0;
if ((transm ttedbar. Vel ocity. mbCal cul ated) & (transmittedbar. Velocity. mbTine))

~—

transnittedbar. m dbDi spl acenent . Add(0) ;
for(i=1;i<transm ttedbar. mdVelocity. GetSize();i++)

i nt egral +=(dat a2. m dDT) * /ltrapeziodal integration
(transm ttedbar. mdVelocity[i] +transm ttedbar. mdVel ocity[i-1])/2;

transni ttedbar. m dbDi spl acenent . Add(i ntegral);

if (integral >transm ttedbar. D spl acement. m dmax)
{transmi ttedbar. Di spl acenent. m dmax=i nt egral ;}
if (integral <transm ttedbar. D splacement.mdm n)
{transni ttedbar. D spl acement. m dm n=i ntegral ;}

transnittedbar. D spl acement. m bCal cul at ed=TRUE;
transmittedbar. D spl acement. m bTi ne=TRUE;

}
return TRUE;

}
BOOL CCSHBDoc: : Cal cul at eFor ce()

{

doubl e num real =0, num_ i mag=0, den_r eal =0, den_i nag=0;
doubl e t enp=0, sun¥0, w=0;
int i=0;

i f (m_nFouri er Anal ysi s==0)

i f((flag. mblncidentStrain)&&(flag. mbReflectedStrain)
&&('refl ected. m bPol ar) &&(!incident. mbPol ar) &&
('incidentbar. Force. m bCal cul at ed))

w=0;
sunm=0;
for (i=2;i<incidentbar.mdForce. GetSize();i+=2)
{
w+=i nci dent bar. m dDf *2* Pl ;
tenmp=-w*w*i nci dent bar. m dArea*i nci dent bar. m dDensi ty;

Crul (i nci dent bar. m dForce[i],incidentbar. mdForce[i+1],tenp, O,
&um real , &um i mag) ;

Crul (i ncidentbar.md{d i],incidentbar. mddi+1],incidentbar. mdgi],
i ncidentbar. md(g i +1], &en_real , &den_i nag) ;

Cdi v(num real , num_i mag, den_real , den_i mag,
& nci dent bar. m dForce[i], & nci dent bar. m dForce[i +1]);

sumt=i nci dent bar. m dForce[i];
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}

i nci dentbar. m dForce[ 0] =-2*sum //D.C. Term =sumof all others
i nci dent bar. m dFor ce[ 1] =0;

i nci dent bar . For ce. m bCal cul at ed=TRUE;

i nci dent bar . For ce. m bTi mne=FALSE;

if((flag. mbTransm ttedStrain)&&(!transnitted. mbPol ar)
&&('transm ttedbar. Force. m bCal cul at ed))

{
W=0;
sunro0;
for (i=2;i<transmttedbar.mdForce. CGetSize();i+=2)
w+=transnittedbar. m dDf *2*Pl ;
tenmp=-wwtransmttedbar. m dArea*transnittedbar. m dDensity;
Crul (transmittedbar. m dForce[i],transm ttedbar. m dForce[i +1],tenp, O,
&um real , &um i mag) ;
Cmul (transmittedbar. mddi],transnmittedbar. mdGi+1],transmittedbar. mdgi],
transm ttedbar. md{d i +1], &en_real , &en_i mag) ;
Cdi v(num real , num.i nmag, den_real , den_i mag,
& ransmittedbar. m dForce[i], & ransni ttedbar. m dForce[i +1]);
sumt=transmi tt edbar. m dForce[i];
transnittedbar. m dForce[ 0] =-2*sum [//D.C. Term =sumof all others
transni ttedbar. m dForce[ 1] =0;
transnittedbar. Force. m bCal cul at ed=TRUE;
transm ttedbar. Force. m bTi mne=FALSE;
lel se
{
i f((flag. mblncidentStrain)&&(flag. mbReflectedStrain)&&
(!'incidentbar. Force. m bCal cul ated))
{
for (i=0;i<incidentbar.mdForce. CGetSize();i++)
{
i nci dent bar. m dForce[i]*=i nci dent bar. m dArea*i nci dent bar. m dE;
}
i nci dent bar. For ce. m bCal cul at ed=TRUE;
i nci dent bar. Force. m bTi me=TRUE;
}
if((flag.mbTransmittedStrain)&&
('transnittedbar. Force. m bCal cul at ed))
{
for (i=0;i<transmittedbar.mdForce. GetSize();i++)
{
transm ttedbar. m dForce[i]*=transm ttedbar. m dE*transm ttedbar. m dArea;
}
transni ttedbar. Force. m bCal cul at ed=TRUE;
transnittedbar. Force. m bTi ne=TRUE;
}

}
return TRUE;

voi d CCSHBDoc: : I nterpol ateData(int n, double dt_a, double dt_b, double data[])
{//replaces a set of data sanpled at dt_b rate with set sanpled at dt_a rate
int i=0,j=0,step=0;
doubl e r=0;

CArray <doubl e, doubl e> interp;
i nterp. Add(data[0]); //assune first point
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r=dt _a/ dt _b;

if (dt_b>dt_a)

{ step=int(ceil (1/r));}
el se

{ step=1; }

i =1;
j =step;
while ((j<n)|](i<n)) /1j<n for when adding points i<n when subtracting
{ while ((dt_b*i)<=(dt_a*j))
{ /linterpolates to find y value of b at x value of a
interp. Add((data[j]-data[j-1])/dt_a*(i*dt_b-(j-1)*dt_a)+data[j-1]);
i ++;
}
] +=st ep;
j - =step;

f ((n*dt_b)!=(n*dt_a))
I nt

i
{ erp. Add((data[j]-data[j-1])/dt_a*(i*dt_b-(j-1)*dt_a)+data[j-1]);}//extrapol ate | ast point

n
for (i=0;i<n;i++)
{ data[i]=interp[i];}

i nterp. RemoveAll ();

voi d CCSHBDoc: : OnUtilitiesFft()
CFFTUi lityD g dl g;

dl g. Dowbdal ();
InitializeVal ues();

}
voi d CCSHBDoc: : OnUtilitiesFileconversion()
{

CConvertUilityD g dl g;
dl g. Dovbdal () ;

voi d CCSHBDoc: : OnTenpShi t ()
{
doubl e dat a2?[ 25];

dat a2[ 0] =0;
dat a2[ 1] =1;
dat a2[ 2] =2;
dat a2[ 3] =3;
dat a2[ 4] =2;
dat a2[ 5] =1;
dat a2[ 6] =0;
dat a2[ 7] =- 1;

I nt erpol ateData(8, 1.5, 1, &at a2[ 0] ) ;

/* Real ft(&data2[0]-1, 16, 1);
Real ft (&data2[ 0] -1, 16,-1);

/1l  FFT(&data2[0]-1,8,1);

/'l  FFT(&data2[0]-1,8,-1);

BOOL CCSHBDoc: : Cal cul at eResul t s()
{
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i nt i=0, power =0, N=0;
doubl e w=0;

CAnal yseDl g dl g;

CString szMessage;

/linitialize data

dl g. m dSanmpDf =sanpl e. m dDf * 1000; /1*1000 to get into neters
dl g. m dSanpDo=sanpl e. m dDo* 1000;

dl g. m dSanmpLf =sanpl e. m dLf *1000;

dl g. m dSanpLo=sanpl e. m dLo* 1000;

dl g. m szSanpNane=sanpl e. n1szhhne

dl g. m szData_| =datal. m szFi | enane;

dl g. m szDat a_T=dat a2. m szFi | enane;

dl g. mszCalib_I =i nci dentbar. m szFi | enane;
dlg. mszCalib_T=transm ttedbar. m szFi | enaneg;

dl g. m bl nci dent Di sper si on=i nci dent bar. m bPr opCoef f | ncl uded
dl g. m bTransmi tt edDi spersi on=transm ttedbar. m bPropCoeffl ncl uded,

if (('flag. mbReadSanpl eData)|| ((!incidentbar.mbPropCoefflncluded)&&(!transnittedbar.mbPropC
oefflncluded)))
{ /[llnitialize dialog data
dl g. m nFouri er Anal ysi s=0;
i f ((!incidentbar. anPropCDefflncIuded)&&(!transnittedbar.anPropCDefflncIuded))
{
dl g. m_ nNyqui st =0; }
el se
{dl g. m nNyqui st=1;}
telse i f((flag. m bReadSanpl eDat a) &&(i nci dent bar. m bPr opCoef f I ncl uded) &&(t ransni tt edbar. m bProp
Coef f I ncl uded))
{
dl g. m nFouri er Anal ysi s=0; //use Fourier analysis
dl g. m nNyqui st =1;
lel se
{

dl g. m nFouri er Anal ysi s=1

}
//set filter to |lowest applicable filter
i f(incidentbar.mbPropCoefflncluded||transnm ttedbar.m bPropCoefflncl uded)

i f(incidentbar.mbPropCoefflncluded&&transnittedbar.m bPropCoefflncl uded)

{
if ((incidentbar.mdFilter>=transnittedbar.mdFilter) && (transm ttedbar. mdFilter>0))
{
m dFrequencyFilter=transm ttedbar. mdFilter
telse if((incidentbar.mdFilter<transmttedbar.mdFilter) && (incidentbar.mdFilter>0)
)
m dFr equencyFi |l ter=i nci dentbar. m dFil ter
lel se
m_dFr equencyFi | t er =10000;
lel se
{
i f (incidentbar.mbPropCoefflncluded)
m dFr equencyFi |l ter=i nci dentbar. m dFil ter
tel se
m dFrequencyFil ter=transm ttedbar. mdFilter
}

}

dl g. m dFreqFi | t er=m dFrequencyFi |l ter
i f (dl g. DoMbdal () ==1 DOK)

{
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sanpl e. m szNane=dl g. m szSanpNane;

sanpl e. m dDf =dl g. m dSanpDf / 1000; /1// 1000 to get into neters
sanpl e. m dDo=dl g. m_dSanpDo/ 1000;

sanpl e. m dLf =dl g. m dSanpLf/ 1000;

sanpl e. m dLo=dl g. m dSanpLo/ 1000;

~—— —
~—— —

m_nFouri er Anal ysi s=dl g. m nFouri er Anal ysi s;

if ((!'flag. mbSeparatedlncident)&&!flag. mbSeparatedTransnitted))
{ Af xMessageBox (" Raw Dat a Not Separated.\nUnable to process results.", MB_| CONERROR) ;
return O;

1fl ag. m bSepar at edl nci dent &&! f| ag. m bReadTransmi tt edBar) |
| ag. m bSepar at edTransni tt ed&&! f | ag. m bReadl nci dent Bar) | |
| ag. m bReadl nci dent Bar & f| ag. m bReadTr ansmi ttedBar)| |

| ag. m bSepar at edTransmi tt ed&&! fI ag. m bSepar at edl nci dent))

{ Af xMessageBox("Bar Data Not Read.\nUnable to process results.", MB_| CONERROR) ;
return O;

}
if ((fabs(incidentbar.mdDf-transmnittedbar.mdDf)>5e-6)&&(i nci dentbar. m bPropCoeffl ncl uded
&&(transm ttedbar. m bPropCoefflncl uded))

Af xMessageBox ("1 ncident and transnitter bar propagation coefficients have different in
crements in frequency.\nUnable to process results.", MB_| CONERROR) ;
return O;

}

i f(!flag. m bReadSanpl eDat a)

{ Af xMessageBox(" Sanpl e Data Not Read.\nOnly force and velocity data will be calculated.", M
B_| CONI NFORVATI ON) ; }

Begi nWai t Cursor () ;

dat al. m szComent ="'

dat a2. m szComent ="'

i nci dent. m dstrai n. Rem:)veAI 1();

refl ected. mdstrain. RenmoveAl | ()

transm tted. mdstrain. RenmoveAl | (),

i nci dent bar. m dVel oci ty. RemoveAl | ();
transmi ttedbar. m dVel oci ty. RenoveAl I O);

i nci dent bar. m dFor ce. RenoveAl | ();

transm ttedbar. m dForce. RenoveAl | ();

i nci dent bar . For ce. m bCal cul at ed=FALSE;

i nci dent bar. Vel oci ty. m bCal cul at ed=FALSE;
transnittedbar. Force. m bCal cul at ed=FALSE;
transm ttedbar. Vel ocity. m bCal cul at ed=FALSE;
sanpl e. m bCal cul at edSt r ai nRat e=FALSE;
sanpl e. m bCal cul at edSt r ai n=FALSE;

sanpl e. m bCal cul at edSt r ess=FALSE;

f1 ag. m bl nci dent St r ai n=FALSE;

flag. m bRef | ect edSt r ai n=FALSE;

flag. m bTransm ttedStrai n=FALSE;

~
~

THOLEEEL i rr i rirrirrr
THLLEET i rr i rrirr il
[11111]] Incident Bar Data Cal cul ati ons

THOLEET i rr i ri il
TIOLEEEL i il

i f((flag. mbReadl nci dent) &&(fl ag. m bReadl nci dent Bar) &&(f| ag. m bSepar at edl nci dent))

dat al. m szComent =
i f (m nFouri erAnal ysi s==0){ /1include dispersion
if(((fabs(datal. m dDT-incidentbar.m dDT)>5e-8)] |
(datal. mdvolts. Get Size()! =i ncidentbar. mdG Cet Si ze()))
&&
(i ncidentbar.m bPropCoef flncl uded))
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/l conpensat e i ndices for new points
i nci dent. m nbegi n=i nt (i nci dent. m nbegi n*datal. m dDT/i nci dent bar. m dDT) ;
i nci dent. m nend=i nt (i nci dent. m nend*datal. m dDT/i nci dent bar. m dDT);
refl ect ed. m nbegi n=i nt (refl ect ed. m nbegi n*dat al. m dDT/ i nci dent bar. m dDT) ;
refl ect ed. m nend=i nt (refl ect ed. m nend*dat al. m dDT/i nci dent bar. m dDT) ;
/1 some error checking
i f (incident.mnbegin>incidentbar. mdG GetSize())
{ i nci dent . m nbegi n=i nci dent bar. m dG Get Si ze();}
)

if (reflected. mnbegin>i nci dentbar. mdG Get Si ze()
{ refl ect ed. m nbegi n=i nci dent bar. m dG Get Si ze(); }

i f (incident.mnend>i ncidentbar. mdG GetSize())
{ i nci dent. m nend=i nci dent bar. m dG. Get Si ze();}
)

if (reflected. mnend>i nci dentbar. mdG GetSi ze()
{ refl ect ed. m nend=i nci dent bar. m dG Get Si ze() ; }

i f(incidentbar. mdDT>datal. m dDT)
{ N=i nt (cei | (i nci dent bar. m dG Get Si ze() *i nci dent bar. m dDT/ dat al. m dDT));
i f (N>datal. mdvolts. GetSize())
{ //in case you want nore points than you have are needed
datal. mdvol ts. I nsert At (datal. mdvol ts. Get Upper Bound(), O,
N-dat al. m dvol ts. Get Si ze());
dat al. m szComent +="had points added;

N=i nci dent bar. m dG. Get Si ze();

if (fabs(datal. m dDT-i nci dent bar. m 1 dDT) >1e- 8)

{1 nterpol at eDat a( N, dat al. m dDT, i nci dent bar. m dDT,

&datal. m dvol ts[0]);

dat al. m szComent +="was changed to a sl ower sanple rate; ";

/'l remove points
if ((N-datal. mdvolts. GetSize())>0)

datal. m dvol t s. RenoveAt (N, abs(N-datal. m dvol ts. Get Si ze()));
datal. mdvolts. FreeExtra();
dat al. m szComment +="had points renoved; "“;

}
dat al. m dDT=i nci dent bar. m dDT; // new sanple rate
dat al. m szConment +="t o match bar di spersion dat a;

lel se
{// addpoi nts
N=i nci dent bar. m dG Get Si ze();
i f(N>datal. mdvolts. GetSi ze())
/lhere it is necessary since adding points

datal. m dvol ts. I nsert At (datal. m dvol ts. Get Upper Bound(), O,
N-datal. mdvolts. Get Si ze());
dat al. m szComent +="had poi nts added;

}
if (fabs(datal. m dDT-i ncidentbar.m dDT)>1e-8)

I nt er pol at eDat a( N, dat al. m dDT, i nci dent bar. m dDT, &Jat al. m dvol t s[0]);
dat al. m szComent +="was changed to a faster sanple rate; ";

at al. m dDT=i nci dent bar. m dDT;
f(datal. mdvolts. GetSize()>i ncidentbar. mdG Get Si ze())

~—~—a

datal. m dvol ts. RenmoveAt (i nci dent bar. m dG Get Si ze(),
datal. m dvol ts. Get Si ze()-incidentbar. mdG GetSize());

datal. mdvolts. FreeExtra();

dat al. m szComment +="had poi nts renoved,

dat al. m szConment +="t o match bar di spersion dat a;

}
telse if (i nci dent bar. m bPropCoef fl ncl uded)

dat al. m szComent +="mat ched bar di spersion data; ";
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N=dat al. m dvol ts. Get Si ze();
powver =i nt ((1 og(N)/10g(2)));
if (Nsint(pow 2, power)))//i
{power ++; }

N=i nt (pow 2, power));

/I nunber of points

f the nunber of points is not a power of 2

incident. mdstrain.lnsertAt(0,0,N);
reflected. mdstrain.InsertAt(0,0,N);

i ncident. mdDf =1/ (i nci dent. m dstrain. Get Si ze() *datal. m dDT);
reflected. mdDf =1/ (refl ected. mdstrain. GetSi ze()*datal. m dDT);

i f(!incidentbar.mbPropCoefflncl uded) /1if dispersion is not included propragate
waves with C

i nci dent bar. m dDf =i nci dent. m dDf ;
i nci dent bar. m dDT=dat al. m dDT;

i nci dent bar. m dG RenoveAl |l ();

w=i nci dent . m dDf *2* Pl

i nci dent bar. m dG Add(0);

i nci dent bar. m dG Add(0);

w=0;

for(i=2;i<incident.mdstrain.GetSize();i+=2)

w+=i nci dent . m dDf *2* Pl ;
i nci dent bar. m dG Add(0);
i nci dent bar. m dG Add(w sqrt (i ncident bar. m dE/ i nci dent bar. m dDensity));

Volts_ to_Strain(&datal. mdvol ts[incident.mnbegin],
& nci dent. mdstrain[incident. mnbegin],
(i ncident.mnend-incident.mnbegin), incidentbar. mdSl ope,
& nci dent. m dmaxstrai n, & nci dent. m dmi nstrain);
Volts_to_Strain(&atal. mdvol ts[refl ected. mnbegin],
&refl ected. mdstrai n[refl ected. m nbegin],
(refl ected. mnend-refl ected. m nbegin),incidentbar.mdSl ope,
& nci dent. m dmaxstrain, & nci dent. m dminstrain);
i nci dent. m bTi mre=TRUE;
flag. m bl nci dent St rai n=TRUE;
reflected. mbTi me=TRUE;
flag. m bRef | ect edStrai n=TRUE;
Real ft (& ncident. mdstrain[0]-1,incident. mdstrain. GetSize()
, & nci dent. mbTi ne);
Real ft (& eflected.mdstrain[0]-1,refl ected. mdstrain. GetSize()
, & efl ected. m bTine);

i nci dent. m bPol ar =FALSE;
refl ect ed. m bPol ar =FALSE;

/ Change to polar formfor Dispersion Correction
f(dl g. m_ nNyqui st! =0)

m_dFrequencyFi |l ter=dl g. m dFreqgFil ter;

| se
/lcalculate values up to the nyquist frequency
/| Propagat e wave checks values so don't do it here
m dFrequencyFi |l ter=1/(2*i nci dentbar. m dDT); //Nyquist Critical Frequency

/
|
{
}
e
{

ChangeFor n(i nci dent. m dstrain. Get Si ze(),
& nci dent. mdstrai n[0], & nci dent. m bPol ar);

ChangeForm(refl ected. mdstrain. Get Si ze(),
&reflected. mdstrain[0], & efl ect ed. m bPol ar) ;

Pr opagat eWave(i nci dent. mdstrain. Get Si ze(), & nci dent. m dstrain[0],
dat al. m dDT, i nci dent bar. m dG Get Si ze(),
& nci dentbar. mdd 0], -1, inci dent bar. m dDi stance);

Pr opagat eWave(refl ected. mdstrain. Get Si ze(), & efl ected. m dstrai n[ 0],
dat al. m dDT, i nci dent bar. m dG Get Si ze(),
& nci dentbar. m dd 0], 1, i nci dent bar. m dDi st ance) ;

/1 Calculate force and velocity for each bar at interface
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//change into rectangular form
ChangeFor n(i nci dent. m dstrain. Get Si ze(),

& nci dent. mdstrai n[0], & nci dent. m bPol ar);
ChangeForm(refl ected. mdstrain. Get Si ze(),

& efl ected. mdstrain[0], & ef | ect ed. m bPol ar) ;

for (i=0;i<incident.mdstrain.GetSize();i++) //initialize arrays

{
i nci dentbar. m dVel ocity. Add(i ncident. mdstrain[i]-reflected.mdstrain[i]);
i nci dent bar. m dForce. Add(i ncident. mdstrain[i]+reflected. mdstrain[i]);

el se{ //conventional analysis

if ((incident.mnend-incident.mnbegin)>(reflected. mnend-reflected. mnbegin))
{ N=(i nci dent . m nend-i nci dent. m nbegi n);

lel se

{ N=(refl ected. m nend-refl ect ed. m nbegi n);

i f(flag. mbReadTransmi tted)
{ if((transmtted. mnend-transnitted. mnbegin)>N)
{N=(transm tted. m nend-transmtted. m nbegin);}

incident. mdstrain.lnsertAt (0,0, N);
reflected.mdstrain.InsertAt(0,0,N);

Volts_to_Strain(&datal. mdvol ts[incident.mnbegin],

& nci dent. mdstrain[0],

(incident.mnend-incident.mnbegin),

i nci dent bar. m dSl ope, & nci dent. m dnaxstrai n, & nci dent. m dm nstrain);
Volts_to_Strain(&datal. mdvolts[reflected. mnbegin],

&reflected. mdstrain[0],

(reflected. m nend-refl ected. m nbegin),

i nci dent bar. m dSl ope, & nci dent. m dnaxstrai n, & nci dent. m dm nstrain);

i nci dent. m bTi mre=TRUE;

flag. m bl nci dent St rai n=TRUE;

reflected. mbTi me=TRUE;

flag. m bRef | ect edStrai n=TRUE;

for (i=0;i<incident.madstrain.GetSize();i++) //initialize arrays

{ i nci dentbar. m dVel ocity. Add(i ncident. mdstrain[i]-reflected.mdstrain[i]);
i nci dent bar. m dForce. Add(i ncident. mdstrain[i]+reflected. mdstrain[i]);

Y/ /lendif (mnFourierAnal ysi s==0)
}//end if(flag. mbReadlncident)

TEEIEEEEEEr bbb bbb irrrring
FEEEEELEEEE bbb bbb rrrrrrrrng
[117111] Transmitted Bar Data Cal cul ation
PEEELEEEEEE bbb bbb nrrrrrirng
TEETEEEEEEr bbb bbb bbb rrrrrrng
if((flag. mbReadTransnitted)&&(fl ag. m bReadTransmi ttedBar) &&
(flag. m bSepar at edTransmitted))
{
if(m

nFouri er Anal ysi s==0){ //include dispersion

f(((fabs(data2. m dDT-transnittedbar. m dDT) >5e-8)]| |
(data2. mdvolts. Get Size()! =transni ttedbar. m dG Get Si ze()))
&&(transm ttedbar. m bPropCoef fl ncl uded))

—~

|/ conpensat e indices for new points
transm tted. m nbegi n=i nt (transm tted. m nbegi n*dat a2. m dDT/transni ttedbar. m dDT

transmtted. mnend=int(transmtted. m nend*data2. m dDT/transmni ttedbar. m dDT);

if(transmitted. mnbegi n>transmnittedbar. m dG Cet Si ze())
{transmitted. m nbegi n=transmnittedbar. m dG Get Si ze(); }

if(transmtted. mnend>transmittedbar. m dG Get Si ze())
{transnmitted. m nend=transnittedbar. m dG GetSi ze();}
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if(transmttedbar. m dDT>dat a2. m dDT)

{

N=int (ceil (transmittedbar. mdG Cet Size()*transm ttedbar. m dDT/ dat a2. m dDT)

i f (N>data2. mdvolts. GetSize())
{

data2. mdvol ts. I nsert At (dat a2. m dvol ts. Get Upper Bound(), O,
N-dat a2. m dvol ts. Get Si ze());
dat a2. m szConment +="had poi nts added;

}
N=t ransni ttedbar. m dG CGet Si ze();
if (fabs(transm ttedbar. m dDT-data2. m dDT)>1e- 8)

}

I nt er pol at eDat a( N, dat a2. m dDT, transm tt edbar. m dDT, &at a2. m dvol ts[ 0] ) ;
dat a2. m szConment +="was changed to a sl ower sanple rate; ";

((N-data2. mdvol ts. Get Si ze()) >0)
{//renpbve points

dat a2. m dvol t s. RemoveAt (N, abs(N-dat a2. m dvol ts. Get Si ze()));
data2. m dvol ts. FreeExtra();
dat a2. m szConment +="had poi nts renoved,

}
dat a2. m dDT=transmi tt edbar. m dDT;// new sanple rate
dat a2. m szComrent +="t o nmatch bar di spersion data; ";

}

el se

{

/1] addpoi nts

N=t ransm tt edbar. m dG Get Si ze() ;

if(N>data2. mdvolts. GetSize()) //here it is necessary since adding points
{ dat a2. m dvol ts. I nsert At (dat a2. m dvol ts. Get Upper Bound(), O,

N-dat a2. m dvol ts. Get Si ze());

dat a2. m szComent +="had poi nts added; ";

if (fabs(transmttedbar. m dDT-data2. m dDT)>1e-8)
{ I nt er pol at eDat a( N, dat a2. m dDT, t ransmi tt edbar. m dDT, &lat a2. m dvol t s[ 0] )
dat a2. m szComent +="was changed to a faster sanple rate;
%jat a2. m dDT=transmi tt edbar. m dDT;
if(data2. mdvolts. GetSi ze()>transnittedbar. m dG Cet Si ze())
dat a2. m dvol ts. RenmoveAt (transm tt edbar. m dG Get Si ze(),
data2. mdvolts. Get Si ze()-transnittedbar. m dG Get Si ze());

data2. mdvol ts. FreeExtra();
dat a2. m szComment +="had poi nts renoved; ";

dat a2. m szComent +="t o match bar di spersion data;";

}
telse if(transmttedbar. mbPropCoefflncl uded)

dat a2. m szComent +="mat ched bar di spersion data; ";

N=dat a2. m dvol ts. Get Si ze() ;
pover =i nt ((1 og(N)/10g(2)));
if (Nsint(pow 2, power)))//i
{power ++; }

N=i nt (pow 2, power));

/I nunber of points

if the nunber of points is not a power of 2

transmtted. mdstrain.InsertAt(0,0,N);

transnmitted. mdDf =1/ (transnitted. mdstrain. Get Si ze() *dat a2. m dDT) ;
if(!'transmttedbar. mbPropCoefflncl uded) //if dispersion is not included propra
gate waves with C

transm ttedbar. m dDf =transnitted. m dDf;
transnittedbar. m dDT=dat a2. m dDT;
transm ttedbar. m dG RenoveAl | ();
w=transmitted. m dDf *2* Pl ;
transnittedbar. m dG Add(0);

transm ttedbar. m dG Add(0);
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w=0;
for(i=2;i<transmitted. mdstrain. GetSize();i+=2)
{ wt+=transmtted. m dDf *2* Pl ;
transnittedbar. m dG Add(0);
transm ttedbar. m dG Add(w/ sqgrt (transm ttedbar. m dE/ transmittedbar. m dDensi

ty));
}
}
Volts_to_Strain(&data2. mdvol ts[transnitted. mnbegin],
& ransmtted. mdstrain[transm tted. m nbegin],
(transmtted. m nend-transnitted. m nbegin),
transm ttedbar. m dSl ope, & ransmi tted. m dnaxstrain, & ransnitted. m dm nstrain);
transnmtted. m bTi ne=TRUE;
flag. m bTransnittedStrai n=TRUE;
Real ft (& ransmitted. mdstrain[0]-1,transmtted. mdstrain. GetSize()
,&ransnmitted. mbTine);
transm tted. m bPol ar =FALSE;
/1 Change to polar formfor Dispersion Correction
i f(dl g.mnNyquist!=0)
{ m _dFrequencyFil ter=dl g. m dFreqgFilter;}
el se
{ //cal cul ate values up to the nyquist frequency
/1 Propagat e wave checks values so don't do it here
m_dFrequencyFil ter=1/(2*transm ttedbar. m dDT); //Nyquist Critical Frequency
}
ChangeForn{transmtted. mdstrain. Get Si ze(),
& ransmtted. mdstrain[0], &ransnitted. mbPol ar);
Pr opagat eWave(transnitted. m dstrain. Get Si ze(), & ransmi tted. m dstrain[ 0],
dat a2. m dDT, transm tt edbar. m dG Get Si ze(),
& ransmittedbar. mdd 0], 1, transni ttedbar. m dDi stance);
/1 Calculate force and velocity for each bar at interface
//change into rectangular form
ChangeForn(transnitted. mdstrain. Get Si ze(),
& ransmtted. mdstrain[0], &ransnitted. mbPol ar);
for (i=0;i<transmitted.mdstrain.GetSize();i++) //initialize arrays
{ transm ttedbar. mdVel ocity. Add(transmtted. mdstrain[i]);
transm ttedbar. m dForce. Add(transmitted. mdstrain[i]);
el se{ //conventional analysis
N=(transm tted. m nend-transmtted. m nbegin);
i f(flag. mbReadl nci dent)
{ if((transmtted. mnend-transnitted. m nbegi n)>N)
{ if ((incident.mnend-incident.mnbegin)>(reflected. mnend-reflected. mnbeg
in))
{ N=(i nci dent . m_nend-i nci dent. m nbegi n);
lel se
{ N=(refl ected. m nend-refl ected. m nbegin);}
}

transnmitted. mdstrain.lnsertAt(0,0,N);
Volts_to_Strain(&dJata2. mdvol ts[transnitted. m nbegin],
&ransmtted. mdstrain[0],
(transmtted. m nend-transnitted. m nbegin),
transm ttedbar. m dSl ope, & ransmi tted. m dnaxstrain, & ransnitted. m dm nstrain);
transnmitted. m bTi ne=TRUE;
flag. m bTransnittedStrai n=TRUE;

for (i=0;i<transmitted.mdstrain.GetSize();i++) //initialize arrays
{ transm ttedbar. mdVelocity. Add(transmtted. mdstrain[i])

i)
}
I

transnittedbar. m dForce. Add(transmitted. mdstrain|
}/ 1 Include D spersion

}//lend if (flag. mbReadTransnitted)
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Cal cul at eVel oci ty();
Cal cul at eForce();

Cal cul ateStrai nRate();
Cal cul ateStrain();

Cal cul ateStress();

}

) &&

m bCal cul at edStrain

) &&( sanpl e.
m bCal cul at edSt rai nRat e))
=TRUE;

m bCal cul at edStress

m bProcessedResul ts

if ((sanple.
(sampl e.
flag.

{

0.
)

y. Get Si ze(),
ylil;}
m dmi n
y[il:}
BX)
[i];}
in)
[i]:}

m dFor ce

m dVel oci t
m dFor ce

m_dVel oci t

m dFor ce. Get Si ze
m dVel oci t

For ce. m dmax

Force. mdm n

i nci dent bar.
y[i]<incidentbar. Velocity.
i nci dent bar.

m dmi n

i nci dent bar.

y[i]>inci dent bar. Vel oci ty. m dmax)
i nci dent bar.

m_dmax

y[ 0] -1, inci dent bar.

& nci dent bar. Vel ocity. m bTi me) ;

)

[0]-1,incidentbar.
[i]>incidentbar.
[i]<incidentbar.

le- 20;

Force. m dmax=- 1e20;

)

if (!'incidentbar. Velocity.mbTine)

m dFor ce

1e20;

)
m_dFor ce

m dFor ce. Get Si ze() ;i ++)

m dVel oci t

m dmin

m _dnmax=- 1e20;
incidentbar. Velocity.

m dFor ce
Force. m dmax
Force. mdmn

m dVel oci t

m dVel oci t
i nci dentbar. Vel ocity.

Real ft (& nci dent bar.

Force. mdm n

Force. m bTi nme

m bCal cul at ed

Force. m bTi e

i nci dent bar.
}//end for

}//end if

{if (incidentbar.
i nci dent bar .
if (incidentbar.

{
if (incidentbar.

{
if (incidentbar.

& nci dent bar.

{

for (i=0;i<incidentbar.
{

i ncidentbar. Vel ocity.

i nci dentbar. Vel ocity.
i nci dent bar .

Real ft (& nci dent bar .

i f(!'incidentbar.
i nci dent bar.

{

i f(incidentbar. Velocity.
}

) {
Real ft (& ransmittedbar. mdVelocity[0]-1,transmittedbar. mdVel ocity. GetSize(),
)

m bTi ne) ;

d) {
m _bTi me

Force. m bCal cul at ed

& ransm ttedbar. Vel ocity.

if(!'transmttedbar. Vel ocity.

if(transmttedbar.

)

m dForce[ 0] -1, transmi ttedbar.

Force. m bTi ne

if(!'transmttedbar.

}
{

OF

m dFor ce. Get Si ze

Real ft (& ransm ttedbar.

)
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transm ttedbar
transm ttedbar
transm ttedbar
transm ttedbar

for (i=0;i<transm ttedbar.m dForce. GetSize();

Vel ocity. m dmax=- 1e20;
Vel ocity. m dm n=1le- 20;
For ce. m dnmax=- 1e20;
Force. m dni n=1e20;

i ++)

{if (transmittedbar. mdVelocity[i]>transnittedbar. Vel ocity. m dnmax)

{ transnittedbar.

Vel ocity. mdmax=transmittedbar. mdVelocity[i];}

if (transmttedbar.

m dVel ocity[i]<transnittedbar.Velocity. n1dn1n)

{ transm ttedbar. Vel ocity. mdmi n=transm ttedbar. mdVelocity[i];}
if (transmttedbar.
{ transm ttedbar.
if (transmttedbar.
{ transm ttedbar.

m dForce[i]>transmi ttedbar. Force. m dmax)
Force. m dmax=transm tt edbar. m dForce[i];}
m dForce[i] <transmi ttedbar. Force. m dm n)
Force. m dm n=transm ttedbar. m dForce[i];}

}//endif

Cal cul ateDi spl acenent (); //calcuate the displacenent of the bar ends fromvelocities
FEETEEEEEEr bbb bbb rrrring
FEEELEEETEE b bbb bbb rrrrrrrng
111111l Change propagated waves into tine donmain and find their max and mns for plotting
FEEEEEEEEEE bbb rr bbb rrrrrrinng
TEETEEEEEEr bbb bbb bbb rrrrrrrg

i f(flag. mblncidentStrain)

{ if (!incident.mbTine)

{ if (incident.mbPolar)

{ChangeFor n(i nci dent. m dstrain. Get Si ze(), & nci dent. m dstrai n[ 0], & nci dent. m bPol ar

)i}
Real ft (& ncident. mdstrain[0]-1,incident. mdstrain. GetSize(),
& nci dent. m bTi ne) ;
}
for (i=0;i<incident.mdstrain.GetSize();i++)
{
i f(incident.mdstrain[i]>incident.mdnmaxstrain)
{i ncident. mdmaxstrai n=incident. mdstrain[i];}
i f(incident.mdstrain[i]<incident.mdn nstrain)
{incident. mdninstrai n=i ncident. mdstrain[i];}
}
}
i f(flag. mbRefl ectedStrain)
{ if (!reflected. mbTine)
{ if (reflected. mbPolar)
{ChangeForm(refl ected. m dstrain. Get Si ze(), & efl ected. mdstrai n[ 0], & ef | ect ed. m bPo
lar);}
Realf t(& eflected. mdstrain[0]-1,refl ected. mdstrain. GetSize(),
& efl ected. m bTi ne) ;
}
for (i=0;i<reflected. mdstrain.CGetSize();i++)
{
if(reflected. mdstrain[i]>reflected. mdmaxstrain)
{reflected. mdnaxstrai n=reflected. mdstrain[i];}
if(reflected.mdstrain[i]<reflected. mdni nstrain)
{reflected. mdm nstrain=reflected. mdstrain[i];}
}
}
if(flag. mbTransnittedStrain)
{ if (!transmitted. mDbTine)
{ if (transmtted. mbPol ar)
{ChangeForm(transmitted. mdstrain. GetSize(), & ransmtted. mdstrain[0], &ransnitted
. mbPolar);}
Real ft (& ransmitted. mdstrain[0]-1,transnmtted. mdstrain. GetSize(),
& ransnitted. mbTine);
}
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}

for (i=0ji<transmtted. mdstrain. GetSize();i++)

{
if(transmtted. mdstrain[i]>transmtted. mdmaxstrain)
{transmitted. mdmaxstrain=transmtted. mdstrain[i];}
if(transmtted. mdstrain[i]<transmitted. mdmn nstrain)
{transnmitted. mdminstrain=transmitted. mdstrain[i];}
}

}

EndWai t Cursor () ;
}//endi f DoMddal
i f(!'flag. mbRecal cul at e)

{ Updat eAl | Vi ews( NULL) ; }

fl ag. m bRecal cul at e=FALSE;
return TRUE;

voi d CCSHBDoc: : OnFi | eNewsanpl e()

{

~
~

/lreintialize some of the data val ues
sanpl e. m dDo=0;
sanpl e. m dLo=0;
sanmpl e. m szNane="";
sanpl e. m dAr ea=0;
sanpl e. m dVel oci t y=0;
sanpl e. m dPressur e=0;

datal. mdvolts. RenoveAl | ();
dat a2. m dvol ts. RenoveAl | ();
datal. m szFil ename="";

dat a2. m szFi | enane="";
datal. m dzer 0=0;

dat a2. m dzer 0=0;

datal. m szComent ="";

dat a2. m szComent ="";

i nci dent. mdstrain. RenoveAl | ();
reflected. mdstrain. RenoveAl | ();
transmtted. mdstrain. RemoveAl l ();
flag. m bPropagat eUtility=FALSE;
ag. m bReadl nci dent =FALSE;

. m bReadTr ansmi tt ed=FALSE;

. m bSepar at edl nci dent =FALSE;

. m bSepar at edTransm tt ed=FALSE;
. m bProcessedResul t s=FALSE;

. m bl nci dent St r ai n=FALSE;
.mbTransm ttedStrai n=FALSE;

. m bRef | ect edSt r ai n=FALSE;

. m bDat all nt er pol at ed=FALSE;

. m bDat a2l nt er pol at ed=FALSE;

. m bReadSanpl eDat a=FALSE;

fl
fl
fl
fl
fl
fl
fl
fl
fl
fl
fl 1
fl ag. m bRecal cul at e=FALSE;

DD DDYDDYDOLDLDDYDD
[(e)(ej{o){e}(oJlo}o)lo)lo)lo]

«

i nci dent bar. Vel ocity. m bCal cul at ed=FALSE;

i nci dent bar . For ce. m bCal cul at ed=FALSE;

i nci dent bar. Di spl acenent. m bCal cul at ed=FALSE;
transnittedbar. Force. m bCal cul at ed=FALSE;
transmi ttedbar. Vel ocity. m bCal cul at ed=FALSE;
transmittedbar. D spl acement. m bCal cul at ed=FALSE;

i nci dent bar. m dVel ocity. RenoveAll ();

i nci dent bar. m dFor ce. RenoveAl | ();
transnittedbar. mdVel ocity. RenoveAl |l ();
transmi ttedbar. m dForce. RenoveAl | ();

sanpl e. m bCal cul at edSt r ai nRat e=FALSE;
sanpl e. m bCal cul at edSt r ai n=FALSE;
sanpl e. m bCal cul at edSt r ess=FALSE;
sanpl e. m dDf =0;

sanpl e. m dLf =0;

sanpl e. m dengstress. RenoveAl | ();
sanpl e. m dengstrai n. RenoveAl | ();
sanpl e. m_dengstrai nrate. RenoveAl | ();
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}

trigger.mdthreshol d1_val ue=0. 2;
trigger.mdthreshol d2_val ue=0. 5;
trigger.mdtol erance_val ue=0. 005;

i nci dent. m bTi me=TRUE;
reflected. m bTi ne=TRUE;
transmtted. m bTi me=TRUE;

i nci dent. m bPol ar =FALSE;
refl ect ed. m bPol ar =FALSE;
transm tted. m bPol ar =FALSE;

i nci dent. m dDf =0;
refl ect ed. m dDf =0;
transmtted. m dDf =0;

i nci dent. m nbegi n=0;

i nci dent. m nend=0;

refl ect ed. m nbegi n=0;
refl ect ed. m nend=0;
transm tted. m nbegi n=0;
transnitted. m nend=0;

i nci dent. m drmaxst rai n=0;

i nci dent. m dmi nstrai n=0;
refl ected. m dnaxstrai n=0;
refl ected. mdm nstrai n=0;
transmitted. m dmaxstrai n=0;
transm tted. m dm nstrai n=0;

m _nFouri er Anal ysi s=1;

Updat eAl | Vi ews( NULL) ;

BOOL CCSHBDoc: : Export ()

{

I

CExportDataDl g dl g;

CString szExport Fil enane;

CString szTitle,szUnits, szObj ect;
CArray <doubl e, doubl e> dQut put ;

Cd eDat eTi e m dt Today;

i nt i =0, N=0, nsi ze=0, k=0;

doubl e dmax_stress=0, dmax_strai n=0;

m dt Today= CO eDat eTi ne: : Get Current Ti me() ;

dl g. m szExport Fi | eNane=". exp";

/
/

/
/

//set outputfile name to sanple name

dl g. m szExport Di rect oryNanme="d: \\ export\\";

dl g. m szFi | eName=sanpl e. m szNane+". exp";

dl g. m bHeader =TRUE;
if((incident. mbTinme)||(reflected. mbTinme)||(transmtted. mbTine))
dl g. m bStrai nsAl | owed=TRUE;

{

//set outputfile name to sanple nane

i f((sanpl e.mbCal cul at edSt rai n) &&( sanpl e. m bCal cul at edStr ess) &&

{

}

(sanpl e. m bCal cul at edSt rai nRat e))

. m bEngi neeri ngDat a=TRUE;

. m bEngi neeri ngDat a=FALSE;

. m bEngi neeri ngAl | owed=TRUE;
. m bTrueDat a=FALSE;

i f(((incidentbar.Force. mbTi ne)&&(incidentbar.Force. mbCalculated))]||
((transnittedbar. Force. m bTi ne) &&(transni ttedbar. Force. m bCal cul ated)))
dl g. m bFor cesAl | owed=TRUE;
dl g. m bFor ces=FALSE;

{
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i f(((incidentbar.Velocity. mbTine)&&(incidentbar.Velocity. mbCalculated))]||
((transmittedbar. Vel ocity. m bTi ne) &&(transmi ttedbar. Vel ocity. m bCal cul ated)))

dl g. m bVel oci ti esAl | owed=TRUE;

dl g. m bVel oci ti es=FALSE;

{
}

i f (dl g. DoMbdal () == DOK)

{ Begi nWai t Cursor () ;

szExport Fi |l ename=dl g. m szExport Fi | eNane;
dQut put . RenoveAl | ();

of stream expfil e(szExport Fi | enane, i 0os: :out);

ize();

to true val ue

ize();

if (lexpfile)
{ Af xMessageBox("Can't Create File", MB_| CONHAND) ;
return FALSE;

}
N=0;

nsi ze=0;

szbject="\t";
szTitle="Tinme\t";
szUnits="s\t";

i f(dl g.mbTrueDat a)

i f((sanpl e. mbCal cul at edStrai n) &&( sanpl e. m bCal cul at edStress) &k

{

}

(sanpl e. m bCal cul at edSt rai nRat e))

N+=3;

szbj ect+="True Data\t\t\t";

szTitle+="Strain Rate\tTrue Strain\tTrue Stress\t";

szUnits+="sM-1\tmd nmt MPa\t";

/1finds true stress strain curves

dQut put . Append( sanpl e. m dengstrai nrate);

nsi ze=(nsi ze>sanpl e. m dengstrai nrate. Get Si ze()) ?nsi ze: sanpl e. mdengstrainrate. Get S

dmax_strai n=-1e20; //change to true val ue
dmax_stress=-1e20; //change to true val ue

for (i=0;i<sanple.mdengstrain.GetSize();i++)

{ dQut put . Add( | og(1+sanpl e. m dengstrain[i]));
if(log(l+sanple. mdengstrain[i])>dnax_strai
{dmax_strai n=l og(1+sanpl e. m dengstrain[i]);

)

n
} //change to true val ue

for (i=0;i<sanple.mdengstrain.GetSize();i++)

{ dQut put . Add( (sanpl e. m dengstress[i]*l og(1l+sanpl e. m dengstrain[i])/pow10,6)));

if ((sanple.mdengstress[i]*log(l+sanple. mdengstrain[i]))>dnax_stress)
{dmax_stress=(sanpl e. m dengstress[i]*l og(1+sanple. mdengstrain[i]));} //change

i f(dl g. m bEngi neeri ngDat a)

i f((sanpl e. mbCal cul at edStrai n) &&( sanpl e. m bCal cul at edStress) &

{

(sanpl e. m bCal cul at edSt rai nRat e))

N+=3;

szObj ect +="Engi neering Data\t\t\t";

szTitle+="Strain Rate\tStrain\tStress\t";

szUnits+="s”-1\tnm mmit MPa\t";

nsi ze=(nsi ze>sanpl e. m dengstrai nrate. Get Si ze()) ?nsi ze: sanpl e. m_dengstrai nrate. Get S

dCQut put . Append(sanpl e. m dengstrai nrate);

dQut put . Append( sanpl e. m dengstrain);

for (i=0;i<sanple.mdengstress. GetSize();i++)
{dQut put . Add(sanpl e. m dengstress[i]/pow 10,6));}
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ize();

i f(dl g.mbStrains)

{ i f(((incident.mDbTine)&&(reflected. mbTine)&&(fl ag. m bSepar at edl nci dent))
&&

((transmtted. mbTi nme) &&(fl ag. m bSeparat edTransnitted)))

{ szObj ect+="Strain Wavefornms\t\t\t";

szTitle+="Incident\tReflected\t Transmitted\t";
szUnits+="mmmitmimtmi mt";
N+=3;
nsi ze=(nsi ze>i nci dent. mdstrai n. Get Si ze()) ?nsi ze: i nci dent. mdstrai n. Get Si ze();
dQut put . Append( incident.mdstrain);
dQut put . Append(refl ected. mdstrain);
dQut put . Append(transnitted. mdstrain);

telse if((incident.mDbTine)&&reflected. mbTinme)&&(fl ag. m bSepar at edl nci dent))

{ szObj ect+="Strain Wavefornms\t\t";
szTitle+="Incident\tRefl ected\t";
szUnits+="mmmitm mt";
N+=2;
nsi ze=(nsi ze>i nci dent. m dstrain. Get Si ze()) ?nsi ze: i nci dent. mdstrain. Get Si ze();
dQut put . Append(i nci dent. mdstrain);
dQut put . Append(refl ected. mdstrain);

telse if ((transmtted. mbTinme)&&(flag. m bSeparat edTransmitted))
szObj ect+="Strain Wavefornms\t";
szTitle+="Transm tted\t";
szUnits+="mm nmt";
N++;
nsi ze=(nsi ze>transnmitted. mdstrain. GetSi ze()) ?nsi ze:transmitted. mdstrain. Get Si ze(

dQut put . Append(transmitted. mdstrain);

}
i{f(dl g. m bFor ces)

i f((incidentbar.Force. mDbTine)&&(i nci dent bar. Force. m bCal cul at ed) &
(transm ttedbar. Force. m bTi ne) &(transmni ttedbar. Force. m bCal cul at ed))
{  N=2
sz(bj ect +="Forces\t\t";
szTitle+="Incidentbar\tTransmi ttedbar\t";
szUnits+="kNtkMNt";
nsi ze=(nsi ze>i nci dent bar. m dForce. Get Si ze()) ?nsi ze: i nci dent bar. m dFor ce. Get Si ze() ;
dQut put . Append(i nci dent bar. m dFor ce) ;

dCQut put . Append(transnittedbar. m dForce);

telse if((incidentbar.Force. mbTine)&&
(i nci dent bar. Force. m bCal cul at ed))
{ N
sz(bj ect +="Forces\t";
szTitle+="Incidentbar\t";
szUnits+="kNt";
nsi ze=(nsi ze>i nci dent bar. m dFor ce. Get Si ze()) ?nsi ze: i nci dent bar. m dFor ce. Get Si ze() ;
dCQut put . Append(i nci dent bar. m dForce);

telse if ((transmttedbar. Force. mbTine)&&
(transm ttedbar. Force. m bCal cul at ed))
{ N

sz(bj ect +="Forces\t";

szTitle+="Transm ttedbar\t";

szUnits+="kNt";

nsi ze=(nsi ze>transni tt edbar. m dForce. Get Si ze()) ?nsi ze: transmi tt edbar. m dForce. Get S

dCQut put . Append(transnittedbar. m dForce);

}
i f(dl g.mbVelocities)
{

i f((incidentbar. Velocity.mbTi ne)&&(incidentbar. Vel ocity.mbCal cul at ed) &
(transm ttedbar. Vel ocity. m bTi me) &(transmi ttedbar. Vel ocity. m bCal cul at ed))
{  N=2

szbject+="Velocities\t\t";

szTitle+="Incidentbar\t Transm ttedbar\t";
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szUnits+="m s\tm s\t";
nsi ze=(nsi ze>i nci dent bar. m dVel ocity. Get Si ze()) ?nsi ze: i nci dentbar. m dVel ocity. GetS

ize();
dQut put . Append(i nci dent bar. m dVel ocity);
dCQut put . Append(transm ttedbar. m dVel ocity);
telse if((incidentbar. Velocity.mbTine)&&
(i ncidentbar. Vel ocity. mbCal cul at ed))
{ N
szObj ect+="Vel ocity\t";
szTitle+="Incidentbar\t";
szUnits+="m s\t";
nsi ze=(nsi ze>i nci dent bar. m_dVel oci ty. Get Si ze()) ?nsi ze: i nci dentbar. m dVel ocity. Get S
ize();
dCQut put . Append(i nci dent bar. m dVel ocity);
telse if ((transmittedbar. Vel ocity. mbTi ne)&&
(transm ttedbar. Vel ocity. m bCal cul at ed))
{ N
szObj ect+="Vel ocity\t";
nsi ze=(nsi ze>transm ttedbar. m dVel ocity. Get Si ze()) ?nsi ze:transmi ttedbar. m dVel oci t
y. Cet Si ze();
szTitle+="Transm ttedbar\t";
szUnits+="m s\t";
nsi ze=(nsi ze>i nci dent bar. m_dVel oci ty. Get Si ze()) ?nsi ze: i nci dentbar. m dVel ocity. Get S
ize();
dCQut put . Append(transm ttedbar. m dVel ocity);
}
}
i f(dl g.mbDi spl acenment s)
{
i f((incidentbar. D splacenment. mbTi ne)&&(i nci dent bar. Di spl acenent. m bCal cul at ed) &&
(transm ttedbar. Di spl acenent. m bTi ne) &(transm ttedbar. Di spl acenent. m bCal cul at ed))
{  N=2

szbj ect +="Di spl acenents\t\t";

szTitle+="Incidentbar\tTransmi ttedbar\t";

szUnits+="mtmt";

nsi ze=(nsi ze>i nci dent bar. m dDi spl acenment . Get Si ze()) ?nsi ze: i nci dent bar. m dDi spl acem
ent. Get Si ze();

dQut put . Append(i nci dent bar. m dbDi spl acenent) ;

dCQut put . Append(transnittedbar. m dDi spl acenent);

telse if((incidentbar. D splacenent. mbTi ne) &&
(i ncidentbar. Di spl acement. m bCal cul at ed))
{ Ny
szObj ect +="Di spl acenment\t";
szTitle+="Incidentbar\t";
szUnits+="mt";
nsi ze=(nsi ze>i nci dent bar. m_dDi spl acenent. Get Si ze()) ?nsi ze: i nci dent bar. m dDi spl acem

ent. Get Si ze();
dCQut put . Append(i nci dent bar. m dDi spl acenent) ;

telse if ((transmittedbar. D splacenent. mbTi ne) &&
(transm ttedbar. Di spl acenent. m bCal cul at ed))
{ Ny
szObj ect +="Di spl acenment\t";
nsi ze=(nsi ze>transmni tt edbar. m dDi spl acenment. Get Si ze()) ?nsi ze: transm ttedbar. m dDi s
pl acenment . Get Si ze() ;
szTitle+="Transm ttedbar\t";
szUnits+="mt";
nsi ze=(nsi ze>i nci dent bar. m_dDi spl acenent. Get Si ze()) ?nsi ze: i nci dent bar. m dDi spl acem

ent. Get Si ze();
dCQut put . Append(transnittedbar. m dDi spl acenent);

}

}
i f(dl g. m bHeader)
{ expfil e<<sanpl e. m szName<<"\tProperties"<<"\t"<<endl;

expfil e<<"Do=\t"<<sanpl e. m dDo*1000<<"\t mm Lo=\t" <<sanpl e. m dLo*1000<<"\t mi' <<endl ;
expfile<<"Df =\t"<<sanpl e. m dDf *1000<<"\t mm Lf =\t " <<sanpl e. m dLf *1000<<"\ t ' <<end| ;

expfile<<"Test Date:\t";
expfil e<<sanpl e. m dt Dat e. Get Mont h() <<"/" <<sanpl e. m dt Dat e. Get Day() <<"/";
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T<<"\t\t Max

_dDT<<"\t\tMax Stress:

at a2. m dDT<<"

}

expfil e<<sanpl e. m dt Dat e. Get Year () <<"\t";
expfile.width(2);

expfile. fill("'0");

expfil e<<sanpl e. m dt Dat e. Get Hour () <<": ";
expfile.width(2);

expfil e<<sanple.mdtDate. Get M nute()<<":";
expfile.width(2);

expfil e<<sanpl e. m dt Dat e. Get Second() <<endl ;

expfil e<<"Processing Date:\t";
expfil e<<m dt Today. Get Mont h() <<"/" <<m dt Today. Get Day() <<"/"<<m dt Today. Get Year () <<"\t"

expfile.width(2);
expfile. fill("'0");
expfil e<<m dt Today. Get Hour () <<":";
expfile.width(2);
expfil e<<m dt Today. Get M nute() <<":";
expfile.width(2);
expfil e<<m dt Today. Get Second() <<endl ;
expfile<<"lInput Conditions:\tStrikerVelocity:\t"<<sanple. mdVel ocity<<
"\tms\tStriker Length:\t"<<sanple. mdStrikerLength<<
"\tmtQun Pressure\t"<<sanpl e.m dPressure<<"\tpsi"<<endl;
expfile<<"Data Fil es"<<endl ;
expfile<<"Incident\t"<<datal. mszFil ename<<"\t"<<datal. m szComent <<endl ;
expfile<<"Transmi tted\t"<<data2. m szFi | ename<<"\t"<<dat a2. m szConment <<end| ;
expfile<<"Calibration Files"<<endl;
expfil e<<"Incident bar\t"<<incidentbar.mszFil ename<<endl ;
expfile<<"Transmitted bar\t"<<transmi ttedbar. m szFi | enane<<endl ;
expfile<<"Indices\tStart\tEnd\t\t Cal cul ated Maxi nuns"<<endl ;
expfil e<<"lncident\t"<<incident.mnbegi n*tdatal. m dDT<<"\t"<<inci dent. m nend*datal. m dD
Strain:\t"<<
((dl g. m bTrueDat a) ?2dmax_st rai n: sanpl e. m dmax_st rai n) <<endl ;
expfile<<"Reflected\t"<<refl ected. m nbegi n*dat al. m dDT<<"\t"<<refl ect ed. m nend*datal. m

V1" <<

((dl g. m bTrueDat a) ?dnmax_st ress/ pow 10, 6) : sanpl e. m dmax_stress/ pow( 10, 6) ) <<endl ;
expfile<<"Transmitted\t"<<transm tted. m nbegi n*dat a2. m dDT<<"\t"<<transm tted. m nend*d
\t\tMax Strain Rate:\t"<<sanple. m dmax_strainrat e<<endl ;

expfil e<<szhj ect <<endl ;
expfil e<<szTitl e<<endl;
expfil e<<szUnit s<<endl ;

I
Il
I

N is the nunmber of colums of output
nsize i s the nunber
dQut put are of the same size

of elenents of the colums, assunes all arrays appended to

for (i=0;i<nsize;i++)

expfil e<<i *datal. m dDT<<"\t";
for (k=0; k<N, k++)
{

expfil e<<dQut put[i +tk*nsi ze] <<"\t";

expfil e<<end| ;

}
dQut put . RenoveAl | ();

expfile.close();
Af xMessageBox("Data Sucessful |y Exported", MB_(OK);
EndWai t Cur sor () ;

}// end Do Mbdal

return TRUE;

CCSHBDoc* CCSHBDoc: : Get Doc()

CMVDI Chi | dWhD *
((CVDI Fr anmeWhd*) ( Af xGet App() - >m _pMai nWad) ) - >MDI Get Acti ve();

ifo(

pChild =

I pChild )

return NULL;
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CDocunent * pDoc = pChil d->Get Acti veDocunent () ;

if ( !'pDoc )

/
[

/
i f

return NULL;

Fail if doc is of wong kind
(! pDoc->IsKindOf ( RUNTI ME_CLASS( CCSHBDoc) ) )
return NULL;

return (CCSHBDoc *) pDoc;

}

voi d CCSHBDoc: : OnSeper at ewave()

i nt

i =0, bi =0, ei =0, br =0, er =0, bt =0, et =0, a=0, b=0;

CSepar at eVal uesDl g dl g;

dl g. m dt hreshol d1=tri gger. m dt hreshol d1_val ue;
dl g. m dt hreshol d2=t ri gger. m dt hreshol d2_val ue;
dl g. m dt ol erance=tri gger. mdtol erance_val ue;

i f(flag. mbReadl nci dent ==TRUE)

{

dl g. m bSepar at el nci dent =TRUE; }

el se{

dl g. m bSepar at el nci dent =FALSE; }

i f(flag. mbReadTransm tted)

{

dl g. m bSepar at eTransmi t t ed=TRUE; }

el se{

dl g. m bSepar at eTransmi t t ed=FALSE; }

i f (dl g. DoMbdal ()==I DOK)

{

i f((flag. mbProcessedResults)]|| (incidentbar.Velocity.mbCalculated)||(transm ttedbar.

ity. mbCal cul at ed))

{fl ag. m bRecal cul at e=TRUE; }

/!l Retrieve D alog Data

trigger.mdthreshol d1_val ue=dl g. m dt hreshol d1;
trigger.mdthreshol d2_val ue=dl g. m dt hr eshol d2;
trigger. mdtol erance_val ue=dl g. m dt ol er ance;

//  Find Incident Wave

//a and

i f((dl g. mbSeparatel nci dent) &&(fl ag. m bReadl nci dent))

{ Get Begi nEnd( 0, &lat al. m dvol t s[ 0], dat al. m dnaxy, dat al. m dmi ny,
dat al. m dzero, datal. m dvol ts. Get Si ze(), & nci dent. m nbegi n, & nci dent. m nend,
&reflected. m nbeg| n, & ef |l ect ed. m nend, di g. mnlntercept);

i f((dl g. mbSeparateTransm tted)&&(flag. m bReadTransnitted))
Cet Begi nEnd( 1, &at a2. m dvol t s[ 0], dat a2. m drmaxy, dat a2. m dmi ny,

Vel oc

dat a2. m dzero, data2. m dvol ts. Get Si ze(), & ransni tted. m nbegin, & ransnitted. m nend

, &, &, dl g. m nlntercept);

}
b are dummy variabl es and have no effect on anything

(dl g. m bSepar at el nci dent)

| ag. m bSepar at edl nci dent =TRUE; }
(dl g. m bSeparat eTransmni tted)

| ag. m bSepar at edTransmi t t ed=TRUE; }

{
Updat eAl | Vi ews( NULL) ;

if
{f
f
f

}//end if

voi d CCSHBDoc: : OnUpdat eCal cul at eResul t s( CCdUl * pCndUl )
{

if ((!flag. mbSeparatedlncident&& flag. mbReadTransnittedBar)| |

37



('flag. m bSeparatedTransm tted&&! fl ag. m bReadl nci dent Bar) | |
(!'flag. m bReadl nci dent Bar &&! f| ag. m bReadTransmi ttedBar) | |
('flag. m bSeparatedTransm tted&&! fl ag. m bSepar at edl nci dent))

{ pCndUl - >Enabl e( FALSE) ; }

el se

{ pCndUl - >Enabl e( TRUE) ; }

voi d CCSHBDoc: : OnAnal ysePropagati onCal cul ati on()

Cal cul at ePropagati onCoef ficient();
}

voi d CCSHBDoc: : OnUpdat eAnal ysePr opcal ¢( CCmdUl * pCndUl )
{

f  ((flag. mbSeparatedl nci dent &f | ag. m bReadl nci dent Bar) | |
flag. m bSepar at edTransm tt ed&&f | ag. m bReadTransmi tt edBar))
pCndUl - >Enabl e( TRUE) ; }

I

voi d CCSHBDoc: : OnUpdat ePr eSeper at ewave( CCrdUl * pCndUl )

i f(flag. mbReadl ncident||flag. mbReadTransm tted)
{ pCndUl - >Enabl e( TRUE) ; }

el se

{ pCndUl - >Enabl e( FALSE) ; }

}
voi d CCSHBDoc:: OnUtilitiesPropagat ewave()

CPropagat eVaveltilityD g dl g;
doubl e w=0;

i nt N=0, power =0, i =0;

dl g. m dl nci dent Di st ance=0;

dl g. mdTransnittedD st ance=0;

dl g. m dFreqFi | t er=m dFrequencyFil ter;
( n

i f '(! i nci dent bar. m bPropCoeffl ncl uded) &&(!transm ttedbar. m bPropCoef fl ncl uded))
{
dl g. m nNyqui st =0;
}
el se
{ :
dl g. m nNyqui st =1;
}

i{f (dl g. DoMbdal () ==I DOK)

i nci dent. m dstrain. RenoveAl | ();

reflected. mdstrain. RenoveAl | ();
transnmitted. mdstrain. RenoveAl | ();

i nci dent bar. m dVel ocity. RenoveAl | ();
transnittedbar. mdVel ocity. RenoveAl |l ();

i nci dent bar. m dFor ce. RenoveAl | ();

transm ttedbar. m dForce. RenoveAl | ();

i nci dent bar . For ce. m bCal cul at ed=FALSE;

i nci dent bar. Vel ocity. m bCal cul at ed=FALSE;
transnittedbar. Force. m bCal cul at ed=FALSE;
transm ttedbar. Vel ocity. m bCal cul at ed=FALSE;
sanpl e. m bCal cul at edSt r ai nRat e=FALSE;

sanpl e. m bCal cul at edSt r ai n=FALSE;

sanpl e. m bCal cul at edSt r ess=FALSE;

flag. m bl nci dent St rai n=FALSE;

flag. m bRef | ect edSt r ai n=FALSE;

flag. m bTransmi ttedStrai n=FALSE;

Begi nWai t Cursor ();

i f((flag. mbReadl nci dent) &&(fl ag. m bReadl nci dent Bar) &&(f| ag. m bSepar at edl nci dent))
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i f(((fabs(datal. m dDT-incidentbar. m dDT)>5e-8)]| |
(datal. mdvolts. Get Size()!=incidentbar. m dG GetSize()))
&&
(i nci dent bar. m bPropCoef fl ncl uded))

// conpensat e i ndices for new points

i nci dent. m nbegi n=i nt (i nci dent. m nbegi n*dat al. m dDT/i nci dent bar. m dDT) ;

i nci dent. m nend=i nt (i nci dent. m nend*dat al. m dDT/i nci dent bar. m dDT) ;

refl ect ed. m nbegi n=i nt (refl ect ed. m nbegi n*dat al. m dDT/i nci dent bar. m dDT) ;
refl ected. m nend=i nt (refl ect ed. m nend*dat al. m dDT/i nci dent bar. m dDT) ;

/1l sonme error checking

i f (incident.mnbegin>incidentbar.mdG GetSize())
{ i nci dent . m nbegi n=i nci dent bar. m dG Get Si ze();
(
(

}
if (reflected. mnbegin>i nci dentbar. mdG Cet Si ze())
{ refl ect ed. m_nbegi n=i nci dent bar. m dG Get Si ze() ; }
i f (incident.mnend>inci dentbar. mdG Get Size())
{ i nci dent . m nend=i nci dent bar. m dG Get Si ze();}

()
()

if (reflected. mnend>i nci dentbar. m dG Cet Si ze()
{ refl ect ed. m_nend=i nci dent bar. m dG Get Si ze() ; }
i f(incidentbar. mdDT>datal. m dDT)
{ N=i nt (cei |l (i nci dent bar. m dG Get Si ze() *i nci dent bar. m dDT/ dat al. m dDT));
i f(N>datal. mdvolts. GetSi ze())
{ /lin case you want nore points than you have are needed

datal. mdvol ts. I nsert At (datal. mdvolts. Get Upper Bound(), O,

N-dat al. m dvol ts. Get Si ze());
dat al. m szConmment +="had points added; "

}

N=i nci dent bar. m dG Cet Si ze();

if (fabs(datal. m dDT-i nci dent bar . m 1 dDT) >1e- 8)

{Interpol at eDat a(N, dat al. m dDT, i nci dent bar. m dDT,

&dat al. m dvol ts[0]);

dat al. m szConment +="was changed to a sl ower sanple rate,;

//renmove points
if ((N-datal. mdvolts. GetSize())>0)
{

dat al. m dvol t s. RemoveAt (N, abs(N-datal. m dvol ts. Get Si ze()));
datal. mdvolts. FreeExtra();
dat al. m szConment +="had poi nts renoved,

}
dat al. m dDT=i nci dent bar. m dDT; // new sanpl e rate
dat al. m szComrent +="t o nmatch bar dispersion data; ";

lel se
{// addpoi nts
N=i nci dent bar. m dG Get Si ze();
i f (N>datal. mdvolts. GetSi ze())
/lhere it is necessary since adding points

datal. m dvol ts. I nsert At (datal. mdvol ts. Get Upper Bound(), O,
N-datal. m dvol ts. Get Si ze());
dat al. m szComent +="had poi nts added; "“;

}
if (fabs(datal. m dDT-i ncidentbar.m dDT)>1e-8)

I nt er pol at eDat a( N, dat al. m dDT, i nci dent bar. m dDT, &at al. m dvol ts[0]);
dat al. m szComent +="was changed to a faster sanple rate; ";

at al. m dDT=i nci dent bar. m dDT;
f(datal. mdvolts. Get Si ze()>i nci dent bar. m dG Get Si ze())

~——a

datal. m dvol ts. RemoveAt (i nci dent bar. m dG Get Si ze(),
datal. m dvol ts. Get Si ze()-inci dentbar. m dG GetSi ze());

datal. mdvolts. FreeExtra();

dat al. m szComment +="had poi nts renoved; ";

datal. m szComent +="t o match bar di spersion data; ";
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telse if (i ncidentbar. m bPropCoef fl ncl uded)

dat al. m szConment +="mat ched bar di spersion dat a;

N=dat al. m dvol ts. Get Si ze(); //nunber of points

power =i nt ((1 og(N)/10g(2)));

if (Nsint(pow(2, power)))//if the nunber of points is not a power of 2
{ pover ++; }

N=i nt (pow 2, power));

incident. mdstrain.lnsertAt (0,0, N);
reflected.mdstrain.InsertAt(0,0,N);

i nci dent. m dDf =1/ (i nci dent. m dstrain. Get Si ze() *datal. m dDT);
reflected. m dDf =1/ (refl ected. mdstrain. Get Si ze() *datal. m dDT);

i f(!incidentbar. mbPropCoefflncl uded) /1if dispersion is not included propragate
waves with C

i nci dent bar. m dDf =i nci dent. m dDf ;
i nci dent bar. m dDT=dat al. m dDT;

i nci dent bar. m dG RenoveAl |l ();

w=i nci dent . m dDf *2* Pl ;

i nci dent bar. m dG Add(0);

i nci dent bar. m dG Add(0);

w=0;

for(i=2;i<incident.mdstrain. GetSize();i+=2)

{

w+=i nci dent. m dDf *2* Pl ;

i nci dent bar. m dG Add(0);

i nci dent bar. m dG Add(w sqrt (i nci dent bar. m dE/ i nci dent bar. m dDensity));
}

Volts_to_Strain(&datal. mdvol ts[incident.mnbegin],
& ncident. mdstrain[incident. mnbegin],
(i ncident. mnend-inci dent.mnbegin), incidentbar. mdSl| ope,
& nci dent. m dnmaxstrain, & nci dent. m dm nstrain);
Volts_to_Strain(&datal. mdvolts[reflected. mnbegin],
& efl ected. mdstrai n[refl ected. m nbegin],
(reflected. mnend-refl ected. mnbegin),incidentbar.mdSl ope,
& nci dent. m dmaxstrain, & nci dent. m dmi nstrain);
i nci dent. m bTi me=TRUE;
flag. m bl nci dent St rai n=TRUE;
reflected. mbTi me=TRUE;
flag. m bRef | ect edStrai n=TRUE;
Real ft (& ncident. mdstrain[0]-1,incident. mdstrain. GetSize()
, & nci dent. m bTi ne);
Real ft (& eflected. mdstrain[0]-1,refl ected. mdstrain. GetSize()
, & efl ected. mbTine);

i nci dent. m bPol ar =FALSE;
refl ect ed. m bPol ar =FALSE;

/ Change to polar formfor Dispersion Correction
f (dl g. m nNyqui st! =0)

m dFr equencyFi |l ter=dl g. m dFreqgFil ter;

| se
//cal cul ate values up to the nyquist frequency
/1 Propagat e wave checks values so don't do it here
m_dFrequencyFi |l ter=1/(2*i nci dentbar. m dDT); //Nyquist Critical Frequency

/
i
{
}
e
{

ChangeFor n(i nci dent. m dstrain. Get Si ze(),
& nci dent. mdstrain[0], & nci dent. m bPol ar);

ChangeFornm(refl ected. mdstrain. Get Si ze(),
&refl ected. mdstrain[0], & efl ected. m bPol ar) ;

Pr opagat eWave(inci dent. mdstrain. Get Si ze(), & nci dent. m dstrain[ 0],
dat al. m dDT, i nci dent bar. m dG CGet Si ze(),
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HE((

& ncidentbar.mdd 0], -1, dl g. mdl nci dent Di st ance);
Propagat eWave(refl ected. mdstrain. Get Si ze(), & efl ected. mdstrain[0],
dat al. m dDT, i nci dent bar. m dG Get Si ze(),
& nci dentbar. mdd 0], -1, dl g. m dRef | ect edDi st ance) ;
//Calculate force and velocity for each bar at interface
/'l change into rectangular form
ChangeFor n(i nci dent. m dstrain. Get Si ze(),
& nci dent. mdstrain[0], & nci dent. m bPol ar);
ChangeFornm(refl ected. mdstrain. Get Si ze(),
& efl ected. mdstrain[0], & efl ected. m bPol ar) ;

. m bPropagateltility=TRUE;

ag. m bProcessedResul t s=TRUE;

LELEEEEEEEEE i i iiiigggg
LEELELEEI i i iiiiringg

ange Back Into Tine Donain

LETEEEEEL i rrrrrr
LEEEEEEEEE i g

. m bReadTransmi tted)&(fl ag. m bReadTransm tt edBar) &&(fl ag. m bSepar at edTransni tt ed)

(fabs(data2. m dDT-transni ttedbar. m dDT) >5e-8) | |
(data2. mdvolts. Get Size()! =transnittedbar. m dG Get Si ze()))
&&(transm ttedbar. m bPropCoefflncl uded))

/] conpensat e i ndices for new points
transm tted. m nbegi n=i nt (transm tted. m nbegi n*dat a2. m dDT/transmi ttedbar. m dDT);
transmtted. m nend=int(transmtted. m nend*data2. m dDT/transm ttedbar. m dDT);

if(transmtted. mnbegi n>transmnittedbar. m dG Get Si ze())
{transnitted. m nbegi n=transnittedbar. m dG Cet Si ze();}

if(transmitted. mnend>transmttedbar. m dG Get Si ze())
{transnitted. m nend=transmittedbar. m dG Get Si ze();}

if(transm ttedbar. m dDT>dat a2. m dDT)

{ N=int (ceil (transmittedbar. m dG Get Size()*transm ttedbar. m dDT/ data2. m dDT));
i f (N>data2. mdvolts. GetSize())

{

data2. mdvol ts. I nsert At (dat a2. m dvol ts. Get Upper Bound(), O,
N-dat a2. m dvol ts. Get Si ze());
dat a2. m szConment +="had poi nts added;

}
N=t ransni ttedbar. m dG CGet Si ze();
if (fabs(transm ttedbar.m dDT-data2. m dDT)>1e- 8)

I nt er pol at eDat a( N, dat a2. m dDT, transm tt edbar. m dDT, &at a2. m dvol ts[ 0] ) ;
dat a2. m szConment +="was changed to a sl ower sanple rate; ";

}

if ((N-data2. mdvolts. GetSize())>0)
{//renpve points
dat a2. m dvol t s. RemoveAt (N, abs(N-dat a2. m dvol ts. Get Si ze()));
data2. mdvol ts. FreeExtra();
dat a2. m szConment +="had poi nts renoved;

dat a2. m dDT=transm tt edbar. m dDT;// new sanple rate
dat a2. m szComrent +="t 0o match bar di spersion data; ";

}

el se
{ /1 / addpoi nts
N=t ransmi tt edbar. m dG Get Si ze() ;
i f(N>data2. mdvolts. GetSize()) //here it is necessary since adding points
{ data2. mdvol ts. I nsert At (dat a2. m dvol ts. Get Upper Bound(), O,
N-dat a2. m dvol ts. Get Si ze());
dat a2. m szComent +="had poi nts added; ";

if (fabs(transnittedbar.m dDT-data2. m dDT)>1e- 8)
{

I nterpol at eDat a( N, dat a2. m dDT, transm tt edbar. m dDT, &at a2. m dvol ts[ 0] ) ;
dat a2. m szConment +="was changed to a faster sanple rate; ";
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dat a2. m dDT=transm tt edbar. m dDT;
i f(data2. mdvolts. GetSize()>transnittedbar. m dG Get Si ze())

dat a2. m dvol ts. RenoveAt (transni ttedbar. m dG Get Si ze(),
data2. mdvolts. Get Si ze()-transmittedbar. m dG Get Si ze());

data2. m dvol ts. FreeExtra();

dat a2. m szConment +="had poi nts renoved,

dat a2. m szConment +="t o match bar di spersion data;";
}
telse if(transmttedbar. mbPropCoefflncl uded)

dat a2. m szConment +="mat ched bar di spersi on dat a;

N=dat a2. m dvol ts. Get Si ze(); //nunber of points

pover =i nt ((1 og(N)/10g(2)));

if (N>int(pow(2,power)))//if the nunber of points is not a power of 2
{ pover ++; }

N=i nt (pow 2, power) ) ;

transmtted. mdstrain.InsertAt(0,0,N);

transmtted. mdDf =1/ (transnitted. mdstrain. Get Si ze() *dat a2. m dDT) ;

if(!'transm ttedbar. m bPropCoefflncl uded) /1if dispersion is not included propragate

waves with C
{ transnittedbar. m dDf =transnitted. m dDf;

transni ttedbar. m dDT=dat a2. m dDT;

transnittedbar. m dG RenoveAll ();

w=transm tted. m dDf *2* Pl ;

transnittedbar. m dG Add(0);

transmttedbar. m dG Add(0);

w=0;

for(i=2;i<transmtted. mdstrain. GetSize();i+=2)

{

w+=transnitted. m dDf *2* Pl ;

transnittedbar. m dG Add(0);

transm ttedbar. m dG Add(w sqgrt(transm ttedbar. m dE/ transm ttedbar. m dDensity));

e

Volts_to_Strain(&data2. mdvol ts[transm tted. mnbegin],

& ransnmitted. mdstrain[transm tted. m nbegin],

(transm tted. m nend-transnitted. m nbegin),

transmi ttedbar. m dSl ope, & ransnitted. m dnaxstrain, & ransnmitted. mdm nstrain);
transnitted. m bTi me=TRUE;
flag. m bTransnittedStrai n=TRUE;

Real ft (& ransmitted. mdstrain[0]-1,transmtted. mdstrain. GetSize()
,&ransnitted. mbTine);
transm tted. m bPol ar =FALSE;

/] Change to polar formfor D spersion Correction
i f(dl g. mnNyquist!=0)
{ m _dFrequencyFil ter=dl g. m dFreqgFilter;}
el se
{ //cal cul ate values up to the nyquist frequency
/1 Propagat e wave checks values so don't do it here
m_dFrequencyFil ter=1/(2*transm ttedbar. m dDT); //Nyquist Critical Frequency

}

ChangeForm(transmitted. mdstrain. GetSi ze(),
&ransmtted. mdstrain[0], &ransnitted. mbPol ar);

Propagat eWave(transmitted. mdstrain. GetSi ze(), & ransmtted. mdstrain[0],
data2. m dDT, transm tt edbar. m dG Get Si ze(),
& ransnittedbar. mdd 0], 1,dl g. mdTransni ttedDi stance);

/1 Calculate force and velocity for each bar at interface

//change into rectangular form
ChangeForn(transm tted. mdstrain. GetSi ze(),
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& ransmtted. mdstrai [ 0], & ransm tted. mbPol ar);
flag. m bPropagateUtility=TRUE;

}
TEEEEEEEEr i bbb iirrr
TIEEELLEEEE bbb bbb rrrriirrr
[0l Change Back Into Tinme Domain
PIPELEEEEEE bbb bbb bbb rrriiiiirrr
TEETEEEEEr bbb bbb rrrr
i f(flag. mblncidentStrain)
{ if (!incident.mbTine)
{ if (incident.mbPolar)
{ChangeFor (i nci dent. m dstrain. Get Si ze(), & nci dent. m dstrai n[ 0], & nci dent. m bPol ar
)i}
Real ft (& ncident. mdstrain[0]-1,incident. mdstrain. GetSize(),
& nci dent. m bTi ne) ;
}
for (i=0;i<incident.mdstrain.GetSize();i++)
{
i f(incident.mdstrain[i]>incident.mdmaxstrain)
{inci dent. m dmaxstrai n=i ncident. mdstrain[i];}
i f(incident.mdstrain[i]<incident. m dni nstrai n)
{incident. mdm nstrain=incident.mdstrain[i];}
}
i f(flag. mbRefl ectedStrain)
if (!reflected. mbTine)
{ if (reflected. mbPolar)
{ChangeForm(refl ected. m dstrain. Get Si ze(), & efl ected. mdstrai n[ 0], & ef | ect ed. m bPo
lar);}
Real f t(&eflected. mdstrain[0]-1,reflected. mdstrain. GetSize(),
& efl ected. m bTi ne) ;
}
for (i=0;i<reflected. mdstrain.CGetSize();i++)
{
if(reflected. mdstrain[i]>reflected. mdmaxstrain)
{reflected. mdnaxstrai n=reflected. mdstrain[i];}
if(reflected. mdstrain[i]<reflected. mdni nstrain)
{reflected. mdnminstrain=reflected.mdstrain[i];}
}
}
if(flag. mbTransnittedStrain)
{ if (!transmitted. mDbTine)
{ if (transmtted. mbPol ar)
{ChangeForm(transmitted. mdstrain. GetSize(), & ransmtted. mdstrain[0], &ransnitted
. mbPolar);}
Real ft (& ransmitted. mdstrain[0]-1,transnmtted. mdstrain. GetSize(),
& ransnitted. mbTine);
}
for (i=0ji<transmtted. mdstrain. GetSize();i++)
{
if(transmtted. mdstrain[i]>transmtted. mdmaxstrain)
{transnmitted. mdmaxstrai n=transnitted. mdstrain[i];}
if(transnmitted. mdstrain[i]<transnitted. mdmnstrain)
{transmtted. mdminstrain=transmitted. mdstrain[i];}
}
}
EndWai t Cursor () ;
}

Updat eAl | Vi ews( NULL) ;
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voi d CCSHBDoc: : OnUpdat eUti | i ti esPropagat ewave( CCndUl * pCrdUl )

{

}

i f

((flag. m bSepar at edl nci dent &&f | ag. m bReadI nci dent Bar) | |

(fl ag. m bSepar at edTransmi tt ed&&f | ag. m bReadTransmi tt edBar))
{pCmdUl - >Enabl e( TRUE) ; }

el se

{pCrdUl - >Enabl e( FALSE) ; }

BOOL CCSHBDoc: : Cal cul at ePropagat i onCoef fi ci ent ()
{

i nt

i =0, power =0, N=0;

doubl e fo0=0, phasev=0, den_r =0, den_i =0, w=0, dnun=0;
doubl e num real =0, num_i nag=0, sum=0;

BOOL bE_Ti ne, bG Pol ar;

CPropCoeffD g dlg;

CArray <doubl e, doubl e> dG dE_Cnpl x;

/linitialize data

dl g. mszCalibrationFil e=i nci dent bar. m szFi | enane;

dl g. m szDat aFi | e=dat al. m szFi | enane;

dl g. m bUpdat eFi | e=FALSE;

dl g. m dFi | t er=20000;

/1 Note error checking for valid i nput data is done in OnUpdat eAnal ysePropcal c

i f (dlg. DoMbdal () ==I DOK)

i f ((incidentbar.mbPropCoefflncluded)&&(dl g. mbUpdateFile))
Af xMessageBox(" Propagati on Coefficient Data Already Included in Calibration File!\nThe

O d Data Mist Be Erased and Calibration Files Re-inputted Before Reprocessing!\nCal cul ation W I
Not Conti nue!", MB_| CONERROR) ;

return FALSE;
}

Begi nWi t Cursor () ;

dG RemoveAl | ();

dE_Cmpl x. RenoveAl | () ;

i nci dent. mdstrain. ReroveAl | 0O);
refl ected. mdstrain. RenoveAl | ();

[linitialize strain arrays

N=dat al. m dvol ts. Get Si ze(); //nunber of points

power =i nt ((1 og(N)/10g(2))):

i f (Nsint(pow 2, power)))/llf the nunber of points is not a power of 2
{ pover ++; }

N=i nt (pow( 2, power) ) ;

incident. mdstrain.lnsertAt(0,0,N);
reflected.mdstrain.InsertAt(0,0,N);

Vol ts_to_Strain(&datal. mdvol ts[incident.mnbegin], & nci dent. m dstrain[incident.mnbegin],
i nci dent. m nend-i nci dent. m nbegi n, i nci dent bar. m dSl ope,
& nci dent. m dnaxstrain, & nci dent. m dm nstrain);

Volts_to_Strain(&datal. mdvol ts[refl ected. mnbegin], & efl ected. mdstrai n[refl ect ed. m nbegi

refl ected. m nend-refl ected. m nbegi n, i nci dent bar. m dS| ope,
&refl ected. m dmaxstrain, & efl ected. m dm nstrain);

fl ag. m bl nci dent St rai n=TRUE;

i nci dent. m bTi me=TRUE;

flag. m bRef | ect edSt r ai n=TRUE;
refl ected. m bTi me=TRUE;

Real ft (& ncident. mdstrain[0]-1,incident. mdstrain. GetSize(), & ncident. mbTinme);
i nci dent. m bPol ar =FALSE;

Real ft (& eflected. mdstrain[0]-1,refl ected. mdstrain. GetSize(), & efl ected. m bTi nme);
refl ect ed. m bPol ar =FALSE;

//-reflected strain

for(i=0;i<reflected. mdstrain.GetSize();i+=2)
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Cnul (reflected. mdstrain[i],reflected. mdstrain[i+1],-1,0,
& eflected. mdstrain[i], & eflected. mdstrain[i+1]);
}

ChangeFor n(i nci dent. m dstrain. Get Si ze(), & nci dent. mdstrain[ 0], & nci dent. m bPol ar) ;
ChangeForn(refl ected. mdstrain. GetSi ze() &refl ected. mdstrai n[O] &refl ect ed. m bPol ar)

/lreflected/incidentstrain
for(i=0;i<incident.mdstrain. GetSize();i+=2)
dG Add(l og(reflected. mdstrain[i]/incident.mdstrain[i])/(-2*incidentbar.mdDi stance))

dG Add((reflected. mdstrain[i+1]-incident.mdstrain[i+1])/(-2*incidentbar.mdD stance)

}
bG_Pol ar =TRUE;

EndWai t Cursor () ;
fo=1/ (N-datal. m dDT); // base frequency
i f( dl g.mbUpdateFile)
{
of stream appfil e(i nci dent bar. m szFi |l enane, i 0os:: app|i 0s::nocreate);
Begi nWai t Cursor ();
appfil e<<"\ n*Dl SPERSI ON' <<endl ;
for (i=0;i<dG GetSize();i+=2)
appfile<<fo*(i/2)<<"\t"<<d{i]<<"\t"<<d(J i +1] <<endl ;

appfile.close();
EndWai t Cursor () ;

}

N=int(dlg.mdFilter/fo);//hz//filter

i f(dlg. m_bCoan exModul us)

{ dE_Cnpl x. Insert At (0,0,dG GetSize());//initialize array

X.
ChangeFor n{ dG. Get Si ze(), &1 0] , &G Pol ar) ;
for (i=2;i<Ni+=2)
{ W=2*Pl *fo*i / 2;
dnun¥i nci dent bar. m dDensi t y*w'w;
Cwl (ddi],ddi +1], dG[l] dgdi +1], &en_r, &en_i);
Cdi v(dnum O, den_r, den i, &dE = Cpl x[ i], &dE = Cnpl x[| +1]);
sumt=dE_Cnpl x[i];

}

dE Cmpl x[ 0] =-2*sum //D.C. Term =sumof all others
dE_Cnpl x[ 1] =0;

bE_Ti ne=FALSE;
/] Real ft(&JE_ Crrpl X[ ]-1,d_Cr’rplx.GetSize(),&bE_Tim); // change into tinme donain
ChangeFor m( dG. Get Si ze(), &1 0] , &G Pol ar) ;

}
if ((dlg.mbExportFile)|| (dlg.mbConplexMdulus))
{

bool stopflag = fal se;

OPENFI LENAMVE SaveFi | eNane;

TCHAR szFil e[ 256000] = "\0"; /] File list

static char szFilter[] = "All Files (*.*)\0*.*\0\0";

SaveFi | eNane. | Struct Si ze = si zeof ( OPENFI LENANE) ;
SaveFi | eNane. hwndOwner = NULL;

SaveFi | eNane. hl nst ance = NULL;

SaveFi |l eNane. | pstrFilter = szFilter;

SaveFi | eNane. | pstrCustonFilter = NULL;

SaveFi | eNanme. nMaxCust Filter = O;

SaveFi | eNane. nFilterl ndex = 0O;

SaveFi | eNane. | pstrFile = szFile;
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SaveFi | eNanme. nMaxFi |l e = si zeof (szFil e);
SaveFi |l eNare. | pstrFileTitle = NULL;
SaveFi | eNane. nMaxFi l eTitle = 0O;

SaveFi |l eNare. | pstrinitial Dir =NULL;
SaveFi |l eNane. | pstrTitle = "Qutput File";
SaveFi | eNane. nFil eOfset = 0;

SaveFi | eNane. nFi | eExt ensi on = O;

SaveFi | eNane. | pst r Def Ext = ;

| pf nHook = NULL;
| pTenpl at eName = NULL;
Fl ags = OFN_EXPLORER | OFN_H DEREADONLY| OFN_OVERVRI TEPROVPT;

SaveFi | eNane.
SaveFi | eNane.
SaveFi | eNane.

/1 Open dial og box

Get SaveFi | eNane( &SaveFi | eNane) ;

of stream savefil e(szFile,ios::out);
i f(!savefile)

/| Af xMessageBox(" Could Not Create File", MB_ERROR);
}

savefil e<<"\ n* Dl SPERSI O\ n" <<endl ;
savefil e<<"Frequency\t Attenuation\tWave Nunber\tPhase Vel ocity\n";
savefile<<"Hz\t1/ mt\tm s\n";

savefil e<<0<<"\t"<<dd 0] <<"\t"<<d( 1] <<"\t "<<f0o*2* Pl / djF 3] <<endl ;
for (i=2;i<dG CetSize();i+=2)

phasev=((i/2*fo)*2*Pl)/dJ i +1];
savefile<<(i/2)*fo<<"\t"<<ddi]<<"\t"<<d( i +1] <<"\t " <<phasev<<end| ;

}
i f(dl g. m_bConpl exMdul us)
{

savefil e<<"\ nConpl ex Modul us\ n"<<endl ;
savefil e<<"Frequency\t E*\ n";
savefil e<<"Hz\tReal \'t | magi nary\ n";

Eor (1=0;i<dE_Cnpl x. Get Si ze() ;i +=2)

savefil e<<(i/2)*fo<<
"\t"<<dE_COmpl x[i]<<"\t"<<dE_Cnpl x[ i +1] <<endl ;

savefil e.cl ose();

}
EndWai t Cursor () ;
Af xMessageBox( " Cal cul ati on Conpl et ed", MB_OK) ;

Initiali
Updat eAl

}
return TRUE;

zeVal ues();
| Vi ews( NULL) ;
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/1 CSHBVi ew.cpp : inplenmentation of the CCSHBVi ew cl ass
I

#i ncl ude "stdafx. h"
#i ncl ude " CSHB. h"

#i ncl ude " CSHBDoc. h"
#i ncl ude " CSHBVi ew. h"
#i ncl ude "Data.h"

#i ncl ude "mat h. h"

#i ncl ude "I ndexD g. h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE _;
#endi f

THELELEEE it i rriiirrrrtld
CCSHBViI ew

~—

/
/
| MPLEMENT DYNCREATE( CCSHBVi ew, CVi ew)

BEG N_MESSAGE MAP( CCSHBVI ew, CVi ew)
11 {{ AFX_MSG_MAP( CCSHBVI ew)
ON_ WM ST ZE()
ON_WM_ MOUSEMOVE( )
ON_BN_CLI CKED( | DC_VI EWFREQ, OnVi ewf r eq)
ON_WM SETCURSOR()
ON_WW_ CANCEL MODE( )
ON_COWMAND( | D_PRE_VI EW NDI CES, OnPreVi ewi ndi ces)
ON_WWWM_LBUTTONDOWN( )
ON_COWMAND( | D_PCST_VI EWEL, OnVi ewMel ocity)
ON_COWAND( | D POST_WWFOR, OnVi ewFor ce)
ON_COWVMAND( | D_PCST_WWSTRN, OnVi ewSt r ai n)
ON_UPDATE_COMVAND Ul (| D_POST_VI EWEL, OnUpdat eVi ewVel oci ty)
ON_UPDATE_COWMAND_UI (1 D_POST_VWOR, OnUpdat eVi ewFor ce)
ON_UPDATE_COMVAND_UI (| D_POST_VWSTRN, OnUpdat eVi ewSt r ai n)
ON_COVWAND( | D_PCST_W\DI SP, OnVi ewDi spl acenent)
ON_UPDATE_COWMAND_Ul (I D_POST_WWDI SP, OnUpdat eVi ewDi spl acenent)
/1}} AFX_MSG_NMVAP
// Standard printing conmands
ON_COVMMAND( I D_FI LE_PRI NT, CView :OnFilePrint)
ON_COMVAND( | D_FI LE_PRI NT_DI RECT, CVi ew : OnFi | ePrint)
ON_COMVAND( | D_FI LE_PRI NT_PREVI EW CVi ew. : OnFi | ePri nt Previ ew)
END_MESSAGE_MAP()

THOLLEEELEE i riiririrrrg
/] CCSHBVi ew construction/destruction

CCSHBVi ew: : CCSHBViI ew( )

// TODO. add construction code here
m_nVi ewExt r a=0;

}

CCSHBVI ew. : ~CCSHBVI ew( )

{
}

BOOL CCSHBVi ew. : Pr eCr eat eW ndow CREATESTRUCT& cs)
{

TODO Modify the Wndow cl ass or styles here by nodifying

Il
/1 the CREATESTRUCT cs

return CView : PreCreat eW ndow(cs);

NN NNy
/1 CCSHBViI ew dr awi ng
ClndexDi g * g_plndex; //Declare d obal

voi d CCSHBVi ew. : OnDr aw( CDC* pDC)



CCSHBDoc* pDoc = Get Docunent () ;
ASSERT_VALI D( pDoc) ;

doubl e m dXscal e=1, m dYscal e=1;

i nt nunber =0, x0=0, yo=0, xL=0, yL=0;

doubl e x_data_l engt h=0,y_data_| engt h=0 ;

CFont fnTitle;
CFont* pd dFont;
i f (pDoc->flag. m bRecal cul at e)
Af xMessageBox (" The i nput data has been changed.\n You shoul d Recal cul ate.", MB_| CONWARNI NG

pDoc- >f | ag. m bRecal cul at e=FALSE;

}
fnTitle. CreateFont (24,0, 0, 0, FW BOLD, FALSE, FALSE, FALSE, ANSI _ CHARSET,
OUT_DEFAULT_PRECI S, CLI P_DEFAULT_PRECI S, DEFAULT_QUALI TY, DEFAULT_PI TCH+FF_DONTCARE,
"Arial");
CRect rcdient;
[*/Printing stuff
pDC- >Set MapMode( MM _LOVETRI C) ;
i f(pDC->IsPrinting())
{
/1 pDC- >Set MapMode( MM _LCENGLI SH) ;
rcCient=mrcPrintRect;
lel se
GetdientRect (& cCient);

}
pDC- >DPt oLP( & cC i ent);

*/
i f((pDoc->flag. m bProcessedResults)) {
xo=i nt (mcxdient*.05); //vol tage data
yo=i nt (mcyd ient*0.225); //set origins for axes

xL=int(mcxdient*.5%0.7);
yL=int(-mcydient*.5*0.7*0.5); //set length of axes

Dr awAxi s( pDC, xo, yo, xL,yL,"","Time (s)","Voltage (V)");
yL=int(mcydient*.5*0.7*0.5);

Dr awAxi s(pDC, xo, yo, xL, yL, "Raw Data","","");

xo=i nt (mcxdient*.55); //strain data
yo=int(mcydient*0.4);

xL=int(mcxdient*.5*%0.7);

yL=int(mcydient*.5*0.7);

switch(m_nVi ewExtra)

{

case O:
yo=int(mcydient*0.225);

yL=-int(mcydient*.5*0.7%0.5);;
Dr awAxi s( pDC, xo, yo, xL, yL,"","Time (s)","Strain");
yL=int(mcydient*.5*0.7*0.5);
Dr awAxi s( pDC, xo, yo, xL,yL,"Strain Data","","");
br eak;
case 1:
Dr awAxi s( pDC, xo, yo, xL,yL,"Vel ocity Data","Tinme (s)","Velocity (ms)");
br eak;
case 2:
Dr awAxi s( pDC, xo, yo, XL, yL, "Force Data","Tinme (s)","Force (N");
br eak;
case 3:
Dr awAxi s( pDC, xo, yo, xL, yL, "Di spl acenent Data","Tinme (s)","Di splacement (m");
br eak;



yL=int(mcydient*.5*%0.7);

xo=i nt (mcxdient*.05); //stress strain data
yo=int(mcydient*.9);

Dr awAxi s( pDC, xo, yo, XL, yL,"Stress Strain","Strain","Stress (MPa)");
xo=i nt (mcxdient*.55); //strain rate data

yo=int(mcydient*.9);
Dr awAxi s( pDC, xo, yo, xL,yL,"Strain Rate","Tine (s)","Strain Rate");

x_dat a_l engt h=xL*0.9;//0. 75;

pDC- >Set Text Al i gn( TA_CENTER+TA BASELI NE) ;
pA dFont =pDC- >Sel ect Obj ect (& nTitl e);
pDC- >Set Vi ewport Or g( 0, 0);

i f (pDoc->sanpl e. m szNane! ="")

pDC->Text Qut (int (0.5*m cxClient),int(0.5*mcydient), pDoc->sanpl e. m szNane); }
pDC- >Sel ect Qbj ect (pA dFont) ;

el se if((pDoc->i ncidentbar. Force. mbCal cul at ed) | |
(pDoc->transmittedbar. Force. m bCal cul at ed))

{
xo=i nt (mcxCient*.05); //vol tage data
yo=i nt (mcydient*0. 225);
XxL=int (mcxdient*.5%0.7);
yL int(-mcyCient*.5%*0.7*0.5);
awAxi s( pDC, xo, yo, xL,yL,"","Time (s)","Voltage (V)");
yL int(mcydient*.5%0.7*0.5);
Dr awAxi s( pDC, xo, yo, XL, yL, "Raw Data","","");
xo=i nt (m cxd i ent*.55); /lright top quad data
yo=i nt (mcydient*0. 225);
xL=i nt (mcxdient*.5*%0. 7)
yL=int(-mcydient*.5*0. 7*0. 5);
switch (mnVi enExtra)
{
case 3:
yo=int(mcyCdient*0.4);
yL=int(mcydient*.5*0.7);
Dr awAxi s( pDC, xo, yo, xL, yL, "Di spl acenent Data","Time (s)","Displacement (m");
br eak;
defaul t:
Dr awAxi s( pDC, xo, yo, xL,yL,"","Time (s)","Strain");
yL=int(mcydient*.5*0.7*0.5);
Dr awAxi s( pDC, xo, yo, xL,yL,"Strain Data","","");
br eak;
}
xo=i nt (m cxd i ent*.05); /1Velocity data
yo=int(mcydient *0. 9);
xL=int(mcxdient*.5%0.7);
yL=int(mcydient*.5*0.7);
Dr awAxi s( pDC, xo, yo, XL, yL,"Vel ocity Data","Time (s)","Velocity (ms)");
X0=i m cxCl i ent*. 55); [/ Force data

nt (
yo=int(mcydient*0.9);
xL=int(mcxdient*.5*%0.7);
yL=int(mcydient*.5*%0.7);
Dr awAxi s( pDC, xo, yo, XL, yL, "Force Data","Time (s)","Force (N");

x_dat a_| engt h=xL*0. 9;

pDC- >Set Text Al i gn( TA_CENTER+TA_BASELI| NE) ;
pA dFont =pDC- >Sel ect Obj ect (& nTitl e);
i f (pDoc->sanpl e. m szNane! ="")
{ pDC->Text Qut (int (0.5*mcxClient),int(0.5*mcydient), pDoc->sanpl e. m szNane); }
pDC- >Sel ect Obj ect (pA dFont) ;
telse if (pDoc->flag. mbPropagateUtility)

{
FEEEEEEPEEr bbb rrrrirrrrr
xo=i nt (mcxdient*.05); //voltage data
yo=int (mcydient*0.225);
xL=int (mcxdient*0.9);



yL=int(-mcydient*.5*0.7*0.5);

Dr awAxi s( pDC, xo, yo, xL,yL,"","Time (s)","Voltage (V)");
yL=int(mcydient*.5%0.7*0.5);
Dr awAxi s( pDC, xo, yo, XL, yL, "Raw Data","","");

x_dat a_| engt h=xL*. 9;

xo=i nt (mcxdient*.05);
yo=int(mcydient*0.725);
yL=int(-mcydient*.5*0.7*0.5);

Dr awAxi s( pDC, xo, yo, xL,yL,"","Time (s)","Strain");
yL=int(mcydient*.5*0.7*0.5);
Dr awAxi s( pDC, xo, yo, xL, yL, "Propagated Strain Data","","");
}
el se
{
xo=int(mcxdient*.05); //just voltage data
yo=int(mcydient*0.5);
xL=int(mcxdient*0.9);
yL=int(-mcydient*.5*0.9);
Dr awAxi s( pDC, xo, yo, xL,yL,"","Time (s)","Voltage (V)");
yL=int(mcydient*.5*%0.9);
Dr awAxi s( pDC, xo, yo, xL, yL, "Raw Dat a" "y
x_data_l engt h=xL*. 9; //draw 75% of x
y_data_| engt h=-yL*. 9; //draw 75% of y,-ve to draw upright
}
TIOLLTEL i rr i riiririrrirrd
11t G aph Raw Data
TIOLLEEL i rirrirri
i f ((pDoc->incidentbar.Force. mbCal cul ated)]| |
(pDoc->transmi ttedbar. Force. m bCal cul ated) | |
(pDoc->fl ag. m bProcessedResul ts) || pDoc->fl ag. m bPropagateUtility)
{
xo=i nt (mcxdient*.05); /lvoltage data
yo=i nt (mcyd ient*0. 225);
yL=int(mcydient*.5*0.7*0.5);
y_data_l engt h=-yL*. 9
lel se
xo=i nt (mcxdient*.05);
yo=int(mcydient*0.5);
}

i f((pDoc->fl ag. m bReadl nci dent) &&( pDoc- >i nci dent. m bTi nme) ) {

/lscaling factor for x and y
m _dXscal e=(x_dat a_| engt h/ (pDoc- >dat al. m dDT*( pDoc- >dat al. m dvol ts. Get Si ze())));

if (fabs(pDoc->datal. m dnmaxy)>fabs(pDoc->datal. m dm ny))
{ m dYscal e=y_dat a_I| engt h/ pDoc- >dat al. m dmaxy;
}el sef

m dYscal e=y_dat a_| engt h/ f abs(pDoc- >dat al. m dni ny);}
pDoc->scal es. ti me=m dXscal ¢;
pDoc- >scal es. vol t s=m dYscal e;

Gr aphDat a( TRUE, pDoc- >dat al. m dDT, 0, 0, &Doc- >dat al. m dvol t s[ 0] ,
pDoc- >dat al. m dvol ts. Get Si ze()
, m dXscal e, m dYscal e, BLACK, 1, X0, y0) ;
Grapth ck(xo, yo, pDoc- >dat al. m_dDT*pDoc >dat al. m dvol ts. Get Si ze(),
y_dat a_l engt h/ pDoc- >scal es. vol ts, pDoc->scal es. ti me, pDoc- >scal es. vol ts);

i f((pDoc->flag. m bSepar at edl nci dent)) {
G aphDat a( TRUE, pDoc- >dat al. m dDT, pDoc- >i nci dent. m nbegi n, O,

&pDoc- >dat al. m dvol t s[ pDoc- >i nci dent. m nbegi n],
(pDoc- >i nci dent . m_nend- pDoc- >i nci dent. m nbegi n)



, m dXscal e, m dYscal e, RED, 2, xo0, yo) ;

G aphDat a( TRUE, pDoc- >dat al. m dDT, pDoc- >r ef | ect ed. m nbegi n, 0O,
&pDoc- >dat al. m dvol t s[ pDoc->refl ect ed. m nbegi n],
(pDoc->refl ect ed. m nend- pDoc- >refl ect ed. m nbegi n)

,m dXscal e, m dYscal e, BLUE, 2, xo0, yo) ;

}
i f((pDoc->flag. m bReadTransmi tted)&&(pDoc->transnmitted. mbTinme)) {

i f(!pDoc->flag. m bReadl nci dent)
{ m dXscal e=(x_dat a_| engt h/ (pDoc- >dat a2. m dDT* ( pDoc- >dat a2. m dvol ts. Get Si ze())));
i f (fabs(pDoc->data2. m dnaxy) >f abs(pDoc->data2. m dmi ny))
{m dYscal e=y_dat a_| engt h/ pDoc- >dat a2. m dmaxy;
tel sef
m dYscal e=y_dat a_| engt h/ f abs(pDoc- >dat a2. m dni ny) ; }
pDoc- >scal es. ti me=m dXscal e;
pDoc- >scal es. vol t s=m dYscal €;

}
G aphDat a( TRUE, pDoc- >dat a2. m dDT, 0, O,
&pDoc- >dat a2. m dvol t s[ 0] , pDoc- >dat a2. m dvol ts. Get Si ze()
, m dXscal e, m dYscal e, BLACK 1, x0,y0);
GraphTi ck(xo, yo, pDoc- >dat a2. m_dDT*pDoc- >dat a2. m dvol ts. Get Si ze(),
y_dat a_l engt h/ pDoc- >scal es. vol ts, pDoc- >scal es. ti me, pDoc- >scal es. vol ts);

i f((pDoc->flag. m bSepar atedTransnitted)) {
G aphDat a( TRUE, pDoc- >dat a2. m dDT,
pDoc- >t ransni tt ed. m nbegin, 0,
&pDoc- >dat a2. m dvol t s[ pDoc->transmi tted. m nbegi n],
(pDoc->transmitted. m nend- pDoc->transmnitted. m nbegin)
,m dXscal e, m dYscal e, GREEN, 2, x0, yo0) ;

}
}
PEEETEEEEEE bbb bbb rrriirrr
1Hrrrrirtri Graph Strain Data
TEEEEEEEEEr bbb bbb rrrrrrrrr

if (((m.nViewkxtra==0) &&
(pDoc- >i nci dent bar. Force. m bCal cul ated ||
pDoc->transni ttedbar. Force. m bCal cul ated ||
pDoc- >f | ag. m bProcessedResul ts)) || (pDoc->fl ag. m bPropagateltility))

i f ((pDoc->incidentbar.Force. mbCal cul ated)]| |
(pDoc->transmi ttedbar. Force. m bCal cul at ed) | |
(pDoc->fl ag. m bProcessedResul ts))

{
xo=i nt (mcxdient*.55); /lvoltage data
yo=int (mcyd i ent *0. 225)
yL=i nt(m cyCient*. 5*0 7*0. 5);
y_data_| engt h=-yL*. 9;
lel se
xo=i nt (mcxdient*.05);
yo=int (mcydi i ent *0. 725)
}

i f((pDoc->flag. m bl nci dent Strai n) & pDoc->i nci dent. m bTi me)) {
m dXscal e=(x_dat a_| engt h/ (pDoc- >dat al. m dDT* ( pDoc- >i nci dent. m dstrain. Get Si ze())));
i T (fabs(pDoc->i nci dent. m dnmaxst rai n) >f abs( pDoc->i nci dent. m dni nstrain))
{m dYscal e=y_dat a_| engt h/ pDoc- >i nci dent. m dmaxstrai n;
tel sef
m dYscal e=y_dat a_I| engt h/ f abs( pDoc- >i nci dent. m dmi nstrain);

pDoc- >scal es. strai n=m dYscal e;
pDoc- >scal es. strai nti ne=m dXscal e;
Gr aphDat a( TRUE, pDoc- >dat al. m dDT, 0 o,
&pDoc- >i nci dent . m dst rai n[ 0], pDoc- >i nci dent. m dstrain. Get Si ze()
, m dXscal e, m dYscal e, RED, 1, X0, yo) ;
GraphTi ck(xo, yo, pDoc- >dat al. m_dDT*pDoc- >incident. mdstrain. GetSize(),
y_dat a_| engt h/ pDoc- >scal es. strai n, pDoc- >scal es. strai nti me, pDoc- >scal es. strain);



}
i f((pDoc->flag. m bRefl ect edStrain)&&(pDoc->reflected. mbTine)) {

i f(!pDoc->flag. mblncidentStrain)
{

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat a2. m dDT* ( pDoc- >dat al. m dvol ts. Get Si ze())));
if (fabs(pDoc->reflected. mdnmaxstrain)>fabs(pDoc->reflected. mdninstrain))

m dYscal e=y_dat a_I| engt h/ pDoc- >refl ect ed. m dnmaxstrai n;
tel sef
m dYscal e=y_dat a_Il engt h/ f abs(pDoc- >ref | ect ed. m_dm nstrain);

pDoc- >scal es. strai n=m dYscal e;
pDoc- >scal es. strai nti me=m dXscal e;
G aphTi ck(xo, yo, pDoc- >dat al. m dDT*pDoc->refl ected. m dstrai n. Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. strai n, pDoc->scal es. ti me, pDoc->scal es. strain);

}

G aphDat a( TRUE, pDoc- >dat al. m dDT, 0, O,
&oDoc->refl ected. mdstrai n[0], pDoc->refl ected. mdstrain. GetSi ze()
,m dXscal e, m dYscal e, BLUE, 1, xo, yo);

}
i f((pDoc->flag. mbTransmittedStrain)&&(pDoc->transnitted. mbTinme)) {

i f(!pDoc->flag. mblncidentStrain)
{

m dXscal e=(x_data_I| engt h/ (pDoc- >dat a2. m dDT* (pDoc- >dat a2. m dvol ts. Get Si ze())));
if (fabs(pDoc->transmtted. m dnmaxstrain)>fabs(pDoc->transmnitted. mdm nstrain))

m dYscal e=y_dat a_| engt h/ pDoc->transni tted. m dmaxstrai n;
tel sef
m dYscal e=y_dat a_I| engt h/ f abs(pDoc->transnitted. m dm nstrain);

pDoc- >scal es. strai n=m dYscal e;
G aphTi ck(xo, yo, pDoc- >dat a2. m dDT*pDoc->transm tted. m dstrain. Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. strai n, pDoc- >scal es. ti me, pDoc->scal es. strain);

}

G aphDat a( TRUE, pDoc- >dat a2. m dDT, 0, O,
&Doc->transmtted. mdstrain[ 0], pDoc->transmtted. mdstrain. GetSize()
,m dXscal e, m dYscal e, GREEN, 1, x0, yo0) ;

}
}
FEEEEEEEEEr bbb bbb rrrrrirrr
1Hrrrrrrirrl Graph Velocity Data
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i f((mnViewextra==1)]||
((pDoc->i nci dent bar. Vel ocity. m bCal cul ated ||
pDoc->transm ttedbar. Vel ocity. m bCal cul ated) &&
I pDoc- >f | ag. m bProcessedResul t s))
{

i f(!pDoc->flag. mbProcessedResults)
{
xo=i nt(mcxdient*.05);
yo=int(mcydient*0.9);
lel se

xo=i nt (m.cxCient*.55);
yo=int(mcydient*0.4);

yL=int(mcydient*.5*%0.7);

y_data_| engt h=-yL*. 9;

i f((pDoc->i ncidentbar. Velocity. mbTine) &
(pDoc- >i nci dent bar . Vel ocity. m bCal cul at ed))

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat al. m dDT*( pDoc- >i nci dent bar. m dVel ocity. Get Si ze()))



ize())))

m dmi n))

ON);
dni n))

i f (fabs(pDoc->incidentbar. Vel ocity.m dmax)>fabs(pDoc->i nci dentbar. Vel ocity. mdmnin))
{m dYscal e=y_dat a_| engt h/ pDoc- >i nci dent bar . Vel oci ty. m dnax;
tel sef
m dYscal e=y_dat a_| engt h/ f abs(pDoc- >i nci dent bar. Vel ocity. m dmi n);
}
pDoc- >scal es. vel oci t y=m dYscal e;
G aphDat a( TRUE, pDoc- >dat al. m dDT, 0, O,
&pDoc- >i nci dent bar. m dVel oci ty[ 0], pDoc- >i nci dent bar. m dVel ocity. Get Si ze()
, m dXscal e, m dYscal e, BLUE, 1, x0, yo) ;
G aphTi ck(xo, yo, pDoc->dat al. m dDT*pDoc- >i nci dent bar. m dVel ocity. Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. vel oci ty, pDoc->scal es. ti ne,
pDoc- >scal es. vel oci ty);

}
i f((pDoc->transmttedbar. Vel ocity. mbTi ne) &&

(pDoc->transmittedbar. Vel ocity. mbCal cul at ed))
i f (! pDoc->inci dentbar. Force. m bCal cul at ed)
m dXscal e=(x_dat a_| engt h/ (pDoc- >dat a2. m dDT*( pDoc->transm ttedbar. m dVel ocity. GetS

' if (fabs(pDoc->transm ttedbar. Vel ocity. m dmax)>fabs(pDoc->transnittedbar. Vel ocity.
m dYscal e=y_dat a_I| engt h/ pDoc->transmi ttedbar. Vel oci ty. m dmax;
tel se{
m dYscal e=y_dat a_| engt h/ f abs(pDoc->transmittedbar. Vel ocity. m dm n);
pDoc- >scal es. vel oci t y=m dYscal e;
G aphTi ck( xo, yo, pDoc->dat a2. m dDT*pDoc- >t ransni t t edbar. m dVel oci ty. Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. vel oci ty, pDoc->scal es. ti ne,
pDoc- >scal es. vel oci ty);
}
G aphDat a( TRUE, pDoc- >dat a2. m dDT, 0, O,
&Doc->transm ttedbar. m dVel ocity[ 0], pDoc->transm ttedbar. m dVel ocity. Get Si ze()
,m dXscal e, m dYscal e, GREEN, 1, x0, yo0) ;
}
LEEEEETEEEE bbb bbb rrriinrr
111 Graph Di spl acenent Data
FEEEDELE i bbb irrrn
m _nVi ewExt r a==3) &&

(pDoc- >i nci dent bar . Di spl acenent. m bCal cul ated ||
pDoc- >transm tt edbar. D spl acement. m bCal cul at ed))

xo=i nt (mcxdient*.55);
yo=int (mcydient*0.4);

yL=int(mcydient*.5*0.7);
y_data_l engt h=-yL*. 9;

i f((pDoc->i nci dent bar. Di spl acenent. m bTi ne) &
(pDoc- >i nci dent bar . Di spl acenent. m bCal cul at ed))
{

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat al. m dDT* ( pDoc- >i nci dent bar. m dDi spl acenent . Get Si ze
i f (fabs(pDoc->i nci dentbar. Di spl acenent. m dmax) >f abs(pDoc- >i nci dent bar. Di spl acenent. m_

{m dYscal e=y_dat a_| engt h/ pDoc- >i nci dent bar . Di spl acenment . m dnax;

tel se{
m dYscal e=y_dat a_| engt h/ f abs( pDoc->i nci dent bar. Di spl acenent. m dmnin);

pDoc- >scal es. di spl acenent =m dYscal e;
G aphDat a( TRUE, pDoc- >dat al. m dDT, 0, O,
&pDoc- >i nci dent bar. m dDi spl acenent [ 0], pDoc- >i nci dent bar . m_dDi spl acenent . Get Si ze()
, m dXscal e, m dYscal e, BLUE, 1, x0, y0) ;
G aphTi ck(xo, yo, pDoc- >dat al. m dDT* pDoc- >i nci dent bar. m dDi spl acenent . Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. di spl acenent, pDoc- >scal es. ti e,
pDoc- >scal es. di spl acenent) ;



}

i f((pDoc->transmttedbar. D spl acenent. m bTi ne) &&
(pDoc->transmittedbar. D spl acement. m bCal cul at ed))

i f (! pDoc->inci dent bar. Force. m bCal cul at ed)
{

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat a2. m dDT* ( pDoc- >t ransni tt edbar. m dDi spl acenent .

Get Size())));
if (fabs(pDoc->transm ttedbar. D spl acenent. m dmax) >f abs(pDoc->transnittedbar. D spl

acenent. mdmin))

m dYscal e=y_dat a_I| engt h/ pDoc- >transm tt edbar. D spl acement . m dnex;

tel sef
m dYscal e=y_dat a_Il engt h/ f abs(pDoc->transmi ttedbar. D spl acenment. m dm n);

pDoc- >scal es. di spl acenent =m dYscal €;

G aphTi ck( xo0, yo, pDoc- >dat a2. m dDT*pDoc->transm tt edbar. m dDi spl acenent . Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. di spl acenent, pDoc- >scal es. ti e,
pDoc- >scal es. di spl acenent) ;

}

G aphDat a( TRUE, pDoc- >dat a2. m dDT, 0, O,
&pDoc->transm ttedbar. m dDi spl acenent [ 0], pDoc->transni tt edbar. m dDi spl acenent. Get S

ize()
,m dXscal e, m dYscal e, GREEN, 1, x0, yo0) ;
} }
TEEEEEEEEEE bbb bbb rrriiirrrn
IEEHErrrrrrirti Graph Force Data
IR NN NNy
i f((m.nViewextra==2)]| |
((pDoc->i nci dent bar. Force. m bCal cul at ed| |
pDoc- >transmi tt edbar. Force. m bCal cul at ed) &
I pDoc- >f | ag. m bProcessedResul t s))
{

i f(!pDoc->flag. m bProcessedResul ts)
{

xo=i nt (mcxdient*.55);
yo=int (mcydient*0.9);

lel se

xo=i nt (m.cxCient*.55);
yo=int(mcydient*0.4);

yL=int(mcydient*.5*%0.7);
y_data_| engt h=-yL*. 9;

i f ((pDoc->i nci dent bar. Force. m bTi ne) &&
(pDoc- >i nci dent bar . For ce. m bCal cul at ed))
{

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat al. m dDT* ( pDoc- >i nci dent bar. m dForce. Get Si ze())));
i f (fabs(pDoc->inci dentbar. Force. m dmax) >f abs(pDoc- >i nci dent bar. Force. m dni n))
{m dYscal e=y_dat a_| engt h/ pDoc- >i nci dent bar . For ce. m dnax;
tel se{
m dYscal e=y_dat a_I| engt h/ f abs( pDoc- >i nci dent bar . Force. m_dmi n);

pDoc- >scal es. f orce=m dYscal ¢;

G aphDat a( TRUE, pDoc- >dat al. m dDT, O, O,
&pDoc- >i nci dent bar. m dFor ce[ 0] , pDoc- >i nci dent bar . m dFor ce. Get Si ze()
,m dXscal e, m dYscal e, BLUE, 1, xo0, yo) ;

G aphTi ck(xo, yo, pDoc->dat al. m dDT*pDoc- >i nci dent bar. m dFor ce. Get Si ze(),

y_dat a_| engt h/ pDoc- >scal es. f orce, pDoc- >scal es. ti e,
pDoc- >scal es. force);

}

i f((pDoc->transmttedbar. Force. mbTi ne) &&
(pDoc->transmittedbar. Force. m bCal cul at ed))

i f (! pDoc->inci dent bar. Force. m bCal cul at ed)



()))):
))

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat a2. m dDT* ( pDoc->transm tt edbar. m dForce. Get Si ze
if (fabs(pDoc->transm ttedbar. Force. m dmax) >f abs(pDoc->transnittedbar.Force. mdmin

{m dYscal e=y_dat a_| engt h/ pDoc->transni ttedbar. Force. m dmax;
tel sef
m dYscal e=y_dat a_I| engt h/ f abs(pDoc- >t ransmi ttedbar. Force. m.dm n);

pDoc- >scal es. f orce=m dYscal e;

G aphTi ck(xo, yo, pDoc->dat a2. m dDT*pDoc- >t ransm tt edbar. m dForce. Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. f orce, pDoc- >scal es. ti ne,
pDoc- >scal es. force) ;

}

G aphDat a( TRUE, pDoc- >dat a2. m dDT, 0, O,
&oDoc->transm ttedbar. m dForce[ 0], pDoc->transni tt edbar. m dFor ce. Get Si ze()
,m dXscal e, m dYscal e, GREEN, 1, x0, yo) ;

LELETLLIEEE bbb rn bbb rrriinrni
1t Graph Processed Data
TELTTEL LI r bbb r i irnn

i f((pDoc->flag. mbProcessedResults)) {

xL=int(mcxdient*.5%0.7);
yL=int(-mcydient*.5*0.7);
y_data_| engt h=yL*0. 9;

i f (fabs(pDoc->sanpl e. m dmax_strain)>fabs(pDoc->sanple. mdmi n_strain))
{ m dXscal e=x_dat a_| engt h/ pDoc- >sanpl e. m dmax_strai n;
}el se{
m dXscal e=x_dat a_| engt h/ f abs( pDoc- >sanpl e. m dm n_strain);}
pDoc- >scal es. st rai n=m dXscal e;

i f (fabs(pDoc->sanpl e. m dmax_stress)>fabs(pDoc->sanpl e. m dmi n_stress))
{ m dYscal e=y_dat a_| engt h/ pDoc- >sanpl e. m dmax_stress;
}el se{

m dYscal e=y_dat a_I| engt h/ f abs( pDoc- >sanpl e. m dm n_stress);}

pDoc- >scal es. stress=m dYscal e;

if (pDoc->sanpl e. mdengstrain. Get Si ze()>pDoc->sanpl e. m dengstress. Get Si ze())
{nunber =pDoc- >sanpl e. m dengstress. Get Si ze();

}el sef
nunber =pDoc- >sanpl e. m dengstrai n. Get Si ze(); }

//draw stress strain in nagenta

xo=i nt (mcxdient*.05); //stress strain data
yo=int(mcydient*.9);

Gr aphDat a( FALSE, 0, 0, &Doc- >sanpl e. m dengstrai n[ 0],
&pDoc- >sanpl e. m dengstress[ 0] , nunber, m dXscal e, m dYscal e,
MAGENTA, 1, x0, yo) ;

G aphTi ck(xo, yo, pDoc- >sanpl e. m dmax_strai n,
y_dat a_| engt h/ pDoc- >scal es. stress, pDoc- >scal es. strain,
pDoc- >scal es. stress);

if (fabs(pDoc->sanple. mdmax_strainrate)>f abs(pDoc->sanpl e. mdm n_strainrate))
{m dYscal e=y_dat a_| engt h/ pDoc- >sanpl e. m dmax_strai nrat e;
}el sef
m dYscal e=y_dat a_| engt h/ f abs( pDoc- >sanpl e.m dnin_strainrate);}
pDoc- >scal es. st rai nrat e=m dYscal e;

m dXscal e=(x_dat a_| engt h/ (pDoc- >dat al. m dDT* ( pDoc- >sanpl e. m_dengstrai nrate. Get Si ze())));
pDoc- >scal es. strai nrat eti ne=m dXscal e;

//draw strainrate in orange

xo=i nt (mcxdient*.55); //strain rate data

yo=int (mcydient*.9);

G aphDat a( TRUE, pDoc- >dat al. m dDT, O, O,
&pDoc- >sanpl e. m dengstrai nrat e[ 0], pDoc- >sanpl e. m dengstrai nrate. Get Si ze()

,m dXscal e, m dYscal e, ORANGE, 1, x0, yo) ;



G aphTi ck(xo, yo, pDoc- >dat al. m dDT* pDoc- >sanpl e. m dengstrai nrate. Get Si ze(),
y_dat a_| engt h/ pDoc- >scal es. strai nrate, pDoc->scal es. strai nratetine,
pDoc- >scal es. strainrate);

LEEEEEEEEErrr g

}
/
/1 CCSHBVi ew printing

/
/
BOOL CCSHBViI ew. : OnPr epar ePrinti ng(CPrintl nfo* plnfo)
{

/1l default preparation
return DoPreparePrinting(plnfo);

}
voi d CCSHBVi ew. : OnBegi nPri nting(CDC* /*pDC+/, CPrintlnfo* /*plnfo*/)

// TODO add extra initialization before printing

voi d CCSHBVi ew. : OnEndPri nti ng(CDC* /*pDC*/, CPrintlnfo* /*plnfo*/)

/1l TODO. add cleanup after printing

NN NN NN NNy
CCSHBVi ew di agnostics

~—

/
/
#i f def _DEBUG

voi d CCSHBVi ew. : AssertValid() const
{

CVi ew. : AssertValid();
}

voi d CCSHBVi ew. : Dunp( CDunpCont ext & dc) const
{

} CVi ew. : Dunp(dc);

CCSHBDoc* CCSHBVi ew. : Get Docunent () // non-debug version is inline

ASSERT( m pDocunent - >| sKi ndOF ( RUNTI ME_CLASS( CCSHBDoc) ) ) ;
return (CCSHBDoc*)m pDocunent;

}
#endi f //_DEBUG

FOEPPEEEEEE i rrrrrrrrgg
/'l CCSHBVi ew nessage handl ers

voi d CCSHBVi ew. : OnSi ze( Ul NT nType, int cx, int cy)

{
CVi ew. : OnSi ze(nType, cXx, cy);
m cxd i ent =cx;
m cyd i ent =cy;

}

BOOL CCSHBViI ew:. : DrawAxi s(CDC *pDC, int x_origin,int y origin,int x_length,int y_|ength,
CString strTitle, CString strXAxis, CString strYAXis)
{

CPen newpen;

CPen *pd dPen;

CFont fnYaxis,fnXAxis,fnTitle;
CFont* pd dFont;

if (!newpen. CreatePen(PS_SCOLID, 1, RGB(0,0,0)))
return FALSE;
pA dPen=pDC- >Sel ect Ohj ect (&newpen) ;
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}

pDC- >Set Vi ewport Ext (mcxCd ient,-mcyCdient);
pDC- >Set Vi ewport Org(x_origin,y_origin);

fnTitl e. Creat eFont (20, 0, 0, 0, FW BOLD, FALSE, FALSE, FALSE, ANSI _ CHARSET,
ClJT_DEFAULT PREC! S, cLi P_DEFAULT_PRECI S, DEFAULT_QUALI TY, DEFAULT_PI TCH+FF_DONTCARE,
Ar| al");

f nXAX CreateFont(lS 0, 0, 0, FW BOLD, FALSE, FALSE, FALSE, ANSI _ CHARSET,
QJT_ FAULT_PRECI S, CLI P_ DEFAULT PRECI S, DEFAULT_QUALI TY, DEFAULT_PI TCH+FF_DONTCARE,
Ar| 1");

f nYaxi OreateFont(l? 0, 900, 0, FW BOLD, FALSE, FALSE, FALSE, ANSI _ CHARSET,
ClJT DEFAULT_PREC! S, LI P_ DEFAULT PRECI S, PROOF_QUALI TY, DEFAULT_PI TCH+FF_DONTCARE,

"Arial");

9}

pd dFont =pDC- >Sel ect Obj ect (& nTitle);

pDC- >Set Text Al i gn( TA_CENTER+TA_BOTTOM) ;

if(strTitlel=""

{pDC->TextQut (i nt (x_l ength/2),int(-y_length),strTitle);}

pDC- >Sel ect Obj ect ( & nXAxi s) ;
pDC- >Set Text Al i gn( TA_CENTER+TA_TOP) ;
i f(strXAxis!="")

i f(y_l engt h<0)
{

pDC->Text Qut (i nt (x_l ength/2),int(-y_Il ength), strXAxis);
}el sef
pDC- >Text Qut (i nt (x_| engt h/ 2), 0, st r XAxi s) ;

pDC- >Sel ect Qbj ect (&f nYaxi s) ;
if (strYAxis!="")

i f(y_l engt h<0)
{

pDC- >Set Text Al i gn( TA_CENTER+TA_BOTTOM) ;
pDC- >Text Qut (0, O, str YAXi s);

}el se{
pDC- >Set Text Al i gn( TA_CENTER+TA_BOTTOM) ;
pDC- >Text Qut (0, i nt (-y_| ength/ 2), st r YAXi s);

}

}

pDC- >MoveTo( 0, 0) ;

pDC- >Li neTo(x_I engt h, 0) ;
pDC- >MoveTo( 0, 0) ;

pDC- >Li neTo( 0, -y_Il engt h);

pDC- >Sel ect Obj ect (pd dFont);
pDC- >Sel ect Obj ect (pA dPen) ;
return TRUE;

BOOL CCSHBVi ew: : G aphDat a(BOOL y_vs_t, doubl e dx, doubl e xo, double x[], double y[], int n,
al e_x, double scale_y, DAORD colour, int size,int x_origin,int y_origin)

{

I

/*

CCl i ent DC dc(this);
CPen newpen;
CRect rcdient;

i f (!newpen. CreatePen(PS_SOLID, si ze, col our))

return FALSE;
CPen *pd dPen=dc. Sel ect Obj ect ( &newpen) ;

GetCientRect(&cCient);

dc. Set Vi ewPort Ext (cSi ze

dc. Set Vi ewport Org(x_origin,y_origin);
dc. Set MapMbde( MM_ANI SOTROPI C) ;

dc. Set W ndowkext (x_scal e, y_scal e);
dc. DPtoLP(& cCient);
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*/
dc. Set Viewport Org(x_origin,y origin);
i f(y_vs_t) /lplot y versus tinme
{ dc. MoveTo(int (xo*scal e_x*dx),int(y[O]*scale_y));
for(int a=1;a<n;a++)

dc. Li neTo(i nt ((a+xo)*dx*scale_x),int(y[a]*(scale_y)));
}el se /Iplot y versus x

dc. MoveTo(int (scale_x*x[0]),int(y[0]*scale_y));
for(int a=1;a<n;a++)

dc. LineTo(int((x[a])*scale_x),int(y[a]*(scale_y)));

}

dc. Sel ect Obj ect (pd dPen) ;
return TRUE;

BOOL CCSHBViI ew: : Gr aphFr equency(BOOL y_vs_t, doubl e dx, doubl e xo, double x[], double y[], int n, doub
| e scal e_x, double scale_y, DAORD col our, int size)

{

/* CdientDC dc(this);
CPen newpen;
CRect rcdient;

i f (!newpen. CreatePen(PS_SOLID, si ze, col our))
return FALSE;

CPen *pd dPen=dc. Sel ect Obj ect ( &newpen) ;

dc. Set Vi ewport Org(mcxCient/20, mcydient/2);

//plot real data
dc. MoveTo(int (xo*scal e_x*dx),int(y[0]*scale_y));
for(int a=2;a<n;a+=2)

/1dc. LineTo(int((a+xo)*dx*scale_x),int(y[a]*(scale_y)));
dc. LineTo(int((a+xo)*dx),int(y[a]));

dc. Sel ect Obj ect (pd dPen) ;
*/
return TRUE;

}

voi d CCSHBVi ew. : OnMbuseMove( Ul NT nFl ags, CPoint point)
{

CString strMessage, strpoint;
CCSHBDoc* pDoc = Get Docunent () ;
ASSERT_VALI D( pDoc) ;

i f(g_pl ndex)
i f (g_plndex->m nl ndex! =0)

st r Message="Pl ease Choose ";
switch (g_pl ndex->m nl ndex)

case 1:
strMessage+="Incident Start Point";
br eak;

case(2):
strMessage+="Refl ected Start Point";
br eak;

case 3:
strMessage+="Transmitted Start Point";
br eak;

case 4:
strMessage+="1nci dent End Point";
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br eak;

case b5:
strMessage+="Refl ected End Point";
br eak;

case 6:
strMessage+="Transmitted End Point";
br eak;

defaul t:
strMessage="Error!";
br eak;

}
if ((pDoc->datal. m dDT!=0) &&
(! pDoc->i nci dent bar. Force. m bCal cul ated &&
I pDoc- >t ransmni tt edbar. Force. m bCal cul at ed))

{ strpoint. Format (" Index: %, Tine: %8.6f",
int((point.x-mcxdient*.05)/(pDoc->scal es.tinme*pbDoc->datal. mdDT)),
((point.x-mcxCient*.05)/(pDoc->scales.tine)));

str Message+=st r poi nt ;

telse if ((pDoc->data2. m dDT! =0) &&

(! pDoc->i nci dent bar . Force. m bCal cul ated &&
I pDoc- >t ransnmi tt edbar. Force. m bCal cul at ed))

strpoint. Format (" Index: %, Tinme: %8.6f",
int((point.x-mcxCient*.05)/(pDoc->scal es.tine*pDoc->data2. mdDT)),
((point.x-mcxCient*.05)/(pDoc->scales.time)));
st r Message+=st r poi nt;
lel se
{//small graph in |left corner
strpoint. Format (" Index: %, Tinme: %8.6f",
int((point.x-mcxCient*.05)/(pDoc->scal es.tine*pDoc->data2. mdDT)),
((point.x-mcxCient*.05)/(pDoc->scales.time)));
st r Message+=st r poi nt;

}

lelse if
((pDoc- >i nci dent bar. Force. m bCal cul at ed| |
pDoc- >transm ttedbar. Force. m bCal cul at ed) &&
I pDoc- >f | ag. m bProcessedResul t s)

if (point.x>0.5*mcxdient)
{ /] inright half
if (point.y>0.5*mcydient)
{//in bottomright quadrant Force
strMessage. Format ("Time: 98.6f s Force: 98.2f N',
((point.x-mcxdient*.55)/(pDoc->scales.tine)),
((point.y-mcyCdient*.9)/(pDoc->scal es.force)));

tel se
{//top right quadrant strain data
i f(m_nVi ewExtra==3)
{
strMessage. Format ("Ti me: 98.5f s Displacenent: %8.6fmi,
(point.x-mcxCient*.55)/(pDoc->scal es.tine),
((point.y-mcydient*0.4)/(pDoc->scal es. di spl acenent)) *1000) ;
lel se

strMessage. Format ("Tinme: 98.5f s Strain: 98.6f",
(point.x-mcxCient*.55)/(pDoc->scales.tine),
((point.y-mcydient*0.225)/(pDoc->scal es.strain)));

ft half

f (point.y>0.5*mcydient)

{//in bottomleft quadrant velocity

strMessage. Format ("Time: 98.5f s Velocity: 98.2f ms",
(point.x-mcxCient*.05)/(pDoc->scal es.tine),
((point.y-mcydient*0.9)/(pDoc->scal es.velocity)));

}
lel se
{//le

i

lel se
{//top left quadrant voltage tine
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strMessage. Format ("Ti nme: 98.6f s Voltage: %8.6f V',
((point.x-mcxdient*.05)/(pDoc->scales.tine)),
((point.y-mcyCient*0.225)/(pDoc->scal es.volts)));

lelse if (pDoc->fl ag. m bProcessedResul t s)

f (point.x>0.5*mcxCient)
/ in right half
if (point.y>0.5*mcydient)
{//in bottomright quadrant strain rate
striMessage. Format ("Time: 98.6f s StrainRate: %.0f s”-1",
((point.x-mcxCient*.55)/(pDoc->scal es.strainratetine)),
((point.y-mcyCient*.9)/(pDoc->scal es.strainrate)));
tel se
{//top right quadrant strain data
switch (mnVi enExtra)
{
case 0: //Quad has strain data
strMessage. Format ("Time: 98.5f s Strain: 98.6f",
(point.x-mcxdient*.55)/(pDoc->scal es. straintine),
((point.y-mcydient*0.225)/(pDoc->scal es.strain)));
br eak;
case 1://Quad has Velocity Data
strMessage. Format ("Time: %8.5f s Velocity: 98.2fnms",
(point.x-mcxCient*.55)/(pDoc->scal es.tine),
((point.y-mcydient*0.4)/(pDoc->scal es.velocity)));
br eak;
case 2://Quad has Force Data
strMessage. Format ("Time: 98.5f s Force: %8.2fN',
(point.x-mcxCient*.55)/(pDoc->scales.tine),
((point.y-mcydient*0.4)/(pDoc->scal es.force)));
br eak;
case 3:
strMessage. Format ("Ti me: 98.5f s Displacenent: %8.6fmi,
(point.x-mcxCient*.55)/(pDoc->scal es.tine),
((point.y-mcydient*0.4)/(pDoc->scal es. di spl acenent)) *1000) ;
br eak;
}//end switch

ft half

f (point.y>0.5*mcydient)

{//in bottomleft quadrant stress strain

strMessage. Format ("Strain: %8.5f Stress: 98.2f MPa",
(point.x-mcxdient*.05)/(pDoc->scal es. strain),
((point.y-mcydient*.9)/(pDoc->scal es. stress))/pow 10, 6));

}
lel se
{/11e

i

tel se
{//top left quadrant voltage tine
strMessage. Format ("Ti me: 98.6f s Voltage: 98.6f V',
((point.x-mcxCient*.05)/(pDoc->scales.tine)),
((point.y-mcydient*0.225)/(pDoc->scal es.volts)));

}
telse if ((pDoc->flag. m bReadl nci dent)|| (pDoc->flag. m bReadTransmi tted))

strMessage. Format ("Ti me: %8.6fs Volts: 98.6fV", ((point.x-mcxdient*0.05)/(pDoc->scales.ti
ne)),

}
Get Document ()->Set Titl e(strMessage);

((point.y-mcydient*.5)/(pDoc->scal es.volts)));

}
voi d CCSHBVi ew. : OnVi ewf r eq()
{

/* CCSHBDoc* pDoc = Get Docunent();
ASSERT_VALI D( pDoc) ;
doubl e dw=0, yscal e=1, xscal e=1;
doubl e max=- 100000000, ni n=1000000000000;
int i=0;
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i f((pDoc->fl ag. m bReadl nci dent) &&( ! pDoc- >i nci dent. m bTi ne)) {
//scaling factor for x and y
[1w(n)=2*Pi *f (n)=2*Pi *n/ (N*del ta_tine)
dw=2*3. 14159/ ( pDoc- >dat al. m dDT* pDoc- >i nci dent. m dstrai n. Get Si ze());

xscal e=((m.cxCient*3/4)/(dw (pDoc->i nci dent. mdstrain. GetSize())));
for (i=0;i<pDoc->incident.mdstrain. GetSize();i+=2)

if (pDoc->incident. mdstrain[i]>nmax)
{ max=pDoc- >i nci dent. mdstrain[i];
}telse if(pDoc->incident.mdstrain[i]<m n)
{ m n=pDoc- >i nci dent. mdstrain[i];

}
for (i=0;i<pDoc->reflected. mdstrain.GetSize();i+=2)

if (pDoc->reflected. mdstrain[i]>nmax)
{ max=pDoc->refl ected. mdstrain[i];
telse if(pDoc->reflected. mdstrain[i]<mn)
{ m n=pDoc->refl ected. mdstrain[i];

}

i f (fabs(max)>fabs(mn))
{ yscal e=-y_dat a_I| engt h/ max;
}el sef
yscal e=-y_data_| engt h/ fabs(mn);}

G aphFr equency( TRUE, dw, 0, 0, &Doc- >i nci dent . m dstrai n[ 0],
pDoc- >i nci dent. m dstrain. Get Si ze()
, Xscal e, yscal e, ORANGE, 1) ;

G aphFrequency( TRUE, dw, 0, 0, &pDoc- >ref | ect ed. m dstrai n[ 0],

pDoc->refl ected. mdstrain. Get Si ze()
, Xscal e, yscal e, BLUE, 1) ;

oi d CCSHBVi ew. : OnDr awpr ocesseddat a()

~ <L

DEL
DEL
DEL /1 TODO Add your commrand handl er code here
DEL
DEL

voi d CCSHBVi ew. : Al | DoneModel ess()

/1 Set dobal pointer to Null so that
/it can be recalled

g_pl ndex = NULL;

BOOL CCSHBVI ew. : OnSet Cur sor (CWhd* pWhd, U NT nHit Test, U NT nessage)
{

HCURSCR hCur sor;

hCursor = Af xGet App()->LoadCur sor (| DC_CROSSHAI R) ;

Set Cur sor (hCursor);

return TRUE;
/1l return CView : OnSet Cursor(pwWid, nHi tTest, nessage);

}
voi d CCSHBVi ew. : OnCancel Mode()
{

CVi ew. : OnCancel Mbde() ;
/1l TODO. Add your nessage handl er code here
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voi d CCSHBVi ew. : OnPr eVi ewi ndi ces()
{

}

I
Il
11

i ndex. m nEnd1=i nt (dl g. m dEndl);
index. mnStartl=int(dlg.mdStartl);
fl ag. m bChoosenPoi nt s=TRUE;

CCSHBDoc* pDoc = Get Docunent () ;
ASSERT_VALI D{ pDoc) ;

if (!g_plndex)

{g_pl ndex=new Cl ndexDl g();
g_pl ndex->m nDat alSi ze=pDoc- >dat al. m dvol ts. Get Si ze();
g_pl ndex->m nDat a2Si ze=pDoc- >dat a2. m dvol ts. Get Si ze();
g_pl ndex->m dl DT=pDoc- >dat al. m dDT;
g_pl ndex- >m dTDT=pDoc- >dat a2. m dDT;
g_pl ndex->m dl s=pDoc- >i nci dent. m nbegi n;
g_pl ndex->m dl e=pDoc- >i nci dent . m nend;
g_pl ndex->m dRs=pDoc- >r ef | ect ed. m nbegi n;
g_pl ndex- >m dRe=pDoc- >r ef | ect ed. m nend;
g_pl ndex->m dTs=pDoc- >t ransni tt ed. m nbegi n;
g_pl ndex->m dTe=pDoc- >t ransni tt ed. m nend;
g_pl ndex- >Updat eDat a( FALSE) ;

voi d CCSHBVi ew. : OnLBut t onDown( Ul NT nFl ags,
{

CCSHBDoc* pDoc = Get Docunent () ;
ASSERT_VALI D( pDoc) ;

i f(g_pl ndex)

i f (g_plndex->m nl ndex! =0)

switch (g_pl ndex->m nl ndex)

case 1:

g_pl ndex- >m dlI s=i nt ( ( poi

br eak;
case(2):

g_p! ndex- >m dRs=i nt (( poi

br eak;
case 3:

g_pl ndex- >m dTs=i nt ( ( poi

br eak;
case 4:

g_pl ndex- >m dl e=i nt ( ( poi

br eak;
case 5:

g_pl ndex- >m dRe=i nt ( ( poi

br eak;
case 6:

g_pl ndex- >m dTe=i nt ( ( poi

br eak;
defaul t:

g_pl ndex- >m nl ndex=0;

br eak;

}

g_pl ndex->m nl ndex=0;

g_pl ndex->Val i dat eDat a() ;

g_pl ndex- >Updat eDat a( FALSE) ;
g_p! ndex- >ShowwW ndow( SW SHOW ;

nt.

nt.

nt

nt.

nt.

nt.

CPoi nt point)

x-mcxCient*,

x-mcxCient*,

.X-mcxCient*,

x-mcxCient*,

x-mcxCient*,

x-mcxCient*,
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CVi ew. : OnLBut t onDown( nFl ags, point);

voi d CCSHBVi ew. : OnVi ewVel oci ty()
{

m nVi ewextra=1;//for velocity
I nval i dat e( TRUE) ;

}
voi d CCSHBVi ew. : OnVi ewfor ce()

m nVi ewextra=2;//for force
I nval i dat e( TRUE) ;

}

voi d CCSHBVi ew. : OnVi ewsSt r ai n()
{

m nVi ewextra=0;//for strain
I nval i dat e( TRUE) ;

}
voi d CCSHBVI ew. : OnVi ewDi spl acenent ()
{

m nVi ewextra=3;//for strain
I nval i dat e( TRUE) ;

}
voi d CCSHBVi ew. : OnUpdat eVi ewbi spl acenent (CCndUI * pCndUl )

i f (m.nVi enkext ra==3)
{pCdUl - >Set Check( TRUE) ; }
el se

{pCmdUl - >Set Check( FALSE) ; }

}
voi d CCSHBVi ew. : OnUpdat eVi ewVel oci t y( CCmdUl * pCndUl )
{ i f (m.nViewkxtra==1)
{pCmdUl - >Set Check( TRUE) ; }
{elp%?rdUI - >Set Check( FALSE) ; }
}

voi d CCSHBVi ew. : OnUpdat eVi ewFor ce( CCndUl * pCndUl )

i f (m.nVienwkxtra==2)
{pCmdUl - >Set Check( TRUE) ; }
el se

{pCmdUl - >Set Check( FALSE) ; }

}
voi d CCSHBVi ew. : OnUpdat eVi ewSt r ai n( CCndUl * pCrrdUI )
{ i f (m.nVi enkext ra==0)
{pCmdUl - >Set Check( TRUE) ; }
{elp%?rdUI - >Set Check( FALSE) ; }
}

BOOL CCSHBViI ew. : GraphTi ck(int x_origin,int y_origin, doubl e maxx, doubl e maxy, doubl e scal ex, doubl e s

17



cal ey)

I

}

CO i entDC dc(this);
doubl e tickl engt h=. 02;
CPen newpen;

CString strMessg;
CFont f nXTi ck, f nYTi ck;
CFont * pd dFont;

CRect rcdient;

i f (!newpen. CreatePen(PS_SCLID, 1, BLACK))
return FALSE;
CPen *pd dPen=dc. Sel ect Obj ect ( &nhewpen) ;

dc. Set Vi ewport Org(x_origin,y_origin);

dc. MoveTo(i nt (maxx*scal ex), 0);
dc. Li neTo(i nt (maxx*scal ex),int(ticklength*mcyCient));

dc. MoveTo( 0, i nt (maxy*scal ey));
dc. LineTo(-int(ticklength*mcxdient),int(mxy*scaley));

f nXTi ck. Cr eat eFont (14, 0, 0, 0, FW LI GHT, FALSE, FALSE, FALSE, ANSI _ CHARSET,
OUT_DEFAULT_PRECI S, CLI P_DEFAULT_PRECI S, DEFAULT_QUALI TY, DEFAULT_PI TCH+FF_DONTCARE,
"Arial");

fnYTi ck. Creat eFont (12, 0, 900, 0, FW LI GHT, FALSE, FALSE, FALSE, ANSI _ CHARSET,
OUT_DEFAULT_PRECI S, CLI P_DEFAULT_PRECI S, DEFAULT_QUALI TY, DEFAULT_PI TCH+FF_DONTCARE,
"Arial");

i f((maxx<l) &&( maxx>-1))
{ strMessg. Format ("98. 6f", maxx) ;
lel se

strMessg. Format ("98. 2f ", maxx) ;
}

dc. Set Text Al i gn( TA_CENTER+TA TOP) ;
pd dFont =dc. Sel ect Obj ect ( & nXTi ck) ;
dc. Text Qut (i nt (maxx*scal ex),int(ticklength*mcydient), strMessg);

i f((maxy<l) &&( maxy>-1))

{ strMessg. Format (" 98. 6f ", maxy) ;

telse i f((nmaxy>10000) || ( maxy<-10000))

{ strMessg. Format ("98. 2f ", maxy/ pow( 10, 6)); //assunme >10k should only be Stress
lel se

{ strMessg. Format ("98. 2f ", maxy) ;

}

dc. Set Text Al i gn( TA_CENTER+TA_BOTTOM ;

dc. Sel ect Ohj ect (& nYTi ck);

dc. TextQut (-int(ticklength*mcxCient),int(maxy*scaley), strMessg);

dc. Sel ect Onj ect (pd dPen) ;
dc. Sel ect Obj ect (pd dFont) ;

return TRUE;

voi d CCSHBVi ew. : OnPri nt (CDC* pDC, CPrintlnfo* plnfo)
{

I

}

if (plnfo) mrcPrintRect=plnfo->mrectDraw,
pDC- >Set W ndowOr g( pl nfo->m rectDraw. | eft, - pl nfo->m rectDraw. top);
CVi ew. : OnPrint (pDC, plnfo);

voi d CCSHBVi ew. : Onl ni ti al Updat e()

{
I

Set Scrol | Si zes( MM _LOENGLI SH, Get Docunent () - >Get DocSi ze() );

CView :Onlnitial Update();

18



/1l TODO. Add your specialized code here and/or call the base class
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/'l ExportDataDl g.cpp : inplenentation file
I

#i ncl ude "stdafx. h"
#i ncl ude " CSHB. h"
#i ncl ude "Export DataDl g. h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE ;
#endi f

NN NN NN NNy
CExport Dat aDl g di al og

~—

/
/

CExport Dat aDl g: : CExport Dat aDl g( CWwhd* pParent /*=NULL*/)
CDi al og( CExportDataDl g:: 1 DD, pParent)
{

/1 {{ AFX_DATA_| NI T( CExpor t Dat aDl g)
m _bEngi neeri ngbDat a = FALSE;

m bHeader = FALSE;

m bStrai ns = FALSE;

m bTrueDat a = FALSE;

m bFor ces = FALSE;

m bVel ociti es = FALSE;

m szExportFil eName = _T("");

m bDi spl acenents = FALSE;
/TY}AFX DATA INIT

voi d CeExport Dat aDl g: : DoDat aExchange( CDat aExchange* pDX)
{
CDi al og: : DoDat aExchange( pDX) ;
[T {{ AFX_ DATA \ MAP( CExport Dat aD 9)
DDX_Check( pDX, | DC EXP_ENGDATA, m bEngi neeri ngDat a) ;
DDX_Check( pDX, |DC _EXP_HEADER, m bHeader);
DDX_Check(pDX, | DC_EXP_STRAINS, m bStrai ns)
DDX_Check( pDX, | DC_EXP_TRUEDATA, m bTr ueDat a)
DDX_Check(pDX, | DC_FORCES, m bForces);
DDX_Check( pDX, | DC VELOCI TI ES, m bVel oci ti es);
DDX_Text (pDX, | DC_EXPORTFI LE, m szExportFil eNane);
DDX_Check(pDX, | DC DI SPLACEMENTS, m bDi spl acenents);
11} YAFX_DATA_MAP

BEG N_MESSAGE_MAP( CExport Dat aDl g, CDi al og)
| T{{ AFX_MSG_MAP( CExpor t Dat aDl g)
ON_BN_CLI CKED( | DC_BROWSE, OnBrowse)

[ 1T} AFX_MSG MAP

END_MESSAGE_MAP()

NN NN NN NNy
CExport Dat aDl g nessage handl ers

/1
/1
voi d CeExportDataDl g:: Set Al | owed()
{

i f (m_bEngi neeri ngAl | owned==FALSE)

{ Cet Dl gl t em( | DC_EXP_ENGDATA) - >Enabl eW ndow( FALSE) ;

Get DI gl t em( | DC_EXP_TRUEDATA) - >Enabl eW ndow( FALSE)

}

i f (mbForcesAl | oned==FALSE)

{ Get Dl gl t em( | DC_FORCES) - >Enabl eW ndow( FALSE) ; }

if (mbStrai nsAl | owed==FALSE)

{ Get Dl gl t en{ | DC_EXP_STRAI NS) - >Enabl eW ndow( FALSE) ; }
if (mbVelocitiesAl |l owed==FALSE)

{ Get Dl gl t em( | DC_VELQCI Tl ES) - >Enabl eW ndow( FALSE) ; }



voi d CExportDataDl g:: OnBrowse()
{

bool stopflag = fal se;

OPENFI LENAME SaveFi | eNane;

TCHAR szFi | e[ 256000] = "\0"; /1 File list

static char szFilter[] = "Export Files (*.exp)\0*.exp\0O"
"All Files (*.*)\0*.*\0\0";

/I LPTSTR szFil e = new TCHAR m szExport Fi | eName. Get Lengt h() +1] ;

/'l _tcscpy(szFile, mszExportFil eNane);

SaveFi | eName. | Struct Si ze = si zeof ( OPENFI LENAME) ;
SaveFi | eNane. hwvhdOmner = NULL;

SaveFi | eNare. hl nstance = NULL;

SaveFil eNane. | pstrFilter = szFilter;

SaveFi | eNane. | pstrCustonFilter = NULL;

SaveFi | eNane. nMaxCustFilter = O;

SaveFi | eNarme. nFil terl ndex = 0;

SaveFi |l eNane. | pstrFile = szFile;

SaveFi | eName. nMaxFi |l e = sizeof (szFile);
SaveFil eNane. | pstrFileTitle = NULL;
SaveFi | eNanme. nMaxFil eTitle = 0;

SaveFil eNanme. I pstrinitial Dir =NULL;
SaveFil eNane. |l pstrTitle =

"Export File";
SaveFi | eNane. nFil eOf fset = 0;
SaveFi | eNane. nFi | eExt ension = 0;
SaveFi | eNane. | pstrDef Ext = "";
SaveFi | eNane. | pf nHook = NULL;
SaveFi | eNane. | pTenpl at eName = NULL;
SaveFi | eNane. Fl ags = OFN_EXPLORER | OFN_HI DEREADONLY| OFN_OVERWRI TEPROWPT;

/1 Open dial og box
Get SaveFi | eNanme( &SaveFi | eNane) ;

m szExport Fi | eNane=szFi |l e;
CDi al og: : Updat eDat a( FALSE) ;

}
voi d CExportDataDl g:: OnOK()
CDi al 0g: : OnCK() ;

voi d CExportDataDl g:: OnCancel ()
/1l TODO Add extra cl eanup here
CDi al og: : OnCancel ();



/'l FFTUtilityDig.cpp : inplenentation file
I

#i ncl ude "stdafx. h"

#i ncl ude "cshb. h"

#i nclude "FFTUtilityDl g. h"
#i ncl ude " CSHBDoc. h"

#i ncl ude <fstream h>

#i ncl ude <mat h. h>

#i f def _DEBUG

#def i ne new DEBUG _NEW
#undef TH S FI LE

static char THIS FILE[] = __FILE ;

#endi f

TELTLTLTEE LTt r it riririiiiin
/1l CFFTUtilityD g dial og

CFFTUti lityD g:: CFFTUti | i tyDl g( CWhd* pParent /*=NULL*/)
: CDial og(CFFTUtilityDl g::1DD, pParent)

{
/1{{AFX_DATA_I NI T(CFFTULi I i tyDl g)
mszlnputFile = _T("
mszQutputFile = T("' )
m nTransform = - 1;
/TYYAFX DATA INIT
m_nTr ansf or n=0;

}

void CFFTUti i tyDl g:: DoDat aExchange( CDat aExchange* pDX)
{

CDi al og: : DoDat aExchange( pDX) ;

/'1{{AFX DATA MAP(CFFTUilityDl g)

DDX Text (pDX, 1 DC_I| NPUTNAVE, m szl nputFile);
DDX_Text (pDX, | DC_OUTPUTNAMVE, m szQut put Fi | e)
DDX_Radi o( pDX, | DC_FFT, mnTransform;

11} YAFX_DATA_MAP

BEG N_MESSAGE MAP(CFFTUti lityDl g, CDi al og)
[ T{{AFX_NMSG MAP(CFFTUti |ityD g)
ON BN _CLI CKED( | DC_BROWSE I N, OnBrowsel n)
ON_BN_CLI CKED( | DC_BROWSE_QOUT, OnBr owseQut)
[ 1T} AFX_MSG MAP

END_MESSAGE MAP()

NN NN NN NNy
/1l CFFTUtilityD g nessage handl ers
void CFFTUti IityD g:: OnBrowsel n()

CDi al og: : Updat eDat a( TRUE) ;

bool stopflag = fal se;

OPENFI LENAME OpenFi | eNane;
TCHAR szFi | e[ 256000] = "\ 0"; /1 File list
static char szFilter[] = "All Files (*.*)\0*.*\0\0";

OpenFi | eName. | Struct Si ze = si zeof (OPENFI LENAME) ;
OpenFi | eNanme. hwndOmner = NULL;

OpenFi | eNane. hl nst ance = NULL;

QpenFil eNane. I pstrFilter = szFilter;

OpenFi | eNane. | pstrCustonfilter = NULL;

OpenFi | eNanme. nMaxCust Filter = 0;

OpenFi | eNane. nFilterl ndex = 0;

QpenFi | eNane. I pstrFile = szFile;

OpenFi | eName. nMaxFil e = sizeof (szFile);
QpenFil eNane. | pstrFileTitle = NULL;

OpenFi | eNane. nMaxFi l eTitle = 0

QpenFil eNane. | pstrinitial D| r = mszlnputFile;
OpenFil eName. I pstrTitle = "Select Input File";



QpenFi | eNane. nFil eO fset = 0;

OpenFi | eNane. nFi | eExt ensi on = 0;

QpenFi | eNane. | pstrDef Ext = "";

OpenFi | eNane. | pf nHook = NULL;

QpenFi | eNane. | pTenpl at eNanme = NULL;

OpenFi | eNane. Fl ags = OFN_EXPLORER | OFN_FI LEMUSTEXI ST;

/1 Open dial og box

CGet OpenFi | eNane( &penFi | eNan®e) ;

/'l Filenanmes are stored in szFile;

/1 Assign the value of szFile to mFileList

mszlnputFile = szFil e;

/1l Update the information in the textbox to show the current files sel ected

CDi al 0g: : Updat eDat a( FALSE) ;

}
void CFFTUti IityD g:: OnBrowseQut ()
{

bool stopflag = fal se;

OPENFI LENAME SaveFi | eNane;

TCHAR szFi |l e[ 256000] = "\ 0"; /Il File list

static char szFilter[] = "Al Files (*.*)\0*.*\0\0";

SaveFi |l eName. | Struct Si ze = si zeof (OPENFI LENAME) ;
SaveFi | eNarme. hwndOamer = NULL;

SaveFi | eNane. hl nstance = NULL;

SaveFi |l eNane. | pstrFilter = szFilter;

SaveFi | eNanme. | pstrCustonFilter = NULL;

SaveFi | eNanme. nMaxCustFilter = 0;

SaveFi | eNane. nFilterl ndex = O;

SaveFi |l eNane. | pstrFile = szFile;

SaveFi | eName. nMaxFil e = sizeof (szFil e);
SaveFil eNane. | pstrFileTitle = NULL;
SaveFi | eNane. nMaxFil eTitle = 0;

SaveFi |l eNane. | pstrinitial Dir =NULL;
SaveFil eName. I pstrTitle = "Qutput File";

SaveFi | eNare. nFi |l eO fset = 0;

SaveFi | eNane. nFi | eExt ensi on = 0;

SaveFi | eNane. | pstrDef Ext = "";

SaveFi | eNane. | pf nHook = NULL;

SaveFi | eNane. | pTenpl at eNanme = NULL;

SaveFi | eNane. Fl ags = OFN_EXPLORER | OFN_HI DEREADONLY| OFN_OVERWRI TEPROMPT;

/1 Open dial og box
Get SaveFi | eNanme( &SaveFi | eNane) ;
m szCQut put Fi | e=szFi |l e;
CDi al og: : Updat eDat a( FALSE) ;

}
BOOL CFFTUtilityDl g:: Getlnput Data()

{

/1l CCSHBDoc P;
char string[1000];
char seps|[] =" )\t
i nt i=0, power=0, N=0, a=0;
BOOL bTi ne;

m dDat al. RemoveAl | ();
m dDat a2. RenoveAl | () ;

treamifsin(mszlnputFile,ios::in|ios::nocreate);
(lifsin)
return FALSE;

ifs
i f

i f (m.nTransfornmE=0) //Read in Tine and Val ue
{ i fsin.getline(string, 1000,'\n");



i{f ((string[0] !=""")&&(string[0]!="\0"))

m dDat al. Add( (at of ( strtok( string, seps ))));
m dDat a2. Add( (atof ( strtok( NULL, seps ))));
i ++;

}
i fsin.getline(string, 1000,'\n");
} whi | e(i fsin!=0);

/I makes sure the nunber of points is a power of 2

N=m dDat a2. Get Si ze() ;

power =i nt ((1og(N)/10g(2)));

i f (N>int(pow 2, power)))

{power ++; }

N=i nt (pow 2, power));

for (a=i;a<N, a++) //add points

{m dDat a2. Add(0) ; }

bTi me=TRUE;

CCSHBDoc: : Real ft (&m dDat a2[ 0] -1, m dDat a2. Get Si ze(), &Tine); //Perform FFT on data

el se
{ /I Read in Freq, Real I|nag
i fsin.getline(string, 1000,'\n");
i =0;
dof{
if ((string[0] '=""")&&(string[0]!="\0"))
{
m dDat al. Add((atof ( strtok( string, seps )))); //Freq
m dDat a2. Add( (at of ( strtok( NULL, seps )))): /1real
m dDat a2. Add( (at of ( strtok( NULL, seps )))); /11 mag

i +=2;

}
i fsin.getline(string, 1000,'\n");
} whi | e(i fsin!l=0);

[lstrip out Nyquist value and put into conplex part of first set of terns
/I needed for Realft

m dDat a2[ 1] =m dDat a2[ m dDat a2. Get Si ze() - 1] ;

m dDat a2. RenoveAt (m dDat a2. Get Upper Bound() - 2, 2) ;

N=m dDat a2. Get Si ze() ;
pover =i nt ((1 og(N)/10g(2)));

if (N>int(pow2,power)))//if the nunber of points is not a power of 2
{ pover ++; }

N=i nt (pow( 2, power));

for (a=i;a<N; at++)

{m dDat a2. Add(0); }

bTi ne=FALSE;

CCSHBDoc: : Real ft (&m dDat a2[ 0] - 1, m dDat a2. Get Si ze(), &Ti ne) ;

2)
))

}

i fsin.close();

return TRUE;
}

void CFFTUti IityD g:: OnOK()
{

Begi nWai t Cur sor () ;
Updat eDat a() ;

Get | nput Dat a() ;

Cut put Dat a() ;

EndWai t Cursor () ;

CDi al 0g: : OnCK() ;
}

BOOL CFFTUti lityDl g:: Qut put Data()
{



doubl e r =0, nodul us=0, angl e=0, frequency, ti ne=0, anpl i t ude=0, dx=0;
int i=0, N=0;

doubl e dNyqui st =0;

CArray <doubl e, doubl e> dPol ar;

BOOL bPol ar =FALSE;

dPol ar . RenoveAl | ();

of streamoutfile(mszQutputFile,ios::out); //create output file
outfile<<"\"Input from"<<mszlnputFile<<endl;

dx=m dDat al[ 1] - m dDat al[ 0] ;
N=m dDat a2. Get Si ze() ;
i f(m_nTransf or m==0)

/1 get Nyquist Value add to end

m dDat a2. Add( m dDat a2[ 1] ) ;

m dDat a2. Add( 0) ;

m dDat a2[ 1] =0;

dPol ar . Append(m dDat a2) ;

bPol ar =FALSE;

CCSHBDoc: : ChangeFor n{ dPol ar. Get Si ze(), &JPol ar[ 0] , &Pol ar) ;
//output freq real imag nod ang
outfile<<"\"\tFrequency(Hz)\tReal\tlmagi nary\t Mddul us\tAngl e(radi ans) " <<endl ;
for (i=0;i<mdData2.GetSize();i+=2)

frequency=(i/2)/(Ndx);

outfil e<<frequency<<"\t"<<mdbData2[i]<<"\t"<<m dData2[i +1] <<"\t"<<
dPol ar[i] <<"\t"<<dPol ar[i +1] <<end| ;

}
[ out put Nyqui st Val ue

/1 i ++;
/1 frequency=(i/2)/(N-dx);
/1 outfil e<<frequency<<"\t"<<dNyqui st<<"\t"<<0<<"\t"<<
/1 dNyqui st <<"\'t " <<0<<end| ;
el se
outfile<<"\"\tTine(s)\tVal ue"<<endl;
for (i=0;i<Ni++)
outfile<<i*((1/dx)/N)<<"\t"<<m dData2[i]<<endl;
}
}
return TRUE;
}

void CFFTUti i tyD g:: OnCancel ()
/1 TODO Add extra cl eanup here
CDi al og: : OnCancel ();



/1l IndexDl g.cpp : inplementation file
I

#i ncl ude "stdafx. h"
#i ncl ude "cshb. h"

#i ncl ude "I ndexDl g. h"
#i ncl ude " CSHBDoc. h"
#i ncl ude " CSHBVi ew. h"

#i f def _DEBUG
#def i ne new DEBUG _NEW
#undef TH S_FILE

static char THHS FILE[] = __FILE _;

#endi f

TELTLTLTEET It riririiiiin
/1 ClndexDl g dial og

Cl ndexDl g: : Cl ndexDl g( CwWhd* pParent /*=NULL*/)
: CDi al og(Cl ndexDl g:: 1 DD, pParent)
{

/1{{ AFX_DATA_I NI T(Cl ndexDl g)
0. 0;

mdle =

mdls = 0.0;

m dRe = 0.0;

m dRs = 0.0;

m dTe = 0.0;

m dTs = 0.0;

I1}YARX DATA INIT

// model ess data box

if (Create(ClndexD g::1DD, pParent))
{ ShowW ndow( Sw V_ SHOW ;
}

m nl ndex=0;

m _bTi me= FALSE

voi d Cl ndexDl g: : DoDat aExchange( CDat aExchange* pDX)

CDi al og: : DoDat aExchange( pDX) ;
/1 {{ AFX_DATA MAP( Cl ndexDl g)
DDX_Text (pDX, IDC IE, mdie):

DDV_M nMaxDoubl e(pDX, mdle, 0., 1000000.);
DDX_Text (pDX, IDC IS, mdls):

DDV_M nMaxDoubl e(pDX, mdls, 0., 100000.);
DDX_Text (pDX, | DC_RE, m dRe):

DDV_M nMaxDoubl e(pDX, m dRe, 0., 100000.);
DDX_Text (pDX, 1 DC_RS, m dRs):

DDV_M nMaxDoubl e(pDX, m dRs, 0., 100000.);
DDX_Text (pDX, I DC_TE, m dTe):

DDV_M nMaxDoubl e(pDX, m dTe, 0., 1000000.);
DDX_Text (pDX, IDC TS, m dTs):

DDV_M nMaxDoubl e(pDX, m dTs, 0., 1000000.);

/ 1} T AFX_DATA_MAP

BEGQ N MESSAGE_MAP( Cl ndexDl g, CDi al og)
{{ AFX_MSG_MAP( Cl ndexDl g)

()
23
g
8
S
2
ﬁ

OnVi ewt i ne)
N_CLI CKED( | DC_CHOOSE | S OnChoosel s)
| CLI CKED( | DC_CHOOSE_RS, OnChooseRs)
| CLI CKED( | DC_CHOOSE_TS, OnChooseTs)
| CLI CKED( | DC_CHOOSE | E, OnChoosel e)
| CLI CKED( | DC_CHOOSE_RE, OnChooseRe)
| CLI CKED( | DC_CHOCSE_TE, OnChooseTe)
I DESTROY( )

} AFX_MSG MAP

SAGE_MAP()

NN NN NN NNy
ndexDl g message handl ers

299999999=
pezzEees

END_
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/* if((m.dlDT!=0))
i f (mbTi me==TRUE)

i f((mdlDT!=0))

{ mdle =int( mdle/ mdlDT);
mdls =int(mdls/mdlDT);
m dRe =i nt (m dRe/ m dI DT);
m dRs =i nt (m dRs/ m dI DT);

}

i f (m.dTDT! =0)

{ m dTe =i nt(m.dTe/ m dTDT);
m dTs =i nt(m._dTs/ m dl DT);

}

m_bTi me=FALSE;

}el se{
mdle =(mdl e*mdl DT);
mdls =(mdl s*mdl DT);
m dRe =(m_dRe*m dI DT):
m dRs =(m dRs*m dI DT) ;
m dTe =(m_ dTe*m dTDT) :
m dTs =(m dTs*m dl DT);

m_bTi me=TRUE;

}
}
CDi al og: : Updat eDat a( FALSE) ;
*/
voi d Cl ndexDl g: : OnCK()
{

CCSHBDoc* pDoc=CCSHBDoc: : Get Doc(); //get pointer to current docunent
Updat eDat a() ;

Val i dat eDat a() ;

/1 CEl vi sDoc: : Updat eAl | Vi ews
pDoc- >i nci dent . m nbegi n=i
pDoc- >i nci dent . m nend=i nt
pDoc- >ref | ect ed. m nbegi n=
pDoc- >refl ect ed. m nend=i n
pDoc->transm tted. m nbegi
pDoc->transmi tted. m nend=i
i f ((m.dle!=0)&&( m dRe! 0))
{pDoc->f | ag. m bSepar at edl nci
i f(m.dTe!=0)
{pDoc->fl ag. m bSepar at edTransm tt ed=TRUE; }
i f((pDoc->flag. m bProcessedResul ts) || (pDoc->i nci dent bar. Vel oci ty. m bCal cul at ed)| |
(pDoc->transmittedbar. Vel ocity. m bCal cul at ed))
{pDoc->fl ag. m bRecal cul at e=TRUE; }

n
(
i
t
n

Dest royW ndow() ;
((CCSHBVI ew*) m pPar ent ) - >Al | DoneModel ess() ;

é/ CDi al 0g: : OnCK() ;

voi d Cl ndexDl g: : OnVi ewt i me()
{
Updat eDat a() ;
i f((m.dlDT!=0)||(m.dTDT!=0))

i f (mbTi me==TRUE)

i f((m.dlDT!=0))

{ mdle =int( mdle/mdlDT);
mdls =int(mdls/mdlDT);
m dRe =i nt (m dRe/ m dl DT);
m dRs =i nt (m dRs/ m dI DT);



}

i f (m.dTDT! =0)

{ m dTe =i nt(m.dTe/ m dTDT);
m dTs =i nt(m.dTs/ m dTDT);

}

m_bTi me=FALSE;
}el sef

m dle =(m.dl e*m dl DT);
mdls =(mdls*mdl DT);
m dRe =(m dRe*m dI DT);
m dRs =(m dRs*m dI DT) ;
m dTe =(m dTe*m dTDT);
m dTs =(m.dTs*m dTDT);
m_bTi me=TRUE;

}

CGet Dl gl ten( |1 DC_VI EWIl ME) - >Set W ndowText (m bTi ne?" Vi ew | ndex": " Vi ew Ti ne");
Get Dl gl t en{ | DC_START) - >Set W ndowText (m bTi me?" Start Time":"Start |ndex");
Get Dl gl t en{ | DC_END) - >Set W ndowText (m _bTi me?"End Ti ne": "End | ndex");

CDi al og: : Updat eDat a( FALSE) ;

}

voi d Cl ndexDl g: : OnChoosel s()
m nl ndex=1;

CheckTi me() ;
ShowW ndow( SW HI DE) ;

}
voi d Cl ndexDl g: : OnChooseRs()
m nl ndex=2;

CheckTi me() ;
ShowW ndow( SW HI DE) ;

}
voi d Cl ndexDl g: : OnChooseTs()
m nl ndex=3;

CheckTi me() ;
ShowW ndow( SW HI DE) ;

}
voi d Cl ndexDl g: : OnChoosel e()
m nl ndex=4;

CheckTi me() ;
ShowW ndow( SW HI DE) ;

}

voi d Cl ndexDl g: : OnChooseRe()
m nl ndex=5;
CheckTi me() ;
ShowW ndow( SW HI DE) ;

}

voi d Cl ndexDl g: : OnChooseTe()
m nl ndex=6;

CheckTime();//makes sure in index form
ShowW ndow( SW HI DE) ;



voi d Cl ndexDl g: : Post NcDest roy()

delete this;
CDi al og: : Post NcDestroy();

voi d Cl ndexDl g: : OnDest roy()

CDi al og: : OnDestroy();

/1 redravvs w ndow t o show new i ndi ces

Get W ndow( GW ONNER) - >Redr awwW ndow( NULL, NULL, RDW ERASENOM-RDW ALLCHI LDREN+RDW | NTERNAL PAI NT+RDW
_I NVALI DATE) ;

voi d Cl ndexDl g: : OnCancel ()
{

Destr oyW ndow() ;
((CCSHBViI ew*) m pPar ent ) - >Al | DoneModel ess() ;

/1 CDi al og: : OnCancel ();
}

BOOL Cl ndexDl g:: Val i dat eDat a()

CheckTi me();// Make sure
//checks to make sure tinme is less than total tinme and that the end index is not |ess than
/1l the original index.

i f(m.dl s>m nDat alSi ze)

{m dI's=m nDat a1Si ze; }

el se i f(m.dls<0)

{mdl s=0;}

i f(m.dl e>m nDat alSi ze)
{m dl e=m nDat alSi ze; }
el se i f(mdle<mdls)
{mdle=mdls;}

i f(m dRs>m nDat alSi ze)
{m dRs=m nDat alSi ze; }
el se i f(mdRs<0)

{m dRs=0; }

i f (m dRe>m nDat alSi ze)
{m dRs=m nDat alSi ze; }
el se i f(mdRe<m dRs)
{m dRe=m dRs; }

i f(m.dTs>m nDat a2Si ze)
{m dTs=m nDat a2Si ze; }

el se i f(m.dTs<0)
{m dTs=0; }

i f( _dTe>m nDat a2Si ze)

}

BOCOL Cl ndexDl g: : CheckTi nme()
{ i f (mDbTi me==TRUE)

i{f((m_dl DT! =0) )

mdle =int( mdle/ mdlDT);
mdls =int(mdls/mdlDT);
m dRe =i nt (m dRe/ m dl DT);
m dRs =i nt (m dRs/ m dI DT);

i}f (m_dTDT! =0)

{ m dTe =int(m.dTe/ m dTDT);
m dTs =i nt(m dTs/ m dTDT);

}

m_bTi me=FALSE;



}

Cet Dl gl tem( |1 DC_VI EWI'l ME) - >Set W ndowText (m_bTi me?" Vi ew | ndex "View Tine");
Get DI gl t en( | DC_START) - >Set W ndowText (m bTi ne?" St art T| me "Start | ndex") ;
Get DI gl t en( 1 DC_END) - >Set W ndowText (m bTi ne?"End Ti me" "End | ndex");

return TRUE;



/'l InputFileD g.cpp : inplenmentation file
I

#i ncl ude "stdaf x. h"

#i ncl ude "cshb. h"

#include "I nputFileD g.h"

#i ncl ude "math. h"

#include "fstream h"

#i ncl ude "AnplitudePropD g. h"

#i ncl ude <afxdisp.h> //For CO eDateTine

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE
#endi f

NN NN NNy
/1l ClnputFileD g dial og

ClnputFil eDl g:: Clnput Fi | eDl g( CWhd* pParent /*=NULL*/)
: CDialog(ClnputFileD g::1DD, pParent)
{

/1 {{AFX_DATA | NI T(Cl nput Fi | eDl g)
m nBi nary = -1;

m szFileNane = _T("");

m bAnpl i tudeShi ft = FALSE;
TY}AFX_ DATA INIT

~

}
nBi nar y=0;

bAnmpl i t udeShi f t =TRUE;
nZer oPoi nt s=20;

m
m
m

voi d Cl nput Fi | eDl g: : DoDat aExchange( CDat aExchange* pDX)
{
CDi al og: : DoDat aExchange( pDX) ;
11 {{ AFX_DATA MAP(Cl nput Fi | eDl g)
DDX _Radi o( pDX, | DC _BI NARY, m nBi nary);
DDX Text (pDX, | DC_FI LENAME, m szFil eNane);
DDX_Check(pDX, |1 DC_AMPSH FT, m bAnplitudeShift);
11} YAFX_DATA_MAP

BEG N_MESSAGE_MAP(Cl nput Fi | eDl g, CDi al og)
[ {{ AFX_MSG_MAP( Cl nput Fi | eDl g)
ON_BN_CLI CKED( | DC_BROWSE, OnBr owse)
ON BN _CLI CKED(1 DC_ASCI I, OnAscii)
ON_BN_CLI CKED( | DC_BI NARY, OnBi nary)
/1}} AFX_MSG_NVAP

END_MESSAGE_MAP()

NN NNy
/1 ClnputFileD g message handl ers

voi d Cl nputFil eDl g:: OnBrowse()
{

bool stopflag = fal se;
OPENFI LENAME OpenFi | eNane;
TCHAR szFil e[ 256000] = "\ 0"; /Il File list

char szFilter[]="WT Files (*.wft)\0*.wft\O"
"AD Files (*.ad)\O0*. ad\0"
"Text Files (*.txt)\0*.txt\0"
"Data Files (*.dat)\0*.dat\0Q"
"All Files (*.*)\0*.*\0\0";

QpenFi | eName. | Struct Si ze = si zeof ( OPENFI LENAME) ;
OpenFi | eNane. hwndOaner NULL;
QpenFi | eNane. hl nst ance NULL;
i f (m.nBi nary==0) {
QpenFil eNane. I pstrFilter = //szFilter;
"WFT Files (*.wft)\0*. wft\O"



lel se

{OpenFil eNane. | pstrFilter

}
OpenFi | eNane

OpenFi | eNane.
QpenFi | eNane.
OpenFi | eNane.
QpenFi | eNane.
OpenFi | eNane.
QpenFi | eNane.
OpenFi | eNane.
QpenFi | eNane.
OpenFi | eNane.
QpenFi | eNane.
OpenFi | eNane.
QpenFi | eNane.
OpenFi | eNane.

"AD Files (*.ad)\O0*.ad\0"
"Text Files (*.txt)\0*.txt\0"
"Data Files (*.dat)\0*.dat\0Q"
"All Files (*.*)\0*.*\0\0";

= //szFilter;
"AD Files (*.ad)\O*. ad\0"
"WFT Files (*.wft)\O*. wft\O"
"Text Files (*.txt)\0*.txt\0O"
"Data Files (*.dat)\0*.dat\0Q"
"All Files (*.*)\0*.*\0\0";
.l pstrCustonfilter = NULL;
nMaxCustFilter = 0;
nFilterl ndex = O;
I pstrFile = szFile;

nMaxFi |l e = sizeof (szFile);

I pstrFileTitle = NULL;

nMaxFil eTitle = O;

Ipstrinitial Dir = NULL;//datal. m szFil enane;
I pstrTitle = "Sel ect Data Set";

nFileOfset = 0O;
nFi | eExt ension = 0O;

| pstrDef Ext = ""

| pf nHook = NULL;

| pTenpl at eName = NULL;

OpenFi | eNane. Fl ags = OFN_EXPLORER | OFN_FI LEMUSTEXI ST;
/1 Open dial og box
Get OpenFi | eNanme( &OpenFi | eNane) ;

m szFi | eNane= szFil g;

CDi al og: : Updat eDat a( FALSE) ;
}

voi d ClnputFileD g:: OnCK()

{
CAnpl i t udePropDl g dl g;
/] TODO. Add extra validation here
Updat eDat a() ;

i{f (m bAnpl i t udeShift)

dl g. m nPoi nt s=m nZer oPoi nt s;
i f (dl g. DoModal () ==I DOK)
{

m nZer oPoi nt s=dl g. m nPoi nt s;
Get Dat a() ;

lel se

m_nZer oPoi nt s=0;
Get Dat a() ;

é/ CDi al 0g: : OnCK() ;

BOOL Cl nput Fil eDl g:: Get Dat a()
{

int i=0;

doubl e dzer 0=0;

i f(m.nBinary!=0){
char string[1000];
char seps[] =" o\t
ifstreamifsin(mszFileName,ios::in|ios::nocreate);

if (lifsin)
{ MessageBox("Can't Open Input File","Error", MB_| CONERROR) ;
return FALSE;



Dat a. m dti me. RenoveAl | ();
Dat a. m dvol ts. RenoveAl | ();
i fsin.getline(string, 1000,'\n");

do{
if ((string[0] !=""")&&(string[0]!="\0"))

Data. mdti nme. Add( (atof ( strtok( string, seps ))));
Dat a. m dvol ts. Add((atof ( strtok( NULL, seps )))):

}
i fsin.getline(string, 1000,'\n");

} whi | e(ifsin!=0);
ifsin.close();
Data. m dDT=Data. m dti ne[ 1] - Data. m dti me[ O] ;

lel se

struct file_info{
i nt year, nonth, day, ti ne, hour, m nut e, second,;
i nt Header _size, File_size,data_count, Vertical _zero
doubl e Vertical _norm User_vertical _norm User_vertical _zero;
doubl e User_horizontal _zero, User _horizontal _norm
CString Title, User _vertical | abel, User _horizontal | abel
CString User notes, Audi t, Ni col et Di gitizer Type;
i nt Bytes_per_data_p0|nt Resol ution, Process_fl ag, Dat a_conpr essi on
i nt Nunber_of_Segnents,Length_of_Segnents,Nunber_tinebases,Length_Zonel
doubl e Horz_norm Zonel, Horz_zero_Zonel
i nt Tine_Donain;
Hile;

char string[1750];

int i=0;

char highbyte[l],lombyte[l];
CArray <doubl e, doubl e> xpoi nt;
CArray <doubl e, doubl e> ypoi nt;
CString strMessage;

i nt nunber;

doubl e dzer 0=0;

i fstream binary(m szFil eNane, i 0s::nocreate | ios::binary);
if (!binary)
{

strMessage="Coul d Not Open Input File";
MessageBox(strMessage, "Error", MB_I CONERROR) ;
return O;

}
bi nary. getline(string,1750,'\n");

. Time_Dormi n=at oi (GetFi el d(string,4,2));
. Header _si ze=at oi (Get Fi el d(stri ng, 8, 12))

fil
fil
file.File_size=atoi(GetField(string, 20, 12))

@ @ @

(string, 131, 3));

d(string, 134,12));//divide by 1e3 to get into seconds
nme/ 3600e3) ;
time

time

.nmont h=at oi (GetFi el d(string, 128, 3));
.day:atoi(GetF eld ;
time=atoi ( i el

.hour=int(fi t

m nut e=i nt ( I

. second=i nt ( I

i | e.year<50)

e. year +=2000; }

.year=atoi (GetField(string, 125, 3));
i
I
i

-file.hour*3600e3)/60e3);

Get F
e.
fi
fi me-file. hour*3600e3-file.n nute*60e3)/1e3);

e
e.
e.

O —"dODDDDMDMD
—~— . .

n — ———————

M~ —h —h —h —h —h —h —h
e o —h o ———— —

file.year+=1900;}
//put year in correct format. | above 50 assune 1950-1999 if bel ow 2000- 2049
/11l doubt that this programwill be running in 2050 and if it is REWRITE it |azy buns
Data. m dt Date. Set DateTi me(file.year,file.nmonth,file.day,file.hour,file.mnnute,file.second)

file.data_count=atoi (CetField(string, 146,12));
file.Vertical _zero=atoi (GetField(string, 158, 12));



. Vertical nornrat of (Get Fi
. User _vertical _zero=at of (
. User vertical nornrat of (

User _vertical _| abel =CGet F

D

(string, 170, 24));
Fi el d(string, 194, 24));
Fi el d(string, 218, 24));
d(string, 242, 11);

P

d
t
t
I

—h —h —h —h
® oD

[¢)

Horz_zero_Zonel=atof (GetFi e
Horz_norm Zonel=at of (Get Fi e
. User _horizontal _zero=atof (Ge
. User horizontal nornratof (Ge
. User _horizontal _| abel =CGetFi e

(string, 1060, 24));
(string, 1036, 24));
Fi el d(string, 253, 24));
Fi el d(string, 277, 24));
d

S
i
i
(
d
d
t
t
I d(string, 301, 11);

—h —h —h —h —h
® DD

_.,
]

.Title=CetField(string,44,81);

. User_notes=CGet Fi el d(string, 312, 129);
.Audi t =Get Fi el d(string, 441, 196);
.Nicolet_Digitizer_Type=CetFi el d(string, 637, 21);

—h —h —h
@ DD

. Bytes_per _dat a_poi nt =at oi (CGet Fi el d(string, 658, 3));
. Resol uti on=atoi (GetFi el d(string, 661, 3));

—h —h
D @

.Process _flag=atoi (GetField(string, 826, 3));

Dat a_conpressi on=atoi (Get Fi el d(string, 829, 3));

Nunber _of Segnent s=atoi (Get Fi el d(string, 832, 12));

. Lengt h_of _Segnent s=at oi (Get Fi el d(string, 844, 12));

. Nunber _ti nebases=at oi (Get Fi el d(string, 856, 12));
Fie

. Lengt h_Zonel=at oi (Get Fi el d(string, 1024, 12));

—h —h —h —h —h —h
®D®D®DDD

if(file. Time_Domain!=1)
{

strMessage="Data Not in ASCIlI Text or Not in Tinme Domain";
MessageBox(strMessage, "Error", MB_| CONERROR) ;

return O;

if(file.Data_conpression!=0)

{
st r Message="Dat a Has Been Conpressed"
MessageBox(strMessage, "Warni ng", MB_| CONEXCLAMATI ON ) ;
return O;

}
i f(file.Nunber_of _Segnents!=1)
{

strMessage="WII|l Only Convert Segnent 1";
MessageBox(strMessage, "Warni ng", MB_| CONEXCLAMATI ON ) ;

if(file.Process_flag!=0)
strMessage="War ni ng: Dat a Has Been Processed on Oscilliscope"
MessageBox(strMessage, "Warni ng", MB_I CONEXCLAMATI ON ) ;

bi nary. seekg(fil e. Header _si ze);

bi nary. read(l owbyte, 1);
bi nary. read( hi ghbyte, 1);
i =0;
do{

nunber =0x00;

nunber =( BYTE( hi ghbyt e[ 0] ) <<8) +BYTE(| owbyt e[ 0] )
i f (nunber>=int(pow 2,15)))

nunber - =i nt (pow( 2, 16) ) ;

}
I m dDat a. Add( ((i *fil e.Horz_norm Zonel)+file.Horz_zero_Zonel)*file. User_horizontal _normt
/1 file.User_horizontal zero);

Dat a. m dvol ts. Add(((nunber-file.Vertical _zero)*file.Vertical _norm)*file.User_vertical _
nor mt

file.User_vertical _zero);

bi nary. read(l owbyte, 1);
bi nary. read(hi ghbyte, 1);



i ++;
twhile (i<file.Length_Zonel);
Dat a. m dDT=(fil e. Hor z_norm Zonel) *fil e. User _hori zontal _norm

bi nary. cl ose();

or (i=0;i<mnZeroPoints;i++)
dzero+=Data. mdvol ts[i];

}
f
{
}

i f (m_nZeroPoi nts! =0)
{dzer o/ =m nZer oPoi nt s; }
el se{

dzer0=0;}

for(i=0;i<Data.mdvolts. GetSize();i++)
{
Dat a. m dvol t s[i]-=dzero

}
CDi al 0g: : OnCK() ;
return TRUE;

CString ClnputFileD g::GetField(char *string, int offset, int size)
{

for (i=offset;i<(offset+size);i++)
{

conbi ne+=string[i];

return conbi ne

}
void ClnputFileDl g::OnAscii ()
{
m nBi nary=1; //this is cheesy but | couldn't figure out a better way
}
void ClnputFil eDl g::OnBinary()
{
m_nBi nar y=0; //this is cheesy but | couldn't figure out a better way

voi d Cl nputFil eDl g: : OnCancel ()
/1 TODO Add extra cl eanup here
CDi al og: : OnCancel ();



/1 MainFrmcpp : inplenentation of the CMai nFrane cl ass
I

#i ncl ude "stdaf x. h"

#i ncl ude " CSHB. h"

#i ncl ude "Mai nFrm h"

#i f def _DEBUG

#defi ne new DEBUG_NEW
#undef TH S FI LE

static char THIS FILE[] = _FILE _;

#endi f

TILTLILIE it it ririririiiiiils
/] CMai nFrame

| MPLEMENT_DYNAM C( Cvai nFrame, CNDI Fr ameWd)

BEG N_MESSAGE_MAP( CMai nFrame, CMDI Fr aneWhd)
[ {{ AFX_MSG_MAP( CMai nFr ane)
/1 NOTE - the CassWzard will add and renove mappi ng nacros here.
/1 DO NOT EDI T what you see in these bl ocks of generated code !
ON_ WM CREATE()
[ 1T} AFX_MSG MAP
END_MESSAGE MAP()

static U NT indicators[] =

| D_SEPARATOR, /1 status line indicator
| D_I NDI CATOR _CAPS

| D_I NDI CATOR_NUM

| D_I NDI CATOR_SCRL,

[EEEEEEEEErrr iy

}
/1
// CMai nFrame construction/destruction

CMai nFr arme: : CVai nFrane()

// TODO. add nenber initialization code here

}

CMai nFr ame: : ~CMai nFr anme()

%

i nt CMai nFrane: : OnCr eat e( LPCREATESTRUCT | pCreat eStruct)

{ if (CVDI FrameWhd: : OnCreat e(l pCreateStruct) == -1)
return -1;

i f (!mwndTool Bar. CreateEx(this, TBSTYLE FLAT, Ws CHILD | W5 VISIBLE | CBRS_TOP
| CBRS_GRIPPER | CBRS TOOLTIPS | CBRS FLYBY | CBRS_SIZE DYNAM C) ||
I'm wndTool Bar . LoadTool Bar (1 DR_MAI NFRAME) )

TRACEO("Fail ed to create tool bar\n");
return -1; /] fail to create

}

if (!mwndStatusBar.Create(this) ||
' m wndSt at usBar . Set | ndi cat ors(i ndi cators,
si zeof (i ndi cators)/sizeof (U NT)))

TRACEO("Fail ed to create status bar\n");
return -1; /] fail to create

}

/1l TODO. Delete these three lines if you don't want the tool bar to
/1 be dockabl e

m wndTool Bar . Enabl eDocki ng( CBRS_ALI GN_ANY) ;

Enabl eDocki ng( CBRS_ALI GN_ANY) ;

DockCont r ol Bar (&m wndTool Bar) ;

return O;



}

BOOL CMai nFrane: : PreCr eat eW ndow( CREATESTRUCT& cs)

{
i f( !CMVDI FrameWhd: : PreCreat eW ndow cs) )

return FALSE;
TODO Modify the Wndow cl ass or styles here by nodifying

Il
/1 the CREATESTRUCT cs

return TRUE;
TEEEEEEEEErr i ri i riririrrtirli

CMai nFranme di agnostics

i fdef _DEBUG
oi d CMai nFrane: : AssertValid() const

CMVDI FrameWhd: : AssertValid();

#
v
{
}
voi d CMai nFrame: : Dunp( CDunpCont ext & dc) const
{
CMVDI Fr ameWhd: : Dunp(dc);
}
#endi f //_DEBUG

[OEEEEEEErrrr

I
/'l CWMai nFrane nessage handl ers



/| PropagateVWaveltilityD g.cpp : inplenmentation file
I

#i ncl ude "stdaf x. h"
#i ncl ude "cshb. h"
#i ncl ude "Propagat eVaveltilityD g.h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE ;
#endi f

NNy

/| CPropagat eWaveltilityDl g dial og

CPropagat eVaveltilityD g:: CPropagat eWavelUtilityD g( CWhd* pParent /*=NULL*/)
CDi al og( CPropagat eWaveltilityD g::1DD, pParent)

{

/1 {{ AFX_DATA | NI T( CPr opagat eWaveUtilityD g)
m dTransm ttedDi stance = 0.0;

m dl nci dent Di stance = 0. 0;

m nNyqui st = -1;

m dFreqFilter = 0.0;

m dRef | ect edDi st ance = 0. 0;

/TY}AFX DATA INIT

voi d CPropagat eWaveUtilityD g:: DoDat aExchange( CDat aExchange* pDX)
{
CDi al og: : DoDat aExchange( pDX) ;
[ 1 {{ AFX_DATA_ MAP( CPr opagat eWaveltilityD Q)
DDX_Text (pDX, | DC_TRANSM TTEDDI ST, m dTransm tt edDi st ance);
DDX_Text (pDX, | DC_I NCI DENTDI ST, m dl nci dent Di st ance) ;
DDX_Radi o( pDX, |1 DC_NYQUI ST, m nNyqui st);
DDX_Text (pDX, | DC DI SPFI LTERZ, m_dFrequ lter);
DDX_Text (pDX, | DC_REFLECTEDDI ST, m dRefl ect edDi st ance);
/1}} AFX_DATA NAP

BEG N_MESSAGE_MAP( CPr opagat eWaveUtilityDl g, CDi al og)
I T{{ AFX_MSG_MAP( CPr opagat eWaveUtilityD g)
/1 NOTE: the ClassWzard will add nmessage map nacros here
/1}} AFX_MSG MAP
END_MESSAGE MAP()

N NN NN NN NN

I
/'l CPropagat eWaveltilityDl g nessage handl ers



/'l PropCoeffDi g.cpp : inplenmentation file
I

#i ncl ude "stdafx. h"
#i ncl ude "cshb. h"
#i ncl ude "PropCoeffD g. h"

#i f def _DEBUG
#def i ne new DEBUG _NEW
#undef TH S_FILE

static char THHS FILE[] = _ FILE ;

#endi f
NN NN NN NNy
/'l CPropCoeffDl g dial og

CPr opCoef f Dl g: : CPropCoef f Dl g( CWhd* pParent /*=NULL*/)
CDi al og( CPropCoeffDl g::1DD, pParent)
{

[T {{ AFX_DATA_| NI T( CPr opCoeffDI 9)
mszCalibrationFile = _T("");

m szDataFile = _T("");

m bUpdat eFi | e = FALSE;

m bExportFil e = FALSE;

m_bConpl exl\/bdul us = FALSE;
mdFilter = 0.0;

/T}} AFX_DATA | NI T

voi d CPropCoeff Dl g: : DoDat aExchange( CDat aExchange* pDX)
{

CDi al og: : DoDat aExchange( pDX) ;

11 {{AFX_ DATA  MAP( CPr opCoeffDI g)

DDX_Text (pDX, IDC CALIB I, m_ szCaI i brationFile);
DDX_Text (pDX, | DC_DATA I, mszDataFile);

DDX_Check( pDX, |DC_ UPDATEFI LE, m bUpdat eFi | e);
DDX_Check(pDX, | DC_EXPFI LE, m bExportFile);

DDX_Check( pDX, | DC_COMPLEXMOD, m bConpl exMbdul us);
DDX_Text (pDX, IDC FILTER, mdFilter);

DDV_M nMaxDoubl e(pDX, mdFilter, 0., 100000000000000);
11} YAFX_DATA_MAP

BEG N_MESSAGE_MAP( CPropCoef f Dl g, CDi al og)
1 T{{ AFX_NMSG_MAP( CPr opCoef f DI g)
ON BN CLI CKED( | DC_DETERM NECCEFF, OnDet er nmi necoef f)
/ 1Y} AFX_NMSG MAP

END_MESSAGE_MAP()

NN NNy
/'l CPropCoeffDl g message handl ers

voi d CPropCoeff Dl g:: OnDet er m necoeff ()

// TODO. Add your control notification handler code here
}
voi d CPropCoeffDl g:: OnCancel ()

/1l TODO Add extra cl eanup here

CDi al og: : OnCancel ();



/'l Sanpl eDataDl g.cpp : inplenentation file
I

#i ncl ude "stdafx. h"
#i ncl ude " CSHB. h"
#i ncl ude " Sanpl eDat aDl g. h"

#i f def _DEBUG
#def i ne new DEBUG _NEW
#undef TH S_FILE

static char THHS FILE[] = _ FILE ;

#endi f
NN NN NN NN NNy
/| CSanpl eDat aDl g di al og

CSanpl eDat aDl g: : CSanpl eDat aDl g( CWwhd* pParent /*=NULL*/)

{

CDi al og( CSanpl eDat aDl g: : | DD, pParent)

/1 {{ AFX_DATA | NI T( CSanpl eDat aDl g)
m_dDf 0. 0

m dDo
m dLf
m dLo
m szNane =

mdtlDate =
m dt TDate =
m dPr essure
m dVel ocity
m dStri ker Leng
/T}}AFX_DATA I'N

I II
oo«
_8ees

")
“CO e DateTinE::GetO.JrrentTine(),
CA eDat eTi ne: : Get Current Ti me() ;

= 0.0;
= 0.0;
th:0.0;
I T

voi d CSanpl eDat aDl g: : DoDat aExchange( CDat aExchange* pDX)

{

CDi al og: : DoDat aExchange( pDX) ;

[ 1 {{ AFX_DATA NMAP( CSanpl eDat aDl g)

DDX_Control (pDX, | DC_DATE, mdctrl| Date);

DDX_Text (pDX, | DC Df, m dDf);

DDV_M nMaxDoubl e(pDX m dDf, 0., 100000.);

DDX_Text (pDX, | DC Do, m dDo):

DDV_M nMaxDoubl e(pDX, m dDo, 0., 10000.);

DDX_Text (pDX, 1DC Lf, mdLf);

DDV_M nMaxDoubl e( pDX, m dLf, 0., 10000.);

DDX_Text (pDX, | DC Lo, m dLo);

DDV_M nMaxDoubl e( pDX, m dLo, 0., 10000.);

DDX_Text ( pDX, | DC SAVPLETI TLE, m 1 szNane) ;

DDV_MaxChar s(pDX, m szNane, 30);

DDX_Text (pDX, |DC | NCDATE, m dt| Date);

DDX_Text ( pDX, | DC_TRANSDATE, m dt TDate);

DDX_Text (pDX, | DC_PRESSURE, m dPr essure)

DDV_M nMaxDoubl e(pDX, m dPressure, 0., 1000000000. )

DDX_Text (pDX, | DC VELOOITY, m_ dvel oci ty);

DDV_M nMaxDoubl e(pDX, m dVel ocity, O., 1000000000. )

DDX Text (pDX, |1 DC _STRI KERL, m dStri kerLength);

DDV_M nMaxDoubl e(pDX, m dStri kerLength, 0., 1000000000.);
/YT AFX_DATA_MAP

BEG N_MESSAGE MAP( CSanpl eDat aDl g, CDi al og)

1 {{ AFX_MSG_MAP( CSanpl eDat aDl g)

ON BN _CLI CKED( | DC_SAMPLE_DEFAULT, OnSanpl eDef aul t)
ON_NOTI FY( DTN_DATETI MECHANGE, | DC_DATE, OnDat eTi neChange)
[ 1T} AFX_MSG MAP

END_MESSAGE_MAP()

I
I

[EOEEEEEErrrr by

CSanpl eDat aDl g nessage handl ers

voi d CSanpl eDat aDl g: : OnSanpl eDef aul t ()
{

m dDo=12. 7;
m dLo=12. 7;



m dDf =12. 7;
m dLf=12. 7;

Updat eDat a( FALSE) ;

}

voi d CSanpl eDat aDl g: : OnOK()

{

/* m.dDf =m dDf / 1000;
m dLf =m dLf/ 1000;
m_dDo=m dDo/ 1000;
m_dLo=m dLo/ 1000;

*/
m dctrl Dat e. Get Ti ne(m_dt Dat e) ;
CDi al 0g: : OnCK() ;

}

voi d CSanpl eDat aDl g: : OnDat eTi neChange( NVHDR* pNVHDR, LRESULT* pResul t)
// TODO. Add your control notification handler code here

*pResult = O;

BOOL CSanpl eDat aDl g: : Onl ni t Di al og()
CDi al og: : Onl ni tDi al og();

/1l mdtlDate. Format ("98 %, %’ %t %Vt ¥8")
/! mdtTDate. Format ("%B %d, % % %Vt ¥&") ;
m dct r| Dat e. Set For mat ("MW dd, yyyy HH :'nm:'ss");
m dctr| Dat e. Set Ti ne( m dt Dat e) ;
return TRUE;, // return TRUE unless you set the focus to a control
/1 EXCEPTI ON: OCX Property Pages should return FALSE
}

voi d CSanpl eDat aDl g: : OnCancel ()
/1l TODO Add extra cl eanup here
CDi al og: : OnCancel ();



/'l SeparateVal uesDi g.cpp : inplenentation file
I

#i ncl ude "stdaf x. h"
#i ncl ude "cshb. h"
#i ncl ude " Separ at eVal uesDl g. h"

#i f def _DEBUG

#def i ne new DEBUG _NEW

#undef TH S_FILE

static char THHS FILE[] = _ FILE ;
#endi f

NN NN NN NNy
/| CSepar at eVal uesDl g di al og
CSepar at eVal uesDl g: : CSepar at eVal uesDl g( CWhd* pParent /*=NULL*/)

CDi al og( CSepar at eVal uesDl g: : | DD, pParent)

{
[ 1 {{ AFX_DATA | NI T( CSepar at eVal uesDl g)
m dt hr eshol d1 = 0. 0;
m dt hr eshol d2 = 0. 0;
m dt ol erance = 0.0;
m bSepar ateTransnitted = FALSE;
m _bSepar at el nci dent = FALSE;
m nlntercept = -1;
1} YARX_DATA INIT
m_nl nt er cept =0;
}

voi d CSepar at eVal uesDl g: : DoDat aExchange( CDat aExchange* pDX)

CDi al og: : DoDat aExchange( pDX) ;

[T {{ AFX_ DATA \ MAP( CSepar at eVal uesDl 9)

DDX_Text (pDX, | DC_THRESHOLD1, m dt hreshol d1);

DDV_M nMaxDoubl e(pDX, m dt hr eshol di, 0., 1.);

DDX_Text (pDX, | DC_THRESHOLD2, m dt hr eshol d2);

DDV_M nMaxDoubl e(pDX, m dt hr eshol d2, 0., 1. );

DDX_Text (pDX, | DC_TOLERANCE, m dt ol erance)

DDV_M nMaxDoubl e(pDX, m dtol erance, 0., 1. )'

DDX_Check( pDX, | DC_SEPARATETRANSM TTED, m bSeparateTransmitted);
DDX_Check( pDX, | DC_SEPARATEI NCI DENT, m bSepar at el nci dent ) ;
DDX_Radi o( pDX, | DC_| NTERCEPT, mnl ntercept);

/1}} AFX_DATA NAP

BEG N_MESSAGE_MAP( CSepar at eVal uesDl g, CDi al og)
[ T{{ AFX_MSG_MAP( CSepar at eVal uesDl g)
ON BN CLI CKED(| DC Def aul t, OnDefaul t)
[ 1T} AFX_MSG MAP

END_MESSAGE MAP()

NN NN NN NNy
CSepar at eVal uesDl g nessage handl ers

I
I
voi d CSepar at eVal uesDl g: : OnOK()
/] TODO Add extra validation here
CBut t on* pt enp=( CButton*) Get Dl gl t en{| DC_SEPARATEI NCI DENT) ;
m _bSepar at el nci dent =pt enp- >Get Check() ;

pt enp=( CBut t on*) Get DI gl t enm( | DC_SEPARATETRANSM TTED) ;
m bSepar at eTr ansmi t t ed=pt enp- >Cet Check() ;

CDi al 0g: : OnCK() ;

voi d CSepar at eVal uesDl g: : OnDef aul t ()
{

m_dt hr eshol d1=0. 2;



m _dt hr eshol d2=0. 5;
m_dt ol er ance=0. 01;
Updat eDat a() ;
voi d CSepar at eVal uesDl g: : OnCancel ()
/1 TODO Add extra cl eanup here

CDi al og: : OnCancel ();



| stdafx.cpp : source file that includes just the standard includes
/| CSHB.pch will be the pre-conpiled header
/| stdafx.obj will contain the pre-conpiled type information

~——

#i ncl ude "stdafx. h"



	Introduction
	Background
	General Methods for High Strain Rate Testing of Materials
	The Taylor Anvil
	Expanding Ring
	Split Hopkinson Bar
	Ultrahigh Strain Rate Testing
	Current Application

	Hopkinson Bar History

	Conventional Split Hopkinson Bar
	Theory
	Sample Considerations
	Hopkinson Bar for Testing Low Impedance Material
	Summary

	Spectral Wave Theory
	Introduction
	Fourier Transform and the FFT
	Wave Propagation in the Frequency Domain
	Wave Equations

	Corrections for Dispersion and Attenuation
	Analytical
	Experimental
	Theory Behind Experimental Method
	Experimental Determination of the Propagation Coefficient


	Summary

	Experimental Method
	Introduction
	Experimental Design
	Air Bearings
	Rod Interface Supports
	Gas Gun
	Basic Principles
	Design


	Sensors and Peripheral Equipment
	Strain Gauges
	Wheatstone Bridge
	Foil and Semiconductor Strain Gauges
	Bridges and Non-linearity

	Simple Velocity Detection
	Data Acquisition

	Numerical Implementation
	Pre –Processing
	Raw Data
	Sample and Test Data
	Calibration Files
	Wave Separation

	Analysis
	Conventional Analysis
	Fourier Analysis
	Propagation Coefficient Calculation

	Post Processing
	Utilities
	Summary

	Test Procedure
	Calibration
	Propagation Coefficient Test
	Sample Preparation
	Test Execution


	Validation and Results
	Introduction
	Dispersion and Attenuation Coefficients
	Acrylic Results
	Dispersive Relationship Comparison

	Measured and Predicted Wave Comparison
	ELVS
	Material Test Results
	Polycarbonate Results
	Ballistic Gelatin
	Preparation
	Results

	RTV Silicon
	Preparation
	Results

	Sources of Error

	Summary

	Closure
	Conclusions
	Recommendations

	Tables
	Figures
	Appendices
	Appendix A
	Appendix B


