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1. ABSTRACT 
For our Senior Design requirement to fulfill a B.S. Degree in Mechanical Engineering 

from Florida International University (FIU), and at the behest of the Air Force Research 

Laboratory (AFRL), Munitions Directorate, our teams goal is to develop a more effective 

striking system than that of last year’s group had put into place, as well as improve the 

diagnostics to review the test results.  Using scholarly sources such as textbooks and research 

articles, knowledge of the general function of Split Hopkinson Pressure Bars (SHPB), as well as 

general formulas related to interpreting the data was obtained.  Based on the assumption of One-

Dimensional stress wave propagation, a compressed gas striking system was developed and 

calibrated to test material deformation at increased strain rates using the hoppy bar.  A 200 MHz 

frequency oscilloscope was used to capture the signals from the strain gauges attached to the 

input and output bars.  That wave profile signals obtained from the oscilloscope were 

subsequently converted into stress vs. strain data sets. 

2. INTRODUCTION 

2.1 PROBLEM STATEMENT 

A new striking mechanism is to be designed and integrated to the existing SHPB 

apparatus to improve the consistency, striking speed and ability to produce a 1-dimensional 

stress wave.  Ideally, the integration of the new striking system should not change the physical 

principles involved with the existing hoppy bar.  A compressed gas, crossbow or spring-type 

mechanism is to be designed.  Extensive analysis of the physical system was performed to gather 

as much information as possible to make educated engineering decisions.  Also, the diagnostics 

system is to be improved, resulting in the implementation of an oscilloscope with a frequency 
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response of 100 KHz (minimum), as well as substitute the existing strain gauges if they are 

below the 100 kHz minimum frequency. 

2.2 MOTIVATION 

Experimentally, it has been shown that material properties such as yield stress and 

ultimate strength differ when loads are applied quasi-statically rather than dynamically.  SHPB, 

also known as Kolsky Bars, are used characterize said properties of materials at high strain rates 

(dynamic loading); in the order of 102– 104 in/in/s. These high strain rates are typically found in 

impacts relating to dropping of personal electronic devices, sporting equipment, car accidents, 

and armed forces protective equipment.  AFRL Munitions Directorate’s primary interest in 

presenting this project to FIU senior design team last year, was to implement the use of air 

bearings to reduce friction in the input and output bar.  The air bearings replaced the linear 

bearings generally used in SHPB.  However, the striking system currently in operation is 

primarily driven by gravity, which does not comply with the one dimensional stress wave criteria 

required. Aside from this the current striking system creates inconsistencies in the striking speed 

and force with which the striker bar is set into motion.  Moreover, the diagnostics system was not 

appropriate to observe the characteristic square waves from the stress-strain diagram.  Therefore, 

the goal of this design is to implement a compressed gas striking system and improve diagnostics 

in the existing SHPB. 

2.3 LITERATURE SURVEY 

2.3.1 SPLIT HOPKINSON PRESSURE BAR 

The Split Hopkinson Pressure Bar is a device used for characterizing material properties 

submitted to dynamic loading, producing high stress and strain waves.  John Hopkinson, in 1872, 

studied-for the first time-the behavior of iron wires by performing stress wave experiments. 

(Hopkinson, 1872; Chen, W. W., & Song, B, 2011).  His work consisted of having an iron wire 
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fixed at one end and the free end loaded with a sudden impulse of a mass.  After his experiments, 

the results yielded the strengthening of iron wires being used under different loading conditions.  

One of the most important findings of John Hopkinson was “the fixed point of a wire will break 

only with half the speed that it will take the wire to break at the point where the mass is loaded” 

(Hopkinson, 1872).  His son, Bertram Hopkinson, continued experiments in the same field. 

Bertram was the first person to use a bar to measure an impulse wave generated by materials 

upon impact (Chen, W. W., & Song, B, 2011).  After years of study, he came to the conclusion 

that the most important factor in the failure of materials was the velocity of impact.  All of these 

experiments were conducted in 1914, and his observations were only qualitative. In his 

experiments, Bertram used a pendulum integrated with pencil and paper to record the movements 

of the rods as the pendulum would impact the target as seen in Figure1. 

 

Figure1: Apparatus of Bertram Hopkinson Experiments [2] 

On the other hand, Davies, in 1948 led the study of a different technique; he used parallel 

plates and cylindrical microphones to electrically measure the propagation of those waves.  

Davies also discussed the propagation and dispersion of waves when they are traveling in long 

rods.  Shown Figure 2 is Davies’ principle contribution to improving the HPB mechanism.  
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Davies made several other contributions that can be denoted as follows: he discovered that HPB 

could not accurately measure rapidly applied pressures-in the μs scales; the time it would take to 

create a pressure wave when an instantaneous force is applied, the wave will reach a constant 

value, that in the end, is related to Poisson’s ratio; while his final contribution was the 

determination of the length-radius relationship of the bar. 

  

Figure 2: Davie's New Improved Design OF SHPB (Chen, 2010) 

At the same time as Davies, a modification of this idea was done by Kolsky in 1949 

(Chen, W. W., & Song, B, 2011).   He introduced the concept of having two bars in order to 

study the dynamic behavior and the relationship of the stress-strain for different materials, and 

one dimensional wave propagations.  Kolsky presented a complete experimental procedure for 

operating the SHPB.  After the technique of using a SHPB to study the dynamic behavior of 

materials was introduced, it became widely used to test materials at high stress and strain (B.A. 

Gama, 2004) (R.L. Sierakowski, 1997).  Kolsky held experiments using materials such as rubber, 
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copper, polythene and lead with a HPB.  The so-called SHPB was introduced by Kolsky in his 

publication and it was known as the “Kolsky Bar” (kolsky, 1949).  

 

Figure 3: Typical Split Hopkinson Bar Configuration (Chen, W. W., & Song, B, 2011) 

In modern times, the SHPB does not use a parallel plate condenser; it uses strain gauges 

that are attached to the input bar and output bars.  Those strain gauges are generally placed atop 

the center of the bars, and both of the bars are equal in length so it helps in the accuracy of the 

data collection.  The stain gauges send electrical signals to a high speed data acquisition system 

called an oscilloscope.  These types of experiments are also recorded with high speed cameras so 

an additional visual analysis can be applied for a more complete interpretation of the deformation 

process. 

The time loading, T, produced in a SHPB is related to the length, L, of the striker bar as 

shown below. 

 

  Where Cst is the one-dimensional wave speed in the bar. 
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When the striker bar is the same material as the incident bar, the stress amplitude is 

directly affected by the striker bar’s velocity as shown in the formula below. 

 

  Where ρB is the density of the bar, and CB the one-dimensional wave speed. 

Or 

 

If we assume that stress waves propagate in the incident bar and the striker bar without 

dispersion, the pulses generated by those waves can be recorded by the strain gauges, and will 

result in the following formulas: 

 

 

Where subscripts ,  and  represent the final pulse for the incident, reflected and 

transmitted bars, respectively. From the equations above, we can obtain the average engineering 

strain for the specimen by substituting them in the equation below: 

 

The equation above you can see that L is the length of the specimen. Therefore we can 

calculate the stresses at both ends of the specimen as shown below, where Ab and As are the cross 

sectional areas and Eb is the young modulus of the specimen.  
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When the experiment sequence reaches the point of measuring the strain in the incident 

and transmitter bars, strain gauges are the most common devices to do so.  Arranged in pairs, the 

strain gauges are placed on the bar surface, symmetrically across its diameter.  The signals from 

the gauges are sent to the oscilloscope through a common electrical circuit called a Wheatstone 

bridge (W.).  The voltage output from the Wheatstone bridge, in general, is of such a small 

magnitude–typically in the milli-volt order-that a signal amplifier is necessary to record such low 

voltage on the oscilloscope.  The frequency response of all components in the data acquisition 

system must conform to the minimum of 100 kHz.  Lower frequency responses in any of the 

components will result in distorted signals in the oscilloscope. 

SHPB experiments generate stress waves upon impact of the bars.  The stress wave 

originates in the incident bar in compression since it is impacted by the striker bar.  That wave 

propagates through the incident bar until it reaches the interface of the incident bar and the 

specimen.  The specimen has a limit of the amount of the wave it can absorb; upon reaching that 

transmission limit, the rest of the stress wave is reflected back into the incident bar as a tension 

wave.  The transmitted wave in the specimen gets reflected back and forth due to wave 

impedance mismatch between the specimen and the bars.  The reflections build up the stress 

level in the specimen and compress it.  This stress wave interaction in the transmission/specimen 

interface builds the profile of the transmitted signal.  Due to the thin specimen used, the stress 

wave propagation in the specimen is usually ignored by assuming equilibrated stress in the 

specimen (W.). 
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Figure 4: Typical Split Hopkinson Bar Output Voltage vs. Time [1] 

2.3.2 STRAIN GAUGES 

Strain gauges are used to measure the strain history of the waves traveling through both of the 

bars-input and output.  Strain gauges that have electrical resistance will be mounted on both bars. This is 

one of the most popular methods to obtain data due to their small size and ease of installation.  Metallic 

strain gauges are made of fine wire or metallic foil. The area of the grid is always minimized in order to 

reduce the effect of shear and poison strain. These strange gauges are commercially available with 

nominal resistances in the range of 30 to 3000 ohms. 

A very important parameter of strain gauges is the sensitivity to stain, which can be expressed 

quantitatively as the Gauge Factor. This is defined as shown below: 
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Gauge Factors are typically assumed to be 2. 

There are four types of setups for the strain gauges in order to obtain data.  The two most 

common types of setups are the full bridge and the half bridge.  For the purpose of this experiment, we are 

going to use is the full bridge setup.  We are using a conditioner in order to stabilize the signal and also 

amplify the signal in order to obtain clean and accurate results.  The way the strain gauge system works is 

by means of an excitation voltage running through the conditioner which will need to be regulated to 

balance the voltage through the Wheatstone bridge and bring it close to zero as much as possible.  In this 

manner, we know that any voltage signal thereafter is due to the impact of the bars.  The oscilloscope will 

receive the voltage output signal from the conditioner and give us the raw data. 

 This output voltage can also be calculated with the following formula: 

 

 

Figure 5: Wheatstone bridge Configuration (Chen, W. W., & Song, B, 2011) 

In the data acquisition system, we will be retrieving the raw data as voltage vs. time; with this new 

voltage obtained, we will have to convert this raw data into something useful.  The first step is to 
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calculate ratio of the voltage in order to simplify the final equation, so we will end up with the following 

formula:  

 

Where V0 stands for Voltage output 

Vex stands for the voltage excitement 

This previous formula leads to the calculation of the final strain that is denoted with the formula 

shown below: 

 

2.3.3 COMPRESSED GAS STRIKING MECHANISM 

Our compressed gas striking mechanism is designed on the principal of a gas expanding 

isentropically and adiabatically from our capacitance reservoir into the barrel.  Making these 

assumptions allows us to calculate the pressure, temperature, speed of the gas, density, etc. 

through our one-dimensional, hence constant area flow, using techniques developed in gas 

dynamics.  The equations below give a ratio of the properties of the gas to the total properties in 

the capacitance reservoir with respect to the Mach number at that point in the flow field. 

Nomenclature: 
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Mach Number: 

 

Speed of Sound in Air: 

 

Pressure over Total Pressure: 

 

Pressure over Total Pressure: 

 

Temperature over Total Temperature 

 

Density over Total Density: 
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Area over Characteristic Area: 

 

3. DESIGN ALTERNATIVES 

3.1 CONCEPTUAL DESIGN  

In the selection of the striking system which we will design for the SHPB previously 

designed, different factors were taken into consideration.  The previous team engineered a 

pendulum hammer driven by gravity.  This system was found inadequate being that it introduced 

more dimensions than necessary in the propagation of the stress wave, and the striker bar did not 

have a constant velocity between shots.  To overcome these factors, two different systems were 

taken into consideration; a cross-bow and a compressed gas mechanism.  Of the preliminary 

concepts of energy storage, the crossbow design stored potential energy of a spring in the 

crossbows limbs.  This energy would later be released and transmitted through the striker bar.  

The problem with using a spring to store the energy we need, would lie in the amount of energy 

called out in our requirements.  Below, the general potential energy of a spring formula is given:  

 

When calculating the potential energy of a spring, we multiply the K constant of a spring 

(K constants of springs are directly proportional to the amount of energy that can be stored in 

said spring) by the square of the displacement of the spring.   In simple words, the potential 

energy of a spring lies in the K constant of the spring and the displacement it undergoes during 
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the energy storage process.  Our design requirements call for a very large amount of energy 

being stored (PE) and released, which leaves us with two variables to work with, K and X.  Since 

X will be limited, the driving variable in this equation is the spring K constant. Upon formulating 

design principles, the conclusion was made that a cross-bow type system will have the same loss 

of force when hitting the striker bar due to losses in elasticity in the bow line.  In order to achieve 

results with a one-dimensional stress wave through the SHPB and consistent impact force and 

speed, the striking system our team is designing is comprised of compressed gas stored in a 

pressure vessel.  The potential energy of the compressed air will be rapidly released from the 

tank resulting in kinetic energy transferred to the striker bar.  An air-actuated ball valve will be 

used to release the air from the tank in a controlled and consistent manner.  A solenoid will direct 

the air through the valve as necessary by flipping a light switch fitted to it which allows an 

electric current to be passed through the solenoid, allowing the gas to flow from the tank.  The 

valve is fully opened in 0.6 seconds.  By replacing a regular valve with the air-actuated one, the 

system promotes less human error and having different shooting speeds between shots. 

3.2 PROPOSED DESIGN 

The striking system will consist of a compressed Nitrogen gas tank, a capacitance 

reservoir, air-actuated ball valve, steel barrel, and a striker bar.  The diagnostic system will 

consist of strain gauges and an oscilloscope with a minimum frequency of 100 kHz. 

For detailed information of individual components, refer to section 4.1, Major 

Components. 
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Figure 6: Compressed Gas Striking System Proposed design 

3.3 PROPOSED DESIGN, SECOND ITERATION 

Upon researching our initial design, and performing the necessary engineering related 

calculations, we came to the conclusion that our design had to be revised yet again.  We had also 

observed, through historical data, that the barrel diameter was too small to fit our needs.  For a barrel 

slightly larger than our own, we observed a velocity calibration chart that indicated a flow through the 

barrel which was choked.  This is a term widely used in the aerospace field, relating to gas dynamics, 

referring to how the mass flow rate of a gas through a nozzle, duct, etc. is capped when it reaches Mach 1 

in the duct.  In our case, we can assume the flow occurs so quickly that it is adiabatic, and we can assume 

our flow to be isentropic.  Based on these assumptions, we can use the governing equations for the flow 

through a nozzle.  Our flow is governed by the difference in our pressure inside the tank-pt (total 

pressure)-and the back pressure, p, at an arbitrary point in our flow field, i.e. our barrel.  Pressure flows 

from high to low, with the speed at which our gas may flow depending on the ratio between the back 

pressure and the total pressure.  The compressibility of our fluid also determines how much mass we can 

flow through our barrel per second.  Although the main factor governing our flow rate and speed of flow 

is pressure, once the flow reaches sonic conditions, we cannot pump anymore mass through our barrel–no 

matter how much we change the ratio of the back pressure to total pressure.  The remedy to this problem 
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which we devised is to increase the diameter of the barrel to 1 inch, and add D elrin spacers to the 

striker bar to maintain the seal necessary to use gas as our energy source. 

4. THEORETICAL ANALYSIS AND SIMULATIONS 

4.1 ANALYTICAL ANALYSIS AND STRUCTURAL DESIGN 

4.1.1 GENERAL GOALS 

The SPHB is an experimental tool, most of the time longer than 15ft.  This type of tool is very 

difficult to store because of its size, having said that, one will need more components such as air bearings 

and longer bars which will make the project very costly.  Since our objective is to design the striking 

mechanism, this matter is also taken into consideration since the size of the striker can be long as well.  

That is one of the main constraints that we need to meet in this project by scaling it down.  However the 

scaling is done very precisely in order to preserve the properties of the SHPB.  All calculations will be 

done analytically as well as performed with computer drafting programs to run the appropriate 

simulations and verify the results. 

4.1.2 SHPB COMPRESSED GAS STRIKER 
As we have the information from the previous team that worked on the air bearing upgrade for 

this SHPB, it was analyzed and the modification to use air bearings was worthwhile.  The team from 

previous year used a SHPB without air bearings and then they understood the properties they have to 

preserve in order to make the SHPB work under the same conditions (Danny Adames, 2012).  After 

reading their report, we also understand all the properties that we have to preserve when changing from a 

hammer to compressed gas as a striking mechanism.  This understanding made us aware of meaningful 

information that will help us preserve the principles for material testing and energy of the system during 

its use. 

4.1.3 SPHB SCALING 
In the analysis of SHPB for scaling, to get more information on the air bearing we referenced the 

report from the previous year (Danny Adames, 2012).  For this redesigned striking mechanism, we need 
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to build a consistent way to impact the input bar to generate a one-dimensional stress wave.  That is why 

we have chosen the compressed gas striking system to provide a clean and precise stress wave.  The gun 

consists of a long barrel with porting holes in order to achieve a constant velocity of striker before hitting 

the input bar.  The striker bar will leave the barrel with a pressure of 300 psi converting transmitting all of 

its kinetic energy to the input bar.  This Allows the system to have a very high impact velocity, 

transmitting the required force required to deform elastically copper.  

4.1.4 NATURAL DEFLECTIONS 
As we know, the SHPB experiment is considered to be one-dimensional; having said thats we 

understand that, in theory, the bars must be perfectly aligned with each other, but in reality it is very hard 

to achieve that.  Also, it is very hard to manufacture rods that are perfectly circular along the entire length 

of the bar.  All of these constraints will no longer generate a one-dimensional wave which will change the 

data results slightly.  A normal type of deflection that occurs on these bars is due to their own weight, but 

in this case that will be neglected for better analysis. Since that bar has already been designed and we will 

be using the same bar the dimensions have been already set as we can see the figure shown below. 

 

Figure 7: Transmitter bar and bearing location dimensions based on analytical calculations. 
Dimensions are in inches [8] 

 

The entire SHPB is supported on two supports; they are separated by 52.5 inches so we will have 

15.75 inches to overhang the beam.  The deflection of the beam was calculated by the previous year team 
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and it came to be located at the end of I beam and it is 0.000127 inches (Danny Adames, 2012). The 

figure below shows you a better idea of the setup of our SHPB. 

 

Figure 8: I-beam support spacing and dimensions based on calculations.  
Dimensions are in inches [8]. 

4.1.5 Flow-Field Analysis 
Using the equations from section 2.3.3 under the assumption the flow exiting the valve is adiabatic, 
and isentropic, the following values were obtained: 

Table 1: Flow Properties 

after 
solenoid     in tank           

A 0.719 in2 pt 605.7373 psi a* 1094.062   

R 1.708 
ftlbf/(lbm 
R) Tt 549.12 °R T* 457.6 °R 

V 33.077 fps ρt 3.21798 lbm/ft3 M* 0.030233   

ρ 2.04 lbm/ft3 at 36.23361   (a*/at)^2 0.833333 = T*/Tt 
p 320 psi ρt 0.645936   p* 320 psi 
T  457.6 °R       ρ* 2.04 lbm/ft3 
γ 1.4               
M  1   m· 0.302562 slugs/s       
a 33.077 fps W· 9.742509 lb/s       

 

4.1.6 Wheatstone bridge 
These types of circuit known as Wheatstone bridge are frequently used to determine the value 

of an unknown resistance to an electrical current.  In a typical Wheatstone bridge, four resistors are 

located in a circuit designed in such a way that the current from power source splits, the current flows 
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through the sequence of resistors, and then it cancels out with the other negative current on the 

opposite side.  There are three main ways to connect Wheatstone bridges: Quarter Bridge, Half Bridge 

and Full Bridge.  On a Quarter Bridge a single active strain gauge element is mounted on the bar 

following the principal direction of axial or bending strain.  For the half bridge configuration, two active 

strain gauges are mounted on the bar; one is mounted in the direction of axial strain, the other acts as a 

Poisson gauge and transverse to the principal axis of strain.  Finally, on a Full bridge connection, which is 

the set up used in this experiment, four active strain gauges elements are connected.  On one bar of the 

four gauges, two are parallel to each other on opposite sides of the bar and were aligned with an 

imaginary axis of the bar; the other two gauges are placed on opposite sides of the bar and were aligned 

90 degrees to the first set of gauges.  

Every time the striker bar hits in the incident bar the strain gauges installed on the incident and 

transmitted bar will measure the differential of voltage on running through the bar. The Wheatstone 

bridge converts the signal from the strain gauges, which is change in resistance so it reflects in changes 

of voltage, which we read through the oscilloscope, which is connected through the conditioner. 

On our SHPB we decided to go with a Full Bridge setup in order to get more accurate readings.  

Our strain gauges are installed on a bar that has some noise, which means that our oscilloscope will be 

always reading noise.  The change in voltage every time the bars are hit the change in voltage is minimal, 

and it can be easily confused with the noise, making it hard to reads.  This is one of the main reasons we 

have chosen to install a strain gauge conditioner.  Strain Gauge conditioners are devices that help with 

the completion of the Wheatstone bridge and also the amplification of the signal that goes into the 

oscilloscope.  Another reason why a Full Bridge setup is better for our SHPB is because every time each 

strain gauge senses a change in voltage, it gets heat up.  Any material that is heated increases the 

resistance, making a false reading of the change in voltage. When using four strain gauges, two of them 
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will compensate the temperatures changes and keep, a more precise reading even if heat is being 

present.  

As mentioned before, the change in voltage that the strain gauges read is so minimal that is 

insignificant compare with the noise on the bars.  That is where we need to incorporate the strain gauge 

conditioner. How a conditioner works it has an input voltage that is called excitation voltage. This 

excitation voltage is providing a constant voltage supply to the bridge. While there is no standard 

voltage level that is recognized industry wide, excitation voltage levels of around 3 and 10 V are 

recommended.  While a higher excitation voltage generates a proportionately higher output voltage.  

The amplifier inside the conditioner amplifies that change in voltage to differentiate it from the existing 

noise.   

4.1.7 Data Acquisition (Oscilloscope) 

We chose for our design the Tektronix TDS2024C, 2GS/s Digital Storage Oscilloscope because it 

is a compact design and a very fast data acquisition system, needed for data recording for split 

Hopkinson pressure bars. The pulse length of our wave is calculated with the following formula.  

 

Where: 

  tc = pulse time length 

  L = length of striker bar (ft.) 

  C= Sound speed in steel 
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By doing this calculation based on the specifications for our set up we can calculate that our 

pulse is given by: 

L = 0.8 ft. 

  C= 20000 ft/sec 

 

tc= 80.0E-6 sec 

 After calculating the pulse length we must set our oscilloscope on the time region of 80 

micro seconds to 100 micro seconds so the actual wave can be seen on that range.  The 

oscilloscope is capable of recording 2,500 data points per second.   Knowing that amount of 

data points we need to set up our time period to be within the window of microseconds so we 

can record as many data points per each pulse wave.  After doing the above calculations we 

know that for time increment of 2 microseconds the oscilloscope will record 25 data points, if 

the increment is 1 microsecond we will achieve 50 data points per pulse, if time increment is 

0.5 microseconds it will record 100 data points for each pulse. 

4.1.8  Data Analysis 

The following procedures will describe the data analysis used to interpret wave profile signals 

from the Split Hopkinson Pressure Bar (SHPB) and convert these signals into stress versus strain data 

sets.  While the data reduction technique itself is general to any configuration of a SHPB, the specific 

considerations for this analysis will reflect the design and physical assembly of the SHPB located Florida 

International University, Engineering Center.   
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4.1.8.1  Overview of the Analysis 

As seen on the image below the wave profiles for the reflected and transmitted signals in a 

SHPB, these data consist of several wave reflections, but we are only interested on the first reflected 

wave that is on the incident bar (Red Line), and also on the signal from the transmitter bar (blue line), 

see below figure 1.   

 

Figure 9:  Wave profiles from a SHPB experiment on Al-6061-T6 (R.L. Sierakowski, 1997) 

The oscilloscope will provide the wave forms data in an excel spreadsheet.  These data will be 

manipulated to create the specimen true strain and true stress.  Some of the required parameters such 

as geometries and material constants are given in a table below.  Note that all dimensions are given in 

English units.  It is predicted that given the initial raw data, the formulas below with the table of data 

would allow for the deduction of the SHPB into a true stress versus true strain curve.  In the Excel 

spreadsheet it should be the data points for the two wave profiles (incident and transmitter bar) from 
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the strain gauges mounted on each bar.  The data points where the first reflected and first transmitted 

wave starts are the data points to actually use in the analysis.  Note that the voltages will have different 

signs, the reflected signal on the incident bar will be positive, the transmitted signal is negative. 
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Table 2: Parameters used for Analysis of the SHPB 

Parameter Value Variable Name Units 

Bar Sound Speed 192,600 Cb in/sec 

Young’s Modulus 29,000,000 E lb/in2 

Poisson’s Ratio 0.33  no units 

Specimen Length 0.2 Ls inch 

Specimen Diameter 0.2 Ds inch 

Bar Diameter 0.501 Db inch 

Excitation Voltage 5.0 Vexcitation Volts 

Gauge Factor 2.05 GF no units 

   

4.1.8.2  Preliminaries 

The SHPB analyzed in this report has a 0.501 inch diameter for all three bars (Striker, Incident, 

and Transmitter).  The strain gauges are mounted at the same distance from the specimen, so the 

pulsation will get to the two strain gauges locations simultaneously.  In the case they are not mounted at 

the same distance, the analysis will be the same but the time of comparison will be shifted by when the, 

i.e., the first wave and its time, will not be the same for the wave on the transmitted pulse.  In the data 

file provided the specimen was made from Al-6061-T6. The specimen geometry was 0.2 inch in length 

and 0.2 inch in diameter.      

4.1.8.3 Strain Gauge Analysis 

Strain gauges have been installed on the bars using a Wheatstone bridge configuration to obtain 

time and voltage data.  In this SHPB, the incident bar has 4 strain gauges and the transmitter bar has 4 

strain gauges.  On one bar of the four gauges, two are parallel to each other on opposite sides of the bar 
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and were aligned with an imaginary axis of the bar; the other two gauges are placed on opposite sides of 

the bar and were aligned 90 degrees to the first set of gauges.  All four are wired into a strain gauge 

conditioner as a full Wheatstone bridge circuit that counts compensation for bending loads.  With this 

configuration the following formulas are used to convert voltage into strain. 

 

                (1 

Where: 

     = Strain on the Bar (Incident/Transmitted) 

    Vout = Output voltage from the Wheatstone bridge 

    GF = Gauge Factor 

     = Poisson’s ratio (Bar Material) 

    Vexcitation = Excitation Voltage 

4.1.8.4 Strain Analysis 
The local displacements at the specimen/bar interfaces can be analyzed to give the following 

relationship  

       (2 

Where: 

    e  = Sample Strain Rate 
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    Cb = Sound Speed in the Bar 

    r = Reflected Strain in the Incident Bar 

    Ls = Length of the Specimen 

If equation number 2 is integrated, we can derive, es , which is the engineering strain in the sample.   

     (3 

Using trapezoidal rule we can get an approximating of the integral in Equation 3.   

Finally, the true strain, or natural strain is the value needed so the strain on the previous 

equation must be changed to obtain True Strain as seen below:  

 

      (4 

Where: 

   s = Specimen True Strain 

   Ln = Natural Logarithm 

Knowing that tension is positive and compression is negative, the sign of the engineering strain 

will take care of itself in Equation 4.  (Please note regarding sign the true stress and true strain quantities 

in compression would both be negative terms, but in order to plot these in the 1st quadrant of a graph 

each term will be multiplied by negative 1.)  

4.1.8.5 Stress Analysis 

The stress in the specimen will obtained from the following formula: 
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       (5 

Where: 

     = True Stress 

   AB = Area of the Bar 

   AS = Instantaneous Area of the Specimen (AS = f (t)) 

   E = Young’s Modulus of the Bars 

 

Solving the true stress in Equation 5 is a simple calculation.  The AS is the parameter that is not 

simple and straight forward to calculate since it is changing as a function of time, and must be described 

with variables that are already known.  A correlation between the initial geometry and the current 

geometry can calculated assuming constant volume and gives: 

        (6 

Where: 

    A0   = Initial Area of Cylindrical Specimen 

    l0    = Initial length of Cylindrical Specimen 

    A   = Current Area  

    l   = Current Length 

 Leaving A alone we obtain: 
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        (7 

 is related to l by 

       (8  

If dividing both sides of Equation 8 by  becomes 

        (9 

Equation 9 can be used to replace the lengths in Equation 6 with the specimen engineering strain that is 

known and the equation will become: 

        (10 

Now combining Equations 5 and 10 will obtain 

      (11 

The stress versus strain plot can know be generated plotting the results of Equation 11 in the y axis and 

the results of Equation 4 will be the x-axis, see Figure 2. Please note that the final values of,  and s, 

need to be positive in order to plot in the first quadrant.   



 Page 34 
 

 

Figure 10: Example of Stress versus strain results for the SHBP experiment performed (Chen, W. W., & Song, B, 2011) 

    

 

5. PROTOTYPE OVERVIEW AND FABRICATION 

5.1 MAJOR COMPONENTS 

5.1.1 STRESS GENERATING SYSTEM 

The stress generating system of our compressed gas striking system includes a main supply 

nitrogen tank, a capacitance reservoir, an air-actuated ball valve, barrel, and striker bar – most of which 

are depicted in figure 5.  This striking system is also a major part of the overall hoppy bar, whose major 

components consist of the incident bar, transmitter bar and momentum catch. 

The compressed Nitrogen will be employed due to the low weight requirement for the gas 

being used.  Once released, the gas must expand quickly to set the striker bar in motion.  Other 

options for the expanding gas are air and carbon dioxide (CO2). 
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 The reason for having the capacitance reservoir is that we must have a quantifiable and 

consistent amount of gas being disbursed during subsequent iterations of experiment shots.  The 

reservoir will be rated at 600 psi.  Although the static pressure is 600 psi, the output pressure 

setting the striker bar in motion will be approximately 320 psi.  The holding reservoir will be a 2 

gallon tank with 5 outlet fittings allowing the tank to be filled, have a relief valve, pressure 

gauge, and air outlet simultaneously. 

 The launch barrel material used is comprised of 316 stainless steel so it will withstand the 

pressure of the expanding gas impacting the striker bar.  The barrel has a 1 inch diameter and a 

wall thickness of 0.25 inches.  Porting holes will be drilled 18 inches from the breech side to 

allow the expanded gas to vent to the atmosphere.  Prior to venting, the gases accelerate the 

striker to its final velocity.  Subsequent to the venting of the expanding gases, the striker bar is 

traveling at a constant velocity.  Velocity measurements are made prior to impacting the incident 

bar using two remote optical sensors at a set distance from each other plugged into a tachometer.  

The barrel will be held in place with barrel mounts machined from aluminum which are clamped 

to the I-beam. 

The striker bar is adopted from last year’s senior design team, although certain 

modifications will have to be made to tailor it to our design objectives.  It is a hardened steel bar, 0.5 

inches in diameter and 10 inches in length.  The necessary modifications to this bar are the two 

delrin spacers added to be able to increase the barrel diameter. 

The impact of the striker and the incident bar must occur on a plane normal to the direction of 

stress propagation to maintain wave propagation that is one dimensional.  The stress wave initiated by the 

striker bar travels across the incident bar until it reaches the incident bar/specimen interface, in which the 

part of the wave not transmitted to the specimen is reflected back into the incident bar.  Since the initial 
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stress wave propagated through the bar in tension, the stress wave which is reflected propagates through 

the bar in compression; this is due to Newton’s third law, which states that every action must have an 

equal and opposite reaction.  The specimen is thus compressed in between the incident and transmitter 

bar. 

 

Figure 11: Team Working on the Setup of Gas Gun 

5.1.2 STRESS DETERMINING SYSTEM 
This system is the other major component in the SHPB.  It is made up of strain gauges, strain 

gauge conditioners and an oscilloscope. 

The strain gauges read the stress waves initiated and reflected through the incident bar, the 

specimen, and the transmission bar.  The voltage read from the strain gauges is typically so low that 

voltage amplifiers are needed to raise the signal amplitude seen by the oscilloscope. 
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Strain Gauge Conditioners are low cost solutions for strain measurements needs.  The 

conditioners are integrated circuit boards that amplify and complete the Wheatstone bridge configuration, 

which is the typical configuration for strain gauges readings.  The conditioners can work in several 

different configurations, such as quarter bridge, half bridge and full bridge as seen in the following figure 

(Gray, 2002) 

 

Figure 12: Display of 3 possible set ups by strain gauges. (Gray, 2002) 

Strain gauge conditioners can also amplify the gain which can be controlled manually or by 

programing via standard protocol inside the unit. (See appendix B for references).  Another advantage 

that this unit has it that it can be directly connected to the analog LabBVIEW DAQ or the oscilloscope. 

The main applications of signal conditioners are for strain gauge measurement, and load cells. 
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Figure 13: Strain Gauges Set up with Oscilloscope 

 

Figure 14: Strain gauge conditioner set up in Quarter Bridge 
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In order to confirm our calculated speed of the striker bar, we drilled two holes four inches apart 

at the muzzle end of the barrel, and setup two remote optical sensors attached to a tachometer.  The 

sensors have L.E.D.’s which get reflected back through reflected tape thus giving a constant voltage.  The 

tachometer will be set in the single capture mode, so when the striker bar passes the set of sensors, it cuts 

off the signal being reflected in turn changing the voltage seen by the sensors.  The speed of the striker 

bar is calculated by setting the distance between each L.E.D. sensor in the tachometer and thus the device 

can internally determine the speed by dividing the distance over the time between the two changes in 

voltage from the sensors. 

Having this tachometer in the striking system will verify the analysis of our calculations and, assure 

the theoretical speed will match the actual speed required to deform different types of specimen. 

 

Figure 15: ACT 3X Tachometer and LED sensors 

5.2 STRUCTURAL DESIGN 
The main gas supply tank is an industrial size 292 cubic foot tank.  This gas supply is fed through 

a high pressure hose which fills the auxiliary reservoir while the valve is closed.  The reservoir is fitted 

with a ball valve which allows the compressed gas to expand through the barrel.  Along the barrel, at a 

given distance from the rear-or “breech” end-when the striker bar has reached the velocity required to 
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produce the desired strain in the specimen, the expanded gases will be vented from the barrel through an 

array of equidistant drilled holes.  This is done to allow the striker bar to reach a constant velocity before 

it impacts the incident bar.  Furthermore, the inside diameter of the barrel is slightly greater than the 

striker bar; this assists in the reduction of losses in potential energy of the gas.  The striker bar will also be 

fitted with bearings or metallic O-rings which will also serve to hinder the escape of gas.  The thickness 

of the barrel will be approximately an inch to account for mechanical stability which provides a straighter 

surface for the striker bar to travel. 

5.3 PROTOTYPE SYSTEM DESCRIPTION AND PLANNED TESTS 

The prototype shall be made to half scale of the actual system, using a lower tolerance to ensure a 

low cost model of the conceptual design. By having a scaled down model of the system we will be able 

make adjustments to any clearance, fabrication, etc. issues we may foresee in the fabrication of the actual 

system. The prototype shall be made of lower grade material, and shall not include any of our actual full-

scale system components. This will further reduce the cost of the prototype, which is a requirement we 

developed being that the prototype will serve as a reference for providing fit and safety checks as well as 

fabrication assistance. 

While the actual system will consist of precision instruments including, air bearings, 

oscilloscopes, strain gauges, etc., the prototype will include reference markers in their place. Reference 

markers will allow us make adjustments to positioning for any high precision instrument, saving us time 

when working on the actual system. What we will be maintaining in our prototype to ensure its accuracy 

is proportion to the actual system. This part of the prototype system is crucial in order to produce a viable 

prototype; we will achieve this proportion by setting the scale to one half of the actual system. For 

example, our conceptual system calls for a 60-inch steel barrel. Our prototype’s barrel will include a 30-

inch PVC pipe for the barrels substitution. The choice of PVC lies in few major factors; fit, form, and 
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function. The PVC allows us to represent the barrel to the correct scaled dimension, while maintaining its 

function as a prototype. 

Our prototype, though made of different materials, will still be required to hold pressure. We will 

be listing this as a requirement to further increase the prototypes accuracy in regards to the original 

model. While holding pressure much lower than actual testing pressure, the prototype will allow our team 

to practice proper safety procedures while operating pressurizes vessels. This detail is critical to ensure a 

safe working environment for testing under high pressure loading. 

5.4 PROTOTYPE PARTS AND FINITE ELEMENT ANALYSIS 
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Figure 16: Exploded View 

 

 

Figure 17:  Section External View of Main Components 
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Figure 18: Air Bearings and Incident Bar 

 

 

Figure 19: Striker and Barrel view 
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Figure 20: Rear end 

 

Figure 21: Outlined perspective 
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Figure 22: Barrel Support 

 

 

Figure 23: Sawhorses  
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Figure 24: Exhausts holes for Compressed Gas 

 

 

Figure 25: Compressed gas tank 
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Figure 26: Speed Sensor System 
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Figure 27: Speed Sensor System 2 
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Figure 28: SHPB System 

 



 Page 50 
 

 

Figure 29: Top View 
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Figure 30: Isometric View of Final Components of Design 
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Figure 31: Back View of Gas Gun Set Up 
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Figure 32: Striker bar Assembly 
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 The above image displays the exhaust holes at the end of the barrel; the reason for having this in 

the design is to help the gases to be released from the system.  This will help the striking bar to achieve a 

constant velocity ending with a steady velocity that will give consistency for our design. 

 

Figure 33: SolidWorks static analysis of transmitter bar deflection under gravity for 0.25 in mesh size 
(Danny Adames, 2012) Shown 

 

Figure 34: SolidWorks static analysis of transmitter bar deflection under gravity for 0.125 in mesh size. 
Shown with a deformation scale factor of 3000 (Danny Adames, 2012) 
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Figure 35: Stress created by force applied to 3 bars 

 

 

Figure 36: Strain of Incident Bar 
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Figure 37: Final displacement of input bar 

 

Figure 38: First deformation created by von Misses analysis 

 



 Page 57 
 

 

Figure 39: Second von Misses analysis with Smaller applied force will cause less deformation. 

 

 

Figure 40: Displacement of the striker and incident bar 
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Figure 41: Striker bar shows large amount of stress due to high friction with barrel 

 

 

Figure 42: Linear dynamic Displacement 
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Figure 43: SolidWorks static analysis of I-beam deflection under gravity for 0.75 in mesh size. Shown with a deformation 
scale factor of 20000. [8] 

 

Figure 44: SolidWorks static analysis of I-beam deflection under gravity for 0.5 in mesh size. Shown with a deformation scale 
factor of 20000. [8] (Danny Adames, 2012) 

On these pictures we can appreciate some simulations made on SolidWorks. These simulations 

are made only with four components consisting of the striker bar, incident bar, the specimen and 

transmitted bar.   Simulations were based on a force of 4500 N. applied to the striker bar, creating a one 

dimensional lineal motion.   All of our simulations show that all the bars can resist the applied forced.  

The striker bar is the one that shows more stress.   As you can see on figure 25 and 26 the striker bar has 

some red color on the bottom, which means the bar is suffering stress on that part. 
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For the Von Misses analysis, the bar look that is bended, but the actual resultant numbers and 

the color of the analysis show that bar with resist the impact without braking or bending.  The URES 

analysis, as shown in figure 23 and 24, shows the displacements the bars are making.  Since, the design 

used for the simulation does not have a wall at the end of the bars, it will make the transmitted bar not 

to stop, so it shows a larger displacement. We did not add this wall to our design because our main 

concern is prove that our bar will resist the impact without deforming plastically and,  also to see how 

different specimens will affect the forces applied to the bars. 

We decided to make this simulation with only the components needed not including the rest of 

components because SolidWorks takes a large amount of time to run the simulation if more 

components are added.  

5.5 STRAIN GAUGE INSTALLATION  

In order to install strain gauges properly, the following items are needed. 

 Acetone 

 Gauze sponges 

 150 C Sand paper 

 400 C Sand paper 

 Glass plate 

 Tweezers 

 KFG-5-120-C1-11L1M2R Pre-Wired Strain Gauges 

 Scotch tape 

 Loctite 401 Instant Adhesive 

 Clean protective plastic film 

 Black electric tape 
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Prior to performing the installation, the surface of the incident bar and transmitter bar 

needs to be properly prepared for bounding, at the area where the strain gauges will be installed. 

Be sure to check the expiration date on the adhesive. 

Hands should be washed before proceeding to clean the surfaces. The first steep is to clean 

the bar with acetone using the gauze sponges, making sure that all the grease is removed. With 

150C sand paper, sand the area where the strain gauges will be installed, following sand the bar 

with the 400 C sand paper. This will leave the surface clean and will remove all the particles that 

can interfere on the readings. The last steep of the cleaning stage is to clean another time the bar 

with acetone using the gauze sponges. To prevent contamination always use clean gauze sponges. 

Using the tweezers carefully remove the strain gauges from the packing, the bottom surface 

of the strain gauge should never touch any dirty surface, this will contaminate it, and we result on 

transmitting wrong signals. Grabbing the gauge from one corner with out touching the grid area 

place it on the clean plastic film with the bounding side down, when properly oriented connected 

the cables should be on the top of the strain gauge. Use a 3 inches peace of scotch tape to transfer 

the gauge to the bar. Place the tape on top of the gauge making sure that its complete  surface area 

is being covered by the tape. Wipe trough with the side of your thumb to allow contact.  Separate 

the tape from the plastic film by lifting the tape at a shallow angle making sure that the strain gauge 

stays attached to the tape. Carefully position the gauge on top of the bar at the area where that 

sanding was applied. Remove and re-position the tape at a perfect angle if needed. The strain gauge 

should be positioned parallel to the bar. Lift the tape at a shallow angle to expose the bonding side 

of the gauge and an additional ¼ inch. Next apply the adhesive by placing a drop right beside the 

tape. Align the gauge tape assembly over the bar, wipe the tape in order to spread the adhesive all 

over the gauge.  Applied immediate firm thumb pressure for one minute. After waiting another two 
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minutes remove the tape very carefully make sure that the strain gauge stays glued to the bar. 

Cover the strain gauges with black electric tape. 

 

Figure 45: Strain gauges used 

 

Figure 46: Applying adhesive glue to Strain gauges 
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Figure 47: Final Setup of Strain Gauges 

 

6. PROJECT MANAGEMENT AND COST ANALYSIS 

6.1 TIMELINE 

 

Below is a Gantt chart that illustrates the major task to be performed during fall and spring 

semesters.  The times below are just an estimated time frame for completing all tasks and they may 

change along the semester. 
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Figure 48: Time Line Gantt chart  
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Table 3: Account of Total Hours for Team 

Team Member Assignment 
Time 
Spent 

(Hours) 

Team 
Member Assignment 

Time 
Spent 

(Hours) 

Jean Paul Garbezza 

Literature Survey 
(Diagnostic System) 3 

Hector 
Di 

Donato 

Problem  
Statement 1 

Abstract, Motivation 1.5 literature 
survey 2 

Major Components 2 Analytical 
Analysis 3 

Structure Design 8 

Literature 
Survey 
(Strain 

Gauges) 

1 

Structure 
Implementation 5 

Ricardo 
Lopez 

Solid-works 
Modeling 2 

Barrel Porting 3 Poster 
Design 2 

Alignment and 
Calibration 6 

Literature 
Survey 
(Strain 

Gauges) 

1 

Strain Gauge 
Installation 1.5    

Alejandro Infante 

Prototype System 
Description 3 

Prototype 
Cost 

Analysis 
3  

Literature survey 
(Striking 

Mechanism) 
1 

Plan for 
Tests on 

Prototype 
2 

 

Structure Design 8 CAD 
modeling 

6  

Structure 
Implementation 5    

Barrel Porting 3    

Alignment and 
Calibration 6    

Strain Gauge 
Installation 1.5    

 

total hours  92.5 
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6.2 PROTOTYPE COST ANALYSIS  

Our initial system concept consists of a main supply tank that supports up to 292 cubic feet of 

compress air connected with ¾ pipes outlets, from this tank we will be receiving all the air that feeds the 

system, this tank comes with a valve that let us control when we want the air released in order to fill out a 

reservoir with compress air.  We chose this type of tanks because it is the best way to obtain compress air 

for the lowest price. 

The reservoir is the tank where we will be collecting the compressed air from the main supply 

tank. The reservoir will hold the air until a bottom on the solenoid is pressed. For this tank our team chose 

a Pure Energy N2 Tank that holds up to 68ci at 3000 psi.  This tank was chosen because for its size is the 

one that holds the most cubic inches, since most of the tanks in the market only holds 32 ci.  This 

reservoir will be connected through a T ¾ pipe DURA 4 in. Schedule 40 PVC Tee SxSxFPT. 

In order to shoot the same amount of air into the striking bar after the reservoir a solenoid will be 

connected. After researching different types we selected an Alcon - 04EZ003A1-1ECA - Solenoid Valve, 

2 Way, NC, Delrin, 3/4 in. this solenoid can open the valve as fast as 38 millisecond.  Every time the 

button is pushed.  

All this components will be attached one from the each other with a ¾ pipe Thick-Wall (Schedule 

80) Dark Gray PVC Threaded Pipe Nipples 4" 3/4 Pipe Size.  

The striker bar will be inside of the last ¾ pipe waiting for air to be released to be shoot through 

the apparatus. 
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Table 4: Final Design Cost Analysis 

Item 
# Part Name Vendor Description Part Nbr.  Unit 

Price  Qty.  Total 
Price  

1 Ball Valve 
& Actuator 

McMaster-
Carr 

High-Pressure 
Air-Driven 
316SS Ball 

Valve Air-to-
Open/Air-to-
Close, 1" NPT 
Fem, Direct 

Mount 

7554T26  $    
298.74  1  $    

298.74  

2 Striker 
Barrel 

McMaster-
Carr 

Thick-
Wall Stainless 
Steel Threaded 

Pipe Nipples 
and Pipe 

48395k96  $    
236.55  1  $    

236.55  

3 Accessory 
Hoses 

McMaster-
Carr 

Air and Water 
Hose W/Brass 

Male Both Ends, 
1/4" ID, 200 

PSI (3ft Hose) 

5304K82  $      
12.70  2  $      

25.40  

4 Accessory 
Hoses 

McMaster-
Carr 

Air and Water 
Hose W/Brass 

Male Both Ends, 
1/4" ID, 200 

PSI  (10ft Hose) 

5304K82  $      
17.39  1  $      

17.39  

5 
Three-Way 
Aluminum 
Manifold 

McMaster-
Carr 

 For Air 1/4" 
Inlet, 1/4" 

Outlet, 300 PSI 
Max Working 

Pressure 

5465k71  $       
8.91  1  $       

8.91  

6 
Hose 

coupling to 
manifold 

McMaster-
Carr 

Brass Industrial-
Shape Air Hose 
Plug 1/4" NPTF 

Male, 1/4 
Coupling Size 

1077T17  $       
1.32  1  $       

1.32  

7 

Quick 
Disconnect 

(Air 
Bearing) 

McMaster-
Carr 

Industrial-
Shape Hose 

Coupling 
Sleeve-Lock 

Sckt Brass, 1/4" 
NPTF Fem, 1/4 

Cplg 

6536K28  $       
5.35  1  $       

5.35  
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Item 
# Part Name Vendor Description Part Nbr.  Unit 

Price  Qty.  Total 
Price  

8 Pressure 
Gauge 

McMaster-
Carr 

 Multipurpose 
Gauge Steel 
Case, Dual   
2-1/2" Dial, 
1/4 Bottom 

Conn 

4000K722  $      
10.37  1  $      

10.37  

9 
Tank 

Bushing 
Adapter 

McMaster-
Carr 

Type 304 
Stainless STL 
Threaded Pipe 

Fitting 3/4 Male X 
1/4 Fem, Hex 

Reducing Bushing, 
3000 PSI 

4464K399  $       
8.56  2  $      

17.12  

10 C-Clamps McMaster-
Carr 

Steel Regular 
Duty C-Clamp 
4" Max - 0" 

min Opening, 
4100# 
Holding 
Capacity 

5027A14  $      
24.92  12  $    

299.04  

11 

High 
Pressure 

Quick 
Release 
(Sleeve) 

McMaster-
Carr 

Hose Coupling 
without Shut-
Off Valve 303 
SS Plug, 1/4" 
NPTF Male, 

1/4" Coupling 
Size 

6543K43  $      
11.17  1  $      

11.17  

12 

High 
Pressure 

Quick 
Release 
(Socket) 

McMaster-
Carr 

Hose Coupling 
without Shut-
Off Valve 303 
SS Sleeve-Lck 
Socket, 1/4" 

NPTF Fem, 1/4" 
Cplg Sz 

6543k33  $      
35.01  1  $      

35.01  

13 Barrel 
Mounts 

McMaster-
Carr 

Multipurpose 
Aluminum 

(Alloy 6061) 1" 
Thick X 3" 
Width X 3' 

Length 

8975k241  $      
68.31  1  $      

68.31  

14 Tank Base 
Plate 

McMaster-
Carr 

Low-Carbon 
Steel Bar 1/2" 

Thick, 8" Width, 
1' Length 

9143k729  $      
57.00  1  $      

57.00  
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Item 
# Part Name Vendor Description Part Nbr.  Unit 

Price  Qty.  Total 
Price  

15 Iron Shims McMaster-
Carr 

Iron Leveling 
Shim 5/16" 
Screw Size, 
3/8" Hole 

Diameter, 1" 
Square, Packs 

of 25 

91151A030  $      
12.15  1  $      

12.15  

16 

High 
Pressure 

Gauge (0-
1000) 

McMaster-
Carr 

Stainless Steel-
Case Gauge 4" 
Dial, 1/4 NPT 

Male Bottom, 0-
1000 PSI 

4003k61  $      
32.37  1  $      

32.37  

17 Copper 
Samples 

McMaster-
Carr 

ultra Conductive 
Copper (Alloy 

101) Rod, 1/4" 
Diameter, 3' 

Length 

8965K123  $      
17.54  1  $      

17.54  

18 Nylon 
Spacer 

McMaster-
Carr 

Wear-Resistant 
Nylon Sheet 

1/2" Thick, 12" 
X 12" 

8539K18  $      
39.63  1  $      

39.63  

19 L-Brackets McMaster-
Carr 

Steel Bracket 
Corner, Galv, 1-
59/64", 3-1/2" 
L of Sides, 2-

3/8" W 

15275A66  $       
2.02  8  $      

16.16  

20 Strain 
Gauges Omega 

Package of 10, 
pre-wired strain 

gages, 5 mm 
grid, 120 ohms, 

matched to 
steel 

 KFG-5-120-C1-
11L1M2R 

 $      
80.00  1  $      

80.00  

21 Saw Horses Sears Super Steel 
Sawhorse Legs SPM6467105101   $      

69.95  2  $    
139.90  

22 Relief Valve Swagelok 

SS High-
Pressure 

Proportional 
Relief Valve, 

1/4 in. MNPT x 
1/4 in. FNPT, 

Manual Override 
Handle 

SS-4R3A5-MO  $      
49.98  2  $      

99.95  
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Item 
# Part Name Vendor Description Part Nbr.  Unit 

Price  Qty.  Total 
Price  

23 Strain Gage 
Glue Tacuna Strain Gage 

Adhesive TSGPA100  $       
9.95  1  $       

9.95  

24 Flex Hone 
Kit 

Brush 
Research 

Manufacturing 

WITH 1/8 NPT 
NIPPLE 18NPT  $       

3.87  3  $      
11.61  

25 Flex Hone 
Kit 

Brush 
Research 

Manufacturing 

1/8 NPT X 18 
EXT. 

W/COUPLING 
18X18  $      

12.97  1  $      
12.97  

26 Flex Hone 
Kit 

Brush 
Research 

Manufacturing 

FLEX-HONE OIL 
- QUART FHQ  $      

14.37  1  $      
14.37  

27 Flex Hone 
Kit 

Brush 
Research 

Manufacturing 

BC 1" (25.4MM) 
120SC FLEX-

HONE 
BC10012  $      

17.40  1  $      
17.40  

28 Flex Hone 
Kit 

Brush 
Research 

Manufacturing 

BC 1" (25.4MM) 
320SC FLEX-

HONE 
BC10032  $      

26.09  1  $      
26.09  

29 Flex Hone 
Kit 

Brush 
Research 

Manufacturing 

BC 1" (25.4MM) 
600SC FLEX-

HONE 
BC100600  $      

31.30  1  $      
31.30  

30 Tachometer MONARCH 
MONARCH Rols-
w Sensor With 
Tinned Leads 

36J802  $    
102.86  2  $    

205.75  
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Item 
# Part Name Vendor Description Part Nbr.  Unit 

Price  Qty.  Total 
Price  

31 
Hose to 

tank inlet 
adapter 

McMaster-
Carr 

Extreme-
Pressure 316 
SS Threaded 

Pipe Fitting 1/4 
X 1/4 Pipe Size 

51205K132  $       
7.98  1  $       

7.98  

32 
Remote 
Optical 
Laser  

Grainger 
MONARCH Rols-
w Sensor With 
Tinned Leads 

36J802   $    
185.18  2  $    

370.36  

33 

External 
Retaining 

Rings 
(Snap 
Ring) 

McMaster-
Carr 

Cadmium-
Plated Steel 

MIL Spec 
Retaining Ring 
External, for 
.5" Shaft Dia 

96363A553  $       
5.65  1  $       

5.65  

34 Delrin 
Spacers 

McMaster-
Carr 

Ultra-Wear-
Resistant 

PTFE-Filled 
Delrin® Acetal 

Resin 

1817T17  $      
29.39  2  $      

58.78  

35 
High 

Pressure 
Air Tank 

McMaster-
Carr 

High-Pressure 
ASME-Code 
Horizontal 
Pressure 
Tanks 

1481K12  $    
662.83  1  $    

662.83  

36 Connecting 
Pipe 

McMaster-
Carr 

Thick-Wall 
304/304L SS 
Threaded Pipe 

Nipple 1 Pipe Size 
X 2" Length 

46755K36  $      
11.25  1  $      

11.25  

37 Regulator 
Bushing Airgas 

Radnor® B-4HP 
1/4" NPT Male 
To 1/4" NPT 

Male Brass Pipe 
Thread 

Connector 

RAD64003960  $       
1.99  1  $       

1.99  

38 Purge 
Regulator Airgas 

Radnor® 
Model 

TPR250-500-
580 

RAD64003044  $    
127.35  1  $    

127.35  
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Item 
# Part Name Vendor Description Part Num.  Unit 

Price  Qty.  Total 
Price  

39 

High 
Pressure 

Hose       
(Nitro tank to 

Reservoir) 

Airgas 

Western® 6' 1/4" 
NPT Female X 

1/4" NPT Female 
304 Stainless 
Steel Braid 

Flexible Pigtail 

WESPF-4-72  $    
111.36  1  $    

111.36  

40 Nitrogen 
Tank Airgas  NI 300  $       

6.50  3  $      
19.50  

Total:  $ 3,235.87 

7. CONCLUSIONS 

Upon collaborating with Dr. House of the Air Force Research Laboratory to obtain a clear picture 

of what was expected and researching scholarly sources, a compressed gas striking system was 

engineered.  This striking system encompasses the expectations of the client, AFRL, and the Industrial 

Advisory Board.  The systems expectations were to be integrated to the existing hoppy bar, produce a 

consistent striking velocity, and upgrade the diagnostics equipment utilized. 

The newly upgraded hoppy bar produces a consistent and reproducible striker bar velocity up to 120 fps 

which furnishes strain rates up to 104 in./in/sec.  The diagnostic system implemented upgraded the 

frequency response of all the components to 100 kHz.  This minimum frequency required to interpret the 

data clearly without any distortion in the oscilloscope recordings is driven by the loading duration in the 

specimen.   Unknowingly, the previous design team had problems viewing the characteristic square strain 

waves due to the low frequency response of the data acquisition system. 

In conclusion, the crossbow-type striker demonstrated excessive losses in striking force, leading to 

inconsistent striker bar velocities, which would have resulted in inconsistent data.  Therefore, the 

compressed gas striking system proved to be the most reliable conceptual system.  
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9. Appendices: 

9.1 Appendix A: Hand Calculations 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.2 Appendix B: Strain Gauge conditioner Reference Manual 
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9.3 Appendix C: Reference Manual Speed Sensors and ACT3X Tachometer 
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