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ABSTRACT   

In order to ensure safety and a properly functioning system, thorough tests need to be done on 

every operational part. This is especially true for systems that encounter and make use of 

pyrotechnic shock. Many advanced systems use controlled explosive devices to accomplish tasks. 

Examples include rocket separation, pilot ejection, and air bag deployment. During these events it 

is critical that the components involved with the explosion and those surrounding it, especially the 

electronics, maintain functionality. This project aims to improve upon the pyrotechnic shock 

testing system that currently exists at Harris Corporation. A hammer blow impact test device has 

been built by a previous design team, but the resulting data lacked consistency and repeatability 

which provided little insight. The goal of this year’s team is to capitalize off of the work of the 

previous design team while also implementing the necessary design changes in order to produce a 

repeatable pyroshock test that can be used to gain further understanding of the variables involved 

with pyroshock testing. To accomplish this several design changes were proposed and analyzed. 

The appropriate design changes that should be implemented consist of: a bearing hinge at the 

hammer pivot point, decoupling the frame and plate using a suspension system, stabilizing the 

entire device via anchoring, and making use of an electromagnetic release mechanism. So far the 

device has been anchored and the pivot has been replaced. The next steps in the project include 

trying to obtain repeatable results while also looking into electromagnetic release mechanisms and 

decoupling of the strike plate. Once repeatable results are obtainable, tests will be run in order to 

determine how variables affect SRS curve results. 
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1. Functional Analysis 

There are two major aspects to this project, and each is necessary to gather the desired data.  The 

first, the Data Acquisition System (DAQ) is crucial for proper data collection and will be described 

more in depth later in this manual.  The second is the physical hammer blow test.  The device was 

originally built last year and minor changes for repeatability improvement have been made this 

year, but the basic operation stays the same.  The procedure for running a test is listed below. 

1. With the assumption that the apparatus is assembled and anchored down, tighten all 

connections, especially those associated with the strike plate using the torque wrench. 

2. Attach the accelerometer to the back side of the strike plate (opposite of where the hammer 

swings), and screw into one of the nine threaded holes depending on desired test location.  

Ensure secure attachment.  Accelerometer will protrude out to front side of plate. 

3. On front side of apparatus, adjust hammer arm to match desired strike location by loosening 

pivot and sliding left or right.  Tightened at desired location. 

4. Attach hammer block on hammer arm.  Slide to desired height and tighten.  Attach hammer 

sphere to hammer block.  Tighten and ensure impact will not hit accelerometer directly.  

Strike location should be slightly off axis from accelerometer position to protect that 

equipment. 

5. Set up DAQ and LabView (see below). 

6. One person should be running LabView and another should be dropping the hammer.  The 

hammer should be dropped from a desired height simultaneously as the LabView program 

is running. 

7. Process collected data to create SRS curves (raw collected data → excel → MATlab). 

 

It is important to note that all attachment points should be tightened after each test run, especially 

after the hammer drops from the top height.  Loose screws can heavily affect the data in terms of 

both repeatability and desired results.  The current strike plate can be used to test various different 

locations.  The strike location is almost limitless because of its ability to be adjusted both vertically 

and horizontally.  The accelerometer is limited to nine different locations drilled to follow the grid 

system of the plate already. 
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2. Project Specification 

Table 1 shows crucial components and their respective dimensions.  Data sheets for the data 

acquisition equipment are in the Appendix. 

Table 1- Dimensions and Specifications of Components 

Component Dimensions/Specifications 

Frame 34”x 34”x 26”, T-slotted Al6061 

Strike plate 31.63”x 31.63”x 0.19”,  Al6061 

Hammer Block 3”x 4”x 3”, Al6061 

Hammer spheres, various sizes  1-7/8”, 1-3/8”, 1”, 3/4”, Stainless steel 

DAQ NI USB-6211, 16-bit 

Accelerometer Dytran Model 3086A4T 

Signal Conditioner PCB Piezotronics Model 482A21 

Current Source Power Unit Dytran Model 4110C 

 
 

3.  Product Assembly 

Figure 1 shows the CAD assembly of the test device.  Figure 2 displays a partially exploded view.  

It can be seen that that the hammer sphere attaches to the hammer block which attaches to the 

hammer arm.  With a pivot attached to the top inner frame bar, the hammer arm connects to the 

frame.  The strike plate is attached to the frame using four L-brackets at the corners of the plate.  

For viewing purposes, only some of the frame is exploded, but all bars of the frame are separate 

bars that attach in the same way.  
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Fig. 1- CAD assembly of test device 

 
 

 

 
Fig. 2- Partial Exploded View of Test Device 

 

 

 

 
 



Team 12                               Pyrotechnic Shock Simulation 

4 

4. Operation Instructions 

The operating procedure for the running the physical test device was listed earlier.  It is necessary 

to further explain the data acquisition system for users to be successful in running tests. 

Data Acquisition Operation 

The data acquisition system consists of various items in order to collect and record proper data.  A list 

of this equipment is written below.  Figure 3 explains the correctly ordered setup of this equipment, 

which is essential to proper data collection.  

1. Accelerometer and attached cable with BNC connector 

2. ICP signal conditioner/line filter and power cable 

3. Current limiting power supply 

4. Two BNC cables (1 needs stripped wires showing positive and negative ends to connect to 

DAQ) 

5. USB DAQ 

6. National Instruments LabView software installed on a computer  

 

 
Fig. 3 - Flowchart of DAQ Hardware Setup 
 

The next step is to build the LabView program, to read the signal output by the accelerometer. In this 

case, the output being read is in the form of voltage. This works well with LabView due to the easy to 

use DAQ Assistant. This feature allows a new user to quickly and easily setup a voltage based data 

acquisition system. 

1. From the block diagram window, open the functions palette (right click white background) 

2. Go to Express →Input →DAQ Assistant and drag the DAQ Assistant icon onto the block 

diagram and wait for it to automatically launch a wizard-style walkthrough (Figure 4). 

3. Open the Acquire Signals drop down list. 

4. Open the Analog Input drop down list and select Voltage (Figure 5). 
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a. This screen shows the supported DAQ cards installed and their associated channels.  

Check the DAQ Connector box and select the appropriate Card and Channel and 

press Next (Figure 6). 

5. The next window is the Configuration window (Figure 7). 

a. Here is where you set the Signal input Range, Scaling, Timing Settings, and 

Terminal Configuration. 

6. For this project, these settings have the following Values. 

a. Max: 10, Min: -10, Scaled Units: Volts, Terminal Configuration: “Let NI-DAQ 

Choose”, Custom Scaling: No Scale, Acquisition Mode: N Samples, Samples to 

Read: 50000, Rate (Hz): 50000. 

 
Fig. 4 - Adding a DAQ Assistant 

 

 
Fig. 5 - Selecting the Signal 
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Fig. 6 - Selecting an input channel  

 
 

 
Fig. 7- Channel specific configuration page 

 

Further development was done within LabView in order to output the data to both an on-screen 

graph, as well as a text file for further processing. Figure 8 shows the full block diagram and Figure 

9 displays the interface screen of the program. 
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Fig. 8 - Block diagram of LabView Program 

 
 

 
Fig. 9 - LabView user interface 

 

The LabView blocks are created by right-clicking the various tools in the in the Data Acquisition 

Assistant and making control blocks.  Figure 10 shows an example of creating a control block from 
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the Data Acquisition Assistant.  Outputting to a file was done by first outputting the data to an 

array, then transposing this array into columns, and passing this array to a text file that will be 

given a name through the dialogue box on the interface.  The data can also be obtained by right-

clicking the data in the user interface and exporting directly to Microsoft Excel. 

 
Fig. 10 - Creating a control block in LabView 

 

After exporting the raw data (time and voltage) to Excel, a conversion factor must be used before 

importing that data into MATlab.  All voltages should be multiplied by 1919.386.  From there, the 

MATlab codes, provided by last year’s team and written by Tom Irvine, can be used to generate 

SRS curves.  Figure 11 shows the running code with the proper answers to the given prompts.  It 

is important that Q=10, but the prompts about plot formatting is based on what the user desires. 
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Fig. 11- MATlab Program to Generate SRS Curves 

 

5. Troubleshooting 

With so many variables affecting the data and various pieces of equipment needed to collect said 

data, issues are bound to arise.  Table 2 lists some problems that may occur and possible solutions 

to rectify them. 
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Table 2- Problems and Possible Solutions for Shock Simulation 

Problem Possible Solutions 

Noisy Data 

Ensure DAQ is properly grounded and all 

connections are secure. 

Ensure the accelerometer is tightened down. 

Check that all screws and nuts are tightened. 

Hammer Impact Not Consistent Make sure pivot is not too tight. 

DAQ Not Being Recognized by the Computer 

Make sure proper drivers are installed 

Make sure the professional version of 

LabView is being used. 

 

6. Regular Maintenance 

Regular maintenance of the test device should include tightening of all attachments after each test 

run.  This is to ensure not only repeatable data, but also safety.  Also, it is important to check the 

data acquisition equipment to make sure all is running correctly.  Other than that and general 

inspection of the strike plate for fractures or crack, the test apparatus does not require too much 

maintenance. 

7. Spare Parts 

Figure 12 shows the table of spare parts from the team last year and an image of said parts.  All of 

those things are still part of the inventory, and most of them will not be used.  Specific to this year, 

the test article mounting plate has now become a spare part as well since it is no longer being used 

and the accelerometer is being mounted directly to the strike plate. 
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Fig. 12- Table and Image of Spare Parts from Team 15 Last Year 
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Appendix 

National Instruments DAQ USB-6211 
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Dytran Accelerometer Model 3086A4T 
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PCB Piezotronics Signal Conditioner Model 482A21 
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Dytran Current Source Power Unit Model 4110C 
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