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Introduction 

• Blast exposure can lead to significant 

auditory damage, traumatic brain injury, 

and impaired cognitive function.  

• Traumatic brain injury can result in 

unpredictable and extensive debilitation 

that is potentially preventable. 

 

• Our goal was to develop a compact, 

low cost blast tube to assess the effects 

of  blast waves on the auditory system 

and the brain. 

• We developed a blast tube with a 

compressed air driven section (PVC 

with metal enclosure) enclosed on one 

end by a thin diaphragm that was 

pierced by a solenoid-actuated arrow to 

produce a blast wave. Blast waves were 

analyzed for consistency. 

• Ketamine-anesthetized adult Sprague 

Dawley rats were exposed to repeated 

blast waves (3 @ ~186 dB SPL, ~40 

kPa). The cochlea and hippocampus 

were evaluated for damage 42 days after 

the exposure. 

• Additional data acquisition ability, 

control of  shockwave shape 

characteristics, modular design suitable 

for hardware scaling based on user 

requirements, and plug-and-play 

capability were determined as design 

requirements for a new version of  the 

blast wave generator. 

 

• Currently used blast wave generators or 

shocktube systems are large and 

expensive, and some require the use of  

explosives. 

• The time at which a shockwave is 

produced and its shape characteristics 

often cannot be controlled. 

• Other shocktube lack data acquisition 

options or adaptability for different 

experimental needs. 

• The effects of  blast waves on brain 

function such as neurogenesis are 

relatively unknown. 

 

TYPICAL OVERPRESSURE PROFILE OF  

FREE FIELD BLAST WAVES 

Time (ms) 

O
ve

rp
re

ss
u

re
 (

p
si

) 

Rationale 

Approach 

Transducer Current Output
USB Analog signals

USB Monitor Pressure

Xducer Power

Analog in

BNC connectors

Isolated BNC

1
2

National

Instruments

USB-6211

1
2

1
2

Thermocouple

Type K: input

1

BLAST Tube

PC

OMEGA

PX182B-100GI

Pressure Transtucer

BLAST Sensor

model 137B23B

sensor

   in

output

OMEGA

IP610-0120

IPC

480C02

1

Gas pressure

line to BLAST

tubeGas pressure line in

HOUSE AIR PRESSURE

   about 100PSI

PWR on

CNi3243-C24

process controller

24V PS 4Amp

1 2 3 4 5 6 7 8 9 10

N-L+C CNC NCNO NO

Main power

TIP12 0

Current 

Controlled

Source

110AC

.1amp

1

GND

+24V

1N4001

1

DtoA 1

DtoA 0

Solonid

drive

Pulse

Stretcher

RS232 to

USB

Converter

National  

Instruments 

USB - 6211 

PC 

USB Analog Signals 

USB Monitor Pressure 

D to A   1 

D to A   0 

Analog in  

BNC Connectors 

Isolated BNC 

Sole-

noid 

Drive 

Transducer 

Power 
IPC 

480- 

C02 

  Sensor  

      In          Out      

Omega 

PX182B-100GI 

Pressure 

Transducer 

PCB 

137B23B 

Blast Probe 

Blast Tube 

Thermo- 

couple 

Input 

 

GND 

 

+24 V 

Pulse 

Stretcher 

Current 

Controlled 

Source 

Omega 

IP610- 

0120 

 
Gas Pressure 

Line to Blast 

Tube 

 
Gas Pressure Line In 

 

110 V 

AC 

MAIN POWER 
0.1 A 

CNi3244-C24 

Process 

Controller 

 

PWR ON 

4V PS 4A 

 

TIP 

120 

 

House Air 

Pressure 

100 PSI 

HIPPOCAMPUS 

Methods & Results 

Determining Neurogenesis: 

Doublecortin (DCX) Labeling 

 

• DCX is a microtubule-associated 

protein that identifies neuronal 

precursor cells 

• Brain harvested after intracardiac 

perfusion, and then cryosectioned 

(coronal) for immunolabeling 

• DCX-positive cells were counted 

along the length of  the dentate 

gyrus (#DCX/ mm).   

• Blast exposure reduced the number 

of  DCX positive cells by ~40%. 
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Blast Wave Generator Schematic with Electronics 
ISOBAR PLOTS OF 

BLAST WAVE 

EXPANSION 
Pt/Pa = 4.17 

• Blast Wave Generator - The low cost blast wave generator is an 

effective tool to study mild TBI in vivo. Its modularity and scalability 

allow wide applications beyond TBI research. 

• The pressure profile blast wave generated by the shocktube closely 

resembles that of  a blast wave produced by an IED. 

• Cochlea - Primary blast wave exposure caused a significant 

reduction in  DPOAE, a physiological indicator of  outer hair cell 

damage. 

• Hippocampus - Neurogenesis (DCX labeling) was significantly 

reduced 42 days after repeated exposure to primary blast waves. 

These findings could represent reduction in the process of  

neurogenesis, and additionally, a decreased survivability of  immature 

neurons. 

• Suppressed hippocampal neurogenesis in the weeks following blast 

exposure may contribute to the cognitive deficits common in 

military personnel exposed to blast trauma. 

Discussion and Conclusion 

• Cochlear Distortion Product Otoacoustic Emission 

(DPOAE) input/output functions, a measure of  outer 

hair cell integrity, were assessed at different sound 

frequencies to assess inner ear damage. 

• Regions near the base of  the cochlea are sensitive to high 

frequencies, and regions near the apex are sensitive to 

low frequencies. 

• Significant reduction in outer hair 

    function was seen in rats exposed 

    to blast waves (cochlea harvested 

    after intracardiac perfusion, number 

    of  cells determined by counting). 
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Methods & Results 

OHC OHC 

• Peak overpressure and radial distance (R/D – radial 

distance/tube diameter) from the blast source were 

determined non-dimensionally using Buckingham’s 

Pi Theorem and compared graphically.  

• Results were found to be consistent, showing  

similar and predictable blast decay patterns. 

• The dB SPL - R/D graph (left) shows consistent 

data from different blasts. 

TESTING AND VALIDATION 

CONSTRUCTION AND LAYOUT 

• The air containing driver section is made from 

PVC with metal shielding. Driven section and 

other joints are made from PVC. 

• The device is mounted on a table stand. 

• Diaphragm rupture is under computer control. 

• The cost of  construction inclusive of  all 

components is $4,500. 

• Data acquisition is included in the system, 

simplifying the use of  sensors. 

• National Instruments devices and LabVIEW 

are used to control the blast wave generator. 
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