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Abstract - This paper presents a wireless dynamic
measurement of the air blast overpressure. This system
is based on a piezoelectric PolyVinyliDene Fluoride
(PVDF) sensor fully characterized with the help of a
shock tube calibration instrument. A dedicated
optimized wireless system is used in order to transmit
the transient pressure. The pressure signal inside a fire
ball was recorded wirelessly for the first time during the
open field detonation of an explosive. The proposed
simple and low-cost technique allows transmitting high
bandwidth pressure signal and could be an alternative
to the conventional wired transmission setup.

Keywords - wireless sensors, pressure measurement,
air blast experiment.

I. INTRODUCTION

To characterize the signature of an explosion, the
transient pressure event is one of the key inputs. The
accuracy of the analytical predictive blast wave model
is highly dependent on the measurement. The
pressure at a given location during an explosion
typically presents very fast transient with short time
rise (<< 1 ps), large bandwidth between 100 Hz and 1
MHz and high pressure level (> 10 MPa) in high-
temperature environment (> 1000 °C) [1][2]. These
extreme conditions make the real-time measurement
of the air blast pressure very challenging and many
issues must be addressed. First of all the finite
bandwidth and resonant frequency of available
pressure sensors may generate some undesired
spurious harmonic distortion on the measured signal.
In order to overcome this issue, methods are
investigated to calibrate the sensors and to improve
the reliability of the pressure measurement [3][4]. The
shock tube calibration technique is used here to
determine the transfer function of pressure sensors
and to derive from such function the resonant
frequency, low and high cut-off frequencies [4].
Moreover, during the air blast experiment long cable
are often used to connect the sensor to the acquisition
unit. Due to the series resistor (~10 m€/m) and shunt
capacitor (~100 pF/m) of such long transmission lines
(e.g., 60 meters of RG58 coaxial cables) the 3 dB-
bandwidth of the wired transmission channel does not
exceed typically few tens of MHz. This bandwidth

limitation makes the conventional wired technique
unsuitable to transmit data from next generation of
ultra-wideband (> 1 GHz) pressure sensors. Today
these issues are not solved and make the air blast
pressure measurement difficult.

The paper proposes a complete overview for an
alternative solution using the wireless transmission of
pressure signal through the fire ball during an air blast
experiment. The paper is organized as follows. In
Section Il the pressure sensor is calibrated from a
shock tube technique. Key performance descriptors of
the sensor are derived from its measured transfer
function. In Section 111 a complete description of the
proposed wireless system is presented. Finally the air
blast experiment is described and the measurement
results are discussed.

Il. SYsSTEM ANALYSIS AND CALIBRATION

The sensor used here is the M60 PVDF piezo-electric
film provided by Mauller Instrument Company [5].
This sensor allows achieving a measured sensitivity
of 3 pC/bar and a bandwidth of 1 MHz. It requires an
appropriate conditioning electronics in order to
convert the charges generated in the transducer into a
measurable voltage. The shock tube is used to
calibrate this pressure sensor. From the generation of
a step pressure signal with tens of nanosecond rise
time, different pressure sensors can be calibrated over
the MHz range. A shock tube is a tube with a
diaphragm which separates two chambers (driver and
driven gas) at different pressures. When the
diaphragm is burst at a given pressure (Fig 1(d)), it
creates a shock wave propagating through the tube.
For the experiment, a shock tube was provided by the
CEA Gramat (see Fig. 1(a)) [6]. The facility can
produce sustained reflective shock waves from 0.1
MPa up to 7 MPa during few microseconds. For that
purpose, the sensors are mounted on the end steel
plate of the tube (Fig 1(b)-(c)). The calibration
technique consists of measuring the response of the
sensor compared to a reference sensor [4]. In our
case, the theoretical reflective overpressure is 21 bar
using the operational conditions shows in the Table 1.



Fig. 1. (a) Shock tube, (b) Mounted Sensors, (c) Sensors
installation and (d) Burst diaphragm

Table. 1. Operational conditions of the shock tube
calibration experiment

Driver gas Nitrogen

Driver gas initial pressure 64.5 bar

Driver gas initial temperature 945°C
Driver gas Air

Driven gas initial pressure 0.98 bar

Driven gas initial temperature 235°C

Figure 2(a) is a zoom on the transient during the first
reflective shock wave. As given in the datasheet [5], a
measured rise time of 100 ns for the proposed PVDF
sensor can be obtained. The stationary mean pressure
is measured at 21 bar + 1%. Based on this transient
response, the transfer function of the sensor is
computed (see Fig. 2(b)). The resonant frequency of
the sensor is 3.6 MHz and the sensor bandwidth (-3
dB) is around 1 MHz. The developed measurement
system consists in using a calibrated piezoelectric
PVDF Muller M60 sensor with a dedicated wireless
transmission. The wireless setup reported here is
composed of transmitter and receiver units operating
at 6 GHz with 100 MHz bandwidth (see Fig. 3).
During the experiment, the transmitter unit converts
the output voltage of the piezoelectric sensor into a
frequency shift with the voltage controlled oscillator
(VCO). The resulting frequency modulated (FM)
signal is transmitted to the receiver unit through the
fireball. The received FM signal is filtered and
amplified by the receiver unit. The intermediate
frequency (IF) is obtained by mixing the received
modulated signal with the stable sinusoidal signal
generated by a 6 GHz Local Oscillator (LO).
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Fig. 2. M60 overpressure sensor response in a shock tube to
a reflective pressure step: (a) M60 sensor transient and (b)
derived from the measured transfer function of the sensor

The frequency demodulation process applied to the IF
signal is performed numerically by using the classical
Short-Time Fourier Transform (STFT). The -3 dB
bandwidth of the wireless system is 100 MHz. It is
large enough for transmitting the measurement signal
which its bandwidth is mainly limited by the dynamic
performance of the sensor transduction.
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Fig. 3. Block diagram of the wireless sensor system: (a)
transmitter unit and (b) receiver unit

111. MEASUREMENT RESULTS AND DISCUSSION

The sensing device is located at 1 meter of a 1 kg of
RDX/HTPB 85/15 high explosive ball. A horn
antenna is used to receive the signal. Acquisition



units and the experimental team are in a safe place.
An ultra-fast v2511 Phantom camera is used in order
to record the video of the explosion shown in Fig. 4.
The pressure signal at the sensor’s output is
wirelessly transmitted in real time to the acquisition
unit and simultaneously transmitted through a 60
meters coaxial cable for comparison purpose.

Figure 4: Different steps of the fireball during the air blast
experiment: (@) t = 1.0 ms; (b) t = 3.3 ms; (c) t = 9.6 ms;
(d)t=20.0 ms

The received FM-modulated signal is shown in Fig.
5(a). This signal is processed in order to extract the
pressure signal displayed on Fig. 5(b). Although the
time-variation of the wirelessly transmitted signal
looks very erratic, the FM demodulation allows
recovering the embedded overpressure signal.
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Fig. 5. (a) Received FM-modulated signal vs time and (b)

Measured overpressure signal during the experiment using
the wireless and conventional wired links

As shown in Fig. 5 the derived pressure signal is in
good agreement with one obtained from the
conventional wired transmission. The difference
between the two measured peak static overpressures
does not exceed 200 mbar and it may be explained by
the presence of the measurement cable. The peak
static overpressure is found to be 10 bar + 1%.
Moreover a rise time around 1 ps is observed, as
expected. Due to the low cut-off frequency of the
sensor, the relaxation of the pressure signal is shorter
than expected.

IV. CONCLUSION

A complete solution for the wireless measurement of
the air blast overpressure is proposed and
experimentally validated in this paper. A shock tube
was used to calibrate the pressure sensor and the
designed wireless system has been placed inside a
fireball during an air blast experiment. The peak static
overpressure has been successfully recorded. This
solution is an interesting alternative to wired
transmission techniques as ultra-wideband (> 1 GHz)
pressure sensors will be available in the future.

Works are now focusing on the development of a
complete, optimized and integrated sensors network
and on the real time temperature compensation of the
VCO sensitivity.
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