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Force measurement with an onboard miniature data-logger for impulsive facilities

by X
SATO Kazuo, TANNO Hideyuki, KOMURO Tomoyuki, ITOH Katsuhiro !
1Japan Aerospace Exploration Agency, Kakuda, Miyagi 981-1525

ABSTRACT
An onboard miniature data-logger was developed for Piezoelectric sensors in a large scale impulsive facility HIEST. Sampling rate,
sensitivity and duration of the logger were 500kHz, 16bit and 200ms. The size of the logger was 70mm x 60mm x 72mm including
batteries, which run 2 hours or longer. Four Piezoelectric type amplifiers and high-speed Analogue-Digital converters were also included in
the logger. The logger will be worked autonomously and wait a trigger with measured signal output from sensors. Trigger threshold and
pre-trigger length were able to be adjusted arbitrarily. Measured data was stored to static memories, which data was transferred via USB
interface after wind tunnel test. Using the data-logger, thick sting can be off use, which was concerned to be interfered with the wake flow
of the model. In the present test campaign, four wind tunnel shots were conducted to demonstrate the whole measurement system. A cone
model with blunted nose (nose radius 20mm) was applied in the test campaign, a Piezoelectric accelerometers (PCB 352C65) and a
Piezoelectric pressure transducer (PCB 113A21) were instrumented inside the model. Pressure record and axial force record were measured
under Hy=4MJ/kg and P;=14MPa condition. The measurement revealed that the system will be worked correctly in the harsh environment

in HIEST.
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Fig.1 Block diagram of the data-logger.

Batteries

Fig.2 The data-logger includes a CLPD board, a power regulator
board and batteries, with a total mass of 133 g.
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Fig.4 Photograph of dynamic calibration for blunted cone model
with Miniature data-logger.

Fig.3 Miniature data-logger mounted on the bottom plate of the
blunted cone model. Three piezoelectric miniature accelerometers
and one piezoelectric pressure transducer were instrumented
inside the blunted cone model.
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Fig.5 Sketch of dynamic calibration with impact hammer and
example of dynamic calibration results to blunted cone.
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Table.1 Specifications of the miniature data-logger.

Sensor type | Piezoelectric ICP type (PCB Piezotronics, Inc.)
Number of channels | 4
Input | -10V to 10V
Resolution | 16bit
Sampling rate | 500kHz
Duration | 200ms
Pre-trigger | Adjustable from -200ms to Oms with onboard micro switch
Trigger arm system | IR photo-switch. (with LED indicator)
Size | 70mm x 60mm x 72mm
Battery duration | 2 hours
Interface | USB
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Fig.7 Blunted cone was installing in to the HIEST test section.
3-2. SERDER USRI Length of two suspension wires were adjusted to level the

model.
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Table.2 Test flow conditions.

Stagnation  Stagnation Stagnation  Static Static Density Velocity Mach Unit Re
Shot No. Temperature Pressure  Enthalpy Temperature Pressure P w Ve Number  Viscosity =~ Number
To(K) Po(MPa)  Hy(MJ/kg) To(K) P (kPa) (kg/m?) (m/s) Meo Rex(1/m)

1831 3.04E+03  1.27E+01 3.75E+00 2.88E+02 1.12E+00 1.36E-02 2.58E+03 7.57E+00 1.79E-05 1.96E+06
1832  2.96E+03  1.32E+01 3.62E+00 2.76E+02 1.15E+00 1.45E-02 2.54E+03 7.61E+00 1.73E-05 2.12E+06
1833  2.97E+03  1.34E+01 3.64E+00 2.78E+02 1.17E+00 1.47E-02 2.54E+03 7.60E+00 1.74E-05 2.14E+06
1835  4.64E+03 1.70E+01 6.97E+00 6.67E+02 2.03E+00 1.05E-02 3.46E+03 6.74E+00 3.23E-05 1.13E+06
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Fig.8 Test section geometry of HIEST with contoured nozzle and flow uniformity of nozzle exit at Ho=4MJ/kg conditions .
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Fig.11 Acceleration on axis force direction and pitot pressure

histories obtained in shot1833( Ho=4MJ/kg condition).
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Fig.12 Axial force and pitot pressure histories obtained
shot1833 ( Ho=4MlJ/kg condition).
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Fig.13 Axial force coefficient CA
obtained in shot1833 ( Ho=4MJ/kg condition).
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Fig.14 Acceleration on axis force direction and pitot pressure
histories obtained in shot1835( Ho=7MJ/kg condition).
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Fig.15 Axial force and pitot pressure histories obtained in
shot1835 ( Ho=7MJ/kg condition).
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Fig.16 Axial force coefficient C4
obtained in shot1835 ( Ho=7MlJ/kg condition).
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Fig.17 Relation between axial force coefficient CA  and
viscous interaction parameter C™°M/Re®® for R20 blunt cone
model.

Fig.18 Blunted-cone model caught by the soft-landing system.
The suspension wires accidentally broke and the model fell
down on the system after the test flow passed by. Neither the
model nor the logger was damaged.
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