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Free-flight testing with scaled models in ground test facilities
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ABSTRACT
Free-flight test technique with scaled models based on ground test facilities has been
developing in JAXA Kakuda Space Center. The key technology for the test technique is JAXA
in-house miniature data-recorders, which are small enough to be on-boarded in test models. The

recorders were originally built for the free-flight force measurement in the shock tunnel HIEST.
The specification of the recorders is;(1) Sampling rate 100-500kHz, (2)4 to 10-channels (3)
Sensitivity 16bit and (4) Duration of 1300ms. The size of a recorder was 60mm diameter and

60mm height including batteries, which run 2 hours or longer. The recorder has been applying to

other wind tunnel tests and in particular ballistic range test in JAXA Kakuda Space Center. The

latest results including Lessons and Learned through the development of the technique were

reported in the paper.
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Fig.1 The ‘Free-fall force measurement technique’.
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Table.1 Required specifications of the miniature data-logger.

Sensor type and number of sensors Piezoelectric type(ICP) 6, Piezoresistive type 4
Input -10V to 10V
Resolution 16bit
Sampling rate 500kHz
Duration 400ms
Pre-trigger Adjustable from -400ms to Oms with onboard micro switch
Trigger arming system IR photo-switch. (with LED indicator)
Trigger level Adjustable from -10V to 10V
Size 70mm x 70mm x S50mm
Battery duration 2 hours
I/O Interface USB
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Fig.3 Axial force and Pitot pressure histories obtained in
shot1833 ( Hj=4MJ/kg condition).

Fig.2 Miniature data-logger mounted on the bottom
plate of the blunted cone. Three piezoelectric miniature
accelerometers and one piezoelectric pressure

transducer were instrumented inside the blunted cone.
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Fig.5 A photograph of the blunted cone just flying in the
HIEST test section. Hypersonic test flow (V.=3km/s)
came from lett to right. Shock wave around the cone and

slip line were apparently observed.
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Fig.6 Aerodynamic coefficients (CA, CN and Cm)
obtained in this free-fall measurement.
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Fig.7 Open-range two-stage light-gas gun HEK-G
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Fig.8 HRYV projectile and two-piece sabot for HEK-G.

&
-I‘r_

ks .
Cntleer r”

Fig.9 Miniature

data-recorder and Piezo-electric

accelerometers instrumented in a HRV projectile
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Fig.10 Sequential high-speed video Images of
preliminary test (flight length = 3m)
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