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Measurement of Dynamic Strains on Composite T-Joint Subjected to
Hydrodynamic Ram Using PVDF Sensors

Eun-Su Go*, Dong-Geon Kim*, In-Gul Kim*', Kyeongsik Woo**, Jong-Heon Kim***

ABSTRACT: The hydrodynamic ram (HRAM) phenomenon is one of the main types of ballistic battle damages of a
military aircraft and has great importance to airframe survivability design. The HRAM effect occurs due to the
interaction between the fluid and structure, and damage can be investigated by measuring the pressure of the fluid
and the dynamic strains on the structure. In this paper, HRAM test of a composite T-Joint was performed using a
ram simulator which can generate HRAM pressure. In addition, calibration tests of PVDF sensor were performed to
determine the circuit capacitance and time constant of the measurement system. The failure behavior of the composite
T-Joint due to HRAM pressure was examined using the strain gauges and a PVDF sensor which were attached to the
surface of the composite T-Joint.
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Table 1. Typical properties of PVDF sensor

Property Symbol Unit Value
Density oA x10° kg/m’ 1.78
Elastic E, GPa 2.1
modulus E, GPa 1.22
Poisson’s ratio e 033
V) 0.192
Piezo strain dy, x10™"* (m/m)/(V/m) 23.0
constants (Later- ds, %107 (m/m)/(V/m) 3.0
ally Clamped) dy, x10"2 (m/m)/(V/m) | 33.0
lz:tnfgtlt(ﬁ lzt)y P2 x10"2 F/m 103
a, mm 15
Dimension b, mm 10
t uwm 28
C, x10"* F 567.63
Sensor constant C, V/e 14,211
C, V/e 6,287

o O

Voltage >~ V= Q R
Generator Cp + C; t
O

Fig. 2. Equivalent circuit of piezoelectric sensor
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E, 131.0
Elastic modulus GPa (———
E, E, 8.2
G Gy, 4.5
Shear modulus GPa (——
G,, 3.5
. § . Vi Vi3 0.28
Poisson’s ratio -
Vi 0.47
Ply thickness tory mm 0.144

29mm 12mm 9mm

Fig. 7. Dimensions of composite T-Joint specimen
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