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Abstract

To address the weak output signal and sensitivity limitation caused by the limited natural surface
strain of conventional leaf-spring piezoelectric weighing sensors, this paper proposes a sensitivity-
enhanced design method based on an auxetic structure. Without changing the main structure of the
leaf spring or weakening its load-bearing capacity, a re-entrant hexagonal auxetic structure is at-
tached to the high-strain region on the leaf-spring surface as a strain-amplifying component. The
tensile-expansion effect of the auxetic structure is used to convert and amplify the bending defor-
mation of the leaf spring into effective strain in the piezoelectric film. First, a half leaf-spring finite
element model is established to analyze the strain distribution of the leaf spring under dynamic
loading and determine the preferred placement of the piezoelectric film. Then, the geometric pa-
rameters of the auxetic structure are analyzed, and a coupled leaf spring-auxetic structure-piezoe-
lectric film model is developed to investigate the strain amplification effect and voltage output char-
acteristics. The simulation results show that, within the load range of 0~10 t and frequency range
of 1~10 Hz, the output voltage of the piezoelectric film maintains a good linear relationship with the
load mass. Compared with the conventional direct-bonding method, the auxetic structure signifi-
cantly increases the effective strain and output voltage of the piezoelectric film. Under the 10 Hz
condition, the sensor sensitivity increases from 5.72 mV/t to 8.74 mV/t, which is 1.53 times that of
the conventional direct-bonding method. The results indicate that the proposed method can effec-
tively improve the output performance of the leaf-spring piezoelectric weighing sensor while main-
taining the structural integrity of the leaf spring, providing a reference for the design of high-sensi-
tivity onboard weighing sensors.
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Figure 1. Schematic diagram of the automotive leaf-spring suspension and multi-leaf spring
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Figure 2. Finite element model of the leaf spring and x-direction strain distributions. (a) Leaf-spring model; (b)
strain distribution without the PVDF film; (c) strain distribution after bonding the PVDF film
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Figure 3. Output voltage response of the directly bonded PVDF film under different loads and excitation
frequencies. (a) Voltage distribution map; (b) relationship between load mass and output voltage
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Figure 4. Design and parameter analysis of the re-entrant hexagonal auxetic structure. (a) Tensile deformation and geo-
metric parameters; (b) Poisson’s ratio under different geometric parameters; (c) effect of cell length on Poisson’s ratio
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Figure 5. Strain distribution of the leaf-spring integrated with the auxetic structure and PVDF film
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Figure 6. Output voltage response of the PVDF film with the auxetic structure under different loads and
excitation frequencies. (a) Voltage distribution map; (b) relationship between load mass and output voltage
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Figure 7. Sensitivity comparison between the conventional direct-
bonding model and the auxetic-structure-enhanced model
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