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Fabrication and Evaluation of a Flexible Piezoelectric Impact Force Sensor
for Electronic Mitt Application
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Abstract

Flexible impact force sensors composed of piezoelectric PZT/PDMS composite sandwiched between AI/PET films were fabricated
and their voltage signal characteristics were evaluated under varying impact forces for electronic mitt applications. The piezoelectric
impact force sensor on an ethylene-vinyl acetate (EVA) substrate exhibited an output voltage difference of no greater than 40 mV a peri-
odical impact test in with the impact load was increased by as much as 240 N by a restoration time of 5 s in a five-time experiment,

implying good sensing ability. Moreover, the impact force sensor embedded four electronic mitts showed a reliable sensitivity of less
than 1 mV/N and good repeatability under 100 N-impact force during a cycle test executed 10,000 times. This indicated that the fab-
ricated flexible piezoelectric impact sensor could be used in electronic mitt applications. However, the relatively low elastic limit of sub-
strate material such as EVA or poly-urethane slightly deteriorated the sensitivity of the impact sensor embedded electronic mitt at over

200 N-impact forces.
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Fig. 1. Commercial PVDF piezoelectric impact force sensor for
electronic body armour.
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Table 1. Piezoelectric and dielectric properties of the piezoelectric
ceramic (S55, Sunny Tech. Co., Taiwan) sintered at 1,100°C.

S55 (Sunny Tech.)

Piezoelectric properties

Coupling coefficient (k) 45%
Coupling coefficient (ks3) 80%
Mechanical quality factor (Q,,) 55
Piezoelectric charge constant (d;;) -300 pC/N
Piezoelectric charge constant (d;;) 750 pC/N
Piezoelectric voltage constant (gs;) -7.5x10° Vm/N
Piezoelectric voltage constant (gs;) 18.4x10° Vm/N
£x'/% 4,320
tand (%) 1.9
g BT AAES Folol 78 F PDMSE| W ¢ 7:39] F9)
H] 2 &35} paste mixerS ©]-83t4] 2000 rpm 2 1027
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Fig. 2. Particle size analysis spectra of the piezoelectric ceramic
powders (S55, Sunny Tech. Co., Taiwan) after ball-milling
for 24 h.
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[ 6. Aging ]

Fig. 3. Flow chart of fabrication process for flexible piezoelectric
impact force sensor composed of 50 pum-thick piezoelectric
composite film sandwiched AI/PET film.
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Fig. 5. Testing apparatus using a rotating hammer fitted with a hemi-
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Fig. 7. Output voltage obtained from the flexible piezoelectric
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Table 2. Summary of voltage signals from piezoelectric impact force
sensor on EVA (ethylene-vinyl acetate) plate after impact
force loading.

Impact force Output voltage (mV)

™)

min. max. AV average

90 31 40 9 36
120 56 80 24 69
150 106 134 28 120
180 168 203 35 186
210 253 293 40 273
240 331 368 37 350
270 462 568 106 515
300 656 718 62 687
330 750 781 31 766
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Table 3. Summary of impact sensing signal characteristics of the
piezoelectric sensor embedded electronic mitts.

Sensing signal (mV)

Impact force (N)

Sample I Sample I Sample III Sample IV

80 30 28 25 19
120 52 53 28 60
160 73 85 79 89
200 118 128 124 141
240 164 235 215 318
280 231 407 342 549
Impact force (N) Average sensitivity (mV/N)

80-200 0.73 0.83 0.83 1.02
200-280 1.41 3.49 2.73 5.1
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