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Figure 1. Microneedle array at equilibrium 

position. 

(tref = 0.000 s) 

 

Figure 2. Microneedle array at maximum upward 

displacement from the equilibrium position. 

(tref = 0.050 s) 

 

Figure 3. Microneedle array penetrating through 

artificial skin sample. 

(tref = 0.134 s) 

 

Figure 4. Microneedle array at maximum 

downward displacement from equilibrium 

position. 

(tref = 0.200 s) 

Figures 1-4 are of the microneedle array actuation device penetrating through artificial skin sample. 

Images captured using stereomicroscope and high-speed camera. 
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Microneedle development is a rapidly developing area of research, with studies focusing on the mechanical 

properties of materials used for fabrication, the effects of needle geometry and the purpose of these needles. 

This research project was aimed at developing a mosquito-inspired, pain-free, handheld blood sampling 

device, which included a vibrating element to reduce the skin penetration force. The optimum microneedle 

array size was determined, then operating parameters for the Moticont GVCM-025-029-01 voice coil 

actuator derived, based on the mosquito’s technique of insertion. This then allowed the design to be 

developed, 3D-printed and finally assembled for insertion force testing. The insertion force was tested using 

a setup consisting primarily of a function generator, force sensor and other electrical equipment, including 

a data-acquisition board. Figure 1 shows the artificial skin sample penetration process, as seen through the 

high-speed camera. It was found that for a 5 by 5 microneedle array, operating at frequencies and amplitudes 

in the range of the mosquito, caused a decrease of up to 35.2%  in the required penetration force (compared 

to non-actuating insertion) for the artificial skin sample.  


