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Highlights  

 We developed a miniaturized tri-axis convective accelerometer utilizes closed-loop type heater. 

 Closed-loop heater increases the convective flow to the central part where a hotwire is placed to measurer 

vertical acceleration 

 Device was modelled by OpenFOAM and device was prototyped by additive manufacturing. 

 The results demonstrated that the closed-loop heat source could reduce the cross effect between the 

acceleration components 

 

 

Abstract 

 In this paper, we report the details and findings of a study on tri-axis convective accelerometer, which is designed 
with the closed-loop type heat source and thermal sensing hotwire elements. The closed-loop heat source 
enhances the convective flow to the central part where a hotwire is placed to measure the vertical component of 
acceleration. The simulation was conducted using numerical analysis, and the device was prototyped by additive 
manufacturing. The device, functioning as a tilt sensor and an accelerometer, was tested up to acceleration of 20g. 
The experiments were successfully conducted and the experimental results agreed reasonably with those 
obtained by numerical analysis. The results demonstrated that the closed-loop heat source could reduce the cross 
effect between the acceleration components. The scale factor and cross-sensitivity had the values of 0.26 μV/g 
and 1.2%, respectively. The cross-sensitivity and the effects of heating power were also investigated in this study.  

Keywords: convective accelerometer, tri-axis, closed-loop heater, hotwire, OpenFOAM. 

I. INTRODUCTION  

Recently, micromachined accelerometers have undergone rapid development, and are widely used in various 
applications. Solid-state accelerometers have high performance, but also possess some setbacks. They are more 
fragile, fabricated by complicated process, and need complex packaging in order to remove the squeeze film effect 
between the proof mass and the accelerometer structure [1]. In Refs. [2], [3], the authors presented the first 
accelerometers without the proof mass, working under the principles of thermal convection heat transfer. Micro 
thermal convective accelerometers utilizing thermal bubble have been studied over the last two decades [4]. The 
operation of this type of sensor is based on the movement of a hot tiny air bubble generated from a heater. From 
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