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ABSTRACT: The influx of consumer-scale 3D printers in the market in recent years had seen many such desktop-
based machines going into schools, homes and offices. However, there are open questions about the use of desktop 
3D printers, with no specific standards directly associated with these products currently. In this paper, a qualitative 
safety assessment framework has been developed based on a Hazard Based Safety Engineering (HBSE) approach. 
It encompasses wide ranging aspects of the usage desktop 3D printers. These would help to determine the 
important criteria to consider when adopting 3D printing technologies. 
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1. INTRODUCTION 

3D printing had been previously used in industrial applications to create product prototypes due to its capacity to 
customise and fabricate models of complex designs [1]. An increased attention in 3D printing as a major disruptive 
technology in recent years saw it moving into the consumer market in the form of low-cost desktop 3D printers. 
However, 3D printing is still considered a novel technology and a mass majority are not familiar with its use and 
operation. This paper aims to determine the important criteria to be considered when introducing 3D printing 
technology to the mass market. This research is needed as there are projections of massive adoption of the 
technology worldwide over the next few years, yet there are open questions about the safety of desktop 3D printers, 
with no specific standards directly associated with these products [2]. A systematic assessment of the safety 
aspects of 3D printers would be conducted using hazards-based safety engineering (HBSE) approach.   

2. CURRENT STATE OF TECHNOLOGY AND SYSTEMS 

The predominant systems on the desktop 3D printer market uses mainly the Fused Filament Fabrication (FFF) 
process. Yet the market is constantly evolving and it is fast becoming a dynamic industry where new systems, 
materials and processes are uncovered profusely. FFF alone come in different forms, such as the open case, the 
enclosed and also multifunctional ones. In the recent years, there has been new entrants like Stereolithography 
(SLA) and Selective Laser Sintering (SLS) techiques as well.  

3. HAZARD BASED SAFETY ENGINEERING (HBSE) APPROACH 

The hazard-based approach, specifically adapted from safety standard ISO/IEC 62368-1 [3], provides a base 
reference framework for the assessment of desktop 3D printers.It involves risk assessment to identify, analyze 
and evaluate the risk of each hazard, and design of appropriate safeguards to reduce the risk of injury [4]. The 
essence of the approach is that any product that causes injuries must involve the transfer of energy to or from a 
body part as illustrated by the three-block model in Figure 1. As injury requires energy transfer, the focus was to 
identify energy sources within the 3D printer, quantifying the magnitude of the energy sources, transfer 
mechanism, and the effect on the users.  
 

 
Figure 1. HBSE three-block model energy transfer model 

A fault tree model can be used to break it down to a two-step process: (1) Specify undesired event that may happen 
when working with the 3D printer, and (2) Analyse the system in the context of its environment and operation to 
find all the credible ways in which the undesired event can occur [5]. It is graphical model of the parallel and 
sequential combinations of faults that will result in the occurrence of any pre-defined undesired event. The faults 
can be interrelated events which can contribute to the undesired event. 
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