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INTRODUCTION 

 

Ergonomic is the science of work of the people performing a specific task, including the ways it was done considering 

tools and equipment used, the workplace situation and to ignore, the psychosocial aspects. The field of human engineering and 

human factors is also the scientific discipline concerning designing aspect according to human needs, a profession that applies 

theory, principles, data and methods in order to optimize human well-being and overall system performance (Pheasant and 

Haslegrave, 2006).  It is commonly known and defined that ergonomics originally from Greek words of “ergon” and “nomos” 

which means law in related to specific works. In the United States, term ergonomics is also known as “human factor”.  

Ergonomics (or human factors) is the discipline that concerned and understand the interaction in between human and working 

system including theory and principles, data and methods to design in order to optimize human well-being and overall system 

performance (IEA, 2020). As an example, part of the system performance could be gauged by assessing the lifting process in the 

working environment (Ibrahim(b) et al., 2018).  

A comprehensive understanding is required in practicing ergonomics discipline.  Thus, a guideline shall adhere into 

consideration in designing the workplace, equipment, machine, tool, product, environment and system and at the same time to 

consider the human’s physical, physiological, biochemical and psychological capabilities. This is to ensure to optimize and 

improve of work systems while at the same time assuring the safety, health and well being of the workers. In general, the aim in 

ergonomics is to fit the tasks to the individual in all aspects, not the individual to the tasks (Fernandez, 2011) and the tool becomes 

“ergonomics” only when it fits the task without causing inconvenient postures, harmful contact pressures, or other safety and 

health risks to a worker  (DOHMS, 2004).  

There are specialization domains exist within the ergonomics area that represents essential competencies in specific 

human attributes or characteristics of human interaction. Those are including physical, cognitive and organizational ergonomics. 

Tool design is an important role in the development to avoid physical work-related problems in the hand and forearm. People have 

learned that certain jobs could be done faster and more efficiently with tools. By improving the ergonomic properties of hand 

tools, the health of users and their job satisfaction might be positively affected. 

 

Abstract 
 
The range of hand tool application in industries varies from simple filing tool to complex to precision-demanding 
task of surgical scalpels.  Injuries could worsen with improper hand tool being used. Therefore, users are to 
provide suitable designed hand tool for works. The aim of this study is to design an ergonomic handle of flat filing 
tool using software and to produce prototype handle of flat filing tool using 3D printer. At various stages during this 
study, new simplified approaches were used to accomplish certain tasks which could be considered as reasonable 
approximation to standard methods. By redesign the tool handle, ergonomics injuries could possibly be reduced 
and drastic measure could be handled. 
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Ergonomics engineers are responsible in designing and the right-hand tools to provide a better fit for the user. Poorly 

designed hand tools could cause biomechanical stresses and therefore increasing the risk of cumulative trauma and carpal tunnel 

syndrome disorders of workers. Designing hand tool is a complex task as it requires considering not only functionality, quality, 

and reliability, but also their uses expectations and apprehensions.  There are numbers of vital factor that need to consider in 

designing hand tools which include the design itself, user element, environmental factor and works task. It is recommended that 

handles should be slip-resistant, either by material or by design. To recognize ergonomically well-designed and comfortable hand 

tools, many hand tool evaluation studies have been conducted. Looking into the above mentioned scenario, the objective of this 

research is to design and fabricate an ergonomics model of the holder for flat filing so that it could mitigate user discomfort and 

musculoskeletal risk and injuries. 
 

MATERIALS AND METHOD 
 

                 Activities of data collection, statistical analysis and design concept were performed prior to the fabrication of the 

prototype as this is the continuation of the previous project, which involved initial activities of assessment of the anthropometric 

data of grip span, which including data collection and statistical analysis (Ibrahim and Mohd A, 2017). The formulation used was 

as according to the following statistical formula. 

 

k
th 

percentile = x ± zσ 

 

Where ; 
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  = Population     
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k
th 

percentile  

= 10 or 90 5 or 95 2.5 or 97.5 1 0r 99 

z value  = ± 1.28 ± 1.64 ± 1.96 ± 2.33 

 

For example, if the standard deviation is multiplied by the constant of z = 2.33 and subtracted from the mean, the value below 

which 1 percent of the population falls is obtained. Likewise, if it is added to the mean, the value below which 99 percent of the 

population falls is obtained. The same technique was implemented by previous researchers to determine the significance of 

anthropometry dimensions according to the specific application for the Malaysian population, e.g., by Mohd. Yusuff et al. 2016; 

Development of an Anthropometry Database for Malaysian Population: Problem and Challenges, by Md Dawal et al., 2016; 

Determination of the significant anthropometry dimensions for user-friendly designs of domestic furniture and appliances.  

 

 The second part of this work engaged with identification of grip profile for hand tool where the design concept of prototype 

hand tool was transfer into the clay model (Ibrahim(a) et al., 2018).  As the first part of this project has been successfully 

executed, the final parts of this research would be to produce the prototype holder for flat filing.  This including sketching 

concept/designing solid work processing, material selection, prior to using rapid prototyping process. Since this is the fabrication 

of prototype, a limited sample was taken with dimensions considered was at the average value. Figure 1 below shows the flow 

chart of the research. 
 

 

 

 

 

 

 

 

 

 



11 
Citation: Mohd H Ibrahim et al., 2020. Fabrication of an Ergonomics Prototype Tool Holder. Australian Journal of Basic and Applied Sciences, 14(7): 9-

13. DOI: 10.22587/ajbas.2020.14.7.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Flow chart of the research. 

 

Design and Sketching 

The design work performed in this research was using solidworks software.  This software is user friendly. It is fast and ease of use that include familiar windows 

functions like drag-and-drop, point-and-click, and cut-and-paste. Solidworks software is 100% editable upon design and relationships between parts, assemblies, 

and drawings could be up-dated.The assembly components  could be viewed by shape as well as by its dynamic and motion functionality.  The interaction of  all 

the components could be observed so that design clearance could be clearly illustrious avoiding  malfunction component / collision  upon fabrication (Jankowski 

and Doyle, 2008). The design output are shown as of Figure 2 below  
. 

 

 

   

Front View Side View Isometric View 

Fig 2: Design output 
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MATERIAL SELECTION 

 

Selecting materials normally initiates in the preliminary design stage. The purpose of material selection is to reduce cost, increase reliability and improve 

performance on any new design or e-evaluation of an existing product. In selecting the appropriate material one must consider the cost, part performance as well as 

regulatory properties that might contribute to overall environmental, safety and health issue and therefore required detail and systematic process in order to select 

the best material for any application.  The material selection technique should be carefully defined especially in related to application requirement involving 

mechanical, thermal, environmental, electrical and chemical properties.  In this work, Acrylonitrile Butadiene Styrene (or ABS) was selected. It is a copolymer 

made by polymerizing styrene and acrylonitrile in the presence of polybutadiene. The proportions can vary from 15% to 35% acrylonitrile, 5% to 30% butadiene 

and 40% to 60% styrene.  The styrene gives the plastic a shiny, impervious surface. The butadiene, a rubbery substance, provides resilience even at low 

temperatures. ABS can be used between 25C an +60C. ABS is a common thermoplastic used to make light and rigid for a moulded component such as pipes, 
golf club heads (used for its good shock absorbance), artefact and toys including LEGO Bricks. These characteristics make ABS suitable to be used in producing 

the prototype holder for flat filing tool. 

Rapid Prototyping 

The final part of producing the prototype holder is by using the Rapid Prototyping (RP).  The computer-aided design (CAD) directly linked to RP that made up of 

layer-by-layer fabrication of three-dimensional physical models. The usage of RP is to produce an initial prototype which is integrated with design operation which 

including STL (stereo Lithography) file output, pre-processing, file transfer, build process and full processing (Jankowski and Doyle, 2008). The main 

specification of 3D printer used in this works are: Nozzle diameter, 0.4mm, filament diameter 1.75 mm, print speed 30-150 mm/sec (full speed, 300 mm/sec), print 

quality 0.02-0.3 mm, print accuracy 11 microns in XY axis, 2.5 microns in Z-axis. 

 

 

RESULT AND DISCUSSION 
 

    After taking consideration of all the above factor, the prototype hand tool handle has successfully fabricated (Figure 3).  This prototype produced after 

considering essential elements of the ergonomics hand tool which including hand tool that can lessen ergonomics related injuries to users such as biomechanical 

stresses, musculoskeletal risk and other discomfort symptoms and (Cerny et al., 2013). Besides, element to avoid in designing hand tool such as sharp edges and 

corner, narrow handles that contribute large forces into small areas of the hand, smooth and highly polished handles, short handles that press into the palm of the 

hand are also noted. It is suggested to improve the quality of hand tools in order to improve efficiency and work productivity as the design of tool handle, which 

interfaces with the human hand, is of major importance in this regard (Diana et al.,2015). It is also recommended to improve more sample together with detail 

dimension taken so that a more accurate tool could be fabricated for actual application (Kim et al.,2016).  

  

a) Front view b) Side view 

  

c) Top view  

Fig 3: Fabricated prototype hand tool handle 
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