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Abstract.

In the new era of advanced manufacturing technology, machine tool design plays an
important role in maximizing productivity and occupational health of industrial workers. However,
the machine tool manufacturers face difficulty in designing an ergonomic machine tool that can be
suited to Malaysian industrial workers because almost all machine tools were designed according to
physical dimensions, capabilities and limitations of European or American populations. This
mismatch between machine design and worker abilities may eventually lead to occupational
injuries. Therefore, the purpose of this paper is to disseminate information on ergonomics problem,
assessment methods, and control measures associated with CNC machining operation. Published
articles related to CNC machining operation have been reviewed. Based on published researches,
work-related musculoskeletal disorders such as low-back pain, neck and shoulder problem have
been identified as common health problems associated with the machine operation. Engineering and
administrative controls have been proposed to minimize the health problems.

Introduction

Nowadays, the industrial has step forward by introduced the advance manufacturing
technology, including the Computer Numerical Control (CNC) machines [1, 2]. Since the CNC
machines are developed by the European countries and the machines dimensions are based on
European population, there is a difficulty for Asian workers to suit the machine design. There is a
need to apply Asian anthropometry in the design of CNC machines so that they can work with the
machine in safe working posture [3, 4]. The improvement of machine tools design can be viewed
from different perspectives such as working posture, muscles activity and oxygen consumption of
the workers [5, 6]. By considering ergonomics principles in the design of CNC machines, the
operators can work in safe and productive conditions [7, 8].

Related works

Previous researchers have studied the ergonomics issues in the design of CNC machines, as
summarized in Table 1.
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Table 1: Studies on ergonomics issues related to CNC machines

Research Works Focus of Research Methods Findings
Khan, I. A., 2012 [2]. | Ergonomics design of | Job analysis, The level of angle of
operators and CNC observation and viewing has significant
machine interface. interview with effect on CNC
operators. machine operators.
Seppala, P. & Job characteristics and | Job analysis, interview | CNC machine

Touminen, E., 1992
[9].

physical well-being
experienced by CNC

with operators and
questionnaire survey.

operators experienced
troubles in the low

machine operators. back, shoulders and

neck.

Neck discomfort due
to the machine display.
Shoulder and arm

Muthukumar, K. et al.,
2012 [10].

Investigation of
postural discomfort
among CNC machine

Questionnaire survey
by using Corlett and
Bishop’s map.

operators. discomfort caused by
panel controller.
Macias, A. M. et al., Apply anthropometric | Video recording and Trunk is the most
2009 [11]. and ergonomics Rapid Entire Body affected body part,
principles in CNC Assessment (REBA) to followed by legs.
work station. . .
identify and evaluate
stressful posture.
Vieira, E.R. & Kumar, | Reduce work-related Epidemiological study, | CNC workers reported
S., 2007 [12]. low back disorders questionnaire survey discomfort in the
among CNC machine | (10-point body part lower back.

workers. index, Borg’s scale and

visual analogue scale).

Ergonomics risk factor

Unorganized CNC machine working environment which does not meet the human
capabilities is considered as a major source of stress and errors [3, 9]. The positioning of control
panel and display are very important in CNC machines to reduce the difficulty due to static posture
and to prevent work-related musculoskeletal disorders (WMSDs) [10, 11]. During operation,
operators were engaged for small periods of time at the controls and continual time monitoring the
displays, and expose to the task that cause awkward posture such as clamping and set-up the work
piece. Bending, twisting, lifting heavy weight, repetitive movements, static work and making
forceful movements were shown to be related to work-related low back disorders [12, 13].

Work-related musculoskeletal disorders (WMSDs)

Work-related musculoskeletal disorders (WMSDs) are diseases related to work that can
affect the upper limb extremities, the lower back area, and the lower limbs [14, 15]. WMSDs
describe a wide range of disorders and resulted in pain and muscle fatigue for the neck, shoulders,
elbows, forearms wrist and hand. WMSDs are main contributors to worker disability and
absenteeism in many occupational groups [16, 17]. Previous studies found that there was a 4% to
5% decrease in work productivity for each 10% limitation increase due to WMSDs [18]. Several
factors have been associated with WMSDs such as repetitive motion, excessive force, awkward
and/or sustained postures, prolonged sitting and standing [19]. WMSDs are diseases related by
work that can affect the upper limb extremities, the lower back area, and the lower limbs and it is a
common problem in the general population among industrial workers [20].
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Assessment Methods

There are several methods can be used to improve the occupational health of workers when
they are using CNC machines [21]. In subjective method, comfort survey questionnaire has been
developed to obtain the information of pain, psychophysical experience and discomfort among the
workers and it is necessary to obtain relevant information or data on task performance, working
posture and environment that related to the CNC machine workers [2, 4, 12]. The Borg Scale (or
called Rating Perceived Exertion, RPE) is used to determine the psychophysical experience of CNC
machine workers. It is a type of self-report that has been used for decades to assess levels of
physical activity and the simple method of monitoring the work activity intensity [22, 23, 24]. RPE
has been shown to relate to several physiological variables, including heart rate, ventilation,
respiration rate, oxygen uptake, and blood lactate among others [25, 26]. The scale consists of an
array of numbers ranging from 0 (no physical exertion at all) to 10 (extremely strong) and it has
become the gold standard for the rating of perceived exertion in performing any jobs [27].
Meanwhile, a direct measurement technique includes surface electromyography (sEMG) used to
measure muscle activity of workers while performing jobs [28, 29, 30]. It has the ability to measure
the electrical activity (voltage and frequency) in the muscle and it indicates the muscle force and
fatigue [31, 32, 33].

Control Measure

In ergonomics, there are two methods can be applied to minimize the risk of occupational
injuries: administrative controls and engineering controls. In administrative controls, work-rest
scheduling is the most commonly adopted to minimize the risk of muscle fatigue and disorders. In
engineering controls, engineering techniques such the usage of anti-fatigue resistance mat,
reposition the machines to provide easy access to all parts of the CNC machine have been proposed
to minimize the risk of occupational injuries [11, 21, 27]. Additionally, the application of robotic
arms for reducing physical efforts in CNC machining operation have yet to be studied in detail.
Robotic arms may reduce the amount of physical efforts while loading and unloading raw materials
from CNC machines. Some of the relevant studies related to the usage of robotic arms can be found
mostly in the medical field where surgeons have been using robots to perform delicate surgeries on
humans [34, 35, 36]. Similarly, the same idea can be employed for the purpose of CNC machining
operations. Fig.1 and Fig.2 show the concept of the development of the robotic arm [37].
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Fig. 1: Movement of the gripper based on sSEMG Fig. 2: Movement of robot arm using sensor
signal [37] [37]
Conclusion

During CNC machining operation, workers exposed to the work related musculoskeletal
disorder. Recent studies showed that the factor that lead to the problem were the angle of the view
to the control panel and the nature of the task that lead to the awkward posture by the operators.
However, these injuries can be minimized through application of engineering and administrative
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controls. This study will look forward in the application of artificial arm in the CNC machining
operation that can reduce the risk factor to the workers.
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