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Abstract:

The increased practice of mechanisation in the execution of tasks in the manufacturing sector, as a method
for productivity improvement through standard time achievement and downtime reduction, requires
changes in layout and the application of robotics capabilities. In this way, using layout designs for optimum
assembly process optimises the assembly process. Hence, this study examines the adoption of
mechanisation for quality improvement and downtime reduction in a selected automotive assembly
organisation in South Africa.

The study was quantitative in design and examined the production process of the selected automotive
assembly organisation that had adopted a mechanised system for quality improvement in its roof process
in the weld plant. The company, which operates a three-shift system, is situated in the eThekwini
Municipality in KwaZulu-Natal province of South Africa. The study was achieved by collecting pre- and
post-quarterly data for product quality, defects per unit and downtime. The results indicate that downtime
and product quality improved as a result of mechanisation. Through mechanisation, the organisation has
made technological changes in their processes that have led to opportunities for greater flexibilities. This
study uncovers the strengths and weaknesses of mechanisation in this automotive assembly organisation
in South Africa.

Keywords: automotive assembly organisation, downtime, mechanisation, productivity, product quality,
Takt time

INTRODUCTION

The most sophisticated method for articulating the future incorporation of technological
advancement can be reviewed through the lens of the fourth industrial revolution
(Manyika, 2017). It must be noted that the first industrial revolution was in the 18t
century, as steam and water were harnessed to create new machines (Grieco, 2019). The
second industrial revolution used electricity and allowed for mass production, while the
third has been one that many have experienced in this day and age: the digital revolution.
Schwab (2015) alludes to the fact that the fourth industrial revolution comprises of a
combination of these systems, combining physical processes with the power of refined
digital and cyber technologies. The posited result is a radical reshaping of the economy
with the radical reduction of human labour. This view is put forward by technology
leaders such as Bill Gates and Elon Musk, as well as politicians such as the UK’s Labour
leader, Jeremy Corbyn (Corbyn, 2017; Daso, 2017). With increased competition,
demands on products of higher quality and with faster delivery time had forced the
managers to convert conventional manufacturing practices to computer-controlled
manufacturing practices such as flexible manufacturing systems (FMS) and computer
integrated manufacturing systems (Villarreal & Alanis, 2011). This signifies the essence
and critical role of mechanisation in various business processes.

Generally, the first known practice of grouping equipment, by mechanisation level, to
differentiate their respective mechanisation efforts was undertaken in the manufacturing
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line of an electric company between 1920 and 1925 (Bright, 1958). A diverse range of
taxonomies were also developed by researchers to best describe their respective
industrial needs. Sheridan and Verplank (1978) developed a 10-level taxonomy for
undersea tele-operators’ automation assessment that represented ten levels, from
manual performance to full automation. This taxonomy was then acknowledged and
further enriched by its association with system functions that were translated from
models of human information processing (Parasuraman, Sheridan & Wickens, 2000).
Endsley and Kaber (1999) also tabulated a 10-level taxonomy, from manual control to
full automation, with corresponding roles played by human and/or computer, that
applied to a wider variety of domains and task types. Save and Feuerberg (2012)
proposed a new level of automation taxonomy based on that of Endsley and Kaber (1999)
and Parasuraman et al. (2000) for classification and comparison of different types of
automation support in air traffic management in the aviation sector. The historical
application of mechanisation shows the significant role it has played over a period of time.
Thus, mechanisation has been perceived by researchers as having numerous benefits for
the industry. One perception is that mechanisation is related to the productivity of
industrial activities. It minimises or reduces labour content, so it maximises the
performance of the production with less time required (Lamsal, 2018). Thus, the industry
gains in productivity along with mechanisation (Fiscor, 2016). Singh (2006) confirmed a
positive correlation between productivity and mechanisation. Abbas et al. (2017) further
asserted that increasing productivity requires more efficient mechanisation. Although it
is a type of investment in the industry, mechanisation is essential in increasing the
productivity of activities (Kirui and Von Braun, 2018). Hence, this study evaluates the
influence of mechanisation on productivity in the selected automotive assembly
organisation in South Africa. Herein, productivity will be evaluated in terms of standard
time achievements and downtime reduction.

Given the specific and complex nature of mechanisation, enterprises need to undertake
appropriate implementation strategies tailored to the individual design of their
institutional and process organisation structure (Miiller et al, 2018b). Yet, thus far,
literature provides corporate practice with general and highly aggregated
recommendations that are difficult to grasp and that usually disregard company-specific
characteristics (Arnold, Kiel & Voigt, 2016). Hence, this study examines the influence of
mechanisation on the selected automotive assembly organisation in South Africa.

The rest of the paper discusses the theory that was considered, the methodology used,
study results as well as the discussion of results. It deliberates on the implications of
results for policy and practice, study limitations, conclusion, as well as future research
required.

THEORETICAL CONSIDERATION

This section presents a brief overview of mechanisation, as well as the influence of
mechanisation on downtime.

Brief overview of mechanisation

Mechanisation has been defined by Phogat and Gupta (2017) as a process of changing
activity from manual completion, either by hand or with animals, to completion with
machinery. The associated effects of mechanisation were seen as labour reduction and
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labour displacement from one industry or sector to the other (Folts & Jerome, 1935).
Williams (1999) regarded mechanisation as a replacement of human and animal muscle
power by mission-enabling equipment. He also defined mechanisation as a replacement
of human sensory and thought processes with information and control equipment.
According to Bock (2015), as mechanisation is machine centred, it should therefore
include robotics and equipment with robotic control systems for task completion
(Neelamkavil, 2009). Since this paper considers using tools and equipment with various
advanced features to replace human effort, mechanisation is used as a term to include
both mechanised and automated solutions; this means the mechanisation in this study
includes automation. Mechanisation has been perceived by researchers as having
numerous benefits for industry. One perception is that mechanisation is related to the
productivity of industrial activities. It minimises or reduces labour content, so it
maximises the performance of the production with less time required (Lamsal, 2018).
Thus, the industry gains in productivity along with mechanisation (Fiscor, 2016). Singh
(2006) confirmed a positive correlation between productivity and mechanisation. Abbas
et al. (2017) further asserted that increasing productivity requires more efficient
mechanisation. Although mechanisation is a type of investment in industry, it is essential
in increasing the productivity of activities (Kirui and Von Braun, 2018).

Hence, this study examines the suitability of mechanisation as an appropriate method for
the automotive industry in South Africa.

Influence of mechanisation on downtime

It has been established that assembly processes of most manufacturing systems are
conducted manually by employees with minor levels of mechanisation, due to complexity
and the high cost of automated assembly operations (Grewal, 2011). Industrial managers
assess different methods for enhancing productivity, quality and efficiency of the
assembly line. There are times when assembly lines employ various methods that have
been used in the past to improve the productivity of assembly lines (Villarreal & Alanis,
2011), one of these being the segmentation of the assembly line into sections with
embedded buffers that makes it possible to reduce idle times and enhance productivity.
In this case, mechanisation has thus been identified as an appropriate strategy (Grewal,
2011), leading to the reduction of human participation in production systems, the
introduction of machines for doing repetitive and complex actions, as well as
transforming production to make it as continuous as possible (Groover, 2010). With this
kind of production system, fewer operators are required. However, downtimes could
remain a relevant cause of inefficiency and require focused analysis.

However, efficiencies come with real psychological and physical repercussions (Fiscor,
2016). For example, the New York Committee for Occupational Safety and Health
surveyed Amazon warehouse workers and found signs of musculoskeletal disorders
attributed to their work; they reported feeling pressured to work harder and/or faster
(80 per cent); they experienced psychological stress as a result of their current
employment (49 per cent); and they had their sleep negatively impacted as a result of
their current employment (63 per cent) (Grieco, 2019). As technology makes it easier to
examine human actions and compare them to an algorithmic ideal, these pressures to
increase workload and productivity are likely to increase.

However, today’s production systems are required to deliver high productivity, resource
efficiency and flexibility (Phogat & Gupta, 2017). These requirements will continue to
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rise in line with the realisation of mechanised manufacturing systems. There is a strong
commitment in production personnel to exploit the full potential of current systems, but
the complex and highly automated equipment in future mechanised factories is required
to deliver even higher levels of performance. However, poor performance in terms of
overall equipment effectiveness (OEE) has been reported for over a decade. Ahlmann
(1993), Ericsson (1997), and Ljungberg (1998) present numbers between 55 and 60 per
cent, and Ingemansson (2004) between 40 and 60 per cent. More recently, by collecting
OEE data from 2006 to 2012 in over 90 companies, Ylipaa, Harlin & Stahre (2007) present
an average number of 51.5 per cent. Consequently, companies are beginning to worry
about keeping track of the parameters that affect production performance (Kumar, Galar,
Parida, & Stenstrom, 2013). Nevertheless, the positive influence of mechanisation is
recognised at various levels of production. It provides enhancements in both quality and
precision, the elimination of potential workplace hazards and decrease in workforce
requirements. Hence, this study assesses whether the implementation of a mechanised
system leads to a reduction in downtime.

RESEARCH DESIGN AND APPROACH

This study was quantitative in nature. It examines the influence of mechanisation on
productivity and downtime. Bryman and Bell (2007) explain that the quantitative
approach involves the use of statistical procedures to analyse the data collected.
Consequently, after the measurements of the relevant variables, the scores were
transformed using statistical methods. For this study to achieve its objectives, the pre-
and post-mechanisation data were collected over time from one large automotive
assembly organisation. The pre-mechanisation results were quarterly data reflecting the
company’s performance over the three-year period prior to the implementation of a
mechanised system. This includes data from the first quarter of 2015 to the final quarter
of 2017. The post-mechanisation data reflect the company’s performance for three years
after a mechanised system was implemented. This includes data from the first quarter of
2018 to the final quarter of 2020.

The organisation is situated within the eThekwini Municipality in the province of
KwaZulu-Natal in South Africa. Data were analysed using the descriptive and conclusive
designs. Conclusive studies are meant to provide information that is useful in decision-
making (Yin, 2008).

PRE-MECHANISATION POSITION OF A COMPANY

The company that agreed to participate in the study had adopted mechanisation in its
roof assembly process in the weld plant. Prior to mechanisation, it was unable to achieve
the set production target of 87 Takt time due to downtime. Takt time is the rate at which
the product is completed in order to meet customer demand (Lebednik, 2012). It
therefore implemented mechanisation in its assembly process in order to reduce
downtime, thus improving plant productivity through standard time improvement. The
mechanised system was directed towards the company’s blue-collar employees whose
jobs require manual labour. The following Figure 1 presents the layout of the roof
process prior to mechanisation.
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FIGURE 1: pre-mechanisation of the roof process
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Source: company records (2021)

The process was designed to move the roof component through five stages of the
assembly, including stages labelled A to E. Some stages were identified as non-value
adding, including C and D. Their inclusion in the process resulted in downtime and low
productivity, hence the introduction of mechanisation at the beginning of 2018.

POST-AUTOMATION POSITION OF A COMPANY

The five-stage assembly process was unproductive and resulted in numerous downtime
instances. Management introduced mechanisation into the process, resulting in a shorter
assembly process, made possible by the introduction of a robot cell aimed at driving the
entire mechanisation process, resulting in workflow reduction. Consequently, the
assembly process was reduced to only two stages, labelled as A and B (see Figure 1). The
following Figure 2 presents the post-automation two-stage roof process layout.
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FIGURE 2: post-automation two stage roof process
Source: company records (2021)
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This diagrammatic representation presents an improved two-stage roof assembly
process emanating from the introduction of mechanisation (see Figure 2). The
introduction of a robot cell aimed at driving the entire mechanisation resulted in the
reduction of downtime and, as a consequence, productivity improvement. Figure 3
presents a schematic representation of the roof process post-mechanisation layout.

FIGURE 3: diagrammatic representation of post-mechanisation roof process

Source: company records (2021)
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Having discussed the pre- and post-mechanisation layout of the roof process assembly,
the following section presents Takt time results emanating from mechanised process.

Post-mechanisation performance implications

The following Figure 4 shows the extent of Takt time capacity improvements emerging
from mechanisation. It shows the progressive improvement in Takt time from 117
minutes in quarter 1; 104 in quarter 2; 93 in quarter 3; and 78.87 in quarter 4, compared

with the standard Takt time of 78.71.

FIGURE 4: standard Takt time changes as a result of mechanised process
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Source: Author’s own work.

SUMMARY OF STUDY RESULTS

This section analyses the results for pre- and post-mechanisation means comparison.
Pre- and post-mechanisation means comparison

Table 1 compares the means (in percentages) for product quality, defects per unit and
downtime.

TABLE 1: pre- and post-mechanisation percentage means comparison.

Variable Pre- Post- % mean
No. mechanisation mechanisation | difference (post -
period (%) period (%) pre)
1. | Product quality 80.83 90.50 +9.67
2. Defects per unit 2.81 2.45 -0.36
3. Downtime 5.15 2.81 -2.34

Source: Author’s own work.
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Results in Table 2 indicate that the pre-mechanisation percentage mean data on product
quality, defects per unit and downtime are 80.83%, 2.81% and 5.15%; respectively. In
addition, the post-mechanisation percentage mean data on the product quality, defects
per unit and downtime are 90.50%, 2.45% and 2.81%; respectively. Table 2 shows mixed
results of mean values on the three variables (that is, the product quality, defects per unit
and downtime) from pre-mechanisation mean data to post-mechanisation mean data.
However, they show an increase in mean values on product quality and a decrease on
both the defects per unit and downtime when post-mechanisation data is compared with
pre-mechanisation periods. This indicates the effect of mechanisation on the
organisation that participated in the study.

Equality of pre- and post-sample variances

The Bartlett’s test was used to verify whether the variances were equal for all the samples
(Curwin & Slater, 2002). The following Table 2 presents a summary of the results from
the Bartlett’s test for homogeneity of variances.

TABLE 2: Bartlett’s test for homogeneity of variances

Variables means of | standard deviations of | P-Value
transformed data | transformed data

Product quality 85.667 6.559

Defect per unit 2.092 1.599 0.001

Downtime 3.980 1.960

Source: Author’s own work.

The p-value in the Bartlett’s tests (at p>0.05) shows that homogeneity of variances has
occurred, thus rejecting the null hypothesis. The p-value at 0.001 is low when compared
with the significant level of 0.05. It can be concluded that there are distribution changes
between the two parts of time-series.

DISCUSSION

This study investigates the influence of mechanisation on the improvement of the roof
assembly process in the selected automotive assembly organisation in South Africa. It
examined the production and related experience of the automotive assembly
organisation that has adopted mechanisation in its operations.

The assembly processes of most manufacturing systems are conducted manually by
employees with minor levels of mechanisation, primarily because of the complexity and
the high cost of automated assembly operations (Groover, 2010). Over the years, the
industrial managers have been looking for ways to enhance productivity, product quality
and efficiency of the assembly line. This has led to the assembly lines not operating at
their maximum capacity (Groover, 2010). There are times when the assembly lines have
downtime with the productivity rates being lower than those calculated by the operating
manuals. Hence, various methods have been used to improve productivity of assembly
lines (Grewal, 2011). For this study to achieve its objectives, pre- and post-mechanisation
process layout in the roof assembly was assessed. In addition, quarterly time series data
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on product quality, defects per unit and downtime were used to analyse data. This
includes data on Takt time. The results indicate that mechanisation has an influence on
product quality, defects per unit and downtime.

IMPLICATIONS OF RESULTS FOR POLICY AND PRACTICE

The automotive industry relies heavily on robots in their body shop assembly processes
(Lamsal, 2018). The amount of welding that is applied in order to connect the different
parts of the vehicle requires high efficiency, constancy and precision, which makes it an
ideal job for a robot. The robots can be programmed to conduct the same operation the
same way every cycle for a very long period of time, with minimum maintenance required
(Kirui & Von Braun, 2018). Consequently, the South African automotive assembly
organisations should revise their performance management systems and implement
mechanised practices that help to achieve new productivity goals and support
organisational and cultural change (Grewal, 2011). This must be based on an
understanding of the economic factors affecting mechanisation in operations. Besides
the achievement of the study objectives, the following conclusions can be made on the
adoption of mechanisation:
1) It has a potential for reducing errors, improving quality and augmenting human
capacity (Bejakovi & Mrnjavac, 2020).
2) It is associated with increased productivity and a safer worker environment
(Miiller et al., 2018b)
In order to maximise performance, a comprehensive performance policy must be
developed that aligns mechanisation to productivity and product quality in the
manufacturing process (Autor, 2015).

STUDY LIMITATIONS

The study was limited to an automotive assembly organisation within the eThekwini
Municipality. The investigation was conducted in a single company that has adopted
mechanisation in its assembly process. As there are eight registered assembly
organisations in South Africa (SAinfo, 2018), the results cannot be extrapolated to other
companies within the sector. Future studies ought to use the more advanced Johansen
VAR methodology, which relies on large datasets.

CONCLUSION

Mechanisation has been perceived by researchers as having numerous benefits for the
industry, one of these being that mechanisation is related to the productivity of industrial
activities (Miiller et al., 2018a). It minimises or reduces labour content, so it maximises
the performance of the production with less time required (Lamsal, 2018). Thus, the
industry gains in productivity along with mechanisation (Fiscor, 2016). Singh (2006)
confirmed a positive correlation between productivity and mechanisation. Thus, Abbas,
Yang, Ehsan, Khurram, Riaz, and Tahir (2017) assert that increasing productivity requires
more efficient mechanisation. Although mechanisation is a type of investment in the
industry, it is essential in increasing the productivity of activities (Kirui & Von Braun,
2018). Hence, the study revealed the relationship between the product quality and the
quality of service offered by the organisation after mechanisation.

2659



SPECIALUSIS UGDYMAS / SPECIAL EDUCATION 2022 1 (43)

FUTURE RESEARCH REQUIRED

During the course of this study, issues relating to the long-term survival of mechanisation
after implementation were not covered. This includes the applicability of mechanisation
to a wider sector of the economic activity, including the public sector. The nature of this
research did not allow these areas to be covered in depth, and it is therefore
recommended that future research should examine the following issues in greater depth:
e when to use and when not to use mechanisation in the process;
e the applicability of a mechanised approach to other industrial sectors;
e the process followed during the implementation of mechanisation; and
e a more comprehensive investigation should be carried out using a randomised
sample of the registered automotive manufacturers that use mechanisation
strategy to see if the results can be generalised.

The study investigated the influence of mechanisation on quality in the automotive
assembly organisation in South Africa. The pre- and post-mechanisation quarterly data
from company records were collected, including the data on Takt time. It established that
mechanisation improved productivity and product quality in the selected automotive
organisation of South Africa.
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