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Abstract

This study aims to analyze the impacts of the lack of ergonomic view in the projects of equipment design on workers’
health from the maintenance sector, in the mining industry context. To understand the operators’ health, maintenance
activities of three types of equipment were analyzed: pump, crusher and sieve. The methodological strategy of
Ergonomic Analysis of the Workplace (EWA) was used. Thus, changes in these activities are required, since some
postures adopted for their performance were considered severe and with high risk. Bearing weight above the shoulders
and uncomfortable positions are conditions resulted from failures in the equipment designs. To alleviate the problem, it
is suggested the adoption of innovative tools or the creation of new supportive devices to improve working conditions
of these maintenance professionals.

Keywords: Activity-centered ergonomics; Equipment maintenance; Mining equipment design.

Resumo

Este estudo tem como objetivo analisar e compreender possiveis influéncias da auséncia de visdo ergondmica na
concepgdo dos projetos de equipamentos, na salde dos trabalhadores do setor de manutencdo, no contexto de uma
indlstria de mineracdo. Observa-se que lesdes no sistema osteomuscular foram responséveis por 63,45% dos
afastamentos na industria brasileira no ano de 2018. Por meio de uma analise ergonémica do trabalho (AET), foram
analisadas as atividades de manutencdo de trés equipamentos: bomba, britador e peneira. Assim, verificou-se a
necessidade de efetuar mudancas nessas atividades, uma vez que algumas posturas adotadas para a sua realizagéo foram
consideradas de grande risco e grave severidade. Suportar peso acima dos ombros e posi¢des incomodas, sdo condi¢bes
decorrentes de falhas na concepcao desses equipamentos. Para atenuar o problema, sugere-se o emprego de ferramentas
de inovac&o ou criacdo de novos dispositivos de apoio para melhoria das condic6es do trabalho desses profissionais de
manutenc&o.

Palavras-chave: Ergonomia centrada na atividade; Manutencdo de equipamentos; Projetos de equipamentos de
mineracéo.

Resumen

Este estudio tiene como objetivo analizar y comprender las posibles influencias de la ausencia de visién ergonémica en
el disefio de proyectos de equipos, sobre la salud de los trabajadores del sector de mantenimiento, en el contexto de una
industria minera. Se observa que las lesiones del aparato locomotor fueron responsables del 63,45% de las bajas
laborales en la industria brasilefia en 2018. Mediante un analisis ergondmico del trabajo (AET), se analizaron las
actividades de mantenimiento de tres equipos: bomba, trituradora y criba. Por lo tanto, existia la necesidad de realizar
cambios en estas actividades, ya que algunas posturas adoptadas para su desempefio fueron consideradas de gran riesgo
y gravedad. Soportar peso por encima de los hombros y posiciones incomodas son condiciones derivadas de fallas en
el disefio de estos equipos. Para paliar el problema, se sugiere el uso de herramientas de innovacion o la creacion de
nuevos dispositivos de soporte para mejorar las condiciones de trabajo de estos profesionales de mantenimiento.
Palabras clave: Ergonomia centrada en la actividad; Mantenimiento de equipos; Proyectos de equipos de mineria.
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1. Introduction

The mining sector deals with several types of equipment whose designs come from a time when ergonomics was not a
major concern (Jasiulewicz-Kaczmarek & Drozymer, 2013). The lack of ergonomic perspective in the design of the pieces of
equipment, without the participation of the “conception actors” (Daniellou, 2007), provides working conditions that are harmful
to the health of the maintenance teams. Thus, operators are exposed to noise, vibration, heat and muscle fatigue that generate
serious ergonomic problems (Leite et al., 2003). Among them, Work-Related Musculoskeletal Disorders (WMSDs) and
Repetitive Strain Injuries (RSI) are stand out (Bulduk et al., 2017; Nadri et al., 2015). Once conceived without an ergonomic
perspective, the equipment maintenance acquire a decisive status in the operators’ illness process.

Searches carried out in academic databases did not identify in the literature studies that relate the lack of an ergonomic
perspective in the equipment design and the illness problems of maintenance teams, especially addressing the mining sector.
Studies found address this relationship, however in other industrial contexts (Jasiulewicz-Kaczmarek & Drozymer, 2013), but
not focusing on mining equipment as in this article. On the other hand, studies focused on mining address the maintenance
management and reliability analysis of these pieces of equipment (Fore & Msipha, 2012; Bascur & Kennedy, 2002), or the use
of standards that address ergonomic issues of industrial equipment operators (McPhee, 2004), without mentioning this
relationship. It is highlighted that with automation, machine learning and other technologies, many pieces of equipment have
become autonomous, and man-machine interaction has become more evident in their maintenance. These changes lead to the
need to consider the perception of the “design actors” during the design phase of the equipment, to ergonomic teams find
measures that eliminate or at least minimize the negative ergonomic impacts to the operators, during the execution of their
maintenance tasks.

Ergonomics applied to equipment design (Ishwarya & Rajkumara, 2020; Carballeda, 1997) aims to find a way to work
focused on maintaining the operators’ health and safety (Daniellou, 2004; Dejours & Deranty, 2010). Daniellou (2004) states
that ergonomics does not see man as an adjustable variable. It is the equipment that must adjust, complement man's strengths
and abilities, minimizing the negative effects of work on their health (Daniellou, 2007).

To enable the equipment design, Daniellou (2007) proposes the perspective of Future Activity Analysis (FAA). The
FAA seeks to solve the ergonomist's difficulty in assessing risk situations, identifying existing situations (reference situations)
that may clarify the conditions of future activity (Béguin, 2007; Daniellou & Garrigou, 1992). The FAA in equipment projects
contributes positively to risk management and mitigates negative ergonomic impacts on the operators’ health.

The lack of an ergonomic perspective in equipment design (Jasiulewicz-Kaczmarek & Drozymer, 2013) leads work-
related illnesses to get worse and worse (Bulduk et al., 2017; Nadri et al., 2015). This worsening can be observed in the
maintenance activity in mining industry, which includes a set of complex and risky tasks (Amalberti, 1996). This activity involves
different equipment that require a specialization of the task to carry out this activity. Design flaws lead to operating modes in
dissonance with the activity prescription, generating ergonomic risks, due to the worker's exposure to situations of postures and
movements that lead the human body beyond its limit (Daniellou et al., 1989).

Even with the increasingly mechanization and automation of these complex activities, they continue comprising a set
of manual tasks (Huysamen et al., 2018; Nadri et al., 2015) that intensify the damage to workers' health. WMSDs, for example,
were responsible for removing 349,050 individuals from the workforce worldwide in 2016, according to the data released in
2018 by the Bureau of Labor Statistics. Besides WMSD, other losses are present such as exhaustion, overworkload and absence
from work (Paula et al., 2016; Nadri et al., 2015), herniated disc, back pain (Bulduk et al., 2017), varicose veins, among others.

In this context, this study aims to analyze the impacts of the lack of an ergonomic view during equipment design on

workers’ health from the maintenance sector in a mining industry. The search for understanding this issue is justified by the need
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to investigate the causes of sick absence from work due to WMSD arose from this lack of an ergonomic view during the design
of these pieces of equipment.

For the development of this research, it was used the Ergonomic Workplace Analysis (EWA). EWA allows us to
understand the work activity, causes and progression of WMSDs (Sharan, 2012). Ergonomics focused on activity analysis seeks
to improve working methods to promote changes in the conditions to perform activities (Laville, 2007; Montmollin, 2007; Guérin
et al., 2001). The mobilization of the operators' knowledge in the work analysis, added to the ergonomist's knowledge, broaden
the power to act on the work. Every intervention at work is a reciprocal learning situation, between the ergonomist and the
operator, in which both build new knowledges (Lacomblez & Teiger, 2007).

The activities observation was guided through 11 out of 37 design guidelines proposed by Mulder et al. (2012). As a
supportive tool, the Rapid Upper Limb Assessment (RULA) was used to assess the risk of WMSD regarding postures and
movements. Thus, it is expected that, from the observation of equipment design failures through these guidelines, it might be
possible to identify the ergonomic impacts suffered by maintenance teams in the mining sector. It is also expected the
development of working environment conditions that focus on health, operators’ safety and the minimization of occupational
diseases (Wigcek -Janka, 2011; Cruz, 2010; Braga, 2007) in the context studied.

Studies show that in the impossibility of changing equipment designs, companies can use technological devices to
mitigate this problem. The equipment design failures analysis can facilitate the development of these devices, contributing to the
mitigation of maintenance impacts on operators’ ergonomic issues. Among these devices, the use of robots to aid the execution
of activities stands out (Huysamen et al., 2018), collaborative interaction activity between humans and robots (Figueredo et al.,
2020; kim et al., 2020), wearable devices, sensors, and robotic technologies, including exoskeletons (De Looze et al., 2016), the
use of virtual reality and augmented reality (Qian et al., 2018), and gamification (Nor et al., 2020; Olszewski et al., 2018).

Therefore, the current research is set as a step towards the implementation of maintenance 4.0 in the studied context.

2. Methodology

EWA seeks to understand the tasks’ performance to provide improvements in working methods and thus promote
changes in the conditions to perform activities (Guérin, 2001). EWA seeks to assess the factors that can directly or indirectly
affect the emerging of musculoskeletal diseases such as RSI and WMSD (Sharan, 2012).

Based on the concepts adopted to carry out an EWA, this study was divided into i) task analysis, ii) activity analysis
and iii) recommendations (validations). The first steps correspond to data collection, namely: demand analysis, analysis of
prescribed work and activity, respectively. The final steps focused on generating a diagnosis of failures in the equipment design
that caused ergonomic problems. Finally, technological trends were presented to mitigate ergonomic problems arising from
equipment design failures.

The task analysis stage began collecting statistical data regarding sickness absence due to WMSD, between the years
2018 and 2020. The data were obtained from the occupational medicine sector of the studied company. These data were compared
to those from the Brazilian Department of Labor for the year 2018.

Also at this stage, to analyze the prescribed work, data from three pieces of equipment were analyzed: pumps, crushers
and sieves, in order to relate the reasons for the absence from work with the deficiencies of projects in the mining equipment.
These pieces of equipment were chosen due to their importance for the production process. For data collection, meetings were
held with the maintenance sectors of these three equipment, to describe the steps to execute the prescribed tasks. As a baseline
to perform the initial stages of the research, as for individual interviews as for written questionnaires (appendix A and B), the

questions presented in Table 1 were used. In addition, it was used a form that assesses their perception regarding 11 out of the
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37 guidelines of equipment design projects proposed by Mulder et al. (2012). With this, we understood the interviewees profile,

the absence reasons and what their perception of the maintained equipment was.

Table 1. Inputed informations on the interviews and questionnaires.

Item Description
Personal information Age, weight, gender, education and years with the company
Assessment of prescribed and performed | Do you notice any ergonomic problems in the equipment design? If so, what are the
activities equipment failures? What kind of discomfort do they cause while performing the activity?
Does this lack of an ergonomic view impact on the execution time of the activities? What
would the consequences be of these design flaws on your health?

Source: Authors.

60 operators were interviewed (30 pump operators, 10 crusher operators, 20 sieve operators and). 30 of them belongs
to the 258 employees who were absent from work during this analyzed period. These interviews were conducted in the company's
training room and each one lasted about 30 minutes.

The interviews were recorded and transcribed for analysis. The data were arranged in tables that aimed to know the
problems faced by the operators, their perception of risk and the respective defense strategies used to prevent accidents, injuries
and other work-related illnesses. The activities were recorded by taking notes during the maintenance activities, randomly
documenting professionals who whether were carrying out maintenance activities or developing preparation activities.

For the activity analysis stage, through monitoring and observation of maintenance activities, with photographic reports
and notes, it was possible to obtain parameters from the operators' perspective in relation to the premises supported by Mulder
et al. (2012), regarding equipment projects. We also analyzed: 1) postures and movements, 2) duration of activity cycles and 3)
risk and severity of accidents.

In the recommendation stage, it was made the correlation between the identified ergonomic problems and the failures
in the equipment design that lead to safety and health problems for operators. This stage consists in answering the research
problem through the study objective, which is to analyze the impacts of the lack of an ergonomic view during the equipment
design on workers’ health from the maintenance sector in a mining industry.

At the end of this stage, the study addresses necessary ergonomic recommendations and possible technological devices
to be implemented following innovation trends applied as best practices worldwide.

3. EWA development

3.1 Statistical analysis on absences from work for musculoskeletal problems

In 2018, the Brazilian Department of Labor presented statistical data regarding absence from work that lasted more than
15 days, either due to accidents or illness. From a total of benefits granted for accidents and occupational illness, out of 196,754
hours, 63.45% are related to problems concerning the musculoskeletal system.

In the company studied, the number came close to this value, with 61.98% in the year of 2020. Thus, a very similar
behavior can be seen among the main reasons for absence from work. It is observed that both the company and Brazilian
Department of Labor present musculoskeletal system injuries as one of the main sources of work absences. Table 2 presents data
from the occupational medicine department of the studied company, regarding the reasons for absence from work due to

musculoskeletal injuries.
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Table 2.Stratification of the top five reasons for sick work absence.

2018 2019 2020
Annual average of Annual average of Annual average of
musculoskeletal problems (%) | 39,18 | musculoskeletal problems | 47,85 | musculoskeletal problems | 61,98
(%) (%)
Other |nt.ervertebral disc 40,72 Other acquwe.d.member 21.44 Other acquwe.d'member 31,12
disorders deformities deformities
Other j(_)l_nt disorders not 16,48 Other nglnt disorders not 21.34 Coxarthrosis (hip arthrosis) 26,91
classified elsewhere classified elsewhere
Back pain 16,38 Back pain 18,89 Back pain 22,69
Acqmr_ed deformities of the 764 Coxarthrosis (hip arthrosis) 16,90 Other mtgrvertebral disc 12,15
fingers and toes disorders
Shoulder injuries 6.99 Other mtgrvertebral disc 14,35 Internal Knee Disorders 522
disorders

Source: Authors.

Between the years 2018 to 2020, it was possible to notice an increase in the annual average, peaking in 2020, with
61.98% of sickness absences related to the musculoskeletal system. There was a constancy in back pain injuries throughout the
analyzed period, taking the third place, in addition to the problem "Other acquired member deformities " occupies the first place
in the years 2019 and 2020.

3.2 Prescribed task analysis
Understanding the maintenance dynamics of the studied pieces of equipment and their characteristics can help to
understand how their project design influence the ergonomic problems presented in this work.

» Centrifugal pumps are used to transport fluids by converting the kinetic energy of

rotation to the hydrodynamic energy of the fluid flow. In their maintenance, due to their size, the connections with the
discharge pipes are above the shoulder line. This implies the need to remain for a long time with arms raised, bearing
the weight of the tools used in the disassembly of the piece, causing discomfort in the musculoskeletal system.

» Crushers are machines used to reduce the size of rocks and stones. For their maintenance, due to their dimensions,
it is necessary to handle heavy parts and tools, which promote great efforts in the musculoskeletal system of maintenance
teams.

> Sieves are equipment used in the process of classifying materials by their particle size. In their maintenance, it is
necessary to get into the sieve, which promotes the need to perform tasks in a crouched position, causing discomfort in

the musculoskeletal system.

In order to evaluate the maintenance task, the perception of 60 operators from the company regarding the assumptions
for designing equipment projects adopted by Mulder et al. (2012) was analyzed. Regarding the demographic data of the
interviewed sample, it was possible to observe that the interviewees are exclusively men, 40% are aged between 31 and 40 years.
Also, 40% of the intervewees have beteween 15 and 30 years in the company, 46.7% are between 1.70 to 1.75 m height and 40%
between 75 and 85 kg. Regarding education, 60% of them have completed high school and 53.3% were absent for more than 10
days.
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Table 3 presents the results obtained through the assessment made by the interviewees regarding the ability to maintain

itself, reliability and supportability of the pieces of equipment, according to the initial stages of the proposed EWA.

Table 3.Operators' perception regarding the design assumptions adopted by Mulder et al. (2012).

Pumps Crushers Sieves
Item Description Status(%o) Status(%o) Status(%o) *0ON
Y N Y N Y N
Design provides enough space around maintenance points. 40,0 | 60,0 | 33,3 | 66,7 | 46,7 | 53,3 | 60,0
g The project design only allows the equipment to be maintained 600 | 400 | 533 | 467 | 467 | 533 | 467
2 .. | correctly
% § Components that are regularly replaced are easy to handle. 26,7 | 73,3 | 13,3 | 86,7 | 40,0 | 60,0 | 733
€ S | There is a safety guarantee by the design itself. 20,0 | 80,0 | 6,7 93,3 | 33,3 | 66,7 | 80,0
§ © | The design places components that often need to be maintained in an

: - - 26,7 | 73,3 | 33,3 | 66,7 | 40,0 | 60,0 | 66,7
easily accessible location.

The design places maintenance points next to each other. 53,3 | 46,7 | 26,7 | 73,3 | 53,3 | 46,7 | 556
Assessment average 378 | 622 | 27,7 | 72,2 | 43,3 | 56,7 | 63,7
«
é ;*E’ The project envisions a design for low-strength use. 20,0 | 80,0 | 6,7 933 | 26,7 | 73,3 | 82,2
o
Assessment average 20,0 | 80,0 | 6,7 933 | 26,7 | 73,3 | 82,2
— The project prevents secondary tasks from consuming too much time.. | 6,7 93,3 | 20,0 | 80,0 | 33,3 | 66,7 | 80,0
§ It was designed to use standard tools. 60,0 | 40,0 | 13,3 | 86,7 | 66,7 | 33,3 | 53,3
= The design ensures that as few techniques as possible are required to
§- - perform a maintenance task. 66,7 | 333 | 200 | 800 | 600 | 400 | 511
» = The project provides understandable maintenance instructions. 73,3 | 26,7 | 46,7 | 53,3 | 60,0 | 40,0 | 40,0
Assessment average 51,7 | 48,3 | 25,0 | 75,0 | 55,0 | 45,2 61,7

Note. * 0N — negative opinion averages (N). Source: Authors.

Given the results of the interviews, it is observed that the majority of the interviewees confirm the lack of ergonomic
vision in the project design, making their activity of keeping the equipment working harmful to their health. According to the
data obtained, it shows that the Reliability criterion is the one that most represents the absence of ergonomic vision during the
equipment design. This criterion has a rejection of 80.0% in crushers, 93.3% in pumps and 73.3% in sieves. Among the pieces
of equipment, activities in crushers were considered more fragile in terms of ergonomics, with 75.0% rejection among operators.

In the initial stages of the proposed EWA yet, table 4 presents the main difficulties of the maintenance task, which offer
risks to operators’ health. These difficulties were raised from the RULA posture assessment tool. RULA was developed to assess
workers’ exposure to ergonomic risk factors associated with upper limb WMSD. RULA, as an ergonomic assessment tool,
considers biomechanical and postural load, task requirements and work demands on the neck, trunk and upper extremities (Joshi
& Deshpande, 2021).

Table 4.Difficulties in the maintenance task which offer health risks.

Maintenance activities difficulties Pumps Crushers Sieves
Bear tools and components weight 18% 23% 9%
Bear tools above the shoulders 22% 12% 6%
Difficult accessibility to maintenance points 18% 24% 28%
Uncomfortable working position 9% 25% 30%
Bear tools away from the body 12% 7% 22%
Use of human force to move components 21% 9% 5%

Source: Authors.
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According to Table 4, in the interviewees’ opinion, bear tools above the shoulders was the most relevant difficulty for
pumps, considered by 22% of the interviewees. For crushers and sieves, the uncomfortable working positions represent the
greatest difficulty, with 24% and 28% respectively. These problems understanding provides a greater comprehension of what

the possible failures are arising from the projects of these equipment that cause ergonomic losses for these operators.

3.3 Maintenance Activity Analysis

To promote an assessment of the maintenance activity, the EWA protocol was adapted using the RULA tool. This
protocol consists of data collection through a questionnaire in Check List form and systematic observation at the place where the
activities are performed. For this analysis, three items were evaluated: A) postures and movements; B) duration of activity
repetition cycles and C) accident risk and severity. The verification sheets address the criteria evaluated in relation to the three

items, which received scores ranging from 1 to 5, being 5 a more critical grade for ergonomic problems and 1 the lightest one.

Posture and movements

Working postures refer to the positions of the neck, arms, back, hips and legs while working. Work movements are the
body movements required to work. Postures and movements were evaluated during maintenance activities for the three pieces
of equipment. This evaluation aims to show whether there is a relationship between the lack of ergonomic vision during
equipment design on posture and on the work movements to-be performed. Within the initial stages of the proposed EWA, Table

5 presents the matrix of movement and posture classification for workplaces.
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Table 5. Matrix of movement and posture classification for workplaces.

@ Description Score__(*)
- P Pump | Crusher | Sieve
1- Free and relaxed j
g 2- Natural posture but limited by work Ii
3 [ 3-Tense due to work q 3 3 3
é 4 - Head rotation or tilt and/or arms elevation above shoulder level "
z
5 - Neck tilted back, with a large force demand for the arms F
1 - In a natural and/or well supported posture, in a sitting or standing position. i
- 2 - Arms in a work-determined position, sometimes slightly tense.
% 3 - Tense arms and/or joints in extreme posture. [ 2 2 3
& 4 - Arms kept in static contraction and/or the same movement continuously repeated r ;
5 - Great strength demand to the arms that perform fast movements. r%
1 - Natural and/or well supported posture, in a sitting or standing position. M
2 - Suitable position, but limited by work. Iﬂh[
]
g 3 - Tilted and/or poorly supported q 4 4 3
4 - Tilted, rotated and unsupported. ‘i
5 - Harmful posture during heavy work. mi
1 - Free position that can be changed voluntarily while working seated. m a
. 2 - Suitable position, but limited by work.
8 "N
Ej 3 - Poorly supported, or improperly performed while standing. j! 4 4 3
T 4 - Standing, on one foot or kneeling, or in a static position. a
5 - Harmful posture during heavy work. E

Note. Adapted from Anohem et al. (1989). *Characterization of actions by the score obtained; 1 (Acceptable) 2-3 (Changes may be necessary)
4 (Changes required) 5 (Change immediately). Source: Authors.

Analyzing Table 5, it was observed that the Back and Hip-Legs received 4, both for pumps and for the crusher. This
score points to the need to make changes in the activity. These equipment maintenance conditions promote moments of tension

and effort, which can contribute to injuries and illnesses for these operators.

Duration of activity repetition cycles
The work cycle is evaluated only in those activities where the task is continuously repeated and determined by the
average duration of a repetitive work cycle, being measured from the beginning to the end of this cycle. Table 6 presents a

classification regarding the duration of the repetitive cycle of the analyzed activities.
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Table 6. Activity repeatability cycle.

Rating

Item Criterion Description

Pump Crusher Sieve
1 Acceptable more than 30 minutes
2 Changes may be necessary from 10 to 30 minutes X
3 from 5 to 10 minutes X
4 Changes Required from 30 seconds to 5 minutes
5 Change immediately less than 30 seconds

Note. Adapted from Anohem et al. (1989). Source: Authors.

In this regard, the assessment was rated between 2 and 3, pointing to the need for changes. It is noteworthy that

repetitiveness under time pressure is the biggest determinant of illness at work (Fernandes, et al., 2010).

Accident risks and severity

Accident risks are related to the frequency of occurrence of the event. Severity is characterized by the magnitude of the

effect. If the accident occurs, the severity is measured in terms of the operator's time of absence. Following the steps of the

proposed EWA, Table 7 presents the scores for the two criteria: risk and severity.

Table 7. Risk and severity of accidents.

Severity Risk
o 3 = o 3
=
Item b £ G s Item = £ % 2
> | 2 ~ rrp < g ~ 7}
%) O = O
The worker can avoid accidents by employing does not cause more
normal safetyfprocedures. No more than one accident Té; than one day of S
occurs every five years. n absence from work -
The worker avoids the accident by following special
instructions and being more careful and vigilant than % causes lessthanaweek | F
usual. It might occur one accident per year. g of absence from work (%
The worker avoids the accident by being extremely
careful and following safety regulations exactly. The @ causes a month of | 3
isk i i i g | X X X 2 X X X
risk is apparent, and an accident might occur every | > absence from work =
three months. @ »
The worker avoids the accident by being extremely | causes at least six
careful and following safety regulations exactly. The | £ months of absence | > 3
- . . <} [
r;]sk is appz:]rent, and an accident might occur every g from work or | 2 =
three months. S permanent disability.

Note. Adapted from Anohem et al. (1989). (X) score given by the respondent during the evaluation process. Source: Authors.

In terms of severity and risk, the assessment was considered severe and serious, respectively. The severity assessment

in this high range points to the need for change. With the consolidation of the evaluated data, it was verified through the

examiner's view that the problems related to the musculoskeletal system are the most latent ones. It was observed that the

activities present risks to the health and integrity of the teams involved.

9
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4. Failures Diagnosis in the Equipment Design that Cause Ergonomic Problems

As proposed by the EWA, through the observation of the activity and with the application of the RULA posture

assessment tool, the data were organized in order to present the difficulties in performing the tasks for the three pieces of

equipment (Table 8).

Table 8. Perception of tasks found in maintenance activities on researched equipment.

Difficulties in the
activity

Pumps

Crushers

Sieves

Bear tools away from the
body

Due to the position of the
suction reel (between the
pump casing and the slurry
tank), it is necessary to keep

Due to several interferences
existing in the hydraulic system of
the crusher shaft drive, it is not
possible to use the tools close to

The drive shaft makes it impossible for
the arms to be close to the fastening
screws, making it necessary to keep the
arms extended during the removal of

Bear tools above the
shoulders

the arms extended during its | the body during the entire -
. L . - the bearing.
disassembly activity. maintenance period.
The casing dimensions (with During crusher crankcase | In casing repair operations, to reach the

sizes greater than 14x127)
provide the existence of parts
and attachments that are
above shoulder height.

maintenance, many of the parts
and fixtures are asssembled above
the shoulder line.

upper sides, it is necessary to support
the sander and electrode holder above
the shoulder line.

Bear tools and
components weight

To disassemble the pumps itis
necessary to use tools such as
pneumatic screwdrivers that
weigh 25kg on average.

To disassemble the crushers it is
necessary to use tools such as
pneumatic screwdrivers that weigh
a 25kg on average , 36” wrenches
and 500kg hoists that weigh 7kg
and 10kg respectively.

In the reforms and repairs of the
internal structure of the sieves, as the
operator must be inside it, below the
level of fixation of the screens, it is not
possible to use overhead cranes. In this
way, the tools and parts used in this
operation are kept with human strength.

Difficult accessibility to
maintenance points

To disassemble the pump
suction it is necessary to stand
between the slurry tank, the
suction valve, the flanges and
the pump casing, giving
limited space to move.

As in the crusher hydraulic system
there are many oil and water pipes.
To reach some parts it is
impossible to maintain an upright
posture. The operator "working
sideways" exposes his spine to
mechanical stress.

For repairs to the main pipe and
channells it is necessary to get into the
sieve. The operator works lying down,
being limited in his movements.

Uncomfortable working
position

To disassemble parts such as
the casing, rotor, volute wear
plate and pipes, it is necessary

to remain standing or
crouched  during  these
activities.

To disassemble parts, such as the
hydraulic system, coating, axle,
among others, it is necessary to
remain standing or crouched
during these activities.

In the maintenance of the internal
components of the sieves such as the
main pipe, channell, fastening rulers
and screens, it is necessary to get into
the sieve. The working position is lying
down or crouched.

Moving heavy
components and oxy-
fuel cutting assemblies
with human force

Replaced parts and oxy fuel cut sets are transported using human force, pushing a platform car for more than

100m.

Source: Authors.

According to the data collected, from the maintenance activities observation in the three studied pieces of equipment
(Table 8), it can be noticed how the interaction between the body of the maintenance teams and the equipment maintained is.
Thus, it is possible to identify postures that cause effort or discomfort to the musculoskeletal system. Among the inappropriate
postures, it is observed being crouched; standing for a long time; staying with arms raised above the line of the shoulders; using
of human force as a way of transporting parts, among others. These postures come from the failures in these equipment design,
which did not use the vision of future activity, to predict situations like these and thus outline mitigation measures.

The search for solutions to achieve the goals that provide more safety for workers in the mining industry, from the
ergonomic maintenance point of view, presupposes the mobilization of professional design skills, which may involve technical

areas (engineering, design, information technology, etc.) as well as the organizational structure. In this case study, it can be seen
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that the lack of "design actors”, as called by Daniellou (2007), in the equipment designs involved in the study, lead to risky
situations for the safety and health of workers involved in their maintenance. Reports of the difficulties encountered by these
professionals, during the execution of their activities, demonstrate their dissatisfaction. Reports such as, “at the end of the day
my legs are sore” (Operator 01)! or “it is strange how after a while with the arms up, the equipment part seems to get heavier”
(Operator 02)! or, “after crouched for a long time, when I get up I get dizzy” (Operator 03)! or even, “the jolt that this platform
cart causes in the arm, if we distract it may hurt us” (Operator 04)!. These arguments were recurrent during the interviews.

The findings show that even with studies aimed at improving the ergonomic conditions of maintenance activities, there
is still a gap for studies with regard to mining equipment. These pieces of equipment were conceived in the 20th century and
have presented difficulties to be modified. The use of human force, as a form of traction for vehicles to transport parts and oxy
fuel cut assemblies, for example, is still part of the routine of these professionals. Thus, they need to adapt to these conditions,

creating their own strategy or being affected by occupational diseases to which they are exposed to.

5. Technological Trends to Mitigate Ergonomic Problems Arising from Equipment Design Failures

It is verified in the study that due to the physical characteristics of the pieces of equipment, as they are large and heavy,
it is necessary to make great mechanical efforts during maintenance activities. As stated in the study, these pieces of equipment,
conceived in the 20th century, showed little design evolution. The evolutions given to them were mainly restricted to the use of
more durable materials or improvements to promote greater operational performance. However, no changes were observed to
fullfill this lack of ergonomic point of view in the equipment design, as defended by the concept of design actors (Daniellou,
2007). Thus, what is verified here is the latent need to “remedy” the problem. Working reactively, creating devices that help
operators to eliminate situations that are harmful to their health, or at least reduce their exposure to these agents.

Given the difficulties found by operators, it is suggested the use of new technologies as mitigating actions. With
technological advancements in the human-robot relationship, which aim to safeguard the worker's well-being while optimizing
the system's productivity and performance, the exoskeleton stands out as a successful innovation (Figueredo et al., 2020; kim et
al., 2020; Spada et al., 2017).

Physical assistance projects to activities with robots, cobots or wearable assistants, such as exoskeletons or assistive
technology devices for physical disabilities are already a reality (Giovanelli & Vareille, 2018). For Viteckova et al., (2013),
commercially available exoskeletons have been predominantly used for rehabilitation purposes. These devices are made to
support and assist physically weak, injured or disabled people with prescribed exercises and activities. De Looze et al. (2016)
highlight the importance of demonstrating the effectiveness and safety of these technologies in order to support their uptake by
industry.

It can also be mentioned the fixed or mobile base manipulators very widespread in the automotive sector, as a way of
solving the anti-ergonomic weight-bearing conditions to which these operators are subjected (Katz et al., 2006). The application
of Automatically Guided Vehicles (AGV) to transport parts is also a reality in other industrial sectors and can be a solution for
eliminating human force in the activity of transporting tools and parts (Das, 2016). There are also mechanical weight canceling
devices that, through reactions by springs or counterweights, are capable to eliminate human-induced weight bearing (Yamada
etal., 2011).

Therefore, using these technologies presented can be a way to remedy the ergonomic deficiencies found in the
equipment design studied in this article, in order to contribute to improve the mining operators’ health condition. According to
the final stage of the proposed EWA and, given the study trends mentioned for mitigating the reported problems, the study points

to some technologies capable to mitigate the negative effects on the operators’ health during the maintenance activity (Table 9).
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Table 9.Trend suggestions as a mitigation solution for ergonomic risks.

Difficulty found in the activity Pumps/ Crushers/ Sieves

Bear tools and components weight Exoskeletons (Viteckova et al., 2013); Weight cancellers (Yamada et al., 2011).

Bear tools above the shoulders Active exoskeletons (De Looze et al., 2016); Weight cancellers (Yamada et al.,
2011).

Robots (Giovanelli & Vareille, 2018).

Difficult accessibility to maintenance points

Uncomfortable working position Exoskeletons (Viteckova et al., 2013).

Bear tools away from the body Manipulator arms (Katz, et al., 2006); Weight cancellers (Yamada et al., 2011).

Use of human force to move components Supportive vehicles (Das, S. K., 2016).

Source: Authors.

It is verified, according to Table 9, that these technologies can be applied with the intention of favoring ergonomic
conditions in the maintenance of the three pieces of equipment in the study. Exoskeletons, manipulator arms and weight
cancellers can all contribute to weight problems and unpleasant positions for the human body. Finally, robots can replace humans

in hard-to-reach places, and supportive vehicles contribute to the use of human force to transport parts and tools.

6. Conclusions

This research aimed to assess the impacts of the lack of an ergonomic perspective in the equipment design on the
maintenance operators’ health, in a mining industry context. For Bolis et al. (2020) one of the main goals of ergonomics is to
transform work processes into a deeper understanding and involvement of workers.

To gather data about ergonomic factors of the maintenance activity, a survey questionnaire was conducted among
workers in the mining maintenance sector. This approach allowed workers to participate in the improvement, as they are the
main focus of this study.

During the data analysis phase, there was a convergence between data from the Brazilian Department of Labor and the
company studied. According to data from the Brazilian Department of Labor, out of 196,754 hours granted due to accidents and
illness at work, 63.45% of them refer to problems related to the musculoskeletal system. In the company studied, this number
came close to this value, with 61.98%.

According to the results of the prescribed task analysis, it was observed that tools above the shoulders were considered
the greatest difficulty among 22% of pump operators. For crushers and sieves, the biggest difficulty was the uncomfortable
working position, with 24% and 28% respectively.

In the activity analysis phase using the RULA tool, the Back and Hip-legs required changes were observed (both
received score 4 for pumps and crusher). According to the operators' evaluation, 63.7% of them agree that there is a problem to
keep the maintenance capability. Another 82.2% reject the reliability premise and 61.7% see the lack of ergonomic view in the
supportability for maintenance item.

The conception of these huge pieces of equipment took place in an age when they were designed to be robust and to last
for many years. Given the difficulty of modifying the designs of the studied pieces of equipment, it is suggested the use of
technological solutions such as exoskeletons, collaborative robots, weight cancellers and autonomous supportive vehicles for
transporting parts and tools. These solutions seek to reduce the negative impacts of equipment design failures on operators’
health. They are also able to support weight, or promote rest for the musculoskeletal system of operators in crouched tasks. The

use of virtual reality also represents a way to train operators in the prescribed tasks.
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Even with all the technological advancements and the coming of industry 4.0, it is clear that the maintenance sector has
cutting-edge technology but it still has equipment from the first industrial revolution age. Tools such as hammers, levers,
wrenches, among many other manual work still contrast with the technological advancements present in industrial maintenance
4.0. Allied to this, the lack of space to the operator poses himself during maintenance, the lack of ergonomic positions to eliminate
harmful conditions to health and the weight of parts and components lead us to a worrying situation in this sector.

The research gave birth to new theoretical discussions such as the mining equipment obsolescence from the point of
view of the design actors of Daniellou (2007). It also allowed for an initial proposal on how companies can improve the synergies
between ergonomics and deficiencies in equipment design, in practice, through the insertion of risk mitigation devices. Hence,
the current research offered a kind of diagnosis of the situation and potential for further studies development, project reviews or
creation of supportive devices to improve ergonomic requirements.

As the studied pieces of equipment in the research are used in all mining companies, the research was limited to observe
only a single company, showing its reality in comparison with data from the Brazilian Department of Labor and Employment.
Despite this, it is observed that this problem is experienced by most companies in this sector. Another limitation is mentioned
that the technologies presented here are not yet set as a reality in this sector, thus requiring an empirical validation.

For future researches, based both on the article and on the literature used, it is suggested a greater interaction of the
ergonomic in the industrial equipment design stages. In this context, a new industry emerges, that creates devices that facilitate
maintenance and that provide safety, ergonomics and productivity to operations. Studying the equipment design failures and
proposing supportive solutions by using devices or accessories are presented as an excellent gap for further studies. The study
of these solutions can improve these professionals’ health as well as better operational performance of these industrial processes.

These researching lines are important for society, since the company data corroborate with data from the Brazilian
Department of Labor and Employment. Furthermore, all mining companies use the same pieces of equipment. Future studies
with more companies from the same field will be able to certify the impacts of the lack of ergonomic aspects in the mining

equipment designs and verify the prevalence or not of the same problems mentioned here.
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