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Abstract: The complexity of industrial plants in terms of interactions between humans and their industrial working 
environment continuously provides challenging problems for researchers working in this specific field. In recent 
years, more and more importance has been attributed to ergonomic problems, particularly those related to the 
workstation design in manufacturing, because of its effects on system performance and productivity. Nowadays, an 
ergonomic optimization approach is essential in the phase of design of work environments, or for its reorganization. 
This approach attempts to achieve a balance between the worker’s capabilities and needs, in order to optimize its 
productivity, as well as provides the worker physical and mental well-being, job satisfaction and safety.   
The main goal of the proposed research work is to analyze different ergonomic methodologies applicable to a 
production environment, in order to simulate the working environment and identify the most efficient operating 
configuration. 
The research work is focused on the analysis and simulation of the main process operated in a factory, located in 
South Italy, and devoted to the production of doors. The phase of modeling and simulation has been supported by 
the use of a ergonomic simulation tool, Jack, which provides a set of resources for the design of the layout, the 
simulation of the flow of materials and human activities in a 3D environment.  The phase of virtual design has been 
characterized by an initial phase of modeling. Then the operations performed by the worker at all stages of the 
process were examined, focusing the attention on the operations executed by the workers assuming an incorrect 
posture or characterized by other abnormalities. Finally, corrective actions to adopt in order to avoid or reduce risks 
emerged from the analysis are identified. 
The research work led to the identification of a series of solutions that can be adopted in order to improve the 
working system and the plant layout and to satisfy the ergonomic constraints.  The methodological approach used in 
this work can represent a reference model for future works for the design and analysis of production environments.   
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1. Introduction 
 
Ergonomics is defined as "the scientific discipline that 
concerns with the understanding of the interactions 
among humans and systems, [..] and applies principles, 
theories, data and methods to design in order to optimize 
human well-being and the overall system (IEA, 2003).  
The ergonomic approach used for the design and 
evaluation of workstations enables workers to fully 
achieve the expected results with minimal effort, without 
error and with appropriate levels of comfort and 
satisfaction. In addition, the application of ergonomic 
principals promotes the health and safety of operators 
and influences the human performance, the level of 
productivity of a workstation and the job satisfaction of 
workers.  
The application of ergonomics standards is oriented to 
the evaluation and design of equipment, operating 
procedures and workstations design on the base of the 
tasks that operators execute. 
The evaluation of ergonomic risk levels associated to 
workstation represents the first step to execute for 
achieving the effective ergonomic design. In this context, 
ergonomic standards can be used to investigate and 
analyse the ergonomics conditions of workplaces.  

Currently, the ergonomic standards generally used are: 
NIOSH 81 and NIOSH 91 equations for lifting tasks 
(NIOSH stands for National Institute for Occupational Safety 
and Health); OWAS for the analysis of working postures 
(OWAS stands for Ovako Working Analysis System); RULA 
for the estimation of risks of work- related upper limb 
disorders (RULA stands for Rapid Upper Limb Assessment); 
OCRA for the analysis of workers exposure to tasks 
featuring with various upper-limb injury risk factors 
(OCRA stands for Occupational Repetitive Action). 
A complete review of these methods has been proposed 
by Cimino et al., (2008-a), Bossomaier et al., (2010). 
NIOSH 81 calculates the action limit (AL) and the 
maximum permissible limit (MPL). NIOSH 91 
additionally to the NIOSH 81, includes the 
recommended weight limit (RWL) and the lifting index 
(LI). Additional information about the cited ergonomic 
standards can be found in Niosh Technical Report (1981) 
and Waters et al. (1994).  
The OWAS analysis consists in a qualitative analysis of 
the movements executed by workers while performing 
working process. This analysis calculates the stress 
associated to each body posture and classifies them stress 
categories (optimum, almost acceptable, high, very high 
stress level).  
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The RULA analysis is used for estimating the risks of 
work-related upper limb disorders. This analysis can be 
conducted before and after an intervention of 
improvement to demonstrate that the intervention led to 
lower a reduction in the value of the risk of injury. The 
RULA action level is a function of the degree of injury 
risk and it indicates the urgency related to the need to 
change the way of carrying out the operations analysed. 
OCRA analyses the exposure of worker to tasks featuring 
with various upper limb injury risk factors (repetitiveness, 
force, awkward postures and movements, lack of 
recovery periods). The most important OCRA methods 
are OCRA index and OCRA checklist. The OCRA index 
can be predictive of the risk of upper extremity work 
related to musculoskeletal disorders in exposed 
populations. It is generally used for the re-design or in 
depth analysis of workstations and tasks (Colombini et al. 
1998, 2002). The OCRA checklist is simpler to apply and 
is generally recommended for the initial screening of 
workstations featuring repetitive tasks (Occhipinti et al. 
2000; Colombini et al. 2002). 
The above-mentioned ergonomic standards, along with 
other analysis tools, have been implemented in different 
simulation software. The use of these software allow to 
design new workstations or revise existing operating 
configurations, to speed up the analysis to be carried out, 
to compare different solutions, to choose the operating 
configurations that reduce ergonomic risks, maximizing 
the production, (Mirabelli, 2007). The most popular 
softwares used for the ergonomics analysis are eM-
Workplace (made from UGS Corporation) and Jack 
(made from Siemens). 
The former is 3D simulation software used for the 
design, analysis and optimization of workplaces and 
operations performed by users. eM-Workplace makes use 
of various methods of ergonomic analysis for evaluating 
correct postures, energy expenditure and lifting force, as 
well as the cycle times required for the realization of a 
product implements the Methods Time Measurement 
(MTM) (Cimino et al., 2008-b). 
The second, Jack, is generally used to analyse real 
workstation in virtual environment, propose solutions to 
improve the operator’s performances and optimize the 
time cycle of the operation executed. Jack has been used 
for the analysis of the case study proposed in this paper. 
This paper is organized as follows. In Section 2 are 
explained the main features of materials and methods 
used for the analysis of the case study. Section 3 is 
dedicated to description of case study, with a particular 
focus on the description of the manufacturing system 
and of the ergonomic analysis carried out. Finally, in 
Section 4 Results and Conclusions are discussed.  
 
2. Materials and Methods 
 
Jack is a tool used for the simulation and optimization of 
production processes. It provides a set of resources for 
the design of layout and the simulation of the flow of 
materials and of the human activities executed in 3D 
environment. 
In the phase of modelling of object such as materials, 
machineries and equipment, Jack is supported by the use 
of specific CAD software, such as Rhinoceros. 

Compared to other simulation software for ergonomic 
analysis, this tool is equipped with an additional 
component, the Task Analysis Toolkit (TAT). This 
component allows to optimally designing the manual 
working activities performed in any manufacturing 
company.  
T.A.T. provides a series of tools to: (i) design 
workstations that minimize the risk of injury in the lower 
back; (ii) determine whether a worker is capable of 
strength to carrying out the work task assigned; (iii) 
design and evaluate the lifting work; (iv) determine the 
energy required to perform work; (v) compare alternative 
ways of working based on the risk fatigue; (vi) analyse the 
working posture to evaluate the workers exposure to 
injury; (vii) identify the manual operations that contribute 
to the exposure of workers to the risk of upper limb 
disorders; (viii) evaluate the activities of the manual 
handling of loads;  (ix) determine whether a worker is 
able to perform the task assigned in a predefined time. 
The analysis that can be performed using TAT and the 
related tools are described as follows. 
The Low Back Analysis Tool permits to analyse and 
evaluate the efforts suffered by spine and the forces 
acting on the lower back, in any posture and load 
condition. It determines the compressive strength of the 
L4/L5 vertebral disc and compares it to the force limits 
imposed by the NIOSH standard. 
The Static Strength Prediction Tool evaluates the 
percentage of a population of workers who have the 
strength to perform a task on the base of the posture, 
stress and anthropometric requirements. It allows varying 
the parameters that affect the ability of strength, posture 
and hand loads in order to design or redesign a manual 
task. 
The NIOSH Lifting Analysis Tool evaluates the 
symmetrical and asymmetrical lifting between the object 
to be moved and the hands of the worker. It returns a 
dialog box containing information about recommended 
weight limit (RWL), lifting index (LI) and the cumulative 
lifting index (CLI). This information can be used to 
prevent the effort related to low back pain and disability.  
The Metabolic Energy Expenditure Tool calculates the 
metabolic energy expenditure of a work activity on the 
base of the characteristics of workers and of the 
description of the simple tasks that make up the work 
and it identifies the tasks with the greatest impact on 
energy expenditure.  
The Fatigue and Recovery Analysis tool calculates the 
needed recovery time related to a specific work and it 
compares the resulting value with the available rest time, 
in order to avoid fatigue of workers. It provides the user 
with a real-time graph that allows monitoring the part of 
the body affected by the stress and the fatigue 
accumulated during a simulation.  
The Ovako Working Posture Analysis (OWAS) Tool 
verifies the most comfortable postures and determines 
the urgency of introducing appropriate corrective actions. 
OWAS tool assigns a score called "corrective action" to a 
specific posture, defined on the base of pre-determined 
load requirements. It is possible to set data on the 
software considering the extreme posture and evaluate 
the posture itself on the base of the location of the back, 
arms and legs. 

XIX Summer School "Francesco Turco" - Industrial Mechanical Plants

239



The Rapid Upper Limb Assessment (RULA) tool permits 
to assess the exposure of workers to the risk of upper 
limb disorders. The evaluation is carried out on the base 
of a pre-determined manual task considering posture, 
used muscles, the weight of the object to move, the 
duration and frequency of task. In addition, it is possible 
to assign a score to the assessed task to indicate the 
degree of intervention necessary to reduce the risk of 
injury due to the upper limbs.  
The Manual Material Handling Limits Tool is useful for 
evaluating and designing manual handling activities that 
involve lifting, lowering, pushing and transport, with the 
final aim of reducing the risk of low back pain. This tool 
uses a series of tables to calculate the maximum weight 
and strength, on the base of a specific value of 
percentage of the population of skilled workers.  
These tables can be used also for calculating the 
percentage of skilled workers, on the base of a specific 
weight or strengths relative to a task.  
The Predetermined Time Analysis Tool calculates the 
total cycle time of a work activity by splitting the related 
work in single movement activities that can be defined 
according to MTM.   
A cost of time can be assigned to each movement. The 
predetermined time systems assist in the prediction of 
the total cycle time of a work. Moreover they do not take 
into account the fatigue and it is necessary to use caution 
in applying the times of movements for the work 
activities that require significant efforts. 
 

3. Case study 
 
This paragraph introduces the work carried out, focusing 
on the description of the company under study and on 
the executed ergonomic analysis.  
 
3.1 Company description 
 
The proposed research work is based on the analysis of 
the ergonomics condition affecting a real case. In 
particular, the industrial plant under consideration is 
devoted to the production of internal and external doors.  
The manufacturing plant is located in the industrial area 
of Rende (South Italy). 
The company involves 15 workers. The majority of the 
machineries involved in the production phase are semi-
automatic and this condition requires the presence of at 
least one operator in each workstation. 
The layout of the production plant is showed in Figure 1.  
The organization of the plant product has been defined 
in order to ensure the high production flexibility: 
products, in fact, are variable in number, type, used 
materials and technological solutions adopted. In 
addition, the manufacturing plan is defined considering 
customer commitments (medium-term planning), 
customer needs and availability of materials. 
The main problems identified in the production phase 
are related to the presence of objective constraints due to 
the standardization of the production life cycle and to the 
physical effort required. In order to solve these issues, a 

Figure 1 Plant Layout 
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series of analysis have been carried to satisfy the 
ergonomic standards.   
As a consequence, the main goal of the research work is 
to identify alternative working methods in order to 
reduce the processing time and to increase the 
productivity of plant according with the ergonomic 
principles. 
The study of analysis is carried out considering the work 
activities required for producing a batch of one hundred 
of door in wood veneer.  
The activities required by this production process 
processing stages necessary for the doors production are 
specified in Table 1. 

Table 1 Activities involved in the production process 
 

Activities involved in the production process of doors 
in wood veneer 
Squaring and cutting of rough boards 
Implementation of the internal structure of the door 
Cutting and sewing the veneer 
Bonding of the two double-sided MDF and veneer 
Pressing the door panel 
Calibration of the door panel 
Squaring the pantograph 
Edging the door panel by hand 
Realisation of holes for joint and lock 
Cutting the jambs 
Manual or mechanical sanding of the door panel 
Painting of the door 
Assembling the door, with manual input of joint 
Packaging of the door 
Transportation of door in Final Products warehouse 

 
In the first part of the work, the different work activities 
have been classified and preliminary analysed. The results 
of the preliminary analysis showed that the stage of 
squaring is the operation more critical from the 
ergonomics point of view.  
The squaring operation consists of the sequence of 
activities listed in Table 2. 

Table 2 Activities of squaring 

Description of typical activities during squaring  
Setting and starting the machine 
Transportation of the board from the pallet to the machine 
Squaring of the board 
Repositioning of the board for preparing cutting 
Cutting of the board to create panels 
Transportation of cut panels from the machine to the 
platform 
Stacking of panels 
Placement of panels on the platform 

 
In order identify some solution for improving 
ergonomics conditions at the squaring stage a series of 
analytical methods have been implemented using Jack. 
From the operational point of view, the work has been 
carried out considering the steps reported as follow:  
• Reconstruction of the workplace in the virtual 

environment;  
• Definition of a simulation code that allows the 

simulation of the work activities actually carried out 

by the operators;  
• Analysis of the results of simulations; 
• Reconfiguration of the workplace in order to 

eliminate the problems identified. 

3.2 Ergonomic Analysis  
 
The simulation process and the ergonomic analysis have 
been focused on the most critical workstation from the 
ergonomic point of view, the squaring workstation. 
The workstation has been initially recreated in the virtual 
environment using both the object contained in the 
library of Jack both the object created using the software 
CAD Rhinoceros.  
The virtual model of workstation is showed in Figure 2, 
while Figure 3 shows the real environment.  
 
 

	  
Figure 2 Virtual model of the workstation 

	  

	  
Figure 3 Real Environment 

In order to simulate the activities carried out by workers, 
the anthropometric features of real worker have been 
assigned to the human model recreated in the virtual 
environment. In addition, the simulation parameters have 
been defined considering: (i) the work method firstly 
used; (ii) the characteristics of weight and encumbrance 
of raw materials; (iii) the accurate measurements of 
position and movement of the boards to cut; (iv) the 
initial and final positions of material and equipment; (v) 
how setting aside material; (vi) the spaces of workers 
handling; (vii) the time taken by the operator machine to 
perform the cutting operation. 
The reconstruction of the virtual environment allowed 
simulating different scenarios and permitted to verify the 
compliance with the ergonomic standards, such as in 
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Cimino et al., (2009), Cimino and Mirabelli, (2010), 
Cimino and Mirabelli, (2011). 
The first analysis carried out was the Fatigue and 
Recovery Analysis. The input data considered in this case 
are: loads to be handled (20 kg), initial and final position 
of boards, time cycle obtained through the timing on real 
activities (75 sec), frequencies of work repetitions. The 
results achieved show that the recovery Time Available is 
23 seconds, while the admissible value is 25 seconds 
(Figure 4). 
 

	  
Figure 4 Fatigue and Recovery Analysis 

The Low Back Analysis was performed on the sequence 
of work including picking, cutting and final placement. 
The input data used in this analysis are: weight of board 
(20 kg); effort equally divided on the arms; symmetrical 
position of the arms with respect to the weight to be 
lifted; positions of board in the three stages of 
processing. The results of the Low Back Analysis 
highlight the presence of criticalities in the lifting 
activities. For this operating configuration the maximum 
limit permitted by NIOSH standard is 3400 N (Figure 5). 
The results obtained from the simulation returns 1265 N 
for the first task (picking and loading) and 4623 N for the 
second task (release, transport and storage of the 
material). The first value is compatible with limits, while 
the second indicates a value of intermediate risk that 
requires to be eliminated. 
 

	  
Figure 5 Low back Analysis 

The Manual Material Handling Limits Analysis was 
applied to the picking and transportation activities of 
board on the squaring machine and to the pull/push 
actions required in the phase of cutting of the boards. 
Data considered in input are: weight of board, working 
frequency and lifting elevation. The results obtained 
about the first category of operations show that 78% of 
the male population is able to perform the task assigned 

if considering a repetition every 60 seconds. According to 
the second category of operations, in the pull 
configuration the 56% of male population is able to 
support the effort, while in the push configuration the 
value increase to 65%. The pulling time is 12 seconds 
(frequency 5 reps per minute) and this value meets the 
criteria of NIOSH 81 if considering a work time not 
exceeding 8 hours (Figure 6). 
 
 

 
Figure 6 Manual Material Handling Limits 

	  
The Metabolic Energy Expenditure was analysed 
considering the postures assumed by the operator in the 
real world (standing, sitting, bent, etc.). In this case, 
results show that this condition is not acceptable as the 
limit of 4,122 Kcal / min, imposed by the normative, it 
exceeded of 58% (6,524 Kcal / min) (Figure 7). 
 
 

	  
Figure 7 Metabolic Energy Expenditure 

The NIOSH Lifting Analysis was applied to the 
operations of lifting, introducing the weight constraints 
previously established. In particular, as afore mentioned, 
this analysis defines the values of the indices RWL, LI 
and CLI. The results obtained from this analysis show 
that the second lifting operation is not acceptable.   
On the other hand, the OWAS analysis highlights critical 
conditions for both pushing operation performed by the 
operator during the cutting and the operation of stacking 
conducted at the end of the squaring. The level of risk 
determined in this case is of Level 3 (Figure 8). 
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Figure 8 OWAS Analysis 

The application of the RULA analysis identified two 
dangerous conditions. The former (Level 4) is identified 
in the activities of picking, transportation and load of the 
panels on the squaring machine, while the second (Level 
5) is identified in the phase of stacking (Figure 9). These 
conditions require an immediate revision it the working 
methods currently used. 
 

	  
Figure 9 RULA Analysis 

The Static Strength Prediction was used to evaluate the 
stress focused on shoulder, elbows, chest, hip, knees and 
ankles. The results obtained indicate that the majority of 
the tasks are acceptable and do not cause hazardous 
conditions, while mild stress conditions on shoulders and 
ankles (work task adequate for 75% of the male 
population) are produced during transportation and 
thrust (Figure 10). 
 

	  
Figure 10 Static Strength Prediction 

The time required for starting and completing the 
sequence of operations (time cycle) was evaluated 
considering the MTM method. Every single elementary 
activity requires 1418 MTS, which correspond to 51 
seconds (Figure 11). 
 

	  
Figure 11 Predetermined Time Analyses 

4. Results and Conclusions 
 
The results of the analysis carried out highlight the 
presence of a series of situations in which the ergonomic 
standards are not respected. In order to satisfy the 
ergonomic conditions of the working environment, some 
actions must be introduced during the execution of the 
work plan. These actions include: 

• Use of a fork lift to avoid the continuum bow of 
the worker; 

• Maintenance of the board in the position nearer the 
body of the worker, in order to reduce the effort 
sustained by the operator; 

• Elimination of asymmetric posture, in order to 
distribute the load homogeneously on the body; 

• Decrease in the distance between the origin and 
destination of the raising obtained by positioning 
the pallet and platform as close as possible to the 
machine and ensuring the right freedom of 
movement to the operator in order to avoid 
accidents; 

• Reduction in the frequency of raising or 
corresponding increase in the recovery time. 

• Reduction of total movements executed by the 
body in order to avoid asymmetry. 

These actions have been implemented in the simulation 
model in order to verify the goodness of the final 
solution.  
Focusing the attention of the OWAS analysis carried out 
on the operation of allocation of panels on the platform 
that leads to a stooped posture of the worker, the 
introduction of a forklift allow elevating the platform and 
permitting the maintenance of the symmetric posture of 
the operator. The execution of the new simulation 
model, obtained implementing the above-mentioned 
corrective actions, returns an improvement of one grade 
of risk level (from Level 3 to Level 2). 

XIX Summer School "Francesco Turco" - Industrial Mechanical Plants

243



As regard to the Metabolic Energy Expenditure, the 
introduction of the improving actions led to an estimated 
energy expenditure rate of 5,181 kcal/min that is below 
the recommended value of 8,245 kcal/min, indicating a 
normal risk of muscle fatigue for most healthy workers. 
The RULA analysis carried out on the phase of stacking 
led to an improvement in the overall ergonomic 
conditions. In fact, the level of risk is reduced of 2 of 
score (from Level 5 to Level 3).  
These results highlight the goodness of the implemented 
solution, obtained through the improvement in the 
overall ergonomic conditions. 
In conclusion, the work carried out allowed identifying a 
suitable methodology for the evaluation and design of 
new configurations of work and new configuration of 
existing workstations. This methodology is based on an 
integrated and automated system for the design, 
planning, simulation and optimization of the work 
process that leads to realize the concept of Digital 
Factory, in which virtual operators are able to perform 
standard movements and to simulate different working 
conditions. 
The methodological approach used in this research work 
can be a reference model for the analysis of other 
productive configurations and workstation conditions. 
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