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RESUMEN: En este trabajo se muestran las evaluaciones que se realizaron dentro 
de una empresa manufacturera electrónica ubicada al noroeste de México, con la 
finalidad de detectar las condiciones de riesgo tanto ambientales como las 
relacionadas con el diseño de la estación de trabajo, este estudio se centró 
principalmente en la iluminación en un área de la empresa que demanda esfuerzo 
visual por la naturaleza de las tareas allí realizadas. El análisis de posturas y 
levantamiento de cargas realizadas por los operadores se llevaron a cabo dentro de 
diferentes áreas en las instalaciones ya que, por decisiones de la empresa, se 
consideró mejor no tomar en cuenta la misma área en la que se evaluó la 
iluminación; a su vez se hizo uso del método NIOSH para comprobar la existencia 
riesgos potenciales para los operadores en la realización de tareas específicas. 
Como parte del presente trabajo, para cada situación riesgosa se presentan 
soluciones tentativas con el fin de que éstas sean tomadas en consideración por la 
empresa. 

 
Palabras clave: rediseño de estaciones de trabajo, la iluminación, los factores de 
riesgo ergonómico 

 
Relevancia pata la Ergonomía: En este artículo, se ha podido confirmar la eficacia 
de la aplicación sistemática de un conjunto de herramientas y metodologías 
ergonómicas validados con el fin de proponer mejoras para una empresa dedicada 
a la manufactura de productos electrónicos. Es importante reconocer la eficacia de 
las herramientas mencionadas en la detección de factores de riesgo de alta 
prioridad, con el objetivo de mejorar el nivel de productividad en la empresa objeto 
de estudio, así como las condiciones de trabajo en que los operadores realizan sus 
tareas cotidianas relativas a las empresas industriales 
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mexicanos. Además, una propuesta de mejora se ha hecho en lo que se refiere de 
la media para el transporte de cargas mediante la incorporación de un nuevo 
dispositivo de transporte que fue especialmente adaptado a la actividad realizada, 
con la observación de una disminución significativa en el esfuerzo exigido por la 
tarea. 

 
ABSTRACT: In this paper, assessments from an electronic manufacturer located in 
the northeast of Mexico are shown, aiming to detect the risk conditions regarding 
both environmental and workstation layout. This study is primarily focused in 
illumination conditions inside an area where high visual performance is needed due 
to the nature of the tasks required. Both, postural and lifting assessments performed 
by operators, were developed within different areas in the facilities,  since the 
company considered more appropriate not taking into account the area where the 
illumination conditions were evaluated; additionally, the method NIOSH was used to 
confirm the existence of potential ergonomic risks for the operators in performing 
some specific job duties. As part of the present work, tentative solutions for each risk 
situation are presented, aiming to be taken into consideration by the company 
managers. 

 
Key Words: Workstation redesign, illumination, ergonomic risk factors 

 
Relevance to Ergonomics: By this article, it has been possible to confirm the 
effectiveness of the systematic application of a toolkit and validated ergonomic 
methodologies in order to propose improvements for an electronic manufacturer. It 
is important to recognize the effectiveness of the aforementioned tools in the 
detection of high priority risk factors, aiming to improve the productivity level in the 
company under study, and the work conditions where the operators perform their 
everyday tasks concerning the Mexican industrial companies. Additionally, an 
improvement proposal has been made in regards of the mean for transporting loads 
by incorporating of a novel transportation device which was specially  adapted to the 
activity performed, observing a significant decrease in the effort demanded by the 
task. 

 

 
1. INTRODUCTION 

 
1.1 Company description 

 
The present project was developed in a technologic international manufacturer which 
is mainly focused in offering connectivity and sensors solutions for a high demand 
market. The main activity of the company located in Sonora, México is the assembly 
of electronic products for industries such as automotive, telecommunications, 
healthcare, aerospace, navy and military defense. 
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1.2 Problem description 
 

Part of the work will be developed in an area where small components are 
assembled mostly for customers from the military industry. In this location the 
illumination measurements will be collected, creating a record of the lux level in the 
area to evaluate whether the illumination conditions are adequate. 

By assessing the workstations, it was found that many situations and factors 
both environmental and layout-related produce physical inconveniences in the 
operators when it comes to perform their daily tasks. 

The small pieces to be manufactured require a specific orientation to be correctly 
assembled. After the operators have spent a significant time working in the line the 
activity becomes difficult, this is caused by the nature of the pieces and additionally, 
a significant focus level is demanded in order to allow the precise movement. The 
other part of the research was conducted in different parts of the facilities, aiming to 
detect additional unconformities in the layout station, that may be improved by the 
application of ergonomic tools. 

It was corroborated whether the environmental conditions of illumination  comply 
with the limits currently allowed by the Secretaría del Trabajo y Precisión Social 
(STPS) which is the official Mexican organism in charge of this matter; there is a 
proposal made for every inadequate situation founded after the analysis. 

 
1.3 Definitions 

 
Responsible or supervisor: person in charge of applying the safety and health 
actions in the workplace, according to the correspondent norms (STPS, 2006) 
Safety and health in the workplace: actions in matter of safety and health that must 
be performed in the workplaces aimed to prevent work risks according to the 
correspondent norms (STPS, 2006). 
Ergonomics: is a preventive specialty, which has the function of examine the work 
conditions in order to achieve the best possible harmony between the man and his 
work environment, and additionally, obtaining optimal comfort conditions and 
production efficiency (Llaneza, 2010). 
Noise: sound which levels of acoustic pressure, in combination with the exposure 
time, may be harmful to the health of the workers (STPS, 2001). 
Work Area: is the place of the work center where normally a worker develops his 
tasks (STPS, 2008). 
Illumination: illuminance: is the relationship of the incident luminous flow in a 
surface per area unit, expressed in lux (STPS, 2008) 

 
1.4 Framework 

 
According to Bridger (2003), the importance of ergonomics lays in its application, 
because the obtained benefits can be: layout design improvements, organization 
safety and compliance with the legal norms related to safety and work hygiene. Melo  
(2009)  considers  that  ergonomics  is  important  because  its        approach 
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addresses the adaptation between the environment (noise, temperature, vibration 
and weather), the company (tasks and work pace), and the place to work (risks 
related to the equipment and machines). 

Workstation and assembly stations are the heart of many manufacturer 
operations. Both working space and workstations play a vital role in worker 
productivity (Lešková, 2014). Planning and design of activities at manual stations, 
and establishing an appropriate work method for the employee are challenging tasks 
(Ben-Gal & Bukchin, 2002). Moreover, it is important to take into consideration a 
design that be as flexible, ergonomic and efficient as possible (Lešková, 2014). 

Górny (2012) argues that a crucial factor to achieve success in any commercial 
entity is the health and occupational safety; some of these considerations are 
contained in the work environment, which impacts the satisfaction level of the 
interested parts. The work environment is increasingly considered as a key factor  to 
an efficient execution of the tasks. 

In the ergonomics field, a big number of tools and evaluation methods have been 
established, these techniques allow to know and measure work conditions (Dalmau 
& Nogareda, 2008). There are several methods that take into account factors such 
as noise, temperature, among others, in order to assess  the conditions of the 
workplace (Asensio-Cuesta et al., 2012). Yasmin et al. (2013) established that it is 
important to have a surveillance system in the workplaces, by a proper inspection of 
the safety and maintenance of the industrial hygiene. 

 

 

2. OBJECTIVES 
General objective: 

 Detect work conditions in order to propose corrective actions that produce an 
improvement in the operators’ wealth and in the efficiency of their activities 
performance. 

 
Specific Objectives: 

 Detect risk work conditions in which the workers operate and may affect the 
quality life of them and the efficiency observed at work. 

 Develop an improvement proposal in regards of the environmental conditions 
and the structure of the workstation where they are currently operating. 

 
 

3. METHODOLOGY 
 

It was conducted a measurement record of the relevant factors in the work areas 
according to the procedures established by the STPS in matter of the environmental 
conditions of bigger impact for the operators. In this case, the illumination will be 
taken into consideration. 

Next, the real conditions of the work environment that were recorded and 
analyzed; then, these were compared to the limits established in the Mexican 
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Official Norms (NOMs) emitted by the STPS. After that, the root causes of the non- 
conforming conditions were searched and tentative corrective actions were 
presented to improve the current situations. 

A report containing the measurements records and the respective comparisons 
with the official limits, accompanied by a list of feasible tentative solutions was 
developed aiming to create better environmental conditions; this report was given to 
the engineer in charge of the work area. 

Additionally, a tour has been done in the plant floor to identify tasks that may 
affect the health of the worker. We proceeded to create improvements in the layout 
design of stations by implementing tools and equipment, both engineer-based, 
considering the conditions and harmful factors, in order to reduce as much as 
possible those undesirable effects for the wellness of operators. 

 
 

4. RESULTS 
 

4.1 Diagnosis 
 

4.1 Diagnosis of environmental conditions 
 

In Figure 1 is presented the area where several activities are performed, such as 
insertion, packaging and inspection of electronic components. The illumination 
measurements were recorded within this area. 

The illumination conditions were verified in concordance with the STPS. The 
measurements were taken by an electronic lux meter and are shown in Table 1. 

 

Figure 1. Location of measure points 
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Table 1. Illumination levels (part 1) 

 

Aarea Activty Task Requirement 
Minimum lux 

level 
Lux observed Comentaries 

1 Inspection 
Clear distinction of 

details 
500 1024 White-light  microscope 

2 Inspection 
Clear distinction of 

details 
500 460 Warm-light  microscope 

3 Inspection 
Clear distinction of 

details 
500 836 LED light, magnifying glass 4x 

4 Assambly 
Morerate distinction of 

details 
300 588 

 

5 Assambly 
Morerate distinction of 

details 
300 562 

 

6 Assambly 
Morerate distinction of 

details 
300 430 

 

7 Packaging 
Simple visual 

requirement 
200 483 

 

8 Assambly 
Morerate distinction of 

details 
300 500 There are no lights 
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Table 1. Illumination levels (cont.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

30 Assambly 
Morerate distinction of 

details 
300 227 There are no lights 

31 Assambly 
Morerate distinction of 

details 
300 251 There are no lights 

32 Assambly 
Morerate distinction of 

details 
300 569 

 

33 Assambly 
Morerate distinction of 

details 
300 520 

 

34 Assambly 
Morerate distinction of 

details 
300 429 There are no lights 

35 Assambly 
Morerate distinction of 

details 
300 433 There are no lights 

36 Assambly 
Morerate distinction of 

details 
300 509 

 

37 Assambly 
Morerate distinction of 

details 
300 455 

 

38 Assambly 
Morerate distinction of 

details 
300 439 

 

39 Assambly 
Morerate distinction of 

details 
300 418 There are no lights 

40 Assambly 
Morerate distinction of 

details 
300 307 There are no lights 

 
 

4.2 Diagnosis of the workstation 
 

4.2.1 Loads lifting 
 

The weight of the loads or objects that must be manually lifted up is one of the risk 
factors more incident. Evidently, as the weight increases, the risk level increases too 
(Martínez-Vila & Irimia, 2009) In Image 1 is shown how the person lifts the load 
almost from the ground level. There is evident that the box does not have a grip, 
which directly affect the demanded effort from the operator, making this activity 
significantly harder to accomplish. 
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Image 1. Manual load lifting 
 

4.2.2 Assessment of the lifting 
 

For this evaluation it was carried a study aided by the NIOSH method in the 
packaging area, where the operator must lift a charge periodically and then take it to 
the rack for this purpose, located approximately to 5m of distance from the lifting 
point. 

It was decided to select this particular activity to perform the NIOSH analysis 
due to the evident high risk for the operator, especially for the potential harm to the 
lumbar region. In the Image 2 it is possible to see the origin point of the lifting task. 

 

 

Image 2. Origin position 
 

Once the operator has filled the boxes with containers, she must manually lift it 
and walk with it towards the allocated rack, these boxes are kept there until they are 
inspected. The target position adopted by the operator during this part of the activity 
is shown in the Image 3. 

The aforementioned information was used to calculate the index lifting with the 
proper equation by applying the NIOSH evaluation method. The lifting index was: 
0.98, which indicated that the task may be performed by most of the operators 
without problems. 
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Image 3. Target position 
 

4.2.3 Tentative Solution to the load lifting 
 

In order to solve the problems related to the load lifting process for loads at the 
ground level, it has been proposed to use freight elevators, which have to be 
activated by a foot pedal, and when this gets activated make the elevator lifts, raising 
the load up to the center of the body, as shown in Figure 2. 

 

 
Figure 2. Location of measure points 

 
4.2.4 Tentative solution to the lifting process assessed by NIOSH method 

 
In the evaluation by the NIOSH method it was found a tentative solution in order to 
avoid the manual transportation to the racks. The box 1 is the one that has to be 
moved and is located in a structure, which is fixed to the work table, as observed in 
Image 4. The box 2 is the one that contains the tubes with the electric components, 
once these tubes are filled must be placed in the box 1 (which is not in the  following 
Image). 
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Image 4. Components of the workstation 
 

In order to avoid this lifting process of taking the box 1 to the target rack, it has been 
proposed the use of a transportation cart, as shown in Figure 3, which das similar 
characteristics to the structure to support the boxes, but this is not fixed to the table. 

 

 

Figure 3. Transportation cart 
 

In Figure 4 the transportation cart is shown, once installed. 
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Figure 4. Design of the cart into the proposed station 
 

4.2.5 Tentative solution to the illumination problem 
 

As mentioned before, the area under study had some problems due to illumination 
inefficiencies, and the operators have to make a considerable vision effort to perform 
their activities. Aiming to solve this problem, the placing of individual lamps for those 
operators who need them. The lamps are shown in Figure 5. 

 

Figure 5. Individual lamps for industrial use 
 
 

4. CONCLUSIONS 
 

After performing the data collection, analysis of the findings and improvements 
proposals, it has been possible to confirm the significant positive impact of the 
systematic application ergonomics in a manufacturer. Also, it was possible to identify 
feasible solutions in order to make the work easier and more comfortable, as well as 
more safety, at the same time that costs are reduced (i.e.  implementation of a simple 
transportation device for a workstation redesign). 
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As a result of the many observations within the workstation, a list of findings, 
observations and proposals was developed and given to the engineer in charge of 
the area. It is highly recommended an objective estimation of the total investment, 
braked-down and showing the feasible options for each of the problems observed, 
with the amount of money required as well as the impact level for each of the 
solutions. 
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