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ABSTRACT 

Elderly people are a very vulnerable group to perform any work; as the years go by, 

the individual progressively loses body functions and for this reason professional 

diseases are increasingly recurrent when we are in advanced age. The study 

population consisted of fourteen artisans, ninety six percent of whom were in the age 

range of 65 to 80 years who live in the Association of artisans in the parish of Calderón 

in Quito, Ecuador; The work sampling method was applied where 20 minutes were 

obtained as standard time for the Kneading operation, which is performed in a 

manually operated machine, processing 5 kg of marzipan in each production cycle, 

during which time the workers remain standing and performing repetitive 
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movements; the objective of the research is to design an appropriate technology used 

in the Kneading operation. With the previous study of modern manual kneading 

equipment, information was obtained on concepts such as shear force, bending 

moment, and tensile strength, used to proceed with the sketch and then simulate in 

SolidWorks Software for Windows. At the end of the data col-lection, we proceeded 

to design a dough mixer with AISI 1050 steel rollers, with HR processing; which 

allowed to reduce the repetitive movements of the right and left hand in 25000 TMU 

when processing the dough, reducing the current risk of contracting occupational 

diseases by repetitive movements such as Bursitis, which some people present 

nowadays because they are kneading manually. The bursas that are present in the 

joints of the human body become inflamed, another disease that was avoided is the 

Syndrome of the metacarpal tunnel that incapacitates the functionality of the hand. In 

the psychological area, these artisans are demotivated by the impossibility of 

developing activities when they were younger. With the present research it is foreseen 

to give them a better quality in the handling of the operations, because in the design 

special attention was paid to the ergonomic aspects and to the principle of the least 

effort. 

 

Keywords: Semiautomatic dough mixer, Occupational diseases, Prevention · 

Worker's health, Marzipan 

 

INTRODUCTION 
 

 

     Work is a universal right that everyone has, in relation to their free choice, fair 

conditions and without any discrimination (Humanos, s.f.). However, the difficulty 

that exists to access it in Ecuador, due to various issues of discrimination, including 

age issues such as for older adults, makes the emerging or traditional tasks such as 

handicrafts or crafts are options to earn income adequately for various groups of 

people, regardless of the geography within the Ecuadorian territory (Mina, 2017) 

(Larrea, 2018) 

 

      For the year 2016 it was determined that, in Ecuador, there are 843,745 economic 

activities, and of these approximately 90% are classified as microenterprises (Larrea, 

2018), with-in which can be found activities such as the manufacture of handicrafts. 

The urban parish of San José de Calderón in the DM Quito has a large economic 

activity, 63% of which is based on agriculture, construction, handicrafts, 

transportation and storage (Larrea, 2018) 

 

      In accordance with the provisions of the World Labor Organization, and under the 

regulations of public regulatory institutions, occupational health and safety policies 

are intensified (Chancusi, 2018). However, with regard to craft activities, there is 

difficulty in applying regulations, which is why problems associated with health and 

originating in such work activities are very common. The proposal is based on 

reducing the effort of the artisans when kneading, who are affected by occupational 

diseases generated due to repetitive movements, by means of a semi-automatic mixer, 

which guarantees the quality of the kneading and final product, the optimization of 

times and the practicality of using the machinery, especially for the targeted age 
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group, the same ones that mostly correspond to people over 65 years of age.  

 

 

 

MATERIALS AND METHODS 

 
 

      The material of the semi-automatic kneading machine guarantees an adequate 

level of pressure and resistance for the type of work required, and works under 

international standard specifications, the type of steel is AISI 150 (Cuenca, 2017) and 

to determine the 20 minutes of standard time of the kneading operation, the method 

of sampling of the work is used. 

 

DESIGN PROCESSES  

 

         In phase one, several alternatives are sought with respect to the restrictions 

imposed to solve the identified problem of the need to prevent occupational diseases 

to marzipan artisans specifically due to repetitive movements and standing posture 

during the operation of the manual kneading machine; without obtaining solution 

structures in the second phase, the semi-automatic kneading machine is specified as 

an organized set of parts: two rollers, a structure, a 1 Hp single-phase motor, two axes, 

a pulley, etc., with assembly drawings and general dimensions, In the third phase the 

design is detailed, corresponding to generate a machine that allows to adopt the 

standing posture for less than 20 minutes, safety aspects of the operation and at the 

same time allows to reduce the repetitive movements of the right and left hand in 

25000 TMU, Fig.1 shows the phases of the design. 

 

 
 

Figure1: Descriptive model of the design phases 

 

PRINCIPLE 

 

      The semi-automatic dough mixer works by means of two kneading rollers, 

exerting pressure until the dough is flat (see Fig. 2). It is designed for a power of 1 

Identification 
of the need 
for 
occupational 
disease 
prevention for 
artisans

Phase 1. 
Conceptual 
design: 
Concretizatio
n of the semi-
automatic 
mixer.

Phase 2. 
Preliminary 
design: 
Converting 
requirements 
into product 
specifications
.

Phase 3. 
Detailed 
design: 
Reaffirming 
the 
consideration
s of what is 
desired from 
the 
mechanism..

Final design: 
Semiautomati
c Kneading 
machine. 

Applied Human Factors and Ergonomics International 

Human Systems Engineering and Design (IHSED 2021) 
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8987-0



HP (0.746 Kw), and is supported on a composite body base, using a single-phase 

motor (110V) with band dynamism whose characteristics cover the needs that the 

work demands according to the most used standards for this type of work (BUN-CA, 

2011) (Arroba Benitez Darwin Orlando, 2014)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2: Prototype of a semi-automatic kneading machine 

 

         The problems associated with manual hand kneading work fall under the 

category of repetitive movements as indicated in the literature (Gama, 2018) (Mora, 

2017), and constitute the main reason for this research.  In relation to these 

affectations, can be understood that the joints that present the most problems are 

hands, wrists and shoulder (Fabian Celín, 2018); a reality that becomes more acute if 

it is taken into consideration that a large part of the population studied is made up of 

adults over 65 years of age as observed, something that is not alien to the national and 

Latin American reality, also representing a need for improvement of working 

conditions in adult ages (Alejandra Vives, 2016) 

 

       Subsistence, as well as dignified work for the elderly, has become a latent need 

that should be prioritized both in the socioeconomic perspective and in the field of 

health (M. Teresa Abusleme, 2018). The proposal aims to improve the proper exercise 

of craftsmen's work and the repercussions emphatically on the hand and wrist to avoid 

acute and later chronic injuries 

 

 

PROTOTYPE 

  

 

         The mixer has been designed for this type of manual work, developed in a 

resistant steel alloy with AISI 1050 characteristics, it uses two external gears which 
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allow the advance of the work motor, which at the opposite end of the roller are 

anchored through two supports extended through each roller, the dimensions of the 

machine; and is fixed to its base by means of 4 fixing and mounting bolts, two on 

each side. This proposal seeks to reduce occupational diseases of a musculoskeletal 

nature in inappropriate postures and of repetitive origin, as we can see in the images. 

Fig. 3 shows the identified places of pressure in upper joints, with risk of affectation. 

 

 

                          
                            Shoulder                Forearm                   Wrist 

 
Figure 3: Places of pressure in upper joints, with risk of affectations.   

 

 
 

Figure 4: Appropriate height of work tables according to their intensity 

 

The following parameters were considered as design criteria for the laminator: 

 

 The height of the working plane should be between 0.95 m. and 1.20 m. from 

the floor level, i.e., what is required for precision work (Turiño, 2020) to 

avoid bad posture (see Fig. 4).  

 

 According to the information gathered, the thickness of the laminated dough 

needs to be between 2 mm and 15 mm depending on the work to be done. 

Therefore, the machine must offer a kneading that allows to obtain a dough 

that provides ease of handling and operation. 

   

 

Experiments and Results 

 

        The experimentation is based on using the OWAS (Ovako Working Analysis 

System Method), which allows to evaluate the physical loads coming from the 

postures during the development of the work (Cortez, 2017), the position analyzed in 

Table 1 is that of the manual process performed when kneading the dough, and the 

result obtained shows a risk level of category 2, which means that the postures 
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required for the parameters of back, arms, legs and load, maintain possibilities of 

causing damage to the musculoskeletal system of the artisans, most of whom in the 

case study are over 65 years of age, making this risk even greater. 

 

 

 

 

 

 

 

Risk Rating Checklist OWAS Method  
 

Table 1:  Categorization of risks on postures 

 
No Back Arms Legs Load  

1 2 1 3 1 

2 2 1 3 1 

3 4 1 3 1 

4 2 1 3 1 

5 2 1 3 1 

 

Table 2:  Risk category scale 

 
Risk Category Posture effect Required action 

 

 
Normal and natural posture 
without harmful effects on the 
musculoskeletal system. 

It requires no action. 

 

 
Positions with the possibility of 
causing damage to the 
musculoskeletal system. 

Corrective actions are 
required in a near future. 

 

 
Posture with harmful effects on the 
musculoskeletal system. 

Corrective actions are 
required as soon as 
possible. 

 

 
The load caused by this posture 
has extremely damaging effects on 
the musculoskeletal system. 

Corrective actions are 
required immediately. 

 

 

          In the same way, another fundamental result for the research was obtained from 

the OCRA (Occupational Repetitive Actions) check-list method, which allows us to 

better observe the risk generated by repetitive work, the repetitive movements 

analyzed in Table 2 were those performed in the kneading process and whose 

information reveals that there are very high-risk levels, above 25 points and 

unacceptable according to the rating scale. Similarly, another of the fundamental 

results for the research was obtained from the OCRA The Occupational Repetitive 

Actions check-list method, which allows us to better observe the risk generated by 

repetitive work, the repetitive movements that were analyzed in Table 2, were those 

performed in the kneading process and whose information reveals that there are very 

high-risk levels, above 25 points and unacceptable according to the rating scale. 

 

1 

2 

3 

4 
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Tabla3: Check-list OCRA 

 

 

 

 

 

 

 

 

Table 4: Risk category scale 

 

 

 

CONCLUSIONS 
 

       The main concepts and trends of the man-machine interaction were identified, 

taking into account the considerations of the design of the semi-automatic mixer as 

an appropriate technology due to the special attention in its specifications combined 

with the specificities of the artisans regarding the characteristics of the machine, 

leading to a reduction of the standard time from 20 minutes to 10 minutes, greater 

precision in the characteristics of the marzipan, and less effort on the part of the 

operator avoiding muscle fatigue. This proposal seeks to minimize the possible 

physical damage that may arise from the daily routine of this work, and in a very 

special way in the group that maintains the greatest vulnerability represented by the 

elderly, who find in these tasks a sense of usefulness and contribution based on their 

experience and thus be able to rescue this ancestral activity 
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Insufficient recovery time 4 4 
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Risk Scale Risk level Checklist 

 

 
Admissible Hasta7.5 

 

 
Very mild or uncertain 7.6 – 11 

 

 
Not acceptable. Mild level 11.1 – 14 

 

 
Not acceptable. Medium level 14.1 – 

22.5 
 

 
Not acceptable. High level ≥ 22.5 
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