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ABSTRACT 

 
The value that the human resource represents within any organization, appears as an 

essential element with a strategic direction that, together with a machine, opens the 

way to productive efficiency. The objective of this research was the modeling of a 

semi-automatic laminating machine that allows to increase the homogeneity of the 

dough, optimization of the times from 10 to 3 minutes, and reduction of efforts that 

the elderly craftsman made to reduce the thickness of the dough, which is then used 

to make marzipan handicrafts (figures) in the parish of Calderón, Quito -Ecuador. 

These handicrafts are made manually in the country, this art being part of the culture 

and tradition. The modeling was carried out in the Solid-Works Software for 
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Windows and the ergonomic studies were carried out using the OWAS method 

(Ovako Working Posture Analyzing System) and the OCRA Check List, evaluating 

the risk of repetitive work, considering risk factors such as: repetitiveness that present 

Medium unacceptable risk , forced postures for sequential postures the level of risk is 

low, forces lifting the mass of 3 kg and the lack of breaks in the handling of the raw 

material because it cools down in about 15 minutes. It is feasible to use an adequate 

technology within this production process because it is designed with special attention 

to the cultural and economic aspects of the community of marzipan artisans. 

 

Keywords: Crafts, control, ergonomics, machine, workstations 

INTRODUCTION 

 
       Ecuador is a multiethnic and multicultural country that has a variety of craft 

manifestations. The origins of marzipan go back to pre-Columbian times, when the 

ancestors of this region prepared food for their agricultural and death rituals, the 

tradition continued for years until in 1938 it went from being an edible bread to a 

decorative craft; using white glue to protect the colors and give them shine. These 

crafts have been declared as an intangible national heritage of Ecuador by the National 

Assembly in 2018 (Telégrafo, 2018). The legal framework that Ecuador has for 

occupational safety and health, which recommends the importance of preventing 

occupational accidents and diseases. This legal framework is part of the National 

Constitution (2008), which mentions Article 326, Numeral 5 "Every person shall have 

the right to carry out their work in an adequate and conducive environment that 

guarantees their health, integrity, safety, hygiene and well-being." (Reyes, 2017) 

 

       The most common injuries due to repetitive movements that occur are at the 

lumbar and upper limbs level (Diaz, 2021) (Heredia, 2012), these injuries are 

generally produced by the periodicity, repetitiveness and speed of the movements 

with which work activities are carried out (Barrero, 2018). Continuous improvement 

is one of the most important tasks for management and production engineers of an 

organization; whether it is a large or a small company, the management will strive to 

improve the process, to increase production or to increase the level of safety and 

health at work. (Pacana, 2016) 

 

       Reducing the effort made by artisans when working with marzipan is one of the 

objectives of the research and, in turn, to prevent occupational diseases generated by 

repetitive movements, by means of a semi-automatic mixer, which guarantees a 

homogeneity of the dough, optimization of times and the ease of use of the machinery, 

without losing the manual characteristic value of a craft. 

 

 

 

MATERIALS AND METHODS 
 
         The material of the semi-automatic laminating machine is mainly used in the 

food and beverage industry because it is resistant to the corrosive effect of the 

environment, steam, water and acids (Naghizadeh, 2019), the material to be used is 

stainless steel with AISI 304 standard. 
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DESIGN PROCESSES 

 

         A market  study of existing semi-automatic laminators was carried out, mainly 

valuing: materials, prices, installation, maintenance frequency, ergonomics, size and 

final disposition, see Fig. 1, taking into consideration the specifications and 

specificities required by the artisans as aspects of the height of 90 cm to 100 cm of 

the workstation, the homogeneity to which the marzipan must remain and the 

exposure time that they are standing of 20 minutes compared to the existing ones, the 

design is carry out concept for an adequate technology paying special attention to the 

rescue of this ancestral culture, after several sketches and work sessions with the study 

population of 14 artisans, the best alternative is taken for the well-being of all, the 

detailed design is developed in SOLIDWORKS in 3D CAD, until the final Design is 

obtained. 

 
 
          

Figure 1: Descriptive model of the design process specifications 

 

Working principle of semi-automatic laminating machine 

 

        The semi-automatic laminator performs its work by activating a button on the 

machine's control panel, which starts with the starting of a 0.75 hp single-phase motor 

equipped with a reversible starter, since it will be necessary that the bands run in two 

directions (Zea, 2019). The rotation of the motor rotor drives the system of belts 

linked to external gears that make the mobile (lower) laminating roller rotate, the two 

adjustable rollers according to the thickness of the required dough, exert pressure on 

the dough until a homogeneous flat mixture is obtained, the structure of the laminator 

is equipped to cover the demand of all its components. 

 

Desing parameters 

 

        Base length between 500 and 600 mm, the width must be between 700 and 1000 

mm, the structure of the machine must be supported by square steel tubes S2 EN 

10219 20 x 20 x 2 mm, the external part must be covered by galvanized tol, the union 

of the external parts of the structure must be anchored by ½ inch bolts to be riveted, 

the supports of the laminating rollers must be fastened to the base of the structure. 

The structure has spaces for the installation of the motor and the machine control 

panel. The thickness of the dough should be adjusted between 10 mm and 3 mm, with 

a capacity of up to 4 kg of dough per cycle. The modeling is carried out under the 

specificities of the operator to reduce occupational diseases of a musculoskeletal 

nature in inadequate postures and of repetitive origin, without neglecting the 

characteristic manual value of a craft, see Fig.2. 
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Figure 2: Semi-automatic laminator model, structure and position of the laminating rollers. 

 

 

 

 
 
 

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

 shoulder, forearm and wrist.  

 

        One of the important factors to take into account when putting the machine into 

use is the height at which it must be located. The height of the work plane must be 

between 0.90 and 1 m from the finished floor level (NPT) to carry out precision work 

(Álvarez, 2019) 

 

 

EXPERIMENTS Y RESULTS 

 

 

          The experimentation is based on the application of the Ovako Working Posture Analyzing 

System (OWAS) method. In this method, the analyzed workplaces are understood from a list of 
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pre-established basic postures (Lima, 2019), see Fig. 3. 5 preliminary observations are made 

directly to the workplace, with the statistical method they are calculated that 16 observations 

satisfy the error, which are taken every 60 seconds, because the operator finishes the work cycle 

every 16 minutes and repeats it again as shown in table 1. 
 

 

Table 1: OWAS method observations 

 

 

N º  Back  Arms  Legs  Weight  Score  

16 2 1 2 1 2 

 

          Of a total of 16 observations corresponding to 100%, 5 correspond to 31% of 

the results and 11 correspond to 69% of the postures that have a risk level 2 equivalent 

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

Another of the fundamental results for the investigation is the OCRA The 

Occupational Repetitive Actions Check-List method. This method works as a tool to 

develop an initial risk assessment during the repetitive work practice, and allows 

classifying the types of repetitive work by level of risk (Muñoz, 2015) (ElTelegrafo, 

2018) .Table 2 represents the elements necessary for the calculation of the OCRA 

Check-list method. 

 

 
Table 2: Elements for the OCRA Check-list method calculation 

Description Acronym Time (min) 

Shift duration in minutes DT 240 

Non-repetitive work time in minutes TNR 0 

Length of worker breaks in minutes P 20 

Length of lunch break A 30 

Net Repetitive Work Time TNTR 190 

Number of work cycles NC 196 (seg) 

Net duty cycle time TNC 32,02 

 

 

 

 

   Calculation of net repetitive work time 

              TNTR = DT − (TNR + P + A) = 240 − (0 + 20 + 30) =
190 min 

               

(1) 

                    Calculation of net Duty Cycle Time 
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TNC = 60 (
TNTR

NC
) = 60 (

190

356
) = 32.02 (2) 

 

 
                     Action frequency    

 
                     The data of the recovery factors, frequency and strength are taken from the Table 3. 

 

                                     Frec. acc =
N of actions

cycle time in minutes
                                                     (3) 

                                     

                                 Frec. acc =
80

3.26
= 25 actions / min 

 

 
Table 3: Factor values: FR, FF and FF 

 

Recovery factors, frequency and strength 

Factor Acronym Score 

Recovery factor FR 4 

Frequency factor FF 1 

Force factor FFz 6 

 

 

 

              CKL =  (FR + FF + FFz + FP + FA) MD =  15.38                    (4) 

 

Table 4: Posture and movement factor 

 

Posture and movement factor 

Element Action time / percentage Score 

Shoulder 0 1 

Elbow D%= (22,5+160) /196 *100 = 93.11% 8 

Wrist D%= (22,5+1+160) /196= 93,62% 4 

Grip  Hook socket = 183,5/196 * 100 = 93,62% 4 

 

Posture factor calculation 

 

The elements analyzed for the calculation of postures and movements are: shoulders, 

elbows, wrists and grip, see Table 4. 

 

FP =  Max (PHo;  PCo;  PMu;  PMa) +  Pes =  9,5                    (5) 
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Repetitive motion duration multiplication 

 

190 min is in the range of 181 to 240 and the factor is MD equals 0.75 

 

Calculation of the OCRA Check List index 

Risk level: unacceptable medium. 

 

        It is recommended to improve the position with an appropriate technology 

designed with special attention to the economic aspects and cultural aspects in 

marzipan, in addition to carrying out medical supervision every six months to the 

artisans  (Rivas, 2013) 

 

CONCLUSIONS 
 

     The results of the ergonomic evaluation show that the level of risk to which arti-

sans are exposed in the process of making marzipan figures varies according to the 

type of risk and job position. They present High Risk for forced postures in the 

kneading activity; in the evaluation of forced postures for sequential postures the Risk 

level is low; in terms of repetitive movements, they present a medium unacceptable 

risk (C. Muñoz Poblete, 2012)  

 

     The control of the work cycle time is very important within any productive 

activity, that is why the semi-automatic laminator facilitates the artisans’ work by 

reducing the activity time from 10 min to 3 min depending on the thickness of the 

dough. In addition, it avoids exposing artisans to ergonomic risks such as repetitive 

movements and forced postures, since currently the process of kneading by hand is 

carried out, without taking away the value of artisanal from the process of making 

marzipan figures. 
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