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Abstract

:

Poor workstation designs represent a risk factor for operators in assembly production lines. Anthropometric design of workstations facilitates the sustainable development of the workplace. This paper proposes a novel integrated approach about work standardization and anthropometric workstation design as a strategy to increase human factor performance as well as the productivity index in manufacturing companies. The integrating approach is presented through a case study in a publishing press company with operators who perform manual and mechanical tasks in production lines in the box assembly department. Currently, the company’s production capacity is below demand, and in order to satisfy customers’ requirements, the company pays a lot of overtime to operators. In order to solve this problem, the integrated approach was applied. The findings indicated that inefficient movements and body postures in operators decreased from 230 to 78, and the standard time was reduced from 244 to 199 s for each assembled box. In addition, the production rate increased by 229 units per assembly line per day, and overtime was eliminated. Therefore, the novel integrated approach allows the increase of sustainability in the company and the operators’ well-being by making a better use of the human factor, eliminating overtime, and increasing production capacity.
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1. Introduction


Nowadays, the level of competition in the global marketplace requires that manufacturing companies efficiently adopt a sustainable workplace. However, there is a variety of production-related problems, such as late deliveries, line stoppages, bottlenecks, unbalanced production lines, hours of production, overtime, inefficient material handling equipment, risky body postures for employees, and high production costs, among others.



1.1. Problems for Sustainable Workplaces


In the case of late deliveries, Peng and Lu [1] report an analysis regarding the impact of delivery performance on customer transactions, which affects the customers’ transaction amounts and the price units. On the other hand, Fazlollahtabar [2] reports a case study applied to an assembly line in which late deliveries of products were the source of poor performance in the manufacturing system, and he proposed a parallel line of autonomous assembly of guided vehicles. Late deliveries reflect a low-quality logistics infrastructure, which represents a barrier for sustainability [3].



In the case of unbalanced production lines and bottlenecks, different authors have confirmed that they decrease the manufacturing systems’ productivity and diminish the capacity in the production system [4,5] because bottlenecks can cause line stoppages [6,7], which in turn adversely affect performance. For example, Ren et al. [4] and Zupan and Herakovic [8] present case studies in which unbalanced bottlenecks and production lines cause a low level of productivity in an assembly area, which was solved by balancing the production lines and redesigning their distribution. In addition, Gu et al. [6] claim that maintenance problems cause bottlenecks in complex manufacturing systems, which result in the loss of production. In other words, unbalanced production lines create organizational problems, decrease the supply chain performance, and increase production costs. Therefore, the appropriate balance in a production line is a traditional production strategy that helps reduce bottlenecks in manufacturing systems.



Furthermore, regarding production line stoppages, these are responsible for production losses [9] and for production cost increases [10,11], especially when they occur unexpectedly; consequently, they affect subsequent manufacturing operations [12]. According to Hossen et al. [13], losses due to inactivity and equipment downtime and failures represent 89.3% of total losses due to downtime in a production system. Nevertheless, Peng and Zhou [10] mention that mixed-model assembly lines are currently widely adopted in the automotive industry to achieve an ongoing customization, since it is not allowed to have a material shortage because it is extremely expensive to afford due to the stoppages from the resulting production lines.



Similarly, Sonmez et al. [9] state that production line stoppages due to broken machinery cause production loss in manufacturing systems, and Zhao et al. [14] present a preventive maintenance (PM) modeling based on delay times for manufacturing systems in a steel industry. Specifically, line stoppages are a consequence of raw material shortage. Finally, Peng and Zhou [11] investigate a problem of programming multiple servers in an automotive assembly line, where the supply of parts just in time (JIT) is a critical and costly problem.



Regarding overtime, Hansson et al. [15] report a study to determine if the batch preparation process affects work efficiency when it is compared with only preparing one batch, and found that the kitting process is associated with overtime as a result of the material batching and feeding process. In addition, they conducted two experiments and discovered that the preparation of a single batch took longer than the batch preparation, which represented a higher production cost. Similarly, several studies argue that overtime is a specific aspect of certain tasks or departments associated with manufacturing systems. For example, Wang et al. [16] indicate that poor process planning make operators work longer, which translates into higher production costs.



Moreover, El-Namrouty and Abushaaban [17] mention that the material handling process and inefficient body movements or postures do not add value to a product, generate a long production cycle time, or make inefficient the implementation of human resources. Regarding body movements and postures, they imply an inadequate implementation of ergonomics in the production system, since operators will perform hazardous tasks, such as stretching, bending, or lifting, when it is not required. For example, Kamat et al. [18] and Gómez-Galán et al. [19] mention that uncomfortable body postures, as well as repetitive movements, represent a risk factor for employees, since they can cause musculoskeletal disorders and negatively affect employees’ health and performance, altering their well-being. In the same way, Yeow et al. [20] showed that repetitive movements may cause fatigue and loss of concentration while performing a task, which increases the probability of making mistakes, negatively affecting their performance. These problems may be generated by a poor design of workstations, which generates uncomfortable postures, causes musculoskeletal disorders, and consequently, affects work performance and well-being [21], as well as causing high production costs [17].



In conclusion, all of these problems cause high costs, a lack of competitive advantage, and a weak market position, which, along with the times of work shifts, lack of human resource performance, and well-being, represent a barrier for sustainable workplaces [3,22].




1.2. Sustainability Strategies


According to the literature, there are eight sustainability strategies. These strategies are classified into two perspectives: Strategies adopted by project organizations, and strategies adopted by project hosts [23]. One of these strategies is setting strategic and tactical sustainability goals. This strategy is focused explicitly on sustainability issues when developing project strategies, paying special attention to instances where sustainability issues align with other aspects [24]. Another strategy is influencing the sustainability of project practices, which consists in supporting the incorporation of sustainability into project practices and technical systems through, e.g., construction tools, prefabrication, and waste management systems [25]. Table 1 summarizes the eight sustainability strategies provided by the literature.



As can be observed in Table 1, none of these strategies are focused on achieving sustainable workplaces by integrating standardized work and anthropometry. That is why this research proposes an integrative approach of standardized work and anthropometry as a strategy to achieve sustainable workplaces and well-being for operators.



In order to solve the previous issues, multiple strategies are implemented in manufacturing systems. For example, in the supplier selection process, companies are focused on attributes related to delivery time and performance [1], since they avoid having technical stoppages due to a lack of raw material [1]. For example, a business-to-business (B2B) study indicates that those that have an appropriate delivery performance can have higher prices on their products, as well as gaining more customers due to their price flexibility [32]. Another example of a competitiveness strategy is the Fulfillment by Amazon (FBA) service, which provides a greater flexibility in their sales practices and manages the full compliance of a product from external suppliers after it has been purchased. In addition, a recent survey reported that 73% of FBA users have obtained increases in unit sales over 20% [33]. On the contrary, the low performance of deliveries causes a decrease in sales and even sale losses.



In addition, standardized work (SW) is a fundamental tool for solving manufacturing problems because it offers almost immediate results for the organizational performance, since it increases productivity and reduces delivery times [34]. Similarly, SW is a set of specific instructions that are required for assembling a product in the most efficient way, since it allows definition of the best methods and sequenced tasks needed for each production process and employee; consequently, it helps to reduce waste [34,35,36] and increase the well-being and performance of the human factor. In addition, SW is probably the most reliable method for performing any manufacturing task, since it is one of the safest and most efficient tools for meeting timely, orderly, and quality deliveries [37].



Likewise, SW defines how each operator must perform each task or job in the production system; as a result, random tasks that reduce life cycle times are avoided [34,38]; in fact, SW uses takt-time to meet the customer demand [39]. Specifically, the main objective of SW involves eliminating Mura [40]; this is a general term for unevenness or irregularity in physical materials or in human condition, which is a key concept for performance improvement systems, since it is one of the three forms of waste that can be found in manufacturing systems (Muda, Mura, and Muri) [41]. Hence, SW does not mean that a work routine will be changed; instead, it implies that “it is the best method to know how to perform a task better” [38,42]. In addition, SW consists of three elements [34]: Uptime, work sequence, and standard inventory.



SW applications in productive systems are found in the work of Nallusamy [43], who applied line balancing and SW in the Computer Numerical Control (CNC) industry to reduce activities that did not add value to a product by 17%, while its production increased by five units per day with two employees, and up to seven units by day with a single employee. Similarly, Nallusamy and Saravanan [44] implemented these two tools in a manufacturing company to reduce cycle time and increase productivity. In addition, Mor et al. [34] implemented SW, obtaining a 31.6 s reduction in cycle times and 6.5% increase in production. Finally, Ordieres-Mere and Villalba-Diez [45] implemented SW in the inter-communication processes in the automotive industry to increase the optimization of the total performance by 4%.



In summary, SW helps to increase the competitiveness of companies because it is not only focused on controlling production processes, but it also minimizes costs and maximizes efficiency [46]. Specifically, in small and medium enterprises (SMEs), SW represents a tool that compensates for the lack of advanced manufacturing technology (AMT) in production processes; however, SW is often poorly implemented or misunderstood [34].



Lee et al. [47] define anthropometry as a measurement of the human body, which is necessary for the design of workstations, and multiple cases are reported; for example, Colim et al. [48] studied a furniture assembly workstation where most employees were continually exposed to risk factors for musculoskeletal disorders; they redesigned workstations by considering anthropometric data from employees and, as a result, body posture was improved and the risk of suffering skeletal muscle disorders was eliminated. Likewise, Kibria and Rafiquzzaman [49] indicate that working for long periods in a sitting position in front of a computer causes several types of pain, discomfort, and health problems in university teachers; therefore, workstation designs with an anthropometric approach were proposed. Finally, Lee and Cha [50] report that console operators in nuclear power plants face human–computer interaction problems due to inappropriate console design; consequently, they redesigned the consoles by considering anthropometry. In conclusion, based on the previous examples, the correct use of anthropometry in workstation redesign improves the well-being, health, comfort, and safety of operators [51].



Workstation design influences the postures and movements that operators perform during task execution [52]. The most basic movements are named Therbligs, which were introduced by Frank B. Gilbreth, who, in his early work in the study of movement, developed certain subdivisions or events that he considered common to all kinds of manual work. The term refers to 17 elemental subdivisions or basic movements. According to Palit and Setiawan [53], Therbligs can be effective or ineffective. On the one hand, effective Therbligs directly advance work progress and can often be shortened, but generally cannot be removed entirely. On the other hand, ineffective Therbligs do not advance the progress of the job and should be removed if possible. Some of the 17 Therbligs, along with their symbols, are Reach (RE), Move (M), Grasp (G), Assemble (A), and Disassemble (DA), to mention few. A complete view of the 17 Therbligs (effective or ineffective), their definitions, and their symbols can be seen in Palit and Setiawan [53] and Freivalds and Niebel [54]. According to Jia et al. [55], the Therblig is one of the basic concepts in the study of movement, and is defined as a basic energy demand unit. The basic idea of the study of movement is to divide the worker’s operation into simple motion elements, which are Therbligs [55].



Concerning the relationship between anthropometry and sustainability, the literature mentions that a poor workplace design is a major risk factor responsible for the uncomfortable conditions that operators on assembly lines are exposed to, especially when operators are working multiple hours a day, decreasing their well-being [56]. As mentioned above, this poor design generates uncomfortable postures, causing musculoskeletal disorders. The anthropometric design of the workstations facilitates the sustainable development of the workplace and, therefore, of the operators [56].



Different authors, such as Kim et al. [57] and Nadadur and Parkinson [58], mention that anthropometry is essential to improve the sustainability and physical suitability of a workplace design. In addition, these authors suggest that anthropometry positively impacts sustainability by reducing the consumption of raw materials, increasing the useful life of products (including workstations), and considering the variability among the user population. Therefore, anthropometric design allows improvement of global sustainability by efficiently using available resources, prolonging the time of use of products, and increasing their versatility by satisfying different user populations.



The uniqueness of this research is that it proposes and integrates an approach by combining SW and the anthropometric design of workstations in the production processes in order to improve sustainability in manufacturing companies and well-being in operators. The integrated approach is illustrated in a real case study as a response to an industrial problem.





2. Methodology


The methodology presented in this research has a similar structure to that of Realyvásquez-Vargas et al. [59]; it includes the four stages presented in Figure 1.



In the next sections, each stage is explained in detail.



2.1. Stage 1. Analysis of the Current Status of the Production Process


This stage consists of obtaining information on the current status of the production process, as well as performing a preliminary analysis. The following activities are performed: Describing workstations, creating diagrams about the current production process in the company, checking and analyzing the production process, identifying critical production process indicators, and providing an improvement production project for managers.



In general terms, the deficiencies of the current production process are summarized; the proposal based on SW and on the anthropometric design is described, highlighting the benefits of a standardized process, where workstations are focused on the capabilities and limitations of operators. Specifically, the production process is analyzed along with the operators’ assistance, because they have a better knowledge about the production process and they check the production tasks constantly to identify potential opportunities for improvement. Next, a production process flow chart is designed to visually represent the precise sequence of required tasks that operators must perform, which are described in detail at each workstation.




2.2. Stage 2. Analysis of Times, Movements, and Postures, as well as Anthropometric Design


In this stage, a management permission is granted to apply SW in anthropometric design and in the production process in workstations. The activities are focused on analyzing the production process by carrying out studies of times, movements, and postures adopted by the operators in the workstations. The activities are as follows: Study of times, study of movements, ergonomic evaluation of postures, balancing of production lines, and anthropometric redesign of workstations.



These tasks seek to discover and eliminate the inefficiencies of time and movement when performing an activity, and thus to measure operators’ performance [60] and improve their safety and well-being, as well as the interaction of the operator–workstation system [61]. In the time analysis, the number of cycles to be observed [54], the average time observed (OT) for each work cycle, and the normal time (NT) for each task are obtained; these are defined according to four performance factors of the System of Westinghouse rating [54,62]. The standard time (ST) is obtained by assigning constant clearances and variables that the International Labor Organization (ILO) established. In addition, normal time and standard time are taken by applying Equations (1) and (2) [54].


  N T = (   ∑     P e r f o r m a n c e   f a c t o r s   +   1 ) × O T  



(1)






  S T =   ∑      (  C o n s t a n t   a n d   v a r i a b l e   a l l o w a n c e s   +   1  )  × T N  



(2)







In the movement analysis, effective and ineffective Therbligs are identified and analyzed, and the bimanual process diagram is constructed, eliminating ineffective Therbligs and the uncomfortable postures that may cause bottlenecks. According to Fieivalds and Niebel [54], this diagram shows all movements and delays made by the right and left hands, as well as the relationships among them. These authors mention that the main purpose of this diagram is to identify inefficient movement patterns and observe violations of the principles of motion economy. The bimanual process diagram has the advantage that it facilitates changing work methods; consequently, there is a balanced two-handed operation and a smoother and more rhythmic cycle that keeps both delays and operator fatigue to a minimum, which can be achieved [54].



Specifically, the movement analysis helps to determine which types of hand tools employees use the most in order to place these tools closer to redesigning the workstation [54]. In the posture analysis, the Rapid Entire Body Assessment (REBA) is applied [63,64], since it determines which level of risk operators are exposed to. [65].



The balancing of production lines refers to the balanced assignment of activities in an assembly line to meet the required production demand [66], where a unit cost analysis is performed to achieve it: First, the tasks from each work cycle are described and the cycle time is converted into a decimal format; second, the number of employees required in each workstation is defined and the total number of employees who are required per line is estimated. In addition, the time on the line, the percentage of equilibrium for each production line, the adjusted work cycle, and the production per hour, shift, and department are estimated. Third, the number of items that are manufactured by each operator and the production costs per unit are estimated. Subsequently, a possible work sequence is defined for the tasks that can be performed to maintain similar cycle times in each workstation, which allows the determination of the efficiency and the time of activities in each line. Then, the number of employees needed in each production line to meet the customer demand is estimated as well. Finally, Equations (3)–(9) are applied to perform this analysis [67].


  B a l a n c i n g   p e r c e n t a g e =   T o t a l   o p e r a t o r   t i m e   T i m e   i n   l i n e   × 100  



(3)






  A d j u s t e d   w o r k   c y c l e =   C o n t r o l   c y c l e   B a l a n c i n g   p e r c e n t a g e   × 100    



(4)






  P r e d u c t i o n   p e r   h o u r =   60   m i n u t e s   A d j u s t e d   w o r k   c y c l e      



(5)






  P r o d u c t i o n   p e r   s h i f t =   U n i t s   H o u r   ×   H o u r s   S h i f t    



(6)






  P r o d u c t i o n   p e r   d e p a r t m e n t = P r o d u c t i o n   p e r   s h i f t × N u m b e r   o f   a s s e m b l y   l i n e s  



(7)






    U n i t s   o p e r a t o r s   =   U n i t s   p e r   s h i f t   T o t a l   o p e r a t o r s    



(8)






  C o s t   p e r   u n i t =   T o t a l   o p e r a t o r s × D a i l y   s a l a r y   U n i t s   p e r   s h i f t    



(9)







Similarly, the workstations are redesigned using the bimanual process diagram developed in Stage 1. Therefore, an anthropometric study is carried out among the operators to define the minimum and maximum range areas, where the 5th percentile of the forearm, the 5th percentile of the extended arm, and the 95th percentile of the shoulder width are required [68]. In addition, workstations are adjusted considering the minimum and maximum range areas, and the locations of hand tools are determined according to their frequencies of use. The final measurements of the workstations were obtained by applying Equation (10) [68].


   P k  =  X ¯  + σ Z  



(10)







In Equation (10), Pk represents the length obtained for the percentile k,   X ¯   is the average of the data of the measurements for a certain part of the body, σ represents the standard deviation of the data, and Z represents the value of the normal distribution for the percentile k. Finally, experimental runs are performed on production lines with the original and proposed methods to compare the times, movements, and postures that are used, as well as the cost of production per unit.




2.3. Stage 3. Visual Standardization of Tasks


The objective of this stage is to provide a visual support for the proposed method; therefore, the principal tasks to carry out are: Creating flowcharts about the adjusting process, developing visual aids for employees, and creating new templates about the design of workstations.



Specifically, flowcharts help to illustrate the sequence of tasks that must be performed, since they are established in a bimanual process diagram. Therefore, the required visual aids are prepared for each workstation with photographs taken of the tasks in order to highlight the most important points and indicate the necessary hand tools. Visual aids are developed seeking clarity, visibility, and simplicity. Finally, the templates are designed in real size using workstation images and a bimanual process diagram, to remain fixed in the corresponding workstation. These images should display the locations of hand tool and help employees to locate them quickly.




2.4. Stage 4. Implementation


In this stage, the new methods and standardized work are implemented in the production lines. In addition, the results obtained are compared with the objectives initially set to determine if they are achieved. In the case that the new methods are effective, production lines are adjusted with the new production methods, and the adjusted workstations are established, including the designed visual aids and templates.





3. Results


3.1. Context of the Case Study and Research Objective


A publishing press with 150 employees has mechanical and manual tasks in its production process. The mechanical tasks are prepress, printing, spine gluing, bending, printing, gluing, and cutting, while manual tasks include bending, collating, crimping, and box-build assembly. The principal offered services are box packaging and assembly, as well as printing and publication of manuals, which represent 70% of its operations. The 30% left includes the manufacture of file folders, labels, books, magazines, and catalogs. The company is organized in six departments: Prepress, Printing, Machine Assembly, Manual Assembly, Edition, and Box Assembly.



The present research is particularly carried out in the Box Assembly Department, where the product packaging is not included. The production process is integrated by four assembly lines: Five operators, one quality inspector, and one packing operator oversee each production line, which is shown in Figure 2.



There are currently multiple opportunities for improvement in the production process, such as increased production process, on-time deliveries, inventory management, elimination of work risks, increased work performance, and implementation of visual aids, to mention a few. In addition, the most common box assembly model that is manufactured is the X model.



Currently, the daily demand is 650 units for the X model, but the assembly line produces only 350 units; therefore, extra time must be used (see Table 2), which implies a higher production process cost, and employees are sometimes fatigued or get back pain or a type of pain in their arms or feet due to the long working hours, where body postures are adopted from the workstations (during the June–August 2019 period, at least 20 cases were reported). Figure 3 shows the positions adopted by operators.



In a preliminary analysis, it was determined that one or more of the following undesirable processes is experienced in the Box Assembly department: Bottlenecks, production delays, late deliveries, overtime, unnecessary body movements, uncomfortable body posture costs, and high costs due to unbalanced production lines. Due to this situation, production costs increase; consequently, the corporate reputation is negatively affected because the customer demand is not achieved. In addition, there are risks of absenteeism or resignation by operators if the workstation design is not improved to eliminate unnecessary body postures.



As a matter of fact, the general objective of this research is to increase the production rate of the assembly line of box X through the standardization of the production process and to anthropometrically redesign the workstations in it. In order to achieve the previous objective, it is sought to increase production levels by 20%, reduce standard time by 15%, and reduce unit cost by 40%.



This case study is used because, from the perspective of critical realism, generalizing empirical and theoretical findings is not enough, as Tsang [69] indicates, since fallibilism implies that once a theory is developed, it needs to be tested empirically, and case studies are an appropriate way to accomplish this. Similarly, Easton [70] proposes critical realism as a coherent, rigorous, and novel philosophical position, which supports the research of a single case as an investigative approach, but provides useful implications for a theoretical framework.




3.2. Results at Stage 1


A flowchart was created using the company’s current manufacturing system for the box model X, which is shown in Figure 4. In addition, a description was made about the operations that are required in order to have an appropriate understanding about the production process.



At station 1, operators pick the box from the right side and place it in front, where a strip of double-sided adhesive tape is placed on the back of the box; a label with the customer’s name will be included as well. Then, operators place four strips of double-sided adhesive tape on the contour of a quadrangular aperture, which are subsequently removed from the box, leaving the rubber on display. Finally, it is sent to station 2.



At station 2, operators place next to the box a strip of double-sided adhesive tape that bends. Subsequently, a strip of a double-sided mustard adhesive tape and a quadrangular piece of clear plastic are placed on the rubber, which must expose the adhesive tape strips that were placed at station 1. Then, operators must clean the clear plastic using an alcohol-dipped ball of cotton to erase any fingerprints, and the box is sent to station 3.



At station 3, operators take the box and remove the face of the double-sided label adhesive tape that was placed at station 1; then, the customer’s name tag is placed, as well as another double-sided folding tape. In addition, two magnets are placed in the space that is in the quadrangular plastic; then, the magnets are coated with black adhesive tape strips, and the box is sent to station 4.



At station 4, operators take the box and remove the remaining mustard adhesive tape, as well as the double-flex adhesive tape, and countermeasures are inserted—one at the bottom and one at the top of the box. Then, the box is assembled by pasting the lid of the box, and it is sent to station 5. Finally, operators at station 5 take the box and place double-sided adhesive tape in the base of the box, and then place double-sided adhesive tape on one of the box tabs and remove it. Then, a box tab is stuck to the other side of the box to shape it. In the end, the box is transferred to the quality supervision station.




3.3. Results at Stage 2


Table 3 shows information on the allowances and performance factors that are assigned to each original station. For instance, in the performance factor case, the effort clearance factor for station 1 (operator 1) was 0.03; this indicates that the operator had an appropriate effort. Regarding the consistency factor, a clearance of −0.02 was obtained; this indicates that the operator had an acceptable consistency. The same happened with the other slacks from the other factors for each station. Finally, slack scores were added to each station, one was added, and the total was obtained. In fact, the same procedure was applied to obtain the constant and variable allowances.



Table 4 shows the estimated OT, NT, and ST. The STs in stations 3 and 4 presented a difference of 17 and 35 s with respect to the shortest ST (station 5). The total ST was 4.07 min for the original production lines.



Furthermore, Table 5 shows the results from the movement analysis for each of the operations included in the flowchart (Figure 4). In fact, 230 inefficient Therbligs were obtained, of which 33 were detected in task 9 (that is, placing the plastic adhesive tape); thus, this was the task with the most inefficient Therbligs. In addition, for the evaluation of postural load, a score of 8 was obtained with the REBA method; therefore, the risk of suffering from musculoskeletal disorders turned out to be high, and changes in the design of workstations are required [71]. In addition, Table 6 shows the anthropometric measurements obtained from the operators for the redesign of workstations.



Table 7 presents the results from the production line balance as well as the unit cost analysis, which is related to the original method that is performed by five operators in the production line. It is observed that the total cycle time of the model X is 4.12 min. In the same way, the control cycle of the model X corresponds to the highest time between operating times, which is 1.18 min. The average time in the production line is 5.92 min, which represents the outcome of multiplying the control cycle in the production process by the number of operators who are assigned to the production line, which is five employees in this case. Therefore, the assembly lines are balanced by about 70%, and the unit cost is 1.39 Mexican pesos (that is, 0.072 USD).



Based on this analysis, it is established that the 1st, 7th, 8th, 9th, 10th, and 11th tasks from Table 5 can be performed at the same time before the other tasks. In the same way, it is shown that all 13 tasks must be performed before the 14th task is completed. The present results are used, along with the report regarding the positional weight rank for each task, in order to create a new distribution of the box assembly process in only four workstations, as is shown in Table 8. Specifically, this means that the production line length is reduced when the assembly line is balanced due to the cycle time of new operations [67]. In addition, with this type of distribution in the box assembly process, the largest cycle time difference between two operations is 8 s, which has a difference of 27 s when it is compared with the original distribution of the production process.



Figure 5 shows the redesigned workstations from an anthropometric approach: The image in A) illustrates the general proposed model, while the images in B), C), D), and E) represent the individual redesigns for the stations 1, 2, 3, and 4, as well as their assigned locations to place the required items and hand tools. After an anthropometric redesign of the workstations, the postural load score with the REBA method was 3; therefore, the risk of suffering musculoskeletal disorders was low [71].



The results show the estimated standard time (ST) in the production line, which is 3.32 min; that is, 45 s less when it is compared with the original standard time in the production line (18% less). Table 9 presents the cycle time from each redesigned station, for which it is determined that the estimation time difference between two stations is not over 6 s.



Regarding the analysis of the time in the redesigned process, only 78 inefficient Therbligs were detected, which represents a reduction of 66.1% when compared with the original production process. In addition, Table 10 displays the results that were obtained from this analysis; the most inefficient movements were retrieved from Operation 1.



Furthermore, Table 11 presents the results of the unit cost as well as the analysis of the production line balance in the adjusted production process. Specifically, the production line balance increased from 70% to 97%, indicating the smooth flow of the production process where any bottleneck was presented. In addition, the unit cost decreased by 58.27%, from 1.39 to 0.58 Mexican pesos (0.072 to 0.030 USD). In addition, it can be observed that the number of operators per assembly line decreased from five to four.




3.4. Results at Stage 3


In this stage, the visual aids and templates for redesigning workstations were developed; headings of visual aids include the following aspects: Name of the department, number of the production line, number of the station, name of the task, model of the box, number of the page, and date of issue and of the latest revision. Particularly, the right side of the visual aid addresses aspects concerning a specific task, which reminds operators about the importance of each detail in every task. In the instruction section, a list of the hand tools that are necessary is presented; therefore, operators should ensure that the materials and tools required are arranged before starting to work. Finally, in the materials section, some aspects are included that must be reported by the personnel who produce the visual aids.



In fact, six visual aids were created; one for the workstations 1 and 2, as well as two for workstations 3 and 4. Figure 6 and Figure 7 portray some examples about the visual aids that were created. Specifically, visual aids include an image and a brief description about the steps to follow in each task. In addition, each step is numbered to provide an accurate and logical sequence for the tasks in order to avoid errors or confusion.



Similarly, Figure 8 presents a flowchart about the redesigned production process, in which it is mentioned that the new methodology proposes a process of 16 tasks with a cycle time of 144 s. Note that the fourth and fifth tasks are performed before the box assembly process or when there is no customer demand for the X model, which enables operators to be prepared with several items (i.e., labels or corresponding adhesive tape) before starting the box assembly process. In addition, in Figure 8, the tasks of workstations 1, 2, 3, and 4 are separated by green lines, in which a cycle time of 197 s was retrieved; 15 s were subtracted from the fourth and fifth tasks. Therefore, the average Observed Time (OT) was 182 s, a value that is close enough to the value that is shown in Table 9 (i.e., 186 s).




3.5. Stage 4. Implementation


After the production process was standardized, three production lines were monitored by four operators in each production line, together with a fourth line with five operators that was supervised for a week, in order to estimate the increase in the production process. The three production lines worked by applying the redesigned production process, while the fourth line worked by applying the original production method. A significant increase in production was detected in the three production lines, where 2942, 2963, and 2971 units were produced, respectively. On the other hand, in the fourth production line, only 1813 units were produced with the original process method.



Since the five production lines worked completely under the redesigned process, the company reported a 42.62% increase in production. In addition, by having five production lines instead of four, the company increased its production process by 45.9%. In addition, the company average increased the daily production from 1400 to 3050 units, representing an increase of 1650 units; the results of this analysis are presented in Table 12.



Finally, it is worth mentioning that after five months of monitoring the proposed method, there were no injuries or any type of discomfort reported by operators from the Box Assembly department. In addition, the anthropometric redesign of workstations and the redesign of the production process had a positive impact on the operators’ health and safety. On the one hand, the anthropometric design of the workstations prevented operators from adopting uncomfortable body postures [72]; on the other hand, the redesigning of the production process method eliminated unnecessary movements, since uncomfortable body postures and repetitive movements are the cause of musculoskeletal disorders (MSD) [72]. Therefore, implementing the redesigned process method will prevent operators from suffering MSD or any type of physical fatigue because overtime is not required.





4. Conclusions


This paper has shown the development of a new and reliable strategy to achieve sustainable workplaces in manufacturing industries. The strategy is an integrated approach consisting of work standardization (as a lean manufacturing tool), basic industrial engineering tools (time and movement studies), and human factor tools (anthropometric design). This integrated approach can have a significant impact, first, on the sustainability of operators and manufacturing companies, and then on their performance. This impact is manifested by removing barriers to sustainability, such as high costs, as well as with the improvement in the use of resources by the company. Moreover, the integrated approach helps increase productivity, punctually meet demand, increase competitiveness, minimize waste (such as over-processing), and decrease the number of ineffective Therbligs in the production process. Thus, the integrated approach helps improve sustainability.



In the present case study, ineffective Therbligs decreased by 66% (from 230 to 78), and the Standard Time (ST) decreased from 244 to 199 s; in other words, it was reduced by 18.44%. In addition, the results demonstrate that when a specific task is standardized, fewer employees are required in production lines; as a result, an opportunity for companies to optimize the human factor by installing redesigned production lines with other types of operators is presented; consequently, the production of the company will increase. In this case study, the number of operators was reduced from five to four in each production line, which is 20%; therefore, the company installed a redesigned production line. Similarly, the results show that the integrated approach of standardization of work and the anthropometric design of workstations has a positive impact on the percentage of the production line balance, which helps reduce the unit cost of production as well as the compliance rate of demand increases. In the present case study, the percentage of the production line balance increased from 70% to 97%, while the production process increased by 63.2%, which represents 229 daily units per assembly line.



All of the specific results obtained in the present case study are indicators that the manufacturing company improved the management of its resources (raw materials, time, and human resources); consequently, it improved its sustainability. Similarly, within the company, operators improved their quality of life and well-being, since they did not have to adopt undesired postures or perform uncomfortable hand movements. Outside the company, operators improved their quality of life and well-being, since the overtime was eliminated, they did not arrive at home tired, and they spent more time with their families.



The integrated approach applied and the results obtained have the practical value of being used as an improvement reference by manufacturing companies in mass production in which there is a single production process for specific products that are offered; consequently, the work can be standardized. The present case study has the limitations that it was applied in a small company and only in four production lines. Then, the sample of participants for obtaining anthropometric data was relatively small. In big manufacturing companies, collecting anthropometric data can be time-consuming, which can represent a disadvantage of the integrated approach.



As the integrated approach was implemented only in the production process of the box model X, future practical work should be directed at applying this approach in other box models, types of products (books and stamping, to mention few), and departments within the company. Similarly, there is an opportunity to apply this approach in other companies, whether they belong to the manufacturing sector or to another sector, regardless of their size. Future theoretical work should be directed at proposing and experimenting with the integration of more and different types of tools that are applied in manufacturing systems, as well as their impact on sustainability.
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Figure 1. The integrated approach of standardized work (SW) and anthropometry workstation design. 
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Figure 2. Current layout distribution of production lines in the Box Assembly department. 
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Figure 3. Postures adopted by operators. 






Figure 3. Postures adopted by operators.



[image: Sustainability 12 03728 g003]







[image: Sustainability 12 03728 g004 550] 





Figure 4. Flowchart for the current production process of the box model X. 
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Figure 5. Workstations’ anthropometric redesigns: (A) Overall design of workstations, (B) station 1, (C) station 2, (D) station 3, and (E) station 4. 
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Figure 6. Visual aid for the redesigned station 3. 
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Figure 7. Visual aid for the redesigned station 4. 
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Figure 8. Process flowchart of the redesigned process. 
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Table 1. Sustainability strategies according to the literature. Adapted from Aarseth et al. [23].
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Sustainability strategies adopted by project organizations




	
Strategy

	
Description

	
Reference




	
Developing sustainable supplier practices

	
Supporting suppliers in implementing sustainable practices such as, e.g., use of ecological materials and prefabrication.

	
Shi et al. [26]




	
Setting strategic and tactical sustainability goals

	
Focusing explicitly on sustainability issues when developing project strategies, paying special attention to instances where sustainability issues align with other concerns.

	
Martens and Carvalho [24]




	
Emphasizing sustainability in project design

	
Incorporating sustainability issues in early phases of projects and explicit project design documents. The methods are based on development of performance indicators (which may be used throughout the project life cycle) and appraisal techniques, such as lifecycle assessments and value management.

	
Zhong and Wu [27]




	
Sustainability strategies adopted by project hosts




	
Strategy

	
Description

	
Reference




	
Influencing sustainability of project practices

	
Supporting the incorporation of sustainability into project practices and technical systems through, e.g., construction tools, prefabrication, and waste management systems.

	
Jaillon and Chi-Sun [25]




	
Setting sustainability policies

	
Defining sustainable project policies that include the development of laws and regulations, norms, plans, and guidelines to support sustainability on the project level, as well as executing governmental and regulatory tasks in a manner that emphasizes and promotes sustainability in projects carried out in the host region.

	
Block and Paredis [28]




	
Mutual sustainability strategies




	
Strategy

	
Description (project perspective)

	
Description (host perspective)

	
Reference




	
Sustainability emphasis in project portfolio management

	
This relies on either using a framework for project selection or actively including sustainability as a dimension in early-phase appraisals.

	
Emphasizing sustainability issues when deciding which projects to fund and approve.

	
Sánchez [29]




	
Inclusion of sustainability-promoting

actors in project organization

	
Selection and inclusion of actors that bring sustainability-promoting skills, capabilities, and roles to the project.

	
Inclusion of different authorities and NGO representatives to act as legitimacy actors in project organization, supporting multidisciplinarity in project organization.

	
Genus and Theobald [30]




	
Developing sustainability competencies

	
Expanding competencies and skill sets of project managers, e.g., by investing in formal training programs.

	
Facilitation of local decision-making and engagement of local stakeholders in the project’s decision-making through, e.g., guidelines, norms, or financial incentives

	
Yunus and Yang [31]
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Table 2. Difference in production as well as equivalence in overtime from one production line.
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	Production
	Demand
	Difference in Production
	Equivalence in Extra Work Hours
	Equivalence in Extra Workdays





	Day
	350
	650
	300
	33.33
	3.7



	Week
	1750
	3250
	1500
	194.44
	21.6



	Month
	7000
	13,000
	6000
	777.77
	86.41
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Table 3. Constant and variable allowances and performance factors in original stations.
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Constant and variable allowances




	

	
Personal

	
Basic fatigue

	
Standing allowance

	
Fine work

	
Total




	
Station 1

	
0.05

	
0.04

	
0.02

	

	
1.11




	
Station 2

	
0.05

	
0.04

	

	
0.02

	
1.11




	
Station 3

	
0.05

	
0.04

	

	

	
1.09




	
Station 4

	
0.05

	
0.04

	
0.02

	

	
1.11




	
Station 5

	
0.05

	
0.04

	

	

	
1.09




	
Performance Factors




	

	
Skill

	
Effort

	
Consistency

	
Conditions

	
Total




	
Station 1

	
0.06

	
0.03

	
−0.02

	
−0.03

	
1.04




	
Station 2

	
0.03

	
0.02

	
0.01

	
−0.03

	
1.03




	
Station 3

	
0.02

	
0.03

	
−0.03

	
0

	
1.02




	
Station 4

	
0.03

	
0.02

	
−0.03

	
−0.02

	
1.0




	
Station 5

	
0.03

	
0.02

	
−0.02

	
−0.03

	
1.0
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Table 4. Time estimated in original stations.






Table 4. Time estimated in original stations.





	
Station

	
Time in Each Station (sec)




	
Observed Time (OT)

	
Normal Time (NT)

	
Standard Time (ST)






	
Station 1

	
37

	
38

	
43




	
Station 2

	
36

	
37

	
41




	
Station 3

	
48

	
49

	
53




	
Station 4

	
64

	
64

	
71




	
Station 5

	
36

	
36

	
36











[image: Table] 





Table 5. Ineffective Therbligs from the original production method for the box assembly process.






Table 5. Ineffective Therbligs from the original production method for the box assembly process.





	
No of Task

	
Operation Name

	
Use of the Left Hand

	
Use of the Right Hand

	
Therbligs






	
1

	
Placing the double-sided adhesive tape

	
8

	
9

	
17




	
2

	
Placing the window of the box

	
7

	
1

	
8




	
3

	
Cleaning the window of the box

	
12

	
6

	
18




	
4

	
Placing a countermagnet in the upper side of the box

	
0

	
5

	
5




	
5

	
Placing the black adhesive tape

	
13

	
6

	
19




	
6

	
Placing another countermagnet in the bottom side of the box

	
4

	
4

	
8




	
7

	
Placing the bias adhesive tape

	
12

	
12

	
24




	
8

	
Placing the mustard adhesive tape

	
12

	
12

	
24




	
9

	
Placing the clear plastic adhesive tape

	
10

	
23

	
33




	
10

	
Removing the flap adhesive tape

	
10

	
15

	
25




	
11

	
Placing the label adhesive tape

	
8

	
5

	
13




	
12

	
Placing the label of the customer

	
10

	
4

	
14




	
13

	
Securing the magnetic closure in the box

	
4

	
3

	
7




	
14

	
Assembling the box

	
9

	
6

	
15




	
Total

	
230
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Table 6. Anthropometric measurements to redesign the production process in workstations.






Table 6. Anthropometric measurements to redesign the production process in workstations.





	Operator
	Fore Arm (cm)
	Extended Arm (cm)
	Back (cm)





	1
	50
	74
	40



	2
	42
	64
	43



	3
	47
	71
	39



	4
	44
	74
	41



	5
	45
	70
	42



	6
	37
	60
	40



	7
	40
	64
	38



	8
	40
	66
	35



	9
	49
	71
	39



	10
	44
	66
	40



	11
	41
	66
	40



	12
	43
	72
	40



	13
	41
	60
	34



	14
	49
	76
	38



	15
	39
	66
	38



	16
	41
	64
	43



	17
	42
	65
	35



	18
	42
	65
	36



	19
	38
	61
	38



	20
	40
	62
	39



	Average (cm)
	43
	67
	39
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Table 7. Unit cost–production line balance analysis from the original production method for the box assembly process.






Table 7. Unit cost–production line balance analysis from the original production method for the box assembly process.





	
Station

	
Operation Name

	
Average Cycle Time

	
Min

	
Operators




	
0:01:00






	
1

	
Placing the double-sided adhesive tape

	
0:00:42

	
0.7

	
1




	
2

	
Placing the box window, the mustard adhesive tape, and the bias adhesive tape

	
0:00:41

	
0.68

	
1




	
3

	
Placing a countermagnet in the upper side of the box, the bias adhesive tape and label, and cleaning the box window

	
0:00:53

	
0.88

	
1




	
4

	
Placing another countermagnet in the bottom side of the box to close the box

	
0:01:11

	
1.18

	
1




	
5

	
Placing the flap adhesive tape and the clear plastic adhesive tape to assemble the box

	
0:00:40

	
0.67

	
1




	

	
Total operator time

	
0:04:07

	
4.12

	
5




	
Total of the control cycle

	
1.18

	




	
Operators

	
5

	




	
Average time in the production line

	
5.92

	




	
Percentage balanced in the assembly line

	
70%

	




	
Adjusting of the cycle time

	
1.7

	




	
Total of production per hour

	
35

	




	
Total of production per shift

	
318

	




	
Total of production per department

	
1588

	




	
Total of units/operators required

	
64

	




	
Unit cost (Mexican peso)

	
$1.39
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Table 8. Redesign of the box assembly process operations.






Table 8. Redesign of the box assembly process operations.





	
Station 1

	
Station 2

	
Station 3

	
Station 4






	
Placing the double-sided adhesive tape

	
(16)

	
Placing the window adhesive tape

	
(43)

	
Placing the window of the box

	
(31)

	
Placing another countermagnet in the bottom of the box

	
(8)




	
Placing the mustard adhesive tape

	
(8)

	
Placing the plastic adhesive tape

	
(8)

	
Placing a countermagnet in the upper side of the box

	
(8)

	
Securing the magnetic closure of the box

	
(35)




	
Placing the flap adhesive tape

	
(7)

	

	

	
Placing the clear plastic adhesive tape

	
(8)

	
Assembling the box

	
(16)




	
Placing the label adhesive tape

	
(8)

	

	

	
Cleaning the window of the box

	
(4)

	

	




	
Placing the label of the customer

	
(14)

	

	

	

	

	

	




	
Total

	
53

	

	
51

	

	
51

	
59








Note: The unit in each parenthesis indicates the cycle time (sec) from each operation.
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Table 9. Estimations of time from the redesigned production method for the box assembly process.






Table 9. Estimations of time from the redesigned production method for the box assembly process.





	
Workstation

	
Time Per Workstation (sec)




	
Observed Time (OT)

	
Normal Time (NT)

	
Standard Time (ST)






	
Station 1

	
48

	
47

	
51




	
Station 2

	
43

	
42

	
46




	
Station 3

	
48

	
47

	
51




	
Station 4

	
47

	
47

	
51




	
Total

	
186

	
183

	
199
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Table 10. Ineffective Therbligs from the redesigned production method for the box assembly process.






Table 10. Ineffective Therbligs from the redesigned production method for the box assembly process.





	
Station

	
Operation Name

	
Use of the Left Hand

	
Use of the Right Hand

	
Therbligs






	
1

	
Placing the double-sided adhesive tape

	
20

	
9

	
29




	
Placing the mustard adhesive tape




	
Placing the flap adhesive tape




	
Placing the label adhesive tape




	
Place the label of the customer




	
2

	
Placing the window tape

	
17

	
7

	
24




	
Placing the clear plastic adhesive tape




	
3

	
Placing the window of the box

	
6

	
9

	
15




	
Placing a countermagnet in the upper side of the box




	
Placing the clear plastic adhesive tape




	
Cleaning the window of the box




	
4

	
Placing another countermagnet in the bottom side of the box

	
8

	
2

	
10




	
Securing the magnet closure




	
Assembling the box




	
Total

	
51

	
27

	
78











[image: Table] 





Table 11. Unit cost–production line balance analysis of the redesigned production method for the box assembly process.






Table 11. Unit cost–production line balance analysis of the redesigned production method for the box assembly process.





	
Station

	
Operation name

	
Average cycle time

	
Min

	
Operators




	
00:01:00






	
1

	
Placing the mustard adhesive tape, the double-sided adhesive tape, the flap adhesive tape, the label adhesive tape, and the label of the customer

	
00:00:51

	
0.86

	
1




	
2

	
Placing the window adhesive tape as well as the clear plastic adhesive tape

	
00:00:46

	
0.76

	
1




	
3

	
Placing the window of the box, one countermagnet in the upper side of the box, and the clear plastic adhesive tape, as well as cleaning the window of the box

	
00:00:51

	
0.86

	
1




	
4

	
Placing and securing the magnet closure with the second countermagnet, as well as assembling the box

	
00:00:51

	
0.86

	
1




	

	
Total operator time

	
00:03:19

	
3.32

	
4




	
Total time per operator

	
3.32

	




	
Total of the control cycle

	
0.86

	




	
Operators

	
4

	




	
Average time in the production line

	
3.44

	




	
Percentage balanced in the assembly line

	
97%

	




	
Adjusting of the cycle time

	
0.89

	




	
Total of production per hour

	
67

	




	
Total of production per shift

	
606

	




	
Total of production per department

	
3030

	




	
Total of units/operators required

	
152

	




	
Unit cost (Mexican peso)

	
$0.58
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Table 12. Analysis of the production process increase.






Table 12. Analysis of the production process increase.












	
	Original Process Method
	Redesigned Production Process
	Production Increase
	Increase Percentage





	Production line
	350
	610
	+260
	+42.62%



	Total production
	1400
	3050
	+1650
	+45.9%
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