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Abstract– The current context of the plastic manufacturing 
sector has suffered a significant alteration in recent years due to 
external factors such as the pandemic caused by Covid-19. On the 
other hand, at the national level it has been detected that 64%  o f 
companies use only between 61%  and 70%  of their installed 
capacity. In addition, the sector’s profitability has fallen by 3 %  in 
the last 8 years. In this sense, this research work took as a ca se  
study an SME in the plastic sector to determine the leading ca uses 
directly related to efficiency and productivity problems. Such causes 
have resulted in the delayed of delivering orders, consequently 
lowering profitability; the reversal of loss has been the main 
incentive of this work. By understanding the roots of the problem, 
we propose the development of a double-focus optimization model  
that values both the operational improvement and the working 
conditions, such as team spirit that motivate the actions of the 
collaborators. This model utilizes tools corresponding to the Lea n 
and Systematic Layout Planning (SLP) methodology. Moreover, the  
novelty of this proposal is the integration of a sustainability phase 
with a focus on continuous improvement over time by incorporating 
these tools as part of the company's routine. Finally, some of the  
main results obtained from this research were an increase of the  
order fulfillment index by 13.4% , a reduction of the effort of the  
operators by 62% , a decrease of the set-up time by 57% , and a n 
increase of the Overall Equipment Effectiveness (OEE) by 7% . 

 
Keywords-- Plastic industry, Set up time, 5S, Order delivery 

fulfillment, Systematic layout planning (SLP), Total productive 
maintenance (TPM) 

I. INTRODUCTION 

The importance of plastic in the manufacturing industry 
has continued over time since its emergence in the market , 

more than 70 years ago. According to the latest report made 
by PlasticEurope, the production of this material globally has 

increased from 359 million tons recorded in 2018 to 368 
million tons by 2019. Likewise, the Asian continent 
concentrates the most considerable production with 51% of 

the total. As for Latin America, it remains with a low 
participation level of 4% [1]. The global plastic injection 
market was valued at 265.1 billion dollars in 2020, and  a 

compound annual growth rate of 4.6% is projected for the 
period 2021-2028. However, the coronavirus pandemic has  

considerably slowed down production activities in this market, 
therefore shortcomings have become ev ident  bo th at  the 
administrative and operative production levels [2]. In this 

sense, the Peruvian scenario has not been unaffected by the 
sector’s reality. According to the most recent report by 
National Institute of Statistics and Informatics of Peru (INEI), 

the manufacture of plastic products has fallen by 1.5% during 
the first half of 2021. Although, this scenario is better than the 

previous  year  (-5.2%),  there  is  still  a  gap  in  the  sector's 

recovery. It has been reported that 64% of Peruvian companies 
currently use only 61%-70% of their installed capacity. 

Likewise, profitability over sales has also been 

significantly affected, going from 6.2% in 2011 to 3.2% by  
2019 [3]. Evidently, one of the most recurrent problems has 
been the delay in the delivery of orders caused by operational 

waste and inefficiencies in the manufacturing process 
[4][5][6]. 

Furthermore, according to what has been studied, this 

problem has a significant influence on the additional costs 
incurred by the company and its reputation and brand value. 
Given this, several solutions have been proposed. The first one 

establishes an improvement plan in the supply management 
area to reduce delivery time. The tools proposed for the 

development were, mainly, Pareto diagram, satisfaction 
surveys, supplier homologation, BCG matrix, Kraljic matrix, 
and sourcing plan. By applying the tools mention, the finish  

product delivery rate improved by 58% by reducing the 
delivery time from 17 days down to 10 days as it was the goal 
of the study. Within the same study, there was also a 23% 

reduction in sales costs [7]. Another research that also exhibits 
the issue with the delivery delay, will improve by applying 

other useful tools. In this case, the study of a p las t ic  bag 
company relates the issue of delivery with production delay, 
and in addition, a non-compliance rate of 41.67%. The 

initiatives adopted in this case are related to the application o f 
Lean tools such as Jidoka, Kanban, 5s, and TPM. As the result  
of that, this study showed a decrease of defective products 

down to 8%, and rework down to 4%; as well as an increase of 
order fulfillment rate up to 37% [8]. 

Consequently, this research will seek to contribute to the 
existing literature regarding the increasing rate of order 
delivery fulfillment, by reducing Lead Time and other idle 

times. Furthermore, this will seek to avoid incurring additional 
costs due to delay penalties and operational cost overruns. In  
addition, priority will be given to creating the best possible  

working conditions for employees. To this end, a dual-focus 
optimization model is proposed due to its nature of operational 

improvement and human capital development. Moreover, the 
novelty proposed would be an extra phase-oriented towards 
sustainability under a continuous improvement approach. In  

this way, the research will be able to transcend in time and  
would result in a perdurable improvement. Thus, the model 
will contain an initial assessment phase, followed by a phase 

related to the stabilization of the production process, to finally  
conclude  with  the  optimization  of  maintenance  times  and 
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equipment   setup,   as   well   as   being   able   to   maintain 
implementation sustainability. 

The development of this article has been divided into six 

chapters. The first chapter has been this introduction to the 
subject matter. Followed by the second chapter in which it will 
be address the state of the art with all the literature consulted 

regarding the main problem; the development of Lean tools ; 
plant layout redesign; proposed optimization model; and 
evaluation and diagnosis methodologies. As for the third 

chapter, the contribution of the present research, the most 
relevant components, and indicators will be developed. The 

fourth chapter presents the validation of the study showing the 
initial assessment, the design validation, and the final 
simulation of the proposal together with the pilot plan. 

Moreover, chapter five will compare and contrast the results 
obtained from previous studies in the researched area. Finally , 
chapter six will show the most significant conclusions within 

this research. 
 

II. STATE OF THE ART 

A. Delay and non-delivery of orders 
The current manufacturing demands sector are becoming 

increasingly stringent so that factors such as the rate of 
delivery performance play a key role in maintaining 

competitiveness in the market [9]. In that sense, studies have 
shown the negative impact of late delivery on future sales and 
pricing [10]. For example, a change in the product delivery 

schedule from 2 to 7 days causes an approximate decrease in  
future demand of 6.87% to 10.99% [11]. Moreover, a previous 

study has determined the period in which late delivery 
negatively affects demand. It turns out that 15 days late 
deliveries have a maximum impact of 10% on the 

development of future sales and this effect could last on 
average between 3 to 4 weeks. In the case of 30 to 45 days 
delays, the impact could be between 15-20% and last 

approximately 4 to 6 weeks [7]. 
Different studies, due to these issues, have come up with 

diverse solution procedures and variable results rooted in the 
company's environment and particular case of this one 
[6][9][12][13]. One of the methodologies evaluated was Quick 

Response Manufacturing (QRM), which was unsuccessful due 
to an insufficient study of the root causes of the problem [9]. 
Ant Colony Optimization (ACO) and Genetic Algorithm (GA) 

methodologies were also applied giving favorable results in  
improving the flexibility of the production system. However, 

the complexity of these three methodologies was too high fo r 
daily use [12]. Finally, the application of Lean Manufacturing 
gave the best results in the long term, solving the problems 

related to delivery time within the supply chain. [4][14]. 
Therefore, this area of study can be identified as the mos t  
viable one for knowledge expansion and easy application. 

 
B. Development of Lean Manufacturing tools 

Currently, the methodology called Lean Manufacturing is  
widely used for its contribution to the efficient management of 

waste generated throughout a production process [15]. In 
addition, Value Stream Mapping (VSM) and Just in Time are 
tools that have shown the effectiveness in the initial 

assessment of the current situation [16][17]. 
Moreover, Lean methodology can be used to  develop 

initiatives for operational efficiency, optimization of time, and  

continuous improvement. For example, studies have 
demonstrated the usefulness of Single Minute Exchange of Die 
(SMED) in reducing set-up times within the production 

industry. Some of the most significant improvements reduced 
time by approximately 48% to 60% and increased Overall 

Equipment Effectiveness (OEE) by over 80% [18][19][20][21]. 
However, there were also cases where the improvement was  
not so considerable, by saving 20% of the preparation t ime 

[22]. On the other hand, the 5S tool has also been evaluated by  
several authors. After the application of this methodology, the 
time to search tools was reduced from 8.6 to 3.1 hours in  a  

plastic machinery manufacturing company [23]. Furthermore, 
alternatives have been proposed to complement 5S, such as  

the inclusion of 2 additional "s" focused on the development 
of team spirit and safety. As a result, improvements of 30% to  
50% have been achieved in 7S audit rates. [24]. In addition, 

the impact of Total Productive Maintenance (TPM) has been 
studied on problems related to machinery breakdown, low 
operating efficiency of equipment, and high rates of 

unscheduled shutdowns. Many of the investigated companies 
had an OEE below the world standard that is 85% [25]. In  

fact, these companies presented OEE levels within the range 
of 30% to 55% approximately, which exhibits a low utilization  
of equipment capacity therefore, of the manufacturing time. 

Thus, after the application of some of the TPM pillars 
companies have been able to achieve improvements between  
12% and 27% by utilizing this tool alone [26][27][28]. 

After evaluating various application scenarios for Lean  
tools, most authors conclude that the tools alone are not 

entirely effective in achieving time optimization, cost 
reduction, and sustainability improvement. In the case of 

SMED, most experts recommend complementing the tool with  
options such as the Fuzzy Interference System (FIS), VSM, 
SIPOC, Taguchi Method or other quality  improvement 

methods or tools [19][20][21][29]. In the same way, in the 
case of 5S, the authors highlight the importance of opting fo r 

complementary tools to maximize the application results. 
Some of the main ones that work well with the 5s method, are 

Kaizen, SMED, Poka-Joke, 3M and Jidoka. When combine 
effectively, some of the leading indicators, such as Lead Time, 
were   reduced   by   4.04%   and   delivery   time   compliance 

increased from 58% to 95% [30][31][32]. Furthermore, the 
evidence shows that TPM also works better when 
complemented with tools that filled the gaps of this 
methodology. Such is the case when the TPM works with  
Reliability-Centered Maintenance (RCM) and Total Quality 
Management (TQM), which proved its effectiveness in the 
food, beverage, electrical and electronics sectors [33][34]. 

 

C. Layout redesign of a manufacturing plant. 
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The appropriate location of the production units in the 
manufacturing plant is of vital importance to carry out 
efficient operations and increase productivity rates [35][36]. In  

this sense, the authors agree that the Systematic Layout 
Planning methodology is one of the most efficient since it  
considerably reduces the time spent moving between areas; 

reduces transportation and handling costs; creates safer and  
more comfortable (ergonomic) work environments; and 
maximizes the use of machinery [37][38]. The application o f 

the methodology was evaluated in micro and small enterprises 
(MSEs) that had high transportation costs of approximately  

177,372.7 rupees per month; obtaining a saving of 20,633.4 
rupees or 11.63%, as a result [39]. Another study tested the 
complementation of the SLP methodology with an ergonomic 

approach to improve the quality of work perceived by the 
operator. This resulted in a 23.88% improvement in travel 
distance, reduced material handling cost by 22.92%, and 

employee fatigue [38]. 
Thus, it is concluded that the application of the SLP is  

effective in most scenarios; especially when it is a matter o f 
adapting an existing production system to take advantage o f 
the environment conditions. However, the methods used 

varied on the distribution proposal’s choice and validation. 
One study chose to evaluate five design proposals using an 
analytical ranking process based on three validated criteria by 

a consistency ratio (CR) [40]. Likewise, it has been 
determined that the implementation of a table and a relational 

diagram of activities is an effective and simple method to  
apply. Since this application does provide specific, 
quantitative, and measurable information regarding the 

magnitude of the improvement presented by each scenario . 
This option would be especially effective and applicable in the 
case of small and medium-sized companies, due to the costs 

savings and the optimization of planning time 
[35][36][38][39]. 

 
D. Time  optimization  model  in  the  plastic  manufacturing 

sector 

After determining the importance of productivity and time 
efficiency in plastics manufacturing, several sources have 
proposed improvement solutions. The first proposal studied  

the long lead times for a plastic chair production line. This has 
an OEE between 60% and 81%, which is below the standard 
industry, and is also unstable. Given the issue, it is proposed, 

by a study, an integrative linear programming model using  
MATLAB and multiple regression analysis. While using this 
method production increased considerably by improving 332 

minutes per total shift activity nevertheless, this model it  is  
complex to apply [41]. Similarly, a plastic packaging 
manufacturing company opted for a time reduction model that 

integrates SMED and 5S tools. The study’s main objective 
was to reduce the time associated with set-up by eliminating 
non-value-adding activities and irregularities in the work area. 
The result of the combined application was a decrease of 44 

minutes or 18% of mold change time [42]. 

In conclusion, it has been determined that the proposed 
models effectively counteract unproductive times and low 
efficiency rates however, there is still room for improvement. 

The gaps are due to the implementation complexity of the 
models in SMEs in view of the high degree specialization 
required. Nevertheless, Lean tools could be applied to mos t  

enterprises suitable for their low cost and straightforward 
implementation. For this reason, the application will be 
feasible as long as a correct study of the external and internal 

conditions of the target production system is carried out 
[6][41]. 

III. CONTRIBUTION 

TABLA I                                                                             
COMPARATIVE MATRIX OF MODEL OBJECTIVES AND STATE OF 

THE ART 
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A. Model Basis 

The model proposed in this paper is a double focus 
optimization design aimed at improving both the production 
process, and the working conditions and welfare of workers . 
Moreover, the novelty of this research proposes to integrate a  
sustainability phase with a focus on continuous improvement 



 

over time by incorporating these tools as part of the company's 
routine. 

The purpose of the proposed model is to increase the 
fulfillment rate of order delivery, by reducing the productions 
process total cycle time. The timely delivery will aid to avoid  
penalty charges for delays and reduce production  cost 

overruns. It also seeks to improve working conditions and the 
work environment, providing safer processes and motivated 

operators. 
On the other hand, one of the advantages of the proposed 

model is that it can be easily adapted to different scenarios. In  

this sense, this study will allow SMEs from different sectors 
and with a delivery delay problem to apply the model, in this  
way optimizing their processes while providing better working 
conditions to their operators. 

Table 1 shows a comparative matrix with the objectives 
of the case study and the usage of relevant scientific articles to  

construct the contribution of our model. 

B. Model Components 

The proposed model consists of 4 phases: (1) Initial 
Assessment, (2) Production Process Stabilization, (3) 

Preparation and Maintenance Time Optimization and, (4) 
Implementation’s Sustainability. 

 

1) Phase 1: Initial Assessment 
The aim of this first phase is to identify the main causes 

that led to the problem. For this purpose, historical sales and 
production data are used for a minimum period of 1 year. A  
detailed analysis is then carried out using tools such as FMEA, 

AVA, ABC-PQ and VSM. As a result, the main causes are 
obtained and based on them the objectives are set. 

 

 
 

 
 
 

 
2) Phase 2: Production Process Stabilization 

This  second  phase  aims  to  reorganize  and  order  the 

diverse 

new structure it is proposed to integrate two highly effective 
methodologies. The first is Systematic Layout Planning (SLP), 
which allows to redesign the distribution of facilities by 

analyzing the production flow, thus reducing resources and 
efforts. On the other hand, 7S it is applied, as a modification 
of the already known Lean 5S which adds the two additional 

“S " alluding to occupational health and safety,  and  team 
spirit. Ones the redistribution is implemented it will keep work 
areas organized with the necessary tools properly identified , 

which will increase the safety and welfare of workers. 

3) Phase   3:   Preparation   and   Maintenance   Time 
Optimization 

The main objective of this phase is to reduce the t ime 

allocated to mold change in the injectors. Likewise, to 
maximize the production volume by keeping the machines and  
equipment in optimal conditions, avoiding unexpected 

breakdowns and quality defects. 
Single Minute Exchange of Die (SMED) is implemented, 

as well in this phase, with the pillars of Autonomous 

Maintenance and Focused Improvements of the TPM 
methodology. 

 

Fig. 1 Proposed model. 

production plant areas. As a 
way of obtaining this 
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Fig. 2 Flowchart of the proposed model. 

4) Phase 4: Implementation’s Sustainability 

The main objective of this last  phase of the proposed 
model  is  to  ensure  the  transcendence  and  permanence  of 

 

previous implementations. Therefore, standard fo rmats are 

developed for optimized processes, visual controls are placed 
on different parts of the machines, visual aids are developed 

for the correct location of tools, a monthly calendar of audits 
is prepared, and the key indicators are constantly monitored. 

 

C. Proposed Process 

Figure 2 details the implementation process of the 
proposed Lean-SLP model. The four phases are illustrated in a 
flowchart as: (1) Initial Assessment, (2) Production Process 

Stabilization, (3) Preparation and Maintenance Time 
Optimization and, (4) Implementation’s Sustainability. 

IV. VALIDATION 

The development of the validation is carried out in a 
medium-sized company, which is mainly engaged in the 

development and manufacture of plastic injection molding 
products. Its 3 main products are Gin glasses, Wine glasses 
and Kero Corto glasses, which account for 81.84% of total 

annual production. The main manufacturing p rocesses are 
injection molding, screen printing, packaging, and picking, in  

that order. 
This company is selected because it presents problems in  

order delivery with a fulfillment rate below 60% in 2020. Due 
to this, economic losses of around S/. 669'711.8 were incurred , 

which represents 16% of the company's annual revenues. 

A. Validation Scenario Description 
The proposed Lean-SLP optimization model’s validation 

was developed in two parts. The first one carries out a pilo t  
plan with the goal of verifying the effectiveness of the 7S 

methodology. Followed by the second part that performs a 
discrete event simulation (DES). In this section, the necessary 
information is collected from the case study to build the 

simulation model that validates the SLP, SMED and TPM 
tools. In addition, Arena 14.0 was the software used to 

develop the simulation. Some of the main inputs for this 
purpose are the number of operators, number of machines, 
process time, breakdown, set-up time, among others. 

B. Initial Assessment 
The results obtained from the initial assessment phase 

identified the orders delivery delay as the company's main  
problem. The technical gap in this regard is quite wide, since 
the company currently has a delivery compliance level of 

approximately 57.6%, while the average for the sector is 95%. 
In addition, it is known that 11% of the late delivered orders 

were set back by more than one week. This situation had an 
impact also on the company's costs, generating penalty losses 
of 115,851 PEN and 553,860 PEN in operating cost overruns. 

Likewise, the causes identified by the methodology were 
determined as 59.22% of unproductive times, 26.43% of 
unnecessary movements and transfers, and 14.36% of 

reprocesses due to final product’s quality failure. 
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The following table shows the initial status of the selected 
indicators to measure the real impact and the expected 
improvement for each of them. 

TABLA II 
INITIAL INDICATORS AND IMPROVEMENT EXPECTATIONS 

TABLA III 
STATISTICAL DISTRIBUTION OF DATA INPUT 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

C. Validation Design and Comparison via Initial Assessment 
Initially  it  is  developed  the  discrete  event  simulation 

model.  To  do  so,  a  series  of  steps  will  be  followed  and 
explained in Figure 3. 

The graphic representation was prepared taking into 

consideration the table of entities, attributes, and activities. In  
addition, it was necessary to identify controllable and non- 
controllable variables. To cite some examples, the controllable  

variables were the number of operators available, for the job; 
the number of machines, that are being used; and the 
downtime of the injectors, for maintenance. Likewise, some of 

the non-controllable variables were the injection times and the 
human productive activities times. 

In the same way, the data input is processed by the Input 

Analyzer tool complementary to Arena software. From this, it  

is obtained the statistical distribution for the data that will give 

sense to the simulation model. The results obtained were as  

follows. 

Furthermore, the simulator is configured with the 
established data collection parameters, and it is obtained the 
final simulation model. The simulator is configured to run  
eight hours a day for a total of 264 days, which is equivalent 

to one year of working time. The initial sample is taken based 
of one hundred production batches. Subsequently, the sample 

size needs to be validated; once the number of samples is  
confirmed as sufficient for the data, it is proven to be valid fo r 
the study. It is also worth noting that the simulation will 

consider only one shift per day. In figure 4 it is shown the 
example that was followed in the process of the configuration 
of the simulator. 

On the other hand, the pilot plan for the application of 7S 
was carried out only in the injection molding area. In this way, 
it could be implemented without major inconveniences which  

resulted on greatly reduced cost. The five proposed stages 
were executed in detail. First, the audit application forms were 

designed, printed, and applied, obtaining an initial score o f 
39/96. Subsequently, a training period was held for the 
operators since they are a fundamental part for the tool to  

successfully produce an improvement. Among the mos t  
important initiatives implemented there are the red card, to  
eliminate dispensable elements; the delimitation of areas with  

yellow tape, to assign the areas to each task; and the 
establishment of colored garbage cans, to recycle 

appropriately. 
 

Process Statistical Distribution 

Plastic injection Triang u lar  (3,72;5, 2 0;6 ,0 0 ) 

 
Cups deburring 

 
Normal (1,96;0,359) 

Silk-screen printing Normal (4,03;0,414) 

Bagging Normal (2,99;0,296) 

Packaging Normal (4,02;0,393) 

 

 

Indicators 

 

Initial value 

 

Expectation 

Level of order fulfillment 
57,65% 95% 

Effort level for material transfer 

(kg-m/month) 
1’892,782.48 656,186.31 

Tool search time 
5,80% 0,12% 

Mold change time (min) 
175,2 76 

Overall Equipment Effectiveness 

(OEE) 
20,78% 28% 
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Fig. 4 Configuration of the PickStation of the injector. 

 

 
 

Fig. 7 Application of safety signage within the plant. 
 
 

After applying the simulation as well as the pilot plan the 
indicators’ assessment is repeated which would allow to 
determine the effectiveness of the proposal. The results 

obtained are shown below. 

 
TABLA IV 

INITIAL SITUATION VS. IMPROVED SITUATION AFTER APPLICATION OF THE 

PROPOSED MODEL 

 

 

Indicators 
Initial 

situa tio n 

Post- 

appli ca tio n 
situation 

% 
Improvement 

Level of order 

fulfillment 
57,65% 70,4% 

 

13,4% 

Effort level for 
material transfer (kg- 

m/month) 

1’892,78 
2.48 

 
711,049.66 

 
62% 

Tool search time 
5,80% 0.14% 

 
98% 

Mold change time 

(min) 
175,2 76 

 
57% 

Overall Equipment 

Effectiveness (OEE) 
20,78% 28.03% 

 

7% 
 

 

 
 

 
 

 
 

Fig. 6 Delimitation of spaces and assignment of codes. 

 

Regarding the two additional "S" to be implemented the 
proposed procedure was followed by applying the hazards’ 

signaling and risks’ control. In this way, we hope to keep the 
work environment incident free and increase employees’ 
satisfaction. In terms of team spirit, a soccer championship 

was created to build unity among the operators, which was  
successfully carried out. As a result, it was evident the work 

environment improvement, which was shown by motivated 
employees that work in collaboration with each other due to  
the emotional ties strengthening produced by the exercise. 

V. DISCUSSION 

A. Scenario vs. outcomes 
The results after the stabilization phase execution 

obtained were 62% of operator effort reduction and 98% of 
tool search reduction time. As the study conducted by Suhardi, 
Juwita & Dwi that have shown positive results regarding 

material transfer times and traveled distances, which are 
factors directly related to the operator's workload. Their study  

also showed 23% to 24% distant reduction and 34% decrease 
of material transfer time [38]. Therefore, the results obtained 
in this research are consistent with previous studies, such as  

the one mention. 
This paper showed 57% of mold change time reduction, 

from 175.9 to 79 minutes, by SMED implementation. On the 

other hand, studies performed in similar industries showed a 
range of 48% to 60% set-up time improvement 
[18][19][20][21]. As showed by Yazıcı, Hatice and Boran in  

which they concluded on an approximate time of 71.32 to 
36.97 minutes reduction for an injection molding machine’s 

Fig. 5 Implementation of red card. 
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preparation time [21]. This investigation is consequent with  
their findings and the other three studies above, thus the 
validity of the obtained set-up time results is evident. 

Moreover, the Overall Equipment Effectiveness (OEE) 
improved from 20% to 28% during the implementation of 
Total Productive Maintenance’s (TPM) first quarter. However, 

when the OEE is applied in the long run it is expected to reach 
a significant improvement up to 54% after the first year o f 
implementation. In contrast, previous studies have determined 

an improvement of approximately 12% to 27% after applying  
some of the main pillars of TPM [26][27][28]. Such is the cas e 

of the article published by J. Singh, H. Singh and V. Sharma, 
where the Mobile Maintenance strategy is developed, which  
achieves only a 17.08% OEE improvement [26]. Once again , 

the investigation shows that the results of this study are not far 
from the industry reality, therefore valid. 

 

VI. CONCLUSION 

This research has contributed to the  exis t ing  literatu re 
with an alternative solution to the problem of order delivery  
delays in the plastics sector. This has been achieved through 

the integration of Lean and SLP methodologies that have 
demonstrated a high level of complementarity. As a result, the 
following conclusions can be drawn: 

▪ The application of 5S and SLP in the initial stabilization 
phase of the production p rocess has  s ucceeded in  

reducing the effort made by the operators in 62%. 
Likewise, the indicator of time spent searching for tools 
is now almost non-existent, since everything is assigned 

to its appropriate place, and constantly monitored. As a 
result, there was a 98% reduction in the indicator 
mentioned above. 

▪ The  SMED  and  TPM  approach  to  optimize  machine 
setup and maintenance has been effective. Mold change 
time was reduced by 57%, from 175.2 minutes to only 76 

minutes. In addition, the OEE of the injection molding  
machines increased by 7%, which improves availability  

and optimizes production flow. 
▪ The order fulfillment rate, which was the main reason for 

the study, was properly addressed providing posit ive 

results. As a result, a significant improvement of 13.4% 
was achieved in this indicator in a short period of time. 
Although this is still below the industry standard, it is an  

important improvement for the company towards 
achieving operational excellence. 

▪ The  motivation  and  empowerment  of  the  operators 
increased considerably due to their constant involvement  
in the new activities developed in each phase of the 

proposed model. Activities such as training, review of 
the hazard assessment matrix, creation of cleaning and  
inspection standards, identification of anomalies in 

machines, even the soccer championship, contributed to  
the development of skills such as teamwork, 

communication and integration. of all levels. 

▪ For future research it is recommended to integrate the 
pillars of (1) Education and Training, and (2) Preventive  
Maintenance of TPM. The first one will provide the 

necessary support to periodically reinforce the 
knowledge and skills of the operators; as the second one 
will collaborate with the Autonomous Maintenance pillar 

used in this investigation, thus allowing gradual progress 
towards the zero machine failures goal. 
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