
 

UNIVERSIDAD SAN FRANCISCO DE QUITO USFQ 

 Colegio de Ciencias e Ingenierías 

QUALITY IN THE ECUADORIAN PLASTICS INDUSTRY: 
ADOPTION OF LEAN METHODOLOGIES FOR THE 

REDUCTION OF DEFECTIVE PRODUCTS IN PLASTIFLAN 

  

Doménica Castro Salinas 

Barbara Pazmiño Ricaurte 

Mathew Wells Aguirre 

Ingeniería Industrial 

 

Trabajo de fin de carrera presentado como 

requisito para la obtención del título de 

Ingeniero Industrial 

  

 Quito, 07 de diciembre de 2022 

  



 
 

 

2 

 

UNIVERSIDAD SAN FRANCISCO DE QUITO USFQ 

Colegio de Ciencias e Ingenierías 

  

HOJA DE CALIFICACIÓN 

DE TRABAJO DE FIN DE CARRERA 
 

QUALITY IN THE ECUADORIAN PLASTICS INDUSTRY: 
ADOPTION OF LEAN METHODOLOGIES FOR THE 

REDUCTION OF DEFECTIVE PRODUCTS IN PLASTIFLAN 

 

Doménica Castro Salinas 

Barbara Pazmiño Ricaurte 

Mathew Wells Aguirre 

  

 Nombre del profesor, Título académico            Pablo Burneo, MEM 

 

 

Quito, 07 de diciembre de 2022  



 
 

 

3 

 

© DERECHOS DE AUTOR 

Por medio del presente documento certifico que he leído todas las Políticas y Manuales de 

la Universidad San Francisco de Quito USFQ, incluyendo la Política de Propiedad Intelectual 

USFQ, y estoy de acuerdo con su contenido, por lo que los derechos de propiedad intelectual del 

presente trabajo quedan sujetos a lo dispuesto en esas Políticas. 

Asimismo, autorizo a la USFQ para que realice la digitalización y publicación de este 

trabajo en el repositorio virtual, de conformidad a lo dispuesto en la Ley Orgánica de Educación 

Superior del Ecuador.   
Nombres y apellidos:                   Doménica Castro Salinas 

Código:                                          206254 

Cédula de identidad:                    1723255491 

 

Nombres y apellidos:                   Barbara Pazmiño Ricaurte 

Código:                                          205577 

Cédula de identidad:              1721206413 

 

Nombres y apellidos:                   Mathew Wells 

Código:          200520 

Cédula de identidad:                   1717830093 

Lugar y fecha:                              Quito, 07 de diciembre de 2022 

  



 
 

 

4 

 

ACLARACIÓN PARA PUBLICACIÓN 

Nota: El presente trabajo, en su totalidad o cualquiera de sus partes, no debe ser considerado como 

una publicación, incluso a pesar de estar disponible sin restricciones a través de un repositorio 

institucional. Esta declaración se alinea con las prácticas y recomendaciones presentadas por el 

Committee on Publication Ethics COPE descritas por Barbour et al. (2017) Discussion document 

on best practice for issues around theses publishing, disponible en http://bit.ly/COPETheses. 

  

UNPUBLISHED DOCUMENT 

Note: The following capstone project is available through Universidad San Francisco de Quito 

USFQ institutional repository. Nonetheless, this project – in whole or in part – should not be 

considered a publication. This statement follows the recommendations presented by the 

Committee on Publication Ethics COPE described by Barbour et al. (2017) Discussion document 

on best practice for issues around theses publishing available on http://bit.ly/COPETheses. 

 

 

 

 
  



 
 

 

5 

 

RESUMEN 

La industria de plásticos ha tenido un gran crecimiento en los últimos años. La creciente necesidad 
de entregar productos de calidad se ha convertido en un desafío importante para las empresas 
dedicadas a la manufactura de productos plásticos. La calidad de un producto depende de varios 
factores que se involucran directamente en su producción: la materia prima, la maquinaria 
utilizada, los operadores y el proceso de manufactura en sí mismo. Dentro de este contexto, se 
estudia el caso de una empresa ecuatoriana de manufactura de plásticos que presenta problemas 
con la calidad de sus productos debido a una cantidad excesiva de unidades defectuosas. Se 
propone la aplicación de herramientas Lean Six Sigma para la optimización de los procesos 
productivos y la reducción de cantidad de unidades defectuosas. Esto requiere en primer lugar un 
control sobre el proceso más minucioso, un entrenamiento constante a los operadores, 
implementación de reprocesos en línea, reestructuración de responsabilidades y coordinación de 
tareas dentro del área de control de calidad para finalmente obtener una estructura en la planta que 
permita prevenir unidades defectuosas e identificar y arreglar fallas rápidamente. 

Palabras Clave: control de calidad, unidades defectuosas, optimización, criterio de operadores, 
Lean Six Sigma, reprocesos, calidad.  
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ABSTRACT 

The plastics industry has seen significant growth in recent years. For businesses devoted to the 
production of plastic products, the growing demand for high-quality products has become a 
significant challenge. The quality of a product is influenced by a number of variables that are 
directly involved in its production, including the raw material, the machinery used, the operators, 
and the manufacturing process itself. In this context, the case of an Ecuadorian plastics 
manufacturing company is examined. This company experiences issues with the quality of its 
products as a result of an excessive number of defective units. It is suggested that Lean Six Sigma 
tools be used to improve production processes and decrease the number of defective units. To 
finally achieve a structure in the plant that enables preventing defective units and quickly 
identifying and correcting errors, it is necessary to control the most minute process, provide 
continuous operator training, implement on-line processes, restructure responsibility, and 
coordinate tasks within the area of quality control. 

Keywords: quality control, defective units, optimization, operator´s criteria, Lean Six Sigma, 
reprocess, quality.  
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INTRODUCTION 

In the past years, one of the main focuses within small and medium enterprises around the 

world has been quality improvement and standardization. Industries are aiming to improve 

customer satisfaction, cost, quality, and processes to be more efficient and profitable 

(Nandakumar, Saleeshya & Harikumar, 2020). Ecuadorian society has been growing in population 

and economy, meaning that more plastic is being manufactured. According to the National Finance 

Corporation (2021), the production of plastic has reached around 350 million tons per year. In 

2021, in Ecuador, this industry made up about 0,51% of the GPD. 

We developed our study in Plastiflan SA, an Ecuadorian plastic production company 

founded in 1986 with a portfolio of more than 200 SKUs of plastic containers and caps. Plastiflan 

is one of the primary suppliers for several industries such as food, beverages, pharmaceuticals, 

cosmetics, chemistry, among others. A quality department ensures the company delivers a high-

quality product. Its production can be schematized in two main processes: blow molding and 

injection molding. Blow molding is the formation of a hollow object by blowing a molten 

thermoplastic tube called a parison (Chaciński and Sutowski, 2021). The blow molding process is 

simple, first the raw material is inserted in the machine, it goes through the screw and melts. Then 

the plastic is given a hose shape which is filled with air to adapt to the mold. The mold is die cut 

with blades and finally the leaks are controlled.  

Our purpose was to reduce the number of internal quarantines regarding best-selling 

products which are containers and gallons, accounting for more than 80% of total production of 

blow molding products. Molding product family represents 83% of the total production. The 

company defines internal quarantines as products that do not comply with the defined technical 

standards.  Following the success of several companies that used Six Sigma, we defined DMAIC 



 
 

 

11 

 

as the approach to use (Tsarouhas, 2021). In order to optimize the productive processes, we 

implemented different tools, such as: Lean Strategies, Control Charts, R&R Analysis, Pareto, and 

Ishikawa Diagrams in order to standardize the quality control and avoid operators’ biases. 

LITERARY REVIEW 

In order to apply quality control strategies and optimize the production process, different 

methods or approaches can be used. Seaman et al. (1993) considered the problem with quality 

control from a feedback perspective; hence, they developed and implemented an algorithm that 

iteratively solved the multi-objective optimization problem in-line. This algorithm changed the 

role of the operator from monitoring and operating the process to monitoring and improving 

quality, which in turn reduced the defects in line.  

On the other hand, more recent studies on plastic production like Setyabudhi, Sanusi and 

Sipahutar (2019) concluded that the causes for bad quality were the operators or the operators' 

interpretations of the machine. Implementing a six-sigma approach that trained new employees, 

improved attitude, and controlled the general environment of the process would improve the sigma 

level of the company and correct this error. Additionally, Fuentes (2014) deduced that the biggest 

problem with quality in a production line in a plastics industry is the fact that criteria between 

operators varies extensively, for which the solution is to clearly define the critical variables for 

quality in each product and reduce the disagreements of the operators when inspecting the raw 

materials and finished products by standardizing production and process parameters. Alternatively, 

Loy (2016) reckons that implementing a Quality Control Method through Statistical Process 

Control (SPC) dwindles the number of defective products and controls the parameters at the source 

(the machine), henceforth controlling the variations of the process.  
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Likewise, Saputra et al. (2019) concluded that implementing SPC improves process 

capability and decreases the malfunctioning variables which reduce defects. Finally, Kandris et al. 

(2005) exposes that designing a system structure controlled by a programmable logic controller 

that can detect defects in-line is the most effective, reliable, accurate and fast solution for the 

overall operation.  

METHODOLOGY 

Six Sigma is a business methodology that enables companies to achieve effectiveness and 

uphold quality standards, claim Harry and Schroeder (2000). It is also well-known as a technique 

that boosts output and productivity by cutting waste (Linderman. et al, 2002). The DMAIC method 

is used to address issues such as poor customer satisfaction, excessive expenses, and inefficient 

operations (Bhargava, 2017). We used the Six Sigma DMAIC technique for the current 

investigation. Define, Measure, Analyze, Implement, and Control is also known as DMAIC.  

The problem and its needs must be determined during the ‘Define’ phase (Tsarouhas, 

2021). As a result, we started by comprehending the business, characterizing, and identifying the 

issues Plastiflan S.A. was facing. We also established our goals and measurement limitations. 

According to Tsarouhas (2021), data must be gathered in the subsequent phase in order to confirm 

and quantify the current situation. In the "Measure" stage, internal quarantines, waste, 

reprocessing, allowable limits for each product, machine accuracy, and other product qualities 

were considered. We concentrated on the metrics that improved the process and eliminated the 

ones that were time and labor intensive and did not add value to the current study. Based on the 

information provided by the company and the agreed data collection plan, historical data and newly 

acquired data were gathered. For the "Analysis" phase, this data was used. This phase is anticipated 

to identify the underlying causes, fully comprehend the procedure, and consider the influencing 
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components (Tsarouhas, 2021). We looked at the data gathered, the indications, the control sheets, 

the outcomes of the tools used, and the primary root causes. Tsarouhas (2021) stipulates that 

instruments that tighter performance adjustments and improve procedures need to be devised and 

used during the “Implementation” phase.  

As a result, we introduced Lean tools that were compatible with ISO 9001 certification and 

also standardized product quality assessment. For this, we standardized the majority of the criteria 

that the operators used to assess each sample they took. In addition, the process structure was 

tightened to make it clearer and simpler to understand. Managing process modifications and 

making durable improvements are required during the “Control” phase (Tsarouhas, 2021). In order 

to ensure the operators were consistently practicing their abilities for item testing, we developed a 

training schedule for them. We also scheduled monthly reviews for after the implementation to 

control tool performance and monitor the adoption of improvements to the existing procedures. 

Finally, in order to regularly analyze and follow up on the adjustments made and improvements 

put into place, we developed a training plan that the quality manager could share with operators 

and analysts. 

QUALITY AND DEFECT DETECTION IN PLASTIFLAN 

Defining Quality Problems 

Lean manufacturing and Six Sigma are methodologies for improving quality and 

productivity that have been widely used in many businesses (Jiménez, 2014). We chose this 

methodology so that we could break our project into five basic steps: Define, Measure, Analyze, 

Implement, and Control. The DMAIC method in six sigma is frequently used for problem solving 

(De Mast, 2012).  
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The historical data was revised in order to better identify the issue, and it was discovered 

that while 3% of orders can be rejected in a given week, on average there were 6% rejected orders 

over the previous months, with some weeks having as much as 14%. Data from an earlier collection 

was obtained to assess the best course of action and the underlying causes for the quarantined items 

when quality issues were discovered with the amount of rejected orders. To determine the plastics 

manufacturing process to be analyzed, a pie chart was drawn up. From this, we obtained that the 

blow molding process produced 82,5% of the overall production (Figure 1).  

 

Figure 1: Blow Molding vs Injection Analysis 

After narrowing down the process in which our study was going to be focused, the family 

of products were analyzed to determine the bulk of main products that are manufactured in the 

blow molding machines. A Pareto chart was used to decide which product had a higher recurrence 

in this procedure (Figure 2).  
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Figure 2: Pareto diagram for product families 

It was determined that more than 80% of the total production is made up of containers and 

gallons. An additional investigation was conducted to identify the machinery that was utilized most 

frequently, contributing most of the total production for blow molding and the source of the 

majority of the orders that were quarantined (Exhibit A). A Pareto chart was used to determine the 

machines that were going to be analyzed, using a weighted score strategy to score the number of 

working hours, percentage of usage, total production, and total number of orders. It was clear that 

the machines in which analysis and measurements were going to take place were blow molder one 

and blow molder four (Figure 3). 
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Figure 3: Pareto diagram for Machine Selection 

Analyzing Quality and Defect Detection in Plastiflan 

The primary goal was to minimize internal quarantines. Employees of Plastiflan classified 

them as rejections of goods that fall short of criteria. To further focus our project's objectives, we 

will only consider those variables that can be influenced and changed. When the primary issue of 

too many internal orders being refused was broken down into its primary causes, it was found that 

concerns with operators, machines, process/method, and measurements were the main focus. We 

explored potential causes for various issues in order to direct the project's future actions. It was 

also made clearer which particular factors needed urgent consideration and how they affected the 

issue. First, the production line's identification of defective units was examined to see whether it 

was in or out of control (Figures 4 and 5). 

 



 
 

 

17 

 

 

Figure 4: Control Chart Blow Molder 1 

 

Figure 5: Control Chart Blow Molder 4 

After a thorough analysis of the process flow, the way the operators work and the defective 

units were analyzed, it was found that visual attributes are challenging to quantify, that operators 

lack criteria for identifying defective units, and that there is no systematic approach to look for 
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defective units in line. Defective units might also result from variations in the supplier's material 

quality, unanticipated machine damage, and unpredictable environmental reasons. Since the 

process was out of control, and there were no assignable causes that explained why it was out of 

control, further analysis was required. 

An R&R study was conducted to ascertain whether all operators were qualified to approve 

or reject a product, because the operator criteria was found to be deficient. The studies of 

Repeatability and Reproducibility (R&R) are created to determine whether or not the work 

performed by inspectors is efficient and consistently performed. That is, if the inspection job 

detects production process flaws before the goods are received to the subsequent operations 

(Romero & Romero, 2011). The R&R was developed to compare the criteria of two operators and 

two analysts to the standard criteria set by the manager of the quality department. It is advised that 

10 samples from at least three distinct products be reviewed twice or three times by a minimum of 

three persons in an R&R, according to a study from Dubois and Courtois (2019). In order to assess 

the levels of association between each appraiser and the standard for the R&R performed in 

Plastiflan, four individuals were examined, and three products were analyzed. Each product 

provided 10 samples, and each sample was examined twice using two different codes. The results 

are displayed in Table 1. 
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GAGE EVALUATION 

 Source StdDev (SD) Study Var (6 * SD) % Study Var (%SV) 

 Total Gage R&R 0.246157 1.47694 70.91 

 Repeatability 0.162475 0.97485 46.80 

 Reproducibility 0.184920 1.10952 53.27 

 Part-to-Part 0.244767 1.46860 70.51 

 Total Variation 0.347137 2.08282 100 

ASSESSMENT AGREEMENT WITH STANDARD 

 # Units Inspected # Units Matched Percent 95% CI 

 30 6 20 (7.71, 38.57) 

 

Table 1: First R&R Results 

It was evident that neither the analysts' nor the operators' criteria matched the accepted 

level or the standard criteria since the values were well below 70%. Only 47% of the process can 

be duplicated, showing that this analysis's process cannot be easily repeated. In a similar way, the 

reproducibility is just 53%, demonstrating that neither analysts nor operators can evaluate the same 

sample in the same way or get to the same conclusion for the same sample. Finally, it may be said 

that this analytical procedure is unreliable because the percentage of overall variability is not 

noticeably different from the Part-to-Part variability. Since the criteria differs among appraisers 

and there is only a 20% agreement with the standard, it was concluded that the operators did not 

understand how to apply the criteria since they are untrained or unspecialized. In order to improve 

and standardize the criteria used to decide whether or not a product was defective and, 

subsequently, whether it needed to be quarantined, a quality training program (Exhibit B) was 

devised. The four videos that made up the quality training demonstrated how to follow a quality 



 
 

 

20 

 

procedure, which attributes to control and how to do so, as well as the new standardized measures 

for two of the attributes.  

We developed a sampling plan for machines 1 and 4. (Exhibit C and D). The entire 

population had to be examined because there were only a small number of orders that were rejected 

each week (Montgomery & Runger, 2011). The historical data from each machine was chosen at 

random to determine the population size. The population size was then calculated using the number 

of orders from that week. There were fifteen orders for each machine that needed to be examined. 

It was decided that a sample would be taken during each shift of each machine for fourteen days 

in order to have thirty random samples of each machine and conduct a thorough analysis of 

attributes and measures. In contrast to blow molder four that has an autonomous fault detection 

system and doesn't require an operator to interact with the process, blow molder one needs the 

operator to physically cut the extra material. Therefore, it became intriguing to examine both 

machines and the types of issues that arise regarding the goods in each one and whether they are 

the same.  

In order to perform the analysis, a binomial approximation to normal variables validation 

was performed because the data obtained were a binary response variable. Montgomery and 

Runger (2011) propose three rules (Table 2) that our data has to follow in order to be able to 

accomplish this. The calculations and validation for these rules according to our data are shown in 

Exhibit E.  
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Rule Description 

n>30 The sample size has to be greater than 30 

n*p>5 The sample size times the proportion of 
defective units has to be greater than 5 

n*q>5 The sample size times the proportion of good 
units has to be greater than 5 

 

Table 2: Rules for Binomial Approximation 

After corroborating that the data effectively complies with the established rules, we moved 

on to proportion testing for the two machines and the two shifts we worked with while collecting 

the data. The first shift's defective unit percentage was compared to the second shift's defective 

unit percentage. Blow molder one's (manual) defective unit percentage and blow molder four's 

defective unit percentage were both examined (automatic). Although there was a variation in the 

percentage of defective units between the morning and night shifts, there was no statistical 

difference (Figure 6). 

 

Figure 6: Results Proportion Tests Shifts 

 
The same scenario happened to the proportion tests for the different machines (Figure 7).  
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Figure 7: Results Proportion Tests Machines 

Since there is no statistical difference across shifts, machines, and the defective units inside 

them, we looked at process flaws. Rebates, material failure, deformation, color failure, and black 

spots/color spots are the five most common visual faults. A thorough study revealed that all defects 

are treated the same, which means that regardless of which defect is found, the entire batch is 

quarantined, even though there are five different kinds of faults that are reprocessed in various 

ways. As a result, the workload of the operators has decreased, but the quality department is having 

problems because of the excessive quarantine items (Plastiflan, 2022). 

Following a thorough investigation, we were able to determine that the company had a 

quality problem, and when defective units were found, the entire lot was quarantined. But at the 

time of examination, the OEE showed an almost perfect quality score. The calculations produced 

by the corporation were found to be deceptive after validating the formula employed and the data 

supplied for computing the OEE. The results for overall equipment availability, performance, 

efficiency, and quality were acquired, and although it appeared that the company's average was 

nearly great, investigation revealed that their estimates ranged from below zero to well over one, 

which is logically impossible (Hedman et al, 2016). Setup and reprocess times were not being 

taken into consideration and the number of defective units were not registered correctly, so they 

were not used for the estimation (Exhibit F).  
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 Improving Quality and Defect Detection in Plastiflan 

The first action taken was to standardize the criteria used to evaluate the product attributes 

before starting the implementations. To be able to assess each product, with the head of quality, 

we chose products randomly from blow molder one and four in order to calculate the permissible 

limits for each flaw when analyzing the products. This led to the creation of standards for the 

different types of defects. The standard stated that there could not be even the tiniest rebate in the 

mouth. The tolerated maximum for rebates in the body and handle of the product was 0.3 

millimeters. 

Once the tolerable limits for rebates was standardized, a visual sheet of attributes was 

developed (Exhibit G), in order to place this sheet in the production folders so that operators can 

visualize how the defects look and what their standardizations are. In addition, to implement this 

sheet, a training was carried out consisting of 4 videos with an evaluation consisting of 28 

questions. Operators, analysts, and supervisors had to do the training and obtain a minimum score 

of 8 points out of 10 in order to approve the training and obtain the certificate, however, the average 

obtained by the workers was 7.8. So, a new training plan was recommended to the quality 

department head.  

Also, as previously mentioned, defects were divided into critical and non-critical and for 

this, it was standardized that non-critical defects are rebates, as a reprocess can be made on the 

production line. This is considered as an improvement, as it allows reducing internal quarantines 

in addition to having a more efficient process that allows reducing reprocessing. Additionally, to 

this classification, a control sheet was implemented that must be filled every hour in order to 

control the quantity of defective units and the total production from each machine (Exhibit H). On 

this sheet operators must fill in the number defective units, number produced units and check the 
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correct functioning of the automatic defect detection system by the hour. In addition, the sheet 

must be signed every hour by the analyst in order to verify that the required data is being registered. 

This sheet will allow the company to have a record of how the process is working and also perform 

control graphs. If the process is out of control, assignable causes must be found and eliminated to 

ensure that the process is under control. This tool allows a constant evaluation of how the process 

is and motivates operators and supervisors to take immediate action to prevent defective units. 

Once this tool was already in use in the company, new control graphs were constructed. Assignable 

causes were easy to find, and the process is now under control as can be seen in Figures 8 and 9. 

 

 

Figure 8: Control Chart Blow Molder 1 
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Figure 9: Control Chart Blow Molder 4 

Additionally, a Kaizen event, a technique for continuous improvement which consists of 

acts taken by a work team with the goal of improving a process (Manos, 2007), took place in order 

to engage employees in all implementations made. Due to the employees' availability, only one 

kaizen event—which lasted around 30 minutes—was held and only two operators and two analysts 

were able to attend the event. A brief presentation was given in the situation, outlining the issues 

encountered and the solutions to be used. The tools' definitions, goals, and outcomes were 

presented, along with examples on how to use each one. The purpose of this event was to include 

the staff in the ongoing progress. The event's outcomes were positive since participants were more 

motivated to work together, to use the tools and conduct a much more in-depth analysis of the 

units in order to properly appraise and avoid incorrectly quarantining lots. 

The Toyota Grade Classification Worker plan was another tool used to create a quality 

training program based on the analyst's knowledge and experience. You can assign each 

employee's expertise level in three levels that are indicated by circles. A whole black circle 
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indicates that the worker needs training, a circle that is half black and half empty indicates that the 

employee is in training, and an empty circle denotes that the employee has completed their training. 

Key activities and employees who will participate in the quality processes must be determined 

before each circle can be assigned. Then, each employee is given a circle according to their role, 

level of training and involvement in the process (Moon, 2013). This tool was implemented in 

conjunction with the quality manager since she assigned the corresponding circles to each 

employee. A template for this tool is shown in Figure 10. 

 

 

Figure 10: Toyota Grade Workers Classification Matrix 

On the other hand, the RACI tool was implemented as a strategy for daily quality 

management. According to Smith (2005) this tool allows workers to be separated into groups and 
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assigned roles to follow up activities that are carried out on a daily basis. Finally, a second R&R 

study was conducted following the same parameters from Dubois and Courtois (2019). In order to 

assess the levels of association between each appraiser and the standard for the R&R performed in 

Plastiflan, four individuals were examined, and three products were analyzed. Each product 

provided 10 samples, and each sample was examined twice using two different codes. The results 

are displayed in Table 3. 

 

GAGE EVALUATION 

 Source StdDev (SD) Study Var (6 * SD) % Study Var (%SV) 

 Total Gage R&R 0.294577 1.76746 76.91 

 Repeatability 0.184630 1.10778 48.21 

 Reproducibility 0.229537 1.37722 59.93 

 Part-to-Part 0.244767 1.46860 63.51 

 Total Variation 0.382997 2.29798 100 

ASSESSMENT AGREEMENT WITH STANDARD 

 # Units Inspected # Units Matched Percent 95% CI 

 30 10 33.33 (17.29, 52.81) 

 

Table 3: Second R&R Results 

With a 49% in repeatability and a 60% in reproducibility there is a small improvement. It 

may also be stated that the analytical procedure is more reliable than before because the percentage 

of overall variability is not noticeably different than the Part-to-Part variability. Agreement 

between the appraisers and the standard criteria also improved to 34%. 

Finally, in order to improve quality management a new OEE calculation is proposed that 

considers set up times, reprocess times, number of defective units and standard parameters given 
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by the machine instead of ideal calculations in order to have accurate data. With this proposal, 

values are now in the correct range (between 0 and 1) and the company can have real values that 

clearly display their problems instead of misleading information that doesn't portray the real 

situation (Exhibit I) 

RESULTS 

After standardization, quality testing, training, attributes, visual control, and hourly control 

checking, a new R&R was created, and we got good results showing how effective the tools are. 

It was possible to increase the operators' criteria in comparison to the standard by 14%, as well as 

the reproducibility and repeatability by 7% and 2%, respectively (Table 4). As a result, operators, 

managers, and analysts have a far better criteria to determine whether the product has to be placed 

under internal quarantine. 

 Previous R&R New R&R Results 

Total 70.91% 76.91% Increased by 6% 

Repeatability 46.80% 48.21% Increased by 1.41% 

Reproducibility 53% 59.93% Increased by 6.93% 

Part - to - part 70.51% 63.51% Decreased by 7% 

Agreement with standard  20.00% 33.34% Increased by 13.4% 

 

Table 4: R&R Comparison 

When assignable causes were uncovered during data collection, as previously shown in 

figures 8 and 9, it was revealed that there was an issue with the company's cold hose, which at 

specific periods caused damage to the equipment. The process of identifying defective units is now 

under control. As a result of the units being damaged, these points could be omitted outside the 

boundaries of the graph. 
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Furthermore, after RACI (Exhibit J) and Toyota Grade Workers (Exhibit K) were 

implemented, we were able to establish the quality department and assign roles so that all 

operations and day-to-day duties could be kept an eye on and enhanced. Thus, the procedure might 

continue to improve steadily, maintaining control and lowering the number of orders for 

quarantine. 

Finally, the average number of quarantined orders decreased by 2%, which allowed us to 

achieve our initial goal and was the most significant and practical result we were able to achieve. 

It is crucial to stress that there has been a decline in the number of orders that have been 

quarantined, a trend that we want to continue by using the more thorough control sheet, which 

makes it possible to track defective units in comparison to manufactured units. It is anticipated that 

this trend and the proportion of orders can be stabilized by continual improvement and the control 

plan (Table 5), allowing the company's set limit to be maintained. 

 

Activity Responsible Time Range 

Quality Training Head of Quality Department Every Quarter 

Skill evaluation (RACI & Toyota) Head of Quality Department Every Quarter 

Processes checkups (Control 
Graphs) 

Head of Production Department Weekly 

Standardization of processes Quality and Production Department Each Semester 

 

Table 5: Control Plan 

CONCLUSIONS 

Finally, it was possible to categorize the types of defects in two categories. They could be 

categorized into critical defects and non-critical defects. Critical defects are the black spots, 

deformations, material failure, and color failure. Since these kinds of flaws cannot be fixed on the 
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production line, a more thorough analysis must be carried out to determine whether the material 

can be used again or if it needs to be discarded. On the other hand, the rebates can be defined as 

non-critical defects since this type of flaw can be fixed by adding a new activity that can be carried 

out within the production line in which the defective products are reprocessed, reducing internal 

orders, and achieving the study's main goal. Additionally, it was determined that the second level 

sigma analysis should be performed on both the production line and the quarantined orders to 

perform a more thorough analysis that will allow for the reduction of errors as well as the control 

of the number of rejected orders. 

Finally, we draw the conclusion that the OEE calculation method is ineffective for the 

organization since it ignores crucial data needed for accurate findings and instead provides them 

with a false impression of how their process is operating. Because of this, we recommend that 

the OEE be calculated weekly or monthly rather than in the current order. 

LIMITATIONS 

The company's lack of cooperation in data collection and the provision of historical data 

was one of the project's constraints. Additionally, the operations were restricted by the lack of 

collaboration when visiting the plant. This is why, despite the fact that they were given a 

preliminary notion, they were unable to proceed with the implementation of the previously planned 

Hoshin Kanri tool. On the other hand, Plastiflan's documentation is inefficient since, at the time 

the data was gathered, it was impossible to link the manufacturing order to the quality area's 

records. 

Furthermore, there were other external variables that we were powerless to control, which 

led to high employee turnover inside the company, which caused high variability in the proportion 

testing. In addition, the company did not view the repeat processes of molecularly altering the 
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products as an inconvenience, which limited the accuracy of the information provided by them 

because it was an unconsidered fact. Assuming the foregoing, it is also crucial to note that working 

with binary variables made it difficult to apply all statistical models to the analysis, necessitating 

the analysis of the machines and turns separately.  
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EXHIBITS 

Exhibit A: Blow Molder Machines Analysis 
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Exhibit B: Quality Training 

Videos:  

 Link 1: https://youtu.be/a4SNF2Wf0jk 

Link 2: https://youtu.be/erejRaSPogw 

Link 3: https://youtu.be/du2JwNqUd2E 

Link 4: https://youtu.be/wm5ost76vnA 

Questionnaire: https://forms.gle/CZosSH2nFz8bFzZKA 
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Exhibit C: Sampling Strategy Blow Molder 1 
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Exhibit D: Sampling Strategy Blow Molder 4 
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Exhibit E: Rules for binomial approximation to normal 
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Exhibit F: OEE calculation Plastiflan 
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Exhibit G: Visual Attributes Control Sheet
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Exhibit H: Hourly Control Sheet 
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Exhibit I: OEE calculation Our Proposal 
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Exhibit J: RACI Matrix Implemented 
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Exhibit K: Toyota Grade Workers Matrix Implemented 

 




