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Abstract 

Since its origin, Six Sigma has been considered as a continuous improvement strategy in manufacturing and service processes, reaching a 
significant impact in several organizations. This research work exposes the results obtained by developing the DMAIC methodology, to 
reduce variability in a printing process, with the deduction of defects or errors and improve customer satisfaction. This project was 
carried out in a micro-company, which presented quality problems in the product. In the development of the research, the input variables 
involved in the process were defined to verify their behavior; and through the application of techniques, statistical process control (SPC) 
tools and the use of the Minitab 16 program, the data analysis was carried out, where the causes of the variability of the problem were 
identified, which allowed defining solutions for the improvement of the process. Finally, an improvement proposal was established to 
reduce the defective product from 26.66% to 7.47%, i.e. 19.19% less, which indicates a significant improvement in the process and 
product quality. 
Keywords: DMAIC, Six Sigma, MSMEs, Quality, Printing. 
 
1. Introduction 
 

Micro, small and medium-sized enterprises (MSMEs) in Mexico and in the world are key economic generators, since a 
large part of the economy and population depend on their activity, in this sense they compete in a globalized environment 
characterized by the opening of markets, gradual competition and greater demands from consumers, who are more 
communicated; so it is necessary that they have tools and techniques to improve and increase their efficiency and quality [4]. 
These organizations are no strangers to these changes, so it is appropriate to have methods that help improve their 
competitiveness and consequently their productivity; in Mexico the persistence of companies depends greatly on the sector 
and size, since they have a life expectancy of 6.9 years on average and a mortality rate of 36 out of every 100 of these 
companies are dissolved in the first year of operation and this figure rises to 70 after five years, which represents that 30% 
of these companies survive [13]. Therefore, it is imperative that MSMEs become increasingly productive. 

It should be noted that MSMEs compete internally in their local environment against large companies with high quality 
standards; however, it has been found that microenterprises, due to their small size, have favorable conditions for quality 
improvement [18], which is a fundamental mechanism for increasing productivity and, as a consequence, greater 
competitiveness [4]. 

This article shows the application of the DMAIC (Define, Measure, Analyze, Improve and Control) methodology in a 
microenterprise located in the municipality of Chiautempan, Tlax; of the graphic arts business; in which since the beginning 
of its activities its main problem has been the variability in its printing process, incurring in a significant number of defects 
which has caused rework, caused losses, which have affected the output of the product and therefore rejection of the same 
by the customer. For this reason, it was proposed to develop the Six Sigma methodology to reduce the variability of the 
printing process and to propose improvement strategies that allow a better performance of the production system. Currently, 
process management, as well as improvement techniques and methods based on a statistical, scientific approach, such as the 
Six Sigma philosophy, support the increase in quality and productivity, in addition to reducing costs in these organizations 
[6]. 
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Most of the Six Sigma tools are based on the discoveries of quality intellectuals such as W. Edwards Deming, Joseph 
Juran, Kaoro Ishikawa, Armand V. Feigenbaum, Philip Crosby and Hiroyuki Hirano, who focused on the customer, decision 
making based on statistical data, the philosophy of zero defects, and consequently the improvement of processes and 
organizations in general with the purpose of optimizing material, human and financial resources [2]. 

Six Sigma is a system designed to reduce defects to reduce costs, save time, and improve customer satisfaction [17]. 
For this reason, he has significantly captured attention and credibility due to his performance in organizations such as Allied 
Signal (now part of Honeywell) and General Electric, which sought to find and eliminate the causes of defects and errors in 
manufacturing processes. manufacturing and services [8]. 

Since its institution, the Six Sigma philosophy uses the Greek letter (σ), which indicates the variability or dispersion of 
a set of data with respect to its mean, which allows identifying the capacity of the processes in terms of their level of 
products or services out of specification, generating a maximum of 3.4 defects per million opportunities [11]. Likewise, it 
represents as a metric, a way to measure the performance of a process in terms of its level of out-of-specification products or 
services and as a work ideology, it means continuous improvement of processes and products [7]. 

One of its main peculiarities is that it is a complete, disciplined, project-oriented and flexible system that manages to 
maintain and maximize business success, through a close understanding of customer needs from manufacturing to delivery 
of the product or service, in addition to obtaining quality, productivity and increasing customer value, as well as promoting 
training and carrying out a transcendental change [9] [16]. 

 
The DMAIC methodology relies on both statistical and administrative tools to tangibly improve the performance 

results of a company's processes and products [19]. The use of statistical process control (SPC) is very important to develop 
the necessary quality and control variability in the process to eliminate defects and ultimately reduce process costs and 
increase customer satisfaction [20] [15]. As well as it allows to make insightful decisions and with more clarity, serving as a 
support to have leadership among the personnel [5]. 

 
The printing methods and graphic arts have their origin since the appearance of man; from the woodcut used to print 

Buddhist writings between 627 and 649 A.D.; later Gutenberg (1450) did it with his invention of the printing press; 
lithography, developed by Aloys Senefelder in 1796; later these evolved. Nowadays, images of higher quality and volume 
are printed, which caused these techniques to flourish, giving rise to pad printing. It was not until the 60's that it began to be 
used on a larger scale; currently this method is used in the automotive industry, as well as in other areas such as the toy 
industry, medicine and companies dedicated to the printing of promotional items [3]. 

 
 Finally, we must consider that in the present research project Six Sigma was implemented for the following reasons: a) 

it is oriented to the reduction of variability; b) it is possible to eliminate different types of waste throughout the organization; 
c) it facilitates organizations to improve quality, their productivity and is of high impact for the customer; d) there is an 
integration of managers and staff [1]. 

 
2. Materials and Methods 
 
The research was of the experimental type, since it sought to establish the effect of the input variables on the output variable 
(drying time) in the printing process, as well as the result of the interactions between them, with the purpose of obtaining the 
necessary information to improve the printing process and respond to the problem posed [12]. This methodology also 
allowed analyzing the statistical data and obtaining an optimal configuration to reduce process variability and improve 
product quality by previously establishing the factors and levels of the experiment [10] [14]. The article under study was 
developed according to the stages of the DMAIC methodology (fig. 1): 

 
 
 
 

Fig. 1 DMAIC methodology. 
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3. Methodology development 

3.1 Define Phase. 

For the application of the DMAIC methodology, the activities to be carried out, their duration and follow-up were 
initially planned by means of a Gantt Chart; and in order to visualize the research project in a general way, as well as all the 
information related to it, a Project Charter was formalized (fig. 2); in which each of the circumstances that justify the need 
to improve the process were presented, such as: the current description, the focused problem, the objective of the project, 
the scope and limitations, the estimated resources and finally the current metrics and the objectives to be achieved were 
defined. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 Fig. 2 Project Charter.  

Subsequently, the problems affecting the printing process were specified by means of VOC (Voice of the Customer) 
with the owner of the company, identifying the CTQ's of the customer, in addition to making visits to the entity where it was 
observed directly (Gemba) in the line of work. 

And as part of the investigation of this stage, a SIPOC (Suppliers, Inputs, Process, Outputs, Customers) diagram was 
made, in which the customers (internal or external), the customer requirements, the processes involved and the identification 
of the process inputs and who provides the inputs of materials, resources and information required for the development of 
the process were identified. 

Definition of potential variables 

Using this mathematical function Y=f(Xn), the input variables that directly or indirectly affect the printing process 
were determined (Table 1): 

Table 1: Input variables 

Y= X1 +X2 +X3 +X4 +X5 +X6 +X7 +X8 
Decrease in variability  

(Drying time) 
Turn Air-gas 

mixture 
Band 
speed 

Temperature °C Drying time 
(hrs) 

Ink 
weight 

Hour Defects 
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3.2 Measure Phase. 

The purpose of this stage was to establish a data collection strategy using methods to measure current performance, 
emphasizing opportunities for improvement, and subsequently monitoring them. Once the input variables were determined, 
a systematic sampling was carried out to obtain 400 samples of the population (60,000 pieces) and to quantify the problem 
and have a precise concept defining a starting point. 

According to the data obtained from the sampling, a verification sheet was prepared (table 2), where it is observed that 
the defects: lack of adhesion, lack of porosity, outdated and contaminated printing, are the main errors identified, which give 
rise to product rejections. This represents 27% respectively of the total number of incidents of the samples taken, with a 
sigma of 2.12, representing that the graphic arts process works in a deficient manner. 

Table 2: Check sheet 
. 
 
 
 
 
 
 
 
 
 
 

For the R & R study, 50 pieces were selected, 40 good and 10 with a different defect, each piece was evaluated 
following an order numbered from 01 to 50 on the inside of the piece to facilitate the identification of each one of them. The 
purpose of this method was to verify the inspection criteria of the operators against the quality characteristics desired by the 
customer and to determine if there is variability caused by differences between them, the results are shown in fig. 3.  
 
  
 
 
 
 
 
 
 
 
 
 

 

Fig. 3 Confidence intervals in graphical form, minitab 16. 

The repeatability evaluation showed the degree of agreement that the operator has with himself, through three 
measurements that were performed, in the same way the reproducibility was evaluated, which concluded that there is an 
inconsistency between the criteria applied between one evaluator and another, which originates a variability in their criteria, 
but according to the Kappa index it was concluded that the measurement system is adequate. 

. 
3.3 Analyze Phase. 

For the analysis of the data, control tools were used to identify the critical viable inputs and define the best solution to 
recommend and implement. According to the data collected, the defects found per shift were concentrated, as well as the 

VERIFICATION SHEET 
Process: Printing Location: Tlaxcala 
Area: Printing Sheet: Part 1 of 1 

Incidence Frequenc
y 

Cumulative 
amount 

Percentag
e % 

Cumulative 
Percentage

% 
Lack of adhesion 71 71 65.14% 65.14% 
Lack of porosity 19 90 17.43% 82.57% 

Outdated printing 11 101 10.09% 92.66% 
Contaminated  8 109 7.34% 100.00% 

TOTAL 109  
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total of them, so there is not a specific day where more defects occur, but in comparison per shift in the 2nd shift there is a 
higher occurrence (table 3). 

Table 3: Defects per turn 
Defects 

Day 1st shift 2nd shift Total/day 
1 6 16 22 
2 7 16 23 
3 6 17 23 
4 7 15 22 
5 6 13 19 

Total 32 77 109 

In the same way, by means of a graph of individual measurements, the data of the temperature variable were plotted, 
and it was observed that there is a variability between shifts with respect to this of more than 5°C, therefore, its drying 
process is unstable. Likewise, the behavior of the speed of the flamer was verified and it was perceived in the graph (fig. 4) 
that some points are outside the control limits, so it was deduced that the flaming process is unstable. 

 

 

 

 

 

 
 

Fig. 4 Plot of band measurements, with respect to speed, minitab 16. 

Subsequently, the correlations between the variable’s temperature-defects, temperature-hour, defects-hour were 
evaluated, in order to establish a linear relationship, which would serve as support to predict the behavior of the objective 
variable from the independent variable, existing a correlation of 0.779 (temperature, defects), 0.805 (temperature-hour), 
these being regular; and the third of 0.507 (defects-hour) there is a minimal correlation.  

Once the analysis was carried out, we proceeded to search for all the viable causes that produce variation in the 
printing process by means of a brainstorm, later they were grouped by affinity and finally they were reflected in an Ishikawa 
diagram to identify the roots of the problem (fig. 5). 

 

 

 

 

 
 
 
 
 

Fig. 5 Ishikawa diagram of the graphic arts process. 
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Consequently, an analysis was carried out with the working group and in an evaluation matrix, the impact of each of 
the causes was numerically qualified, the resulting variables that originate the variability and that were analyzed are: 
ambient temperature and formulation. 

3.4 Phase Improve. 

At this stage, some improvements were proposed to optimize the efficiency of the flaming machine, and to reduce the 
number of changes such as: downtime, defects and reprocesses; therefore, a corrective maintenance was performed, in 
which the conveyor belt was adjusted, the rotating drums were aligned and the driver was changed, besides placing guides 
for a better centering of the product, being the points indicated as necessary. 

In the same way, the inkwell ring was rectified to have a better sweep on the metallic square; regarding the silicone 
pads, it was suggested to change the ones with more wear and tear and give them preventive maintenance by placing them in 
silicone oil to keep them moisturized and give them a longer life span; regarding the visual inspection of the operator, it was 
suggested to place a better light, as well as to use the method called "Milk-Round", to detect the defects before they reach 
the client. 

In this phase an experimental design was carried out using the 2k full factorial design technique, with 3 factors 
(ambient temperature, percentage of catalyst, percentage of solvent) and 3 replicates of each one, having as output variable 
(Y) the drying time, in order to know in parallel what effect, the k factors have on the response variable and if these had 
interaction between them. The factors evaluated, as well as their respective levels are shown in Table 4. For the application 
of this method, the thermal energy of the machine room was used, placing the samples at the temperature established by the 
experimental design. 

Table 4: 3-factor experimental design. 
 StdOrder RunOrder PtCentral Blocks Temperature Percent 

catalyst 
Percent 
solvent 

1 3 1 1 1 22 21 10 
2 23 2 1 1 22 21 12 
3 5 3 1 1 22 20 12 

4 12 4 1 1 23 21 10 
5 24 5 1 1 23 21 12 
6 6 6 1 1 23 20 12 

7 15 7 1 1 22 21 12 
8 4 8 1 1 23 21 10 

9 11 9 1 1 22 21 10 
10 13 10 1 1 22 20 12 
11 10 11 1 1 23 20 10 
12 21 12 1 1 22 20 12 
13 2 13 1 1 23 20 10 

14 14 14 1 1 23 20 12 
15 17 15 1 1 22 20 10 

16 7 16 1 1 22 21 12 
17 22 17 1 1 23 20 12 

18 19 18 1 1 22 21 10 
19 1 19 1 1 22 20 10 
20 18 20 1 1 23 20 10 
21 9 21 1 1 22 20 10 
22 8 22 1 1 23 21 12 

23 20 23 1 1 23 21 10 
24 16 24 1 1 23 21 12 

The normality of the data obtained from the 2k full factorial design, with the 3 factors, was checked by considering the 
determination guide for normality, where if the p-value is greater than 0.05 with a 95% confidence level, it indicates that the 
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data are normal; in our case the p-value was 0.152, concluding that the data come from a normally distributed population 
(fig. 6).  

As can be seen in the probability plot of the response variable (fig.7), the three factors considered for the design of 
experiments (DOE), as well as the combination of these, pass the importance line of 2.12, which indicates that they 
influence our output variable.  

 
 
 
 
 

   
 
 
 
 
 
                  
 
                 Fig. 6 Probability plot of the output variable, minitab 16.                                 Fig. 7 Pareto plot of standardized effects, minitab 16. 

The three factors temperature, percentage of catalyst and percentage of solvent, as the interactions of these are 
important in the output of the process, since their p<0.05 (table 5), so it was concluded that this model could be used for 
optimization. Therefore, it was carried out the execution of the response optimizer in the minitab 16 software and to verify if 
it was acceptable, 50 samples were made. For this reason, the response optimizer was run in minitab 16 software, giving the 
following data as the optimal process configuration (table 6). 

                                          Table 5: ANOVA results.                                                                    Table 6: Optimal process configuration 
Termino P 

Temperature 0.00
0 

Catalyst percentage 0.00
0 

Percent solvent 0.00
0 

Temperature*Percent Catalyst     0.00
0 

Temperature*Percentage solvent        0.00
1 

Percentage Catalyst* Percentage solvent 0.00
0 

Temperature*Percentage Catalyst*Percentage solvent   0.02
7 

 
Once the optimal configuration was obtained, 50 samples were made, to verify that the resulting optimal configuration 

was acceptable, so a statistical analysis of the graphic arts process was made again with a run of 50 samples, in which the 
following information was obtained a Cpk of 1. 06, and a Cp of 1.18, which indicates that it is class 2, the process is 
partially adequate, of the same was obtained a 747.11 PPM, which means that it is estimated that it would have a percentage 
of parts of nonconforming product of 0.074711%, in the long term, in addition to improving the sigma level to 3.18 (fig. 8). 

Temperature Catalyst percentage Percent solvent 
23°C 20 10.30 
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Fig. 8 Z level of the process with adjustment of the response variable, minitab 16. 

3.5 Control Phase. 

In this phase, a control plan was proposed as an auxiliary in the printing process to obtain a quality product that 
complies with the customer's requirements, detailing the selection and control techniques, in addition to adding a plus to the 
production system and meeting the customer's requirements (fig.9). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9 Graphic arts process control plan. 

Finally, a pre-control graph (fig. 10) is proposed, to keep track of the times of the samples obtained, in order to make 
the necessary adjustments and keep the measurements within specifications and meet the customer's requirements. 
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Fig. 10 Pre-control chart proposed for drying time control. 

To obtain the lower and upper control limits, ± 3 sigma with respect to the target (30 hours) was considered, and for 
the control limits, ¼ of the distance from the lower and upper specification limits was considered, with the following data 
(table 7). 

Table 7: Pre-Control chart data. 
 

 

4. Results 

The scope of Six Sigma projects pursues two main objectives: on the one hand, to significantly improve the production 
or service processes to obtain the characteristics desired by the customer, allowing the organization to obtain higher 
revenues. On the other hand, the savings in operating costs derived from the reduction of changes or errors during the 
process. Once the five phases of the DMAIC methodology were developed, the objective was to propose an improvement 
proposal to reduce the variability of the printing process. The results of the metrics pre-established in the project chart are 
shown in table 8. 

 
Table 8: Results of 
metrics. 

 
 
 
 
 
 

 
With the improvement proposal, a 19.19% reduction in the cost of waste can be obtained, which means a saving of 

$ 185,060, which means a saving of 92.53% annually. Likewise, it was possible to exceed the objective of the level of waste 
that was 10%, obtaining 2.53% more than what was proposed. Through these process improvements, it was possible to 

Pre-control chart 
LSL LPCL LC UPCL USL 
24.9

8 
27.49 30 32.51 35.0

2 

Metrics 
No Metric Initial Objective Reached Comments 
1 Z-level (sigma) 2.12 3.15 3.18 (Sigma level increased) + 1.16 
2 Index Cp 0.70 1.10 1.18 (Cp index increased) +.48 
3 PPM 266,700 100,000 74,711 (PPM decreased) -191,989 
4 Level of waste 26.66% 10% 7.47% (The level of waste was decreased) -19.19% 
5 Cost of waste $200,000 $20,000 $14,940 (Decreased cost of waste) - $ 185,060 
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improve the sigma level of the printing process by +1.06, which means that the causes that were identified within the 
process were the cause of the variation process, likewise the Cp index was improved. from 0.70 to 1.18. 

In the same way, when printing with a new and round pad, improvements were obtained in the Weight-ink variable with 
respect to its Cp, where this was initially 0.87, increasing to 1.33 and its Cpk from 0.80 to 1.35, therefore it was inferred that 
the process is adequate; Likewise, verifying the values, the Cpk is very close to the Cp, which indicates that the process 
mean is very close to the midpoint of the specifications and the potential capacity and the real capacity are similar, which 
concludes that the process is class 2. 

Of the factors that were included in the factorial experiment, all were found to be significant, as well as their interactions 
between them, which caused a decrease in the drying time of the ink printed on the product using the machine room at a 
temperature of 23 ° C, with “0% catalyst and 10.30% solvent. Finally, it is worth highlighting the importance of carrying out 
the Gemba (place where the events occur), to apply the Genchi Genbutso technique (Go and see) and directly observe the 
problem. 

5. Conclusions 
 
This research article shows that it is possible to deploy the DMAIC methodology in micro-enterprises and obtain 

favorable results to make necessary improvements in their production and quality system: the application of techniques and 
tools allows to reduce costs, changes, and customer satisfaction, being fundamental and more frequent in any sector of the 
industry to make experiments to reduce variability in the processes and improve their processes. Finally, among the main 
modifications resulting from the study, the following are mentioned: 

• Relocation of the drying racks, placing these in the machine room to function as a drying tunnel, to take advantage 
of the thermal energy emitted by these, as well as the fans to obtain the optimal curing time and save operating 
costs. 

• Programming of preventive maintenance to the printing and flaming machine, to improve effectiveness, defining 
the frequency of these, to reduce or eliminate extraordinary costs in overtime, machine stopped or lack of a spare 
part such as electrovalves and sensors. 

• Keep the tampon (silicone pad) in optimal conditions, assigning them a place free of dust, absent of sunlight and 
adding a thin layer of very fluid silicone oil at the end of the work shifts to have a longer useful life and avoid 
dryness. In addition to changing the printing position every shift change. 
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