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Abstract 
 
The objective of this paper is to present a case study in an industry plastic 
injection, located in the Industrial Pole of Manaus - PIM applying simple 
comparative analysis between process control and statistical process control 
(SPC). The injection of seats for motorcycles using as the main resin PU 
(polyurethane). In this study, control charts of Shewhart X-bar and amplitudes 
were used in order to analyze hardness quota set by client. As a result it was 
found that the process has some stability, however, there are high variability due 
to the small tolerance specified by the customer. 
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INTRODUCTION  
Leading organizations in their industries are those that actually have systematic controls over its process, 
activities and operations, and in recent years companies have been suffering high charging market 
regarding the quality of their products. 
Manufacturing processes in general are governed by inertial elements, and when the interval between 
observations becomes small in relation to these forces, they become correlated over time (Montgomery, 
2012).  
Therefore in Montgomery (2012) states that since all product features aimed at compliance with the 
requirements of the customer, it must be produced from a suitably stable and replicable process. Thus, 
according to the author, the production process must be able to operate with little variability around the 
target or nominal characteristics of product quality dimensions. 
 
THEORETICAL REFERENTIAL 

Companies in their search for quality improvement seek to identify tools that support the identification 
and reduction of variability of quality issues. And one of these tools is very important and the CEP. 
Statistical Process Control. As Ribeiro & Caten (1997), SPC is a statistical technique applied to production 
that allows the systematic reduction of variability in the quality of interest, contributing to the 
improvement of intrinsic quality, productivity, reliability and cost of which is being produced. Each 
product has a number of elements that together describe its suitability for use. These elements are often 
called quality characteristics (Ribeiro & Caten, 2003).  
The studies of Samohyl (2006) also considered that the Statistical Process Control (SPC) is a consolidated 
tool and has been used for nearly a century, and that the perception of Shewhart considers that the 
quality and variability are antagonistic concepts in the sense that where must necessarily have a very 
little else. This idea works for both processes and products. The CEP has major production to alert when 
a process is being influenced in some variable, rather than a piece produced is not as objective, enabling 
preventive action. 
A control chart consists of a center line (CL) represents the average value of the quality characteristic 
corresponding to the situation of the process under control and a pair of control limits: one located below 
the central line called the lower control limit (LIC) and another located above the center line, called the 
upper control limit (UCL). Both limits are within a distance of three standard deviations from the mean or 
target of the process (μ ± 3σ) originally suggested by Shewhart (1931). 
To Slack (1997), the CEP, in most cases, is the best method for quality control, it ensures that quality is 
"built" in the process instead of being inspected at the end. According Samohyl, (2009) CEP provides 
besides the improvement of the process, also reducing costs, especially for sampling and reducing waste. 

http://www.bmdynamics.com/
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Lima et al. (2006) studied the application of Statistical Process Control in a pharmaceutical industry and 
observed by studying the ability of the process that he is not capable enough to produce items within 
specification with the required security. 
Souza et al. (2007) studied the Statistical Process Control in an industry that produces casting blocks for 
motor vehicles and noted that although the process of stable, presents small oscillations around the mean, 
and variability that cannot be ignored and it shows a lack quality. 
 
METHODOLOGY 
The case study allows the investigation of a phenomenon within the real context (Yin, Grassi, 2005) and 
increasing the understanding of such events (Cauchick Miguel, 2012). The methods of the case study 
were considered (Voss, 2002; Yin, 2005). The data collected are predominantly quantitative, obtained 
directly from the source of the evidence. 
The study is confined within a plastic injection company (PU) located in the industrial pole of Manaus, 
through the implementation of the CEP by letter P attributes, measure the data obtained in the process, 
interpret them and describe possible solutions for each problem encountered, in which data were 
collected between March and April 2014. 
 
CASE STUDY 
Description of the Activities of Production (Pads for Motorcycle Seats) 
The process of PU foam injection cycle reaches 300 seconds to cure a piece (x between injection mold 
closing of the piece to extraction and after extraction, degassing, (broken cell) is left to rest for 72 hours. 
Before the production itself, there is a receipt of the purchase order sent by the client is received by the 
commercial area after analyzing sends considerations and review of the Planning and Production Control 
that after confirmation of acceptance, tells the trade that then confirms or not the customer with their 
comments if any: emphasizing quantity, delivery dates and the timetable that later after acceptance of the 
order, will be given a Kanban card. 
Injection for Polyurethane exists a machine that will make the PU injection on a carousel that will make 
the expansion of the product and its cooling. In this carousel 19 holds or different products and models, 
which corresponds with a machine (servo motor) device that communicate the correct amount to be 
injected for each model, the cycle time until the extraction is 300 seconds per piece. (Rotating carousel 
complete with 19 pieces). Will be presented below in Figure 1 we have the details of each step of the flow 
chart of polyurethane injection. 
Deburring - after extraction to occur after 300 seconds, is made at the ends of the deburring piece and this 
time takes about 15 seconds.  
Puzzle cell - after grinding passes by a device that breaks the cell call to remove gases formed in the 
workpiece during the expansion.  
Healing time - after going through the break-cell process, will be at rest for 72 hours to complete its full 
expansion and achieve the necessary hardness.  
QC inspection - after this time all the pieces are passed inspection by QC will examine the required 
hardness and each model has a specific hardness.  
And release or Fail - when released by the production quality is sent when the reprobate is blocked and 
identified that cannot be sent to the customer and is typically sent to area scrap material.  
Final Set - when approved following the production of napa molding and assembly of the final set.  
Review - After the final assembly undergoes further review and approval is being packaged and sent to 
the shipping area for delivery to the customer, following guidance from kanban, if rejected, the material 
is blocked and which will be forwarded separately to the scrap 
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Figure 1 - Production Process  - Injection Polyurethane - PU 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Authors 
 
STUDY RESULTS 

The process is analyzed injection Polyurethane seats for motorcycles, consisting of a mixture of liquid 
resins known as isocyanate and polyol. The feature that will be used in this work is the hardness of the 
workpiece. This characteristic is determined by the client after injection and is of fundamental importance 
for the subsequent assembly process of napa and placement of some components. If the hardness is 
outside the recommended measure the part is rejected. The product studied is recommended hardness of 
352.5 +/- 7.5 Newtons, or can deliver the workpiece 360 with upper limit and lower limit of 345 Newtons.  
The procedure currently performed by the company (operators) is a simple process control, by checking 
the hardness and this occurs each hour are collected 5 pieces of the process and conducted the analysis 
whenever the piece is analyzed outside the specified this is not as (hardness above or below the specified) 
is identified and blocked, per recommendation of the area of quality operators segregate the entire 
production run since the last check and report the problem to charge the industry. The incumbent assists 
operators in the dealings of the segregated batch (selection is made, since it is possible to rework the parts 
in shaping napa), to assess the root cause of the problem and taking corrective actions. 
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Montgomery (2012) defines this natural variability or "background noise" is the cumulative effect of many 
small causes essentially inevitable. Although the common causes can be reduced by investing in new and 
better machinery, raw material of higher quality, continuous staff training, improvements in the 
workplace, among others, they will always be part of the process (Carvalho and  Paladini, 2012). 
To enable statistical analysis, the operators were instructed to register the values of the hardness 
measurements. Table 1 shows the data for two months of work on a daily 8-hour shift. 
 

Table 1 - Details of the hardships encountered on the pads 

350,00 352,00 349,00 355,00 349,00 352,00 350,00 349,00 

356,00 353,00 354,00 351,00 352,00 349,00 345,00 349,00 

350,00 360,00 352,00 353,00 346,00 352,00 349,00 351,00 

350,00 355,00 356,00 352,00 347,00 353,00 355,00 353,00 

352,00 354,00 351,00 349,00 352,00 348,00 350,00 356,00 

Source: Authors 
 
The specification of the hardness of the pad is 352.5 Newtons with a tolerance of +/- 7.50 newtons. We 
can observe that all the data in the table are between 345 (LEI) and 360 (LES), for this reason, no action 
was taken by the operator to adjust the elevation of hardness (a fact confirmed by the operator). The 
information below is presented by the production and quality and are shown in Figures 2 and 3 and were 
plotted on the X-bar and Range charts. 
 

Figure 2 - Control of hardness of the material 

 
Source: Study Case 
 
To calculate the upper and lower limits of the X-bar chart used the LCS = X + A2R and LCI = X formulas - 
A2R. Wherein X is the total average (in this case equal to 351.525), R is the mean amplitude of the samples 
(in this case equal to 40) and A2 is set by a coefficient that varies Shewhart sample size (in this case equal 
to 0.577). Values plotted on the X-bar chart are the average of the five values of each sample. 
To calculate the upper and lower limits of the range chart we use LCS = D4R and D3R = LCI formulas. 
Since D4 and D3 are coefficients set by Shewhart which vary the size of the sample (in this case equal to 
2.115 D4 and D3 equal to 0) and R is the average of the amplitudes of the samples (in this case equal to 
40). 
Analyzing the data series of Figure 2 we can conclude that there is statistical process control, since all 
data are within control limits without occurrence of special causes. The conclusion is preliminary given 
the small sample size. However, it is also possible to observe a slight shift of the mean (351.525) with 
respect to the target (352.5) and also in Eighteenth sample, the average was 360, approaching the very 
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upper limit of 360.18. In the fifteenth sample (345.00) there is a close proximity of the lower limits of 
342.87. 
 

Figure 3 - Graph Amplitude Data Series 

 
 
Source: Authors 
 
CONCLUSIONS 

Because of the closeness of the limits of statistical control specification limits, fruit of the high variability 
of the process, it is important to verify the capability of the process. According Samohyl (2006) Cp and 
Cpk indices indicate whether the process is capable or not. "When the process is capable, then the control 
limits are entirely within the specification limits, and the index value is greater than 1.0. A ratio equal to 
1.0 means that the rate of rejection of nonconforming product is 27 items in 10 000. Generally, current 
industries want processes with higher indices than 1.33; and reach the great value of 2.0, this means that 
the tolerance is 12 standard deviations away or six standard deviations from the center line. With this 
index, the rate of rejection of defective items is 10 in 2.0 billion. "(Samohyl, 2006, p. 284). 
Because the process is not centered, we conducted this study to calculate the Cpk index, since this, the 
values are calculated separately from the lower and upper specification limit (CPs) and (Cpi). Cpk is the 
lesser of the two values found. Formula used to calculate Cpk = min [Cpi = (mean - LEI) / 3σ; Cps = (SLE 
- average) / 3σ]. This data series presented the standard deviation (σ) of 3.012687, therefore, the Cpk 
index was 0.957. This demonstrates that the process is not capable and need for action to decrease the 
currently existing variability. Another action indicated for this situation is to evaluate the possibility of 
increasing the specification limits to this, the subsequent process of capping should be analyzed. The 
calculation of Cpk also allows us to conclude that many parts are not compliant to the next process, 
although the operator did not show any problems in sampling inspections. This fact requires urgent and 
must be analyzed immediately, before the problem reaches the customer. 
It is recommended that analyzes should be extended for a longer period of time and that the comparative 
study continues to be done and that due to the very small tolerance, not be possible to implement actions 
to improve the hardness once they are within the tolerance of the client however, measures should be 
implemented to decrease the variability of the process as there is the possibility of deterioration in the 
process and the possibility of defective parts reach the customer. And also it is concluded that they were 
not identified in this study special causes in the data analyzed. 
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