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Abstract: This paper describes a stability study of a plastic injection molding process. There is 

a need - underpinned by economic considerations - to continuously improve and lead to a maximum 

reduction in the level of deficiencies in production processes. One of the methods that can help to 

improve the process is SPC (Statistical Process Control). One of the SPC tools are process 

capability indicators (Cp, Cpk) or performance indicators, such as Pp, Ppk. In this paper, on a mass 

measuring station, a study was conducted on three types of products manufactured in a company, 

and the measurements concerned each piece of the product manufactured during one work shift. 

The data collected were used to calculate the process capability and to evaluate these processes. 

Keywords: injection molding, quality control, statistical process control, process capability 
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1. INTRODUCTION 

Plastic articles have become an important and 

integral part of modern life; they are used to make parts 

and machines that we use every day, they owe their 

popularity to their low manufacturing costs compared 

to other materials [1]. However, due to the growing 

awareness and environmental responsibility of society 

and enterprises, it is necessary to eliminate waste and 

minimize the production of defects in every industrial 

sector, especially in the production of plastics. 

According to this philosophy, by means of the SPC 

method and tools of process capability indicators, the 

capability of selected processes in a production 

company was assessed. With the help of the mentioned 

indicators the processes were evaluated, and this 

evaluation can form a basis for indicating the direction 

of process improvements. An improvement of 

production processes selected by SPC potentially leads 

to minimizing the production of non-conforming 

products, thus reducing the production of defects.  

The application of SPC therefore involves 

continuous improvement of the company's operations, 

The organization must ensure that any product that does 

not meet product standards is detected and regulated so 

that it is not used or delivered in an undesired manner. 

Controls, as well as corresponding responsibilities and 

permissions for dealing with nonconforming products, 

must be recorded [4]. 

The use of these methods allows management and 

operators to focus on the fact that a given process can 

start to develop flaws if suitable rectification operations 

are not carried out [4]. 

Using these methods also allows one to take care of 

quality and, nowadays, in a market economy, the 

quality of products and services is critical in 

determining the competitiveness of the enterprise as 

a whole, and of products and services in particular [9]. 

2. MATERIALS AND METHODS 

2.1. Objects of the study 

Three production processes were selected for the 

study, each implemented on a separate production nest. 

The parameter under study was the mass of the product, 

which can be related to the quality of the product [2]. 

The processes were selected for the study because of: 

− variety of products in terms of size (large, medium 

and small), 

− variety of products in terms of complexity (simple, 

more complex, and complicated), 

− variety of products in terms of weight (heavy, 

lighter and light)  

The product features are summarized in Table 1 [3]. 
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Tab. 1. Summary of the characteristics of the products 

tested 

Specimen 

type 

Size of 

the 

specimen 

Complexity 
Part 

mass, g 

I Big 
simple geometry, openwork, 

no other elements 
429 

II Medium 

simple geometry, complex 

openwork on walls,  

required accuracy due to  

cover assembly 

501 

III Small 

complicated geometry, multi-

part product, latches and 

hinges 

250 

 

2.2. Process evaluation criteria 

Due to the possibility of conducting research on 

a large sample and the fact that the process is not in 

developmentm stage indicators Cp and Cpk were used 

[5]. The mentioned indicators can be used when [6]: 

− data has normal distribution, 

− process is under statistical quality control, 

− process mean is centered between lower control 

limit and upper control limit. 

Each manufacturing process will be evaluated 

under the criteria described below. 

1. The potential process capability index calculated 

from the following Formula (1): 

 𝐶𝑝 =
𝑆𝑢−𝑆𝑙

6𝛿
, (1) 

where: Su – upper control limit; Sl – lower control 

limit; δ – standard deviation. 

2. The actual process capability index calculated 

from the following Formula (2): 

 𝐶𝑝𝑘 = min⁡{𝐶𝑝𝑘𝑢, 𝐶𝑝𝑘𝑙}, (2) 

where: 𝐶𝑝𝑘𝑢 =
𝑋𝑠𝑟−𝑆𝑙

3𝛿
; 𝐶𝑝𝑘𝑙 =

𝑆𝑢−𝑋𝑠𝑟

3𝛿
; Xsr – process 

average value; Su – upper control limit; Sl – lower 

control limit; δ – standard deviation. 

According to Kaya and Kahraman [7], quality 

conditions and Cp values are as shown in Table 2. 

According to Rezaie et al. [8], Cpk is the distance 

between the mean of the process and the closest 

specification limit. Rezaie et al. demonstrate that 

process with Cp value 2 can be expected to have no 

more than 0.002 out of spec. boundaries PPM. 

2.3. Test bench 

An AXIS B6M industrial platform scale was 

selected for the measurements (Fig. 1). Table 3 shows 

the technical parameters of the indicated measuring 

device. 

 

Fig. 1. AXIS B6M scale used as test bench [10]  

Tab. 2. Quality conditions and Cp values [7] 

Quality condition Cp value 

Super excellent 2.00 ⩽ Cp 

Excellent 1.67 ⩽ Cp ⩽ 2.00 

Satisfactory 1.33 ⩽ Cp ⩽ 1.67 

Capable 1.00 ⩽ Cp ⩽ 1.33 

Inadequate 0.67 ⩽ Cp ⩽ 1.00 

Poor Cp < 0.67 

 

Tab. 3. Technical parameters of used AXIS B6M scale [11] 

Parameter Value 

Maximum load 6 kg 

Minimum load 4 g 

Scale interval 0.2 g 

Verification scale interval 2 g 

Operating temperature 0°C – 40°C 

Measuring time < 4 s 

Weighing pan dimensions 300 × 300 mm 

 

The technical parameters of the selected device 

meet the conditions of use for the selected group of 

products.  

After the preparation of the measuring station, 

a repeatability test of the measurements was performed 

with the sample. 

2.4. Methods 

A methodology has been developed for research 

conducted within selected production cells. It is 

assumed that the implemented research: 

− will apply to each unit of the selected product 

manufactured during one work shift, 

− will concern the measurement of the weight of each 

piece of the selected product produced in one 

repetition, 

− includes a record of each measurement for further 

analysis, 

− enables an evaluation of the production process. 
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Each sample will be weighed during the production 

process, directly at the production station. The collected 

results will be analyzed, and indicators will be 

calculated. 

3. RESULTS AND DISCUSSION 

3.1. Results for specimen type I 

Table 4 shows an excerpt of the results of the 

product mass tests conducted on the test for specimen 

type I. 

Tab. 4. Excerpt of the study results for type I specimen 

No. Value, g 

261. 426.0 

262. 427.2 

263. 429.4 

264. 426.6 

265. 428.4 

266. 425.5 

267. 427.6 

268. 429.4 

269. 429.0 

270. 427.0 

 

During the test at this bench, 460 measurements 

were recorded. Defective samples are defined as those 

that fall outside the imposed deviations (from 425.4 g 

to 430.2 g). Figure 2 shows a histogram of the recorded 

measurement values. 

 

Fig. 2. Distribution of recorded measurement values for the 

specimen type I 

The indicator values for the process are calculated 

below: 

 𝐶𝑝 =
430.2−425.4

6×1.8114
= 0.4416, (3) 

 𝐶𝑝𝑘𝑢 =
430.2−427.26

3×1.8114
= 0.5418, (4) 

 𝐶𝑝𝑘𝑙 =
427.26−425.4

3×1.8114
= 0.3415, (5) 

 𝐶𝑝𝑘 = min{𝐶𝑝𝑘𝑢, 𝐶𝑝𝑘𝑙} = 0.3415. (6) 

The indices Cp (3) and Cpk (6) took the value of 0.44 

and 0.34 respectively. Such values of the indices 

indicate that the process is well centered but with a large 

scatter. 

3.2. Results for specimen type II 

Table 5 shows an excerpt of the results of the 

product mass tests conducted on the test for specimen 

type II. 

Tab. 5. Excerpt of the study results for type II specimen 

No. Value, g 

124. 505.9 

125. 507.7 

126. 506.5 

127. 505.9 

128. 505.7 

129. 505.9 

130. 505.2 

131. 506.5 

132. 500.0 

133. 506.6 

 

During the test at this bench, 250 measurements 

were recorded. Defective samples are defined as those 

that fall outside the imposed deviations (from 498.0 g 

to 517.8 g). Figure 3 shows a histogram of the recorded 

measurement values. 

 

Fig. 3. Distribution of recorded measurement values for the 

specimen type II 

The indicator values for the process are calculated 

below: 

 𝐶𝑝 =
517.8−498

6×2.0214
= 1.6325, (7) 

 𝐶𝑝𝑘𝑢 =
517.8−505.79

3×2.0214
= 1.9802, (8) 

 𝐶𝑝𝑘𝑙 =
505.79−498

3×2.0214
= 1.2848, (9) 

 𝐶𝑝𝑘 = min{𝐶𝑝𝑘𝑢, 𝐶𝑝𝑘𝑙} = 1.2848. (10) 

The indices Cp (7) and Cpk (10) took the value of 

1.63 and 1.28 respectively. Such values of the indices 
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indicate that the process is moderately capable and well 

centered. 

3.3. Results for specimen type III 

Table 6 shows an excerpt of the results of the 

product mass tests conducted on the test for specimen 

type III. 

Tab. 6. Excerpt of the study results for type III specimen 

No. Value, g 

124. 249.1 

125. 249.2 

126. 250.7 

127. 249.8 

128. 247.9 

129. 250.7 

130. 248.9 

131. 249.2 

132. 248.8 

133. 250.3 

 

During the test at this bench, 380 measurements 

were recorded. Defective samples are defined as those 

that fall outside the imposed deviations (from 246.0 g 

to 270.7 g). Figure 3 shows a histogram of the recorded 

measurement values. 

 

Fig. 4. Distribution of recorded measurement values for the 

specimen type III 

The indicator values for the process are calculated 

below: 

 𝐶𝑝 =
270.7−246

6×1.4701
= 2.8002, (11) 

 𝐶𝑝𝑘𝑢 =
270.7−248.96

3×1.4701
= 4.9302, (12) 

 𝐶𝑝𝑘𝑙 =
248.96−246

3×1.4701
= 0.6703, (13) 

 𝐶𝑝𝑘 = min{𝐶𝑝𝑘𝑢, 𝐶𝑝𝑘𝑙} = 0.6703. (14) 

The indicators Cp (11) and Cpk (14) were 2.8 and 

0.67 respectively. These values indicate that the process 

has an excellent potential but it is poorly centered. 

3.4. Discussion 

The values of the calculated indicators suggest that 

one should aim for: 

− a reduction of the scatter for the first type of sample, 

− an increase of the alignment for sample type three. 

In the case of the type of the two specimens, the 

index values are considered satisfactory. 

4. CONCLUSIONS AND DISCUSSION 

After conducting research and analyzing the results 

in the form of an evaluation of individual production 

processes by means of the adopted indicators, it was 

possible to come up with the following conclusions. 

1. After the analysis of the evaluation of the 

production processes, it was deduced that the 

production process of type one product is, among 

the three studied, the production process that 

obtains the worst evaluation indexes. Since the 

indices Cp (3) and Cpk (6) took the values of 0.44 

and 0.34 respectively, this process is considered 

insufficiently stable. 

2. For the sample type II, the indices Cp (7) and 

Cpk (10) took the value of 1.63 and 1.28 

respectively. Of the three processes examined, 

only this one remains at a satisfactory level. The 

process is characterized by a good potential and 

centering. 

3. For the sample type III, the indicators Cp (11) and 

Cpk (14) were 2.8 and 0.67 respectively. These 

values indicate that the process needs to be more 

centered, however the scatter is at satisfactory 

level. 

Of the three products examined, it is product type 

one that proves to be a product whose manufacturing 

process is insufficiently stable.  

The implementation of SPC solutions, e.g. in the 

form of a dynamic platform industrial scales into the 

transport chain of the product at the machine operator's 

stand, would allow for early detection of product 

defects and minimization of products not complying 

with the product specification. 

Nomenclature 

Symbols 

Cp  – Potential process capability index 

Cpk  – Actual process capability index 

Pp  – Potential process performance index 

Ppk  – Actual process performance index 

Xsr  – Process average value 

δ  – Standard deviation 

Acronyms 

SPC  –  Statistical Process Control 

PPM  –  Parts Per Million 
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