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Abstract: The article deals with issues related to quality management and quality assessment in 

production of plastic articles in injection moulding. Expert knowledge collected in textbooks and 

literature allows to get acquainted with the characteristics of plastic article production and product 

quality defects arising in such processes. The characteristics and technology of plastics processing 

are discussed, the most frequent quality defects occurring in the production of articles made of 

plastics by injection molding are listed. On the basis of expert knowledge collected in the literature, 

a series of actions leading to the elimination of each of the mentioned quality defects has also been 

proposed. 
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1. INTRODUCTION 

Plastic articles have become an important and 

integral part of modern life. Plastics are used to make 

articles, parts and machines that we use every day. The 

clothes we wear, the cars we drive, the devices we use 

to communicate with each other, the containers we use 

to store food or objects - all these things are partly or 

entirely made of plastics. Plastics owe their popularity 

to their low manufacturing costs compared to the 

materials they replace (wood, ceramics, metals). 

Plastics are also characterized by the fact that they can 

be given properties that are not available for other 

materials (color, flexibility, hardness, non-

flammability, odorless). The advantages of this material 

are therefore the ease of processing, recovery and the 

wide spectrum of applications [13]. 

Quality of product is one of the critical measures of 

production evaluation. Introducing faulty products on 

the market, which do not meet quality standards, may 

have serious consequences for the company's image and 

consumer safety. Therefore, it is an important issue of 

the production management field, and its beginning is 

at the stage of product design as part of production 

preparation. Quality is defined as a set of product 

features, which aim to satisfy the customer to the 

assumed extent, and together with other product 

features, it affects the competitiveness of the product. 

However, it is rare to achieve the quality of the product 

compliant with the design assumptions, therefore the 

permissible deviations are determined, which allow to 

state the compliance of the product with the accepted 

quality standards [8]. 

Quality features of a product within the quality 

dimensions can be divided due to the possibility of their 

measurement into [7]: 

1. Measurable (numerical) - the result of the 

measurement can be expressed numerically by 

a specific unit of measurement. There is 

a distinction between continuous and discrete 

measurable characteristics. Continuous measurable 

characteristics are those whose measurement is 

limited by the resolution of the measurement 

method. Discrete measurable characteristics are 

those whose measurement allows to express a finite 

number of states. 

2. Non-measurable (alternative) - they cannot be 

measured or expressed numerically. Such 

qualitative characteristics, on the other hand, can be 

observed and studied, and they are expressed 

descriptively. 
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Defining quality in the area of industrial 

manufacturing in a simple and systematic way may 

prove to be a challenge due to the labile nature of this 

concept. Undertaking the quality assurance of a product 

must take into account many factors which are guided 

by a potential buyer. The manufacturer should ensure 

the competitiveness of the product, meet the quality 

requirements imposed at the design stage and the 

requirements set out in the law on safe operation, ensure 

reliability (to increase user satisfaction, but also to 

reduce servicing costs), and ultimately - meet customer 

expectations [11]. 

2. PRODUCTION OF PLASTIC ARTICLES 

This chapter deals with the production of plastic 

articles and describes the technology of manufacturing. 

2.1. Common methods of plastic articles 

producion 

Table 1 summarizes selected plastic processing 

methods and examples of products manufactured by 

each method [2]. 

Tab. 1. Summary of selected plastic processing methods and 

example products [2] 

Processing method 
Common 

materials used 
Example products 

Extrusion PE, PP, PVC 
Profiles, filaments, 

tubes, cable sheaths 

Blow moulding 

LDPE, PP, 

PET, PVC, 

HDPE 

Bottles 

Calendering 
ABS, HDPE, 

PP, PS 
Tapes, films and 

boards 

Injection moulding 

ABS, PP, POM, 

PC, PVC, 

PMMA, PS, 

PEI,  

Containers, buckets, 

vessels, housings, 

gears 

Rotomoulding 
LLDPE, HDPE, 

PE, PP, PA 

Large tanks, buckets, 

drums 

2.2. Extrusion 

Extrusion usually takes place on machines (Fig. 2) 

equipped with a feeder, screw system and extrusion 

nozzle. Feedback heater systems are used for precise 

temperature control. The screw system is usually 

divided into three zones; the feed zone, where material 

is loaded into the screw system; the transition zone, 

where material is plasticized; and the melt-conveying 

zone, where polymer is driven into the extruder. The 

shape of the nozzle opening determines the final cross-

sectional geometry of the extruded material [10]. 

2.3. Blow moulding 

Blow moulding is the forming of a hollow object 

(such as bottles) by blowing a thermoplastic molten 

tube called a “parison” in the shape of a mold cavity. 

The process consists of extruding a parison on which 

female mold halves are closed (Fig. 1). The mold halves 

contain the shape of the product. The bottom opening 

of the parison is pinched shut by the closing female 

mold halves. A pressurized gas (usually air) is 

introduced into the parison through blow pin blowing 

the heated parison out against the cavity walls to form 

the product [1]. 

 

Fig. 1. The blow molding cycle [1] 

 

Fig. 2. Overview of a plastic extrusion machine [23] 
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2.4. Calendering 

Calendering plastics is a process that is used in 

many industries to produce rolled sheets of precise 

thickness and appearance (Fig. 3). Calendering of 

molten polymers is a continuous sheet or film 

production process that is done by passing materials 

through sets of heated, counter-rotating rolls [12]. 

 

Fig. 3. Calendering process [16] 

2.5. Injection molding method 

Injection molding is a major processing technique 

for converting thermoplastic and thermosetting 

materials, consuming worldwide approximately 32% of 

all plastics [9].The injection molding process is done on 

injection molding machines (Fig. 4). It is considered the 

dominant process in plastics processing. The process is 

carried out in cycles and consists of plasticizing, 

melting and mixing the plastic, followed by injection 

into an injection mold. Figure 5 shows schematics of 

injection molding machine. 

 

Fig. 4. Milacron's Electron Series electric injection molding 

machine [21] 

 

Fig. 5. Simple schematic of injection molding machine [14] 

Injection molding machines consist of a plasticizing 

system (similar to those in extruders), a drive system, 

and a tool system. Below are described the following 

phases of the injection molding process [5]: 

1. Mold closing – this is the phase in which the tool is 

closed. This is accomplished by rapidly advancing 

the moving part of the mold. 

2. Injection – during this phase the injection system is 

moved against the tool. The nozzle is brought into 

contact with the tool sleeve. By rotation of the 

screw in the plasticizing system the liquid material 

is injected into the tool. 

3. Pressing – the screw in the plasticizing system is 

pressed against the nozzle, which causes the filling 

of plastic into the tool seat. This phase is necessary 

because of the resulting lack of plastic volume. The 

volume of plastic pressed into the mold decreases 

as a result of shrinkage of the plastic. 

4. Plasticization – a rotary screw movement takes 

place. As a result, the plastic is taken from the 

feeder. The screw moves to the initial position. 

During its movement, the material taken from the 

screw is subjected to temperature in order to 

plasticize, mix and compress it (compression of 

plastic takes place due to the shape of the screw). 

5. Opening – during this phase, the closing pressure of 

the fixed and moving mold parts decreases. The 

mold is opened and the part is ejected from the tool. 

Ejection from the tool is usually carried out by 

means of ejector pins integrated in the tool. 

In their study, Garbacz and Sikora [5] list the 

following factors that are important to the injection 

molding process: 

 temperature of the heating zones of the plasticizing 

system, 

 temperature of the injection nozzle, 

 mould temperature, 

 injection pressure, 

 clamping pressure, 

 mould closing force, 

 screw speed, 

 screw stroke, 

 cycle time and time of each cycle phase, 

 injection speed. 

2.6. Rotomoulding 

Rotational molding (also called rotomolding) is the 

process of making large, hollow objects out of plastic. 

It is characterized by the fact that the resulting products 

have no seams. The parts produced have a wide range 

of applications (from tanks to containers or furniture). 

Rotomoulding is done by heating a thin-walled mould 

which contains a polymer powder (Fig. 6). During 

heating, the mold rotates multiaxially. The material 

inside heats up, melts and coats the inside walls of the 

mold. Then the mold is cooled, allowing the product to 

solidify. The part is removed and the mold is loaded for 

the next cycle [4]. 
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3. QUALITY AND DEFECTS OF PLASTIC 

ARTICLES IN INJECTION MOLDING 

As with all manufacturing methods, quality defects 

can occur during the injection molding process causing 

deficiencies or unsatisfactory part properties. Selected 

quality defects of molded parts occurring during 

injection molding are described. 

 

Fig. 6. Rotational molding process [24] 

3.1. Inclusions 

Those are the dark spots visible on the surface of 

a molded part (Fig. 7). The cause of inclusions is 

usually contamination of the raw material (granulate) or 

its degradation [6]. 

 

Fig. 7. Inclusions on the surface of molded parts [15] 

The actions to be taken to eliminate this defect are 

[6]: 

 reduce the temperature in the plasticizing unit, 

 reduce the injection speed and pressure, 

 clean the machine, 

 check the plastic contamination. 

3.2. Brittleness/breakage and weld marks 

The tendency of the molded part to excessive 

cracking and crumbling at low pressure or impact is 

most often caused by degradation of the raw material 

during the process. The moldings also crack at the 

plastic welding points (Fig. 8), where micro-cracks lead 

to weakening of the structure [6]. 

 

Fig. 8. Weld marks on molded part [18] 

Actions that can be taken to eliminate this molding 

defect are [6]: 

 reduce the temperature in the plasticizing unit, 

 check contamination of the raw material, 

 check moisture content of the raw material, 

 reduce the proportion of regranulate in the mix. 

3.3. Gassings 

Gassings (Fig. 9) occur due to improper mold 

ventilation and gas entrapment at the time of plastic 

injection [6]. 

 

 

Fig. 9. Gassings in the injection molding process [17] 

In order to eliminate the problem of outgassing, it 

is necessary to [6]: 

 introduce structural changes in the mould in order 

to change the polymer flow or use a different 

injection point, 

 change the location of the injection point, 

 adjust the wall thickness. 

3.4. Discoloration 

Discoloration or streaks are usually caused by 

uneven dye dosage at the plasticization stage (Fig. 10). 

They can also be a result of incompatibility of the 

polymer with additives used [6]. 
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Fig. 10. Discoloration on molded part [22] 

In order to eliminate the problem of discoloration 

and streaking, it is necessary to [6]: 

 check the compatibility of the polymer with the 

additives used, 

 check the screw and screw housing for damage, 

 increase the injection speed, 

 change the screw rotation speed parameter, 

 check the temperature of the plasticizing process, 

 increase the pressure during the plasticizing 

process. 

3.5. Ejector pin marks 

Ejector pin marks occur as visible dots, a pin-

shaped difference in surface gloss (Fig. 11), or white 

marks caused by material stress [6]. 

 

Fig. 11. Ejector pin marks in the form of a point difference in 

surface of a molded part [20] 

To solve the problem of ejector pin marks 

appearing, you can [6]: 

 make sure that the ejector pins are finished smooth 

with the inner surface of the mold, 

 increase cooling time, 

 reduce the reheating temperature of the mold, 

 reduce the temperature of the plasticizing process, 

 install additional ejector pins or increase the 

diameter of those present. 

3.6. Flashes 

Flash (Fig. 12) occurs when the material flows out 

of the mold pocket during the injection process. The 

problem usually occurs with low viscosity plastics. It is 

a common problem with first production runs on a new 

tool (mold) when the mold surfaces have not yet aligned 

[6]. 

 

Fig. 12. Flash at the corner of a moulded part [19] 

To solve the problem of spall formation, one 

can [6]: 

 reduce the injection speed, 

 reduce the temperature of the plasticizing process, 

 check the condition of the mold for damage, 

 increase the clamping pressure of the mold. 

3.7. Differences in surface texture 

Differences in surface texture are considered 

a quality defect when they occur despite the uniform 

surface finish of the injection mold [6]. 

In order to prevent the discussed quality defect, one 

should [6]: 

 make sure that the mold surface has not been 

damaged, 

 increase the temperature of the plasticizing unit, 

 increase the clamping pressure, 

 increase or reduce the injection volume. 

3.8. Short molding 

Under-shots (Fig. 13), are material deficiencies 

usually occurring at locations away from the injection 

point or where there are thin walls of the product. 

Typically, underflows are caused by insufficient 

injection volume, screw valve leakage, or insufficient 

injection pressure [6]. 

 

Fig. 13. Short molding at the edge of a molded part [23] 

In order to eliminate the possibility of underflow, it 

is necessary to [6]: 

 increase the injection volume, 
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 increase the injection speed, 

 increase the temperature in the plasticizing unit 

 increase the mould temperature, apply reheating of 

the mould, 

 choose a material with lower viscosity, 

 increase the injection point size, 

 change the position of the injection point. 

3.9. Melt flow marks/streaks 

Plastic flow marks (Fig. 14) are usually caused by 

too high humidity of the raw material. Most often they 

occur near the injection point, spreading radially from 

this place [6]. 

 

Fig. 14. Melt flow marks on the molding machine [23] 

In order to prevent this quality defect, it is necessary 

to [6]: 

 control the moisture content of the raw material, 

 dry the raw material and ensure that the influence 

of external conditions on the plastic is limited, 

 reduce the amount of raw material in the tank above 

the plasticizing unit, 

 ensure proper storage conditions of the raw 

material. 

3.10. Part mass 

The mass of a molded part provide important 

information about the quality of its manufacturing. 

Production technology assumes that the mass must be 

within the limits determined experimentally or at the 

stage of product design. The exceeding of certain 

deviations from the acceptable mass indicates 

a problem with the process and, in effect, 

a deterioration of the product quality by weakening its 

structure and strength or other quality defects such as 

defects, gassings, underflows or overflows [3]. 

Insufficient product weight may be associated with 

weakened structure and strength of the product and the 

occurrence of short molding [3]. 

Excessive product weight can also be linked to 

weakening of the structure and strength of the product 

and to the occurrence of flashes or deformation. 

Improper mass can be linked to problems such as 

getting the part stuck in the mould (due to shrinkage) 

[3]. 

4. SUMMARY AND CONCLUSIONS 

The article discusses the issues concerning the 

production of plastic products with particular emphasis 

on the injection molding method. The quality defects of 

products made by this method were discussed. Thanks 

to the knowledge collected in the literature, solutions 

eliminating the mentioned quality problems were also 

proposed. This study allowed us to come up with the 

following conclusions: 

1. Plastics owe their popularity to their low 

manufacturing costs compared to the materials they 

replace. They are also characterized by the fact that 

they can be endowed with properties unattainable 

by other materials. The advantages of this material 

are its ease of processing, recovery and wide range 

of applications. 

2. The field of plastic injection molding is extensive. 

The quality of products manufactured by this 

method is influenced by many process input factors 

but also by auxiliary processes (e.g. raw material 

storage conditions). 

3. As with all manufacturing methods, quality defects 

can occur during the injection molding process of 

plastic articles resulting in deficiencies or 

unsatisfactory properties of the molded part. 

4. The quality control methods and the features to be 

controlled for plastic products should be chosen 

with regard to the technology of a given product, 

but the most frequent defects described in the 

literature analysis are characteristic for the 

production of this type of products. Their 

occurrence depends on many factors such as the 

degree of machines and tools exploitation, kind of 

raw material. It should also be pointed out that they 

are strongly connected with technological 

parameters (settings of injection moulding 

machines) of the process. 

5. Expert knowledge accumulated in textbooks and 

scientific studies summarized in this article allows 

to make an attempt to eliminate quality defects of 

moldings. At the same time the mutual 

dependencies of the process input parameters 

influencing their occurrence are pointed out. It is 

worth mentioning the high complexity of the 

injection molding process, therefore the proposed 

solutions are of limited use. All factors should be 

taken into consideration when trying to eliminate 

the quality defects of the molded parts (injection 

molding machine settings, type of raw material, raw 

material storage, mold condition, etc.). 
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