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In this paper we present a study that was conducted to determine the classification of causes that generate
defects in products obtained by injection of plastic material. A classification of the causes of defects is
made by applying a quality management tool - the Ishikawa diagram. The causes are grouped into M
categories, for defects generated by the design process and for defects generated by the injection process.
A new model of the diagram is created by composing two fish skeletons (model 4M + 5M). At the end of the
paper, the importance of the Ishikawa diagram is shown.
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The plastics appeared in the first half of the nineteenth
century and experienced a permanent evolution. Plastics
have excellent properties and are widely used in a variety
of engineering applications (textiles, leather, footwear,
textiles, packaging, consumer goods, optics, sanitary and
electrical, glass, table, automotive, aerospace, chemical
industry, agriculture, etc.).

At present there is a large worldwide development of
the packaging industry made of plastics. Injection molding
is used to produce thin-walled plastic plastic parts for a
wide variety of applications, one of the most common
being plastic plastic housings. These housings are used in
a variety of products. These housings are used in a variety
of products. Other thin-walled products are receptacle type.
Injection molding is also used in the manufacture of daily-
use articles, such as toothbrushes or toys. Also, some
medical devices, including valves and syringes, and are
manufactured using injection molding as well.

The injection process depends on a large number of
factors, which can lead to a large range of non-
conformities. Each nonconformity (defect) can be
determined by several specific causes. Once the causes
are known, appropriate measures are taken to eliminate
them or to diminish the effect on the final product. The
problem of defects in plastic products obtained through
injection molding has been studied quite a lot in recent
years, due to the development of plastic products
manufacturing. Concerns in this field have been present
both in researchers from universities and research institutes
as well as in specialists working in companies
manufacturing plastics products. At present, companies
are interested in raising the quality of manufactured
products and by targeting all processes and activities to
the customer and optimizing them to deliver long-term
profit. In order to know and analyze the causes that
determine the variation of the characteristics of a product
or process, classical and modern tools of quality
management can be applied. In the field of quality, they
are used quality management tools in order to substantiate
quality improvement decisions.

Specialty literature offers many papers on defects in
plastic products and on improving the quality of these
products. In the paper [1] there are 10 defects of the
injection molding process including remediation solutions:
Flow Lines, Sink Marks, Vacuum Voids, Surface
Delamination, Weld Lines, Short Shots, Warping, Burn
Marks, Jetting and Flash. Another classification of defects
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of parts obtained by injection molding is given in [2], where
Texas Plastic Technologies presets a number of 15 defects.
The defects studied were related to the manufacturing
process and did not include those resulting from the poor
design of the products. In [3] there are presented 11 main
defects of the injection molding process and the prevention
methods. Another paper, [4], presents the causes for a
number of 13 defects of injection molded parts.

There have been several studies on the quality of plastic
products. In 5, the issue of applying the 5S tool, in quality
management to a plastic industry company, is addressed
to build a stronger ethics for the workman and engineer. A
study based on the six sigma quality philosophy is presented
in[6] and refers to quality improvement for defect mitigation
in the Plastic Injection Molding Industry. In paper [7] there
is a surface defect in plastic parts, called the ghost marks,
which is characterized by a local change of glare and the
causes of this defect are demonstrated. The authors of the
paper [8] investigate the Kriging surrogate modeling
method in establishing the relationship between the
parameters of the injection molding process and the sink
defect on the surface of a plastic part. An optimization
method for minimizing the defect is also discussed.

Another study on the quality of plastic parts parts is
presented in [9]. The paper presents the Taguchi method,
which is used to create a system for optimizing process
parameters for quality improvement. The paper [10] is a
study which shows the correlation of the quality of the
mixture of three polymers with the process parameters in
order to obtain quality products. In paper [11] is presented
the study of the parameters of the optical qualities process
for injection molded plastic lenses. An experimental
analysis of the surface defects generation in the injection
molding process is given in [12]. In this study, the authors
investigated the conditions in which surface defects
appear.

In [13] a study is presented on the influence of meltand
process parameters on the quality and occurence of partial
defects in water-assisted injection molded tubes. In the
paper are shown the process parameters such as melt
temperature, water hold time and water volume flow rate
as well as melt parameters such as shear viscosity, which
have an influence on the formation of part defects. Article
[14] shows inherent defects of injection molded products
and their special processes. In this article, some common
defects, which are caused by material properties, and the
mechanism of the defects occur are introduced. In the
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paper [15] there are the defects of the products obtained
by forging and the actions that can be taken to reduce
these defects. A study on quality defects due to plasticity
viscosity material in powder injection molding filling
process is given in the paper [16]. The formation and shape
change of the high viscosity areas are studied. A recent
study [17] relates to the M-Integral based failure description
on elasto-plastic materials with defects under biaxial
loading. A non-dimensional ll-parameter is defined, and a
novel failure criterion based on the ll-parameter is
proposed to assess the multi-defected average. The paper
[18] presents the behaviour of elasto-plastic materials with
damaged microstructure.

Several studies using the Ishikawa Diagram (Quality
Management Tool) for different quality issues, but not for
the quality of injection molded parts, are given in the
literature. The Ishikawa Diagram is defined as a graphic
representation that schematically illustrates the
relationship between a specific result and its causes. The
studied effect or negative problem is the fish head and the
potential causes and sub-causes define the fish bone
structure [19]. The diagram was originally designed with
the division of causes into different categories of M (man,
machine, method, material, etc.), was subsequently
applied in different fields of activity and so the diagram
was extended to other categories of causes. Currently the
Ishikawa diagram has multiple uses both in the field of
product manufacturing for different industries and in the
field of services, education, public administration,
commerce, etc.).

In the paper [20] is presented the investigation of
shrinkage defect in castings by Ishikawa diagram and
Pareto chart, and in [21] is given the cause and effect
diagram Ishikawa as a useful tool in the design economic
analyzes. In the paper [22], the authors present aspects of
the use of the Ishikawa diagram for the classification of
causes that generate weld defects. A new model of
Ishikawa diagram is given in [23]. The paper presents the
results of a study on the use of the Ishikawa diagram in the
analysis of causes that generate errors in the precision
assessment of the precision parts in the machine
construction field. In [24] it is presented a study on the
cause-effect diagram applied to analyzing the quality of
public order services. The paper [25] presents a study on
the application of quality management in the development
of projects, respectively the quality planning.

From the study of several specialized papers published
in this area, some of which are presented above, it can be
said that the problem of product quality is a matter of great
importance for the management of companies that want
to profit from selling the products in a competitive market.

Experimental part
Potential causes of defects of plastic products obtained by
injection molding

The study presented in this paper relates to the
identification and classification of potential causes that
generate defects in plastic injection products. Following
the study of the papers presented in introduction as well as

Table 1

MAIN AND SECONDARY CAUSES OF DEFECTS

Problem Main categores af Main causes

defects

Secondary causes

A Defects cansed by
the design process

MMan — design
engineer

Inadequate physical and mental condition; Poor intentmess and
attention; Insuffictent professional trainmg; Lack of
professional experience; Non- compliance the procedures.

Materials and
hezsuring
devices

Lack of current specialty books; Lack of current standards;
Lack of current design software ; Inadequate measuring
devices (needed to execute the drawing by model).

MMethods
Defects of
plastic
products
obtained
by
injection
molding

Inzdequate measuring methods (needed to execute the
drawing by model); Lack of
working procedures for products design; Lack of
communication procedurewith the personnel from the
manufacturing department; Lack of communication procedure
with company lezdership; Lack of commumnication procedure
with providers of materials; Lack of communication procedure
with beneficiaries of products.

LManagement

Non- implementation mtegrated management system (qualrty -
environment - occupational health and safety); Lack of interest
i high- tech equipments ; Lack of decizion for personnel
training; Lack award to persomnel; Lackof collaboration with
suppliers of high quality material.

E. Defects cansed by
the injection melding
process

Ian- operator

Inadequate physical and mental condrfion; Poor concentration
and attention; Insufficient professiomal framing; Lack of
professional experience; Tehnological indiscipline.

Molding
machine

Injection speed; Injection prezsure; Injection time; Injection
temperature; Material temperature; Cooling time; Ejection too
fast; Adjusting the stroke of the injection screw; Barrel
temperature; Impurities i the automatic feed system;
Deregulated thrower; Melded in stresses; Inconsistent cycles.

hiold

Mold temperature; Pressure in the mold cawnty; Condenszation
n the mold; Inzdequate cleanmg; Low rigidity; Great wear;
Mold with two halves that are not correctly aligned; Varation
of mold temperature.

Materials

Improper flow rate; Excessive regrind use; Contaminated
regrind; Viscosity too high; Mixures ofincompatible materials;
Incompatible color pigment; Excessive moisture; Impurities
and foreign materials; Contamination with oil , grease and
lubricant.

T ledio
ambiente” (p)
[Environment

Temperature; Moisture; Vibration and noize; Awr with
Impurities.
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on the results obtained after a Brainstorming meeting with
specialists in the field of plastics, the list of 21 defects is
presented:Flow Lines, Sink Marks (small craters), Vacuum
Voids (Bubbles), Surface delamination, Weld Lines, Short
Shots, Warping, Burn Marks, Jetting on the surface of the
piece, Flash, Black Specks or Streaks, Blister, Brittle,
Contamination, Cracking / Crazing, Shrinkage, Warpage,
Silver Streak, Partial Discoloration, Variation of the mass of
the same type of parts injected consecutively, Deforming
the part during and after throwing.

From the analysis of the causes of the defects, it results
that the defects are generated by errors that occur during
two important processes: the injection molding process
and the process of designing the parts. In this paper we
propose a new classification of the causes that generate
the defects of plastic products. Classification of the causes
is based on the methodology of the Ishikawa diagram, so
that an Ishikawa diagram is finally made. The causes are
divided into two main categories: specific causes of the
product design process and causes specific to the injection
molding process. For each of these two categories of
causes the main causes (categories of M) and then the
secondary causes were determined. This new

rlaccifiratinn ic nracantad in tahla 1

Methods

Materials and
Measuring devices

Lack of communication
procedure with company

from the

Lack of communicatios

Results and discussions

Determining the Ishikawa chart is done in accordance
with the quality management methodology. In this paper
were used the steps proposed by Dale in [25], hamely the
following:

-It is defined very clearly the effect of the problem
considered:;

-It is written the effect in the right and it is drawn a line
from right to left;

- It is checked if each team member has understood
well the problem:;

-They are determined the main categories of causes
which are the main branches of the diagram;

-It is organized a Brainstorming session to determine
possible secondary causes;

-It is organized another brainstorming session in order
to discuss in detail the causes and to determine those who
have the major degree of probability for producing the
studied effect;

-They are traced and recorded the appropriate sub-
branches.

leadership

e
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Fig. 1. Ishikawa diagram - model 4M+ 5M
Defects of
plastic
products
obtained by
injection
molding

B. Defects caused by
the injection molding
process
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The problem considered was defined as: Defects of
plastic products obtained by injection molding. This
problem will be the fish head of the Ishikawa diagram
(fishbone diagram).

Based on the causes classification presented in table 1,
anew model of the Ishikawa diagram is being constructed.
The new model is composed of 2 fish skeletons, a fish
skeleton for the design process and a fish skeleton for the
injection molding process. In the fish skeleton
corresponding to the product design process, the causes
are ordered into 4 categories of M (Man-projection
engineer, Materials and Measuring devices, Methods,
Management). The second fish skeleton, which
corresponds to the injection molding process, has five
categories of M (Man-operator, Molding Machine, Mold,
Materials, Medio Ambiente-Environement). A new form
was obtained for the diagram that in this paper is called:
the Ishikawa model 4M + 5M. The resulting diagram is
shown in figure 1.

A brief analysis of the diagram shows that the precision
of plastic products is mainly due to: the professional training
of designers and engineers, the quality of the materials
used, the precision of the machines, the working regime
projected, the working regime applied in the manufacturing,
the quality of the mold , the management team’s attitude
towards the quality problem, the characteristics of the
working environment, the methods applied by the
designers, the endowment with the equipment and
performance software of the workshop. Once known,
causes can be solved to reduce defects in the desired
direction.

Itis also noted that most causes are directly or indirectly
related to staff and available machines or devices. It can
be said that the personnel with technical expertise and
skills in industrial design and manufacturing as well as the
endowment with machines for performing technologies
represent the solution for the success of the companies
that manufacture plastic products.

This diagram can be used by the organization’s
management to focus on improving to a greater extent the
design process and manufacturing process. The created
diagram helps organizations with activities in the field of
plastics products manufacturing in determining the best
measures and actions to reduce and eliminate the causes
of defects.

Conclusions

The Ishikawa diagram determined in the paper allows
the hierarchy of possible causes that cause defects in
plastic injection products. Based on the literature review
and a Brainstorming session, a list of 21 defects and the
causes that determine them is made. It was taken into
account that product defects are the result of the activities
carried out during two main processes: the design process
and the injection molding process. Because the Ishikawa
diagram has the advantage of allowing a clear definition
of the problem studied, the authors have used the specific
methodology of this diagram and identified the potential
causes that cause defects in molded products. The diagram
obtained consists of two fish skeletons, namely a fish
skeleton for the design process and a fish skeleton for the
injection molding process. All causes were ordered by “M”
categories. Thus, a new model of the Ishkawa Diagram
consisting of the composition of two fish skeletons, named
in the paper, 4M + 5M was drawn up.

In a particular organization, the Ishkawa diagram can
be used later for study to choose the best solutions for
defect reduction. A case study can be made at a profile
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company that calculates the share of parts with different
defects by category of causes, what costs involve the
possible remedies for each cause and then suggests the
optimal solution. Particular attention should be given to
designers and engineers, as it is known that experienced
staff is the most important part of any process. Experienced
staff offer creative solutions and great ingenuity, so you
can make the best combination of hardware and software.

Companies should be interested in best practices in
performance management. Good practice models that
apply quality management tools should also be used by
companies that produce plastic products. For big
companies that make large-scale plastic products,
mistakes that can cause irrecoverable rebuttal products
or low-quality products should be prevented.
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