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Abstract

The purpose of the conducted tests was to apply an integrally configured method of quality control of the
condition of modified helicopter gearbox housing castings. The use of this innovative method (consisting of the
following techniques: Pareto-Lorenz diagram, Ishikawa diagram and 5WHY method?). would contribute to
identifying the causes of non-compliant castings and, consequently, to eliminating non-compliant castings. As
part of the analysis of the efficiency of checkpoints, a non-conformity test was carried out on the gearbox
housing castings under analysis, including the identification of sensitive areas in terms of the number of
defects. Transmission housing casts have become the subject of research due to significant problems with
maintaining their desired level of quality after the introduced structural and technological changes. The
proposed method has helped to identify the root cause of non-compliance. These were: inadequate flooding
of moulds due to insufficient employee qualifications and inadequate human resources management. The
study shows the advisability of using an integrated approach to finding the causes of quality problems on the
example of a foundry. This was a new solution for the company, as no in-depth analyses of quality problems
using a sequence of quality management techniques have been conducted so far. The improvement actions
taken so far have been sufficient in a stabilised production process, but the modification of the process has
shown the need to seek other more advanced techniques. This configured and integrated method was
proposed and the expected results were achieved. The sequential method developed in the study is a universal
way to prevent future non-compliance in this or other companies.

Keywords: mechanical engineering, quality engineering, Pareto-Lorenz diagram, Ishikawa diagram, SWHY
method

1. INTRODUCTION

The development and changes in the industrial economy make it necessary to ensure high quality products.
Undertakings shall take steps to identify possible non-conformity of products and to prevent their occurrence
in the future [1-3]. In the case of the manufacturing industry, casts that are found in every industry play an
important role [4,5]. The most frequently produced castings in industry are aluminium castings. It is therefore
important for the industry to provide castings that are free from defects. Sometimes this is problematic due to
a large number of factors affecting them during production [6]. In order to check the quality of castings, the
authors of many scientific studies indicate the possibility of using non-destructive testing (NDT), by means of
which it is possible to identify possible inconsistencies without significant impact on its structural and surface
properties [7,8]. However, sometimes the number of defects or discrepancies in castings is so large that it is
difficult to identify the cause. The authors of the studies [9,10] point out that the issue of tools supporting the
decision-making process, which are available and on the basis of which data analyses are made, is not without
significance. Comprehensive methods are constantly being sought to detect incompatibilities, but also to
prevent them by detecting the sources of their origin or even looking for causes that cause problems within
these sources. The methods enabling the implementation of the indicated activities are quality management
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methods, which, when skilfully applied, allow to increase the quality level of the offered products [11,12].
Literature studies on quality management often present the issues of quality analyses supported by the use of
single quality management tools [13-15], or develop models for the optimisation of production processes
[16-18]. However, there is still a lack of an integrally configured quality control method that has contributed to
an in-depth causal analysis of production non-conformities - the identification of the root cause of non-
conformity. Therefore, it is advisable to develop a sequence for the use of non-destructive testing (visual
inspection), with quality management tools (the Pareto-Lorenz diagram correlated with the ABC method and
brainstorming, the Ishikwa diagram, the 5WHY method and 5W1H [19]) in which the exit from one tool is an
entry to the next.

2. ANALYSIS

2.1. Aim, scope and subject matter

The aim of the conducted tests was to diagnose in between operations, quality control of the condition of
modified gearbox housing castings used in helicopters and to identify the causes of non-compliance in
castings, in relation to which the application of appropriate preventive measures would contribute to the
elimination of non-compliant castings. In connection with the increase of gearbox housing casting complaints
by 4 % as compared to the previous quarter, the survey was carried out on a batch of products made in the
2nd quarter of 2019. The scope of product inspection included the verification of casting area.

2.2.1. Alloy characteristics

The subject of the research was a gearbox foundry used in aviation. The object of research is cast by gravity
from AlSi7MgO0.6 alloy. Chemical composition and mechnical properties of the alloy are presented in Table 1.

Table 1 The chemical composition and mechanical properties of the alloy (PN-EN 1706:2011)

Element Fe Si Mn Ti Cu Mg Zn Others Al
Cé:n?eglslﬁ?clm Min, [%] - 6.50 - - - 0.45 - each:0.03; | remainder
P total: 0.01
Max, [%] 0.19 | 7.50 | 0.10 0.25 0.05 0.70 | 0.07
Property Name Tensile strength Yield strength | Elongation at Break Brinell
perty (Rm) (RO,2) (A) hardness
Mechanical Min, [%] 300 240 4 100
properties 320 240 6 151
Max, [%0] 350 280 6 151
Unit of measure | N/mm? MPa | N'mm? | MPa % % HB HB

The feature that distinguishes AlSi7Mg0. 6 alloy is its good weldability, exceptional corrosion resistance and
very good machining properties [9,20]. Due to its properties, this alloy is used in aviation, automotive and
architecture [21], mechanical engineering, food and chemical industry, as well as in shipbuilding, models and
forms [22]. It may be also useful in biotechnology apparatus [23-25].

3. METHODS OF THE TESTS

Previously, the company did not apply in-depth analysis of the source causes of discrepancies in castings,
however, due to the increase in complaints concerning gearbox castings and the increase in negative results
of quality control, it was decided to take measures to increase the quality level. A team of experts has been
set up, including the Head of the European Commission's Directorate-General for Health and Consumer
Protection. The quality manager, foundry manager, technologist, constructor, and specialist in the field of
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quality assurance. complaints. In order to carry out a qualitative analysis of castings, studies were carried out,
in which the integration of quality management tools was configured (Figure 1).

Characteriza Visualization Pareto - Lorenz Brainstorming Method
tionofthe [®| ofobtained [® diagramand [®| and Ishikawa [ SWHY
problem results ABC method diagram

Figure 1 Applied sequence of methods

The first step of the analysis included characterisation of the problem (verification of defects of the raw surface,
shape, continuity breaks and internal inconsistencies). In the areas of the products where discrepancies were
detected during factory inspection (visual, ultrasonic and X-ray), metallographic surveys were performed.
Samples for metallographic testing were cut out on a metallographic cutter and encapsulated in resin. Grinding
and polishing of the samples was performed on the Saphir 530 and digested with 5 % aqueous solution of HF
acid. The microstructure was observed on the Zeiss Neophot 2 metallographic microscope. The next stage
consisted in visualizing sensitive casting areas and indicating their type. The Pareto-Lorenzo analysis
correlated with the ABC method was performed to identify the most significant nonconformities in terms of their
number and severity of effects. The brainstorming method was used by experts to identify potential causes of
incompatibility in castings and their hierarchy. The potential causes are listed in the Ishikawa diagram. The
5WHY method has been applied to the identified cause of non-compliance in order to identify its source.

4. RESULTS

The first step of the analysis was to identify the areas in the casting (Figure 2) where the most frequent
irregularities occur and to determine the type of these defects.

f.
4 - 3
- -12 4

Figure 2 Model of casting gearbox with deforestation of areas where non-compliances marked as:
1 — systolic cavity are most common; 2 — misery; 3 — exfoliation; 4 — inclusions of foreign material; 5 — gas
bladders; 6 — fastening; 7 - mismatch of felling thickness; 8 — mechanical damage; 9 — cold casting cracks;
10 — government; 11 — hot casting cracks; 12 - erroneous or illegible casting marking

Data concerning quality control during which the most defects are detected within a certain type of
nonconformity and decisions concerning handling of nonconforming castings are presented in Table 2 (in the
table the nonconformity markings as shown in Figure 2 were applied). The data confirm the relevance of the
actions taken to identify the causes of non-compliance.
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Table 2 Percentage of decisions concerning gearbox castings where non-compliances are found

Type of ’ | tten identifvi ’ Decision
defect Quality control most often identifying non-compliance . ] .
Utilization | Repair | Admission

1. Inter-operative control (ultrasonic and radiological defectoscopy, 88 % 7% 5%
macroscopic examination)

2. Inter-operative control (visual) 66 % 17% 17%

3. Inter-operative control (visual) 31 % 53 % 16 %

4. Inte_r-op(_eratlve control (V|su_al, uItr_asonlc d_efectosc_:opy, 64 % 29 % 70
radiological defectoscopy, light microscopic examination)

5. Intraope_ratlve contrc_JI (ultras_onlc_and radiological defectoscopy, 71 % 11 % 18 %
penetration tests, microscopic - light tests)

6. Pre-check (visual, X-ray method) 63 % 15% 23 %

7. Inter-operative control (using an electronic calliper) 8 % 81 % 11%

8. Pre- and post-operative (visual) checks 86 % 8 % 6 %

9. Inter-operational control (ultrasonic and radiological defectoscopic 87 % 15 % 2%
examination, microscopic - light examination)

10. Preliminary inspection (ultrasonic and radiological defectoscopy, 79 % 15% 6 %
macroscopic examination)

11. Inter-operational control (ultrasonic and radiological defectoscopic 85 % 9% 6 %
examination, microscopic - light examination)

12. Pre- and post-operative (visual) checks 0% 100 % 0%

5. ANALYSIS

The instrument proposed by the working team to carry out further analysis of castings'; inconsistencies was
the Pareto-Lorenz analysis correlated with the ABC method. The aim of the action taken was to identify the
most significant noncompliances (Figure 3). Markings as indicated in Figure 2.
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Figure 3 Pareto Lorenzo diagram with ABC method for gearbox casting incompatibility

The analysis of casting batches showed that the systolic cavities (39.7 %), underpressure (24.0 %) and peeling
(19.0 %) are the most serious inconsistencies. In accordance with the ABC method, area A - to which the
claimed non-conformities are qualified - is defined as critical. Figure 4 shows the most common forms of
incompatibility - the systolic cavity. In the tested batch of products, the shrinkage cavities are in the form of a
jagged discontinuity often surrounded by porosity, rusticity.
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Figure 4 Result of the discontinuity - systolic cavity test

The potential causes of unworthiness identified during the brainstorming session have been arranged in the
Ishikawa diagram showing mutual links between the causes. Due to the volume limitations, the study includes
the part of the Ishikawa diagram containing the key cause of non-compliance (Figure 5). It was found that the
key reason for the occurrence of shrinkage cavities was too low an alloy temperature during pouring of the
moulds. As a further analysis of the qualitative problem, the 5WHY method was developed (Figure 6).

Research problem- Alloy temperature too low when pournig the mould

the precence of systolic cavities l_WHY?

Wrong device setings | Incorrectly set parameters

l_WHY? Employee’s error in reading [Employee error| Employee error when
l— the workstation’s structure |in measurment | setting up the machine
WHY?

chemical composition of the liquid alloy
excess moisture in molding sand‘ -

wet

- : » ~ modifier :
too little alloy in pupply vat = Distraction,haste| Low qualifications | Inoperable measuring tool
insufficent cleaning 2 p??r: qlL.'a.' z WHY'?
___ofthevats grite:igis ‘I Lack of controls || Inadequate work organisation ||Lack of training
WHY?
Alloy tem. too low [Lack of adequate control procedures - inadequate management
\\ during pouring
Figure 5 Fragment of the Ishikawa diagram Figure 6 Course of the 5Why method for
showing the causes of the systolic cavity in the incompatibility concerning too low an alloy
,material” category temperature during mould pouring

The analysis (Figure 6) shows that the key reason for flooding the mould with an alloy with too low a
temperature was the lack of training of the newly employed worker. There was an employee at the workstation
who incorrectly read the parameters of the instruction. The combination of too little experience and lack of
training was the main reason for the discrepancies.

6. CONCLUSION

The proposal of detailed analysis of nonconformities, presented in the study, concerning the identification of
areas where defects are most frequently located and the identification of the causes of the presence of defects
in castings, combined with the application of configured integration of quality management tools, contributes
to their elimination and the implementation of effective measures to prevent the occurrence of nonconformities
in castings. The key reason for the occurrence of the most significant nonconformity in the gearbox housing
casting (presence of shrinkage cavities) was the inappropriate pouring temperature of the casting mould due
to the lack of training of the newly employed employee, which resulted from inadequate human resources
management in the company. Further research will be related to the implication of the proposed sequence of
analysis of casting's nonconformity, which is an effective way of solving quality problems in the production of
other products offered by the company. The presented method of analysis of types and weights of
nonconformity, including the importance of the control points present in the company, in combination with the
quality management methods, is largely complementary. The proposed sequential combination may be a
component of methods supporting quality management processes.
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