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ABSTRACT 
 
According to the Ministry of Development, Industry and Foreign Trade, China has the last five years in the 
Brazilian footwear  market for imports, representing 70% of total imports. Brazil has been recording declines in 
footwear exports; in 2011 there was an average reduction of  21.5% compared to 2010. Thus, Brazil has moved 
to the eighth position in the export market. Moreover, Asians have been improving the quality and technological 
level of their footwear for niche markets. It is well known that the introduction of new technologies into 
industrial organizations enables adding value to their products, making the organizations more competitive in 
the global market. In this work, we present a study on the use of radioscopy technique to improve quality control 
of the Brazilian footwear industry. Being already used by some international footwear manufactures, aiming at 
the identification of strange bodies, control jumps, among other aspects, this technique brings innovation to the 
referred industry, since it is a non-destructive test approach that makes use of X-rays. We also propose a tool for 
the application of radioscopy technique to improve  quality control processes of footwear production, employing 
concepts of Failure Modes and Effects Analysis (FMEA).   
 
 

1. INTRODUCTION 
 
According to the Brazilian Association of Footwear Industries [1], Brazil is the third largest 
producer of footwear, producing about 894 million pairs, of which 143 million are exported 
to more than 150 countries, putting the country in eighth position in this global market. In 
addition, Brazil is the fourth largest consumer of footwear in the world. On the other hand, 
the entry of large volumes of Asian footwear in Brazil and in the countries that are potentially 
consumers of Brazilian shoes are on the march, which reflects a factor that has been 
unfavorably impacting the Brazilian footwear market. 
 
Brazilian footwear is not manufactured as low-cost as by the Asians, and neither has the 
attributes (sophistication, design and brand) of the Italian footwear. The growth in production  
and export of the Chinese footwear has  been  causing a  displacement of  these traditional 
markets manufacturers to a lower position.  
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This is because, gradually, the Chinese manufacturers have been improving the quality of 
their footwear, chalking it up to a higher niche of higher average price, pushing the Brazilian 
manufacturers to move up to higher price segments as well. 
 
Brazilian factories that export footwear to Europe, for example, are more attentive to quality 
control of their products, once this differentiation can be presented as the only practical 
strategy to conquer space in the international market. 
 
In view of the above context, it is urgent to adopt new industrial technologies and to 
introduce updated management and control processes that allow adding value to the footwear 
production lines of Brazilian local clusters, making them more competitive in the global 
market. Therefore, this paper presents a study to enable the use of industrial radioscopy 
technique to improve the quality control process of footwear manufactures.  
 
In the segment of footwear production, this technique provided by X-rays will allow quality 
control of produced items by checking nonconformities, without the need of damaging them, 
allowing the inspection of 100% of the items or a sample of them. This technique brings 
innovation to the Brazilian footwear industry by being a non-destructive test (NDT), capable 
to verify structural and operational failures, without changing the footwear materials, nor 
offering risk to future users. 
 
As industrial radioscopy employs ionizing radiation, the involved equipments and procedures 
shall meet all requirements of safety in order to ensure the protection of workers, public and 
environment.  
 
In this sense, this work proposes a tool to support the application of this technique in the 
quality control process of Brazilian footwear industry, based on the concepts of Failure 
Modes and Effects Analysis (FMEA). FMEA is a method developed to systematically 
identify potential failures in systems, processes or services, as well as to identify their causes 
and effects and define actions to reduce or eliminate the associated risks [2]. In an integrated 
form, the proposed tool shall consider the necessary requirements of equipment and processes 
regarding the radioscopy technique applied to the improvement of quality control, as well as 
it shall have the preventive characteristic to detect failures through the use of FMEA.  
 
In this work, seeking to show the potential of the radioscopy technique in the quality control 
of footwear items, practical experiments were conducted to test the quality of Brazilian shoes 
with the radioscopy technique. 
 
This article is structured as follows. Section 2 presents the concept of the radioscopy 
technique and its capabilities in the quality control of the footwear industry.  Section 3 briefly 
introduces the notions of FMEA. Section 4 describes the potential of radioscopy technique 
applied to footwear manufactures. The results of practical experiments with the radioscopy 
technique in the quality control of Brazilian shoes are presented in Section 5. Finally, in 
Section 6 some final considerations are presented. 
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2. FOOTWEAR INSPECTION BY INDUSTRIAL RADIOSCOPY 
 
Radioscopy has been applied by some industries worldwide, such as, for example, the car 
industry. In respect to the footwear industry, the radioscopy technique has been applied to 
luxury items, whose consumers are more quality demanding. Within a very short time 
interval, the radioscopy technique allows to check dimensions, locations and distributions of 
nonconformities or failures, in both internal and external bodies of a tested object. 
 
An industrial radioscopy equipment basically consists of: an X-Rays system, a shield system 
for X-ray system, a motorized and automated handling system, a detection system, an image 
processor and database with dedicated computer, and a visualization system, (the details of 
each component are described in [3]. The industrial radioscopy technique applied to the 
footwear industry is illustrated in Fig. 1. 
 
 

 
 

Figure 1. Radioscopy technique for footwear inspection [3] 
 
 
Typically, a radiation detector consists of a sensitive material and a system that converts 
electromagnetic radiation signals into voltage or current signals. In this kind of detector a 
fluorescent material is used, so that, when the radiation passes through the base material, it 
causes ionization or excitation in fluorescent material, emitting photons.  The photodiodes 
convert light into electrical signals corresponding to the image. Then, the intensified 
electrical signals can be carried to the converter and be viewed on a monitor. 
 
Particularly, in the footwear industry, the radioscopy technique is used to control components 
and failures that occur during the manufacturing processes, such as, for example: 
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 Heel injection. It is possible to check by radioscopy the absence of porosity or 
material that could damage the mechanical resistance of high heels or their fixation on 
footwear, Fig.2(a).  

 Integral components. It is possible to identify the position of the steel core as well as 
the correct counting of eyelets. In safety footwear and military use, the correct 
identification of these items is very important, Fig.2 (b). 

 Absence of strange items. It is possible to detect the presence of strange items in the 
footwear, such as nails or other materials that could be left during the previous stage 
of the assembly process, Fig. 2 (c). 

 Reinforcement. It is possible to check the correct position of the steel core in the shoe 
with heel that gives firm structure, Fig.2 (d). 

 
 

 
 
 
 

 
 
 

Figure 2. Quality control with radioscopy in footwear industry [3]  
 
 
The radioscopy technique can be a supplementary test in identifying potential mechanical 
failures or lack of materials of the footwear. It can also be used as a supplementary test for 
the verification of flaws in the validation stage of the footwear design.  
 
 

(a) (b) 

(c) (d) 
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3. FAILURE MODE AND EFFECTS ANALYSIS (FMEA) 
 
Developed, in the 1950s, by Grumann Corporation to prevent failures in the airplane 
manufacture, Failure Mode and Effects Analysis (FMEA) has been applied as a management 
tool by many industrial organizations, [4]. 
 
In recent years, many organizations have used FMEA, in particular the automotive industry. 
This is happening due to the QS-9000 (Quality System Requirements), which determines the 
use of this tool by the automotive industry and by its suppliers during the design and 
development of new products or processes [5]. This tool is described in the manuals APQP 
(Advanced Product Quality Planning) and PPAP (Production Part Approval Process), which 
are integral parts of ISO / TS 16949 (International Organization for Standardization/ 
Technical Specification, number16949). 
 
Failure Mode is defined as the way a component, subsystem or system fails by not meeting 
the objective of the project or the manufacture process of an item. Effects of failure are 
defined as the consequences of the failure mode on the functionality of a product that can be 
perceived by customer. 
 
There are four types of FMEA: (i) FMEA system used to analyze systems and subsystems at 
product design stage, (ii) FMEA product (DFMEA) used to minimize the effects of a product 
design failure, (iii) FMEA process (PFMEA) applied to prevent failures during a 
manufacturing process, and (iv) FMEA service that analyzes failure modes in services, [5]. 
 
Besides preventing nonconformities in industrial organizations, FMEA is an interface with 
many engineering and reliability tools. It collects related information and prioritizes potential 
failure modes, implying a positive effect on the manufacturing process by calculating the 
Risk Priority Number (RPN), [6].  
 
Used to prioritize the potential nonconformities, the RPN is a measure of the risk associated 
with a manufacturing process, which depends on the measures of severity, occurrence and 
detection. The severity is an assessment of the gravity of the effect of a potential failure mode 
relative to a component, subsystem, system or customer. The reduction in the severity value 
can only be achieved by changing the product design. 
 
The occurrence rate reflects the probability of occurrence of a failure mode of a product. The 
evaluation of the failure occurrence should be done carefully, because the underestimation of 
this parameter may result in unanticipated failure. The only way to effectively reduce the 
occurrence rate is to remove or control one or more failure mechanisms through a change in 
product design. 
 
The detection indicates the system capacity in detecting the development of a potential failure 
mode before the component or system really fails. Depending on the severity assigned to the 
event, the occurrence of a highly dangerous failure must be avoided. 
 
 
 
 



2013 International Nuclear Atlantic Conference - INAC 2013 
Recife, PE, Brazil, November 24-29, 2013 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
 

INAC 2013, Recife, PE, Brazil. 
 

Denoting by S the product of the severity value, by O the occurrence value and by D the 
detection value, the RPN is computed as 
 

RPN = S O D.                                                           (1) 
 

The RPN value varies from 1 to 1000. The higher the RPN value, the more concentrated 
efforts should be done in order to reduce the calculated risk through corrective actions. In 
general, special attention should be given when severity value is high, independent of the 
resulting RPN value. The FMEA of the automotive industry suggests that, for RPN above 
100 and/or severity over 8, corrective actions in the design must be performed to minimize 
the severity of the failure identified in the study. The scale for evaluating the effects, 
suggested in QS-9000, is described in [3]. 
 
 

4. QUALITY CONTROL EMPLOYING RADIOSCOPY 
 
In this section, we propose a tool based on the concepts of FMEA to guide the quality control 
process in the footwear industry considering the use of radioscopy.   
 
As in [7], the basic idea to develop the proposed tool is the transformation of the needs and 
expectations of customers (inputs) into actions and modifications in the production system 
and product design (outputs). This transformation process also considers satisfaction 
feedback and the product failures perceived by the customers and by internal processes data. 
Inputs and outputs are shown in Fig.3.  
 
Technical standards can also be used as one of the inputs plan quality control tool. In this 
sense, the Brazilian standard reference ISO 20344:2011(International Organization for 
Standardization, number:20344, Personal protective equipment - Test methods for footwear, 
two thousand and eleven)  was used, which refers to test methods for footwear designed as 
PPE (Personal Protective Equipment). 
 
 

 
 

Figure 3: Inputs and outputs of the quality control tool  planning 
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Following the basic idea, to integrate the radioscopy technique with a management process in 
quality control in the footwear industry, we consider the PFMEA to describe the stages of the 
production process of footwear. As we have seen, the FMEA leads to risk mitigation of 
possible human error or process controls. In addition, the output of FMEA results in failure 
modes prioritized, and indication of the means to detect and prevent the failure modes. This 
information will be crucial for the implementation of the control plan.  
 
To evaluate of FMEA indicators supported by the QS-9000, we considered the discussions 
with equipment manufacturers and experts in this area during the visits to testing and 
certification laboratories of footwear and to footwear factories.  Table 1 shows the range of 
values of the qualitative criteria adopted in this study to evaluate indicators of PFMEA for 
footwear manufacturing. 
 
 

Table 1: PFMEA indicators for footwear manufacturing   
 

Severity 
Effect Description  Grade 

Hazardous Potential failure mode affects security. 9 
Very high Inoperable item, loss of primary functions. Consumer not satisfied. 8 

Occurrence 
Effect Description  Grade 

Moderate 0.5 in 1,000; 1 in 2,000 5 
Detection 

Effect Description  Grade 
Moderate Moderate probability that control process detects the failure mode. 5 

Highly 
moderate Reasonable probability that control process detects the failure mode. 4 

High High probability that control process detects the failure mode 3 
Very high Very high probability that control process detects the failure mode. 2 

 
 
It should be notice that once the footwear project is approved, some safeguards should be 
established in order to maximize the detection of potential failure modes during the 
production process. The radioscopy technique increases the capacity of detecting failures, 
helping to minimize the detection level of the FMEA, which implies a reduction of the value 
of RPN.  

 
 

5. THE QUALITY CONTROL OF A BRAZILIAN FOOTWEAR 
 
In this section, we show a practical experiment with the application of the proposed tool to 
guide the quality control of Brazilian safety footwear items. 
 
In the footwear manufacturing, defects may occur during an operation of the process or are 
related to the quality of materials used. Examples of manufacturing defects are: failed 
sewing, easy detachment, breach of the sole, presence of strange objects, among others. 
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Specifically for PPE footwear, as established by ISO 20344/2008, we also highlight the 
following mechanical tests: flexural strength of the sole; resistance to penetration of the sole 
and tear strength of the sole. 
 
Through the non-destructive inspection by X-rays, the effect on desired parts of the footwear 
can be observed during mechanical tests. Examples of existing mechanical tests are: tensile 
strength and elongation at break (NBR 14552:2006 – Norma Brasileira, number 14552, the 
year two thousand and six); determining the resistance to bonding of the sole (NBR 
15323:2010 – Norma Brasileira, number 15323, year two thousand and ten); determination of 
the resistance of fixing strips of the sole (NBR 15325:2006 – Norma Brasileira, number 
15325, year two thousand and six). 
 
For the practical experiments, we choose a sample of footwear items and the radioscopy 
equipment. A sample of safety footwear, produced in Brazil, was randomly selected and 
acquired in the retail commerce in the states of Rio de Janeiro and Paraná. We analyzed 20 
pairs of footwear, sizes, types, from different manufacturers and brands. Among the pairs, 
50% of them are safety shoes and 50% are female shoes. 
 
To exemplify the proposed tool, we consider the item toecap that is a component of the safety 
shoe, whose production has to be controlled. This item is highly relevant, regarding the safety 
of the user and the requirement verification of the ABNT NBR ISO 20344:2008 (Associação 
Brasileira de Normas Técnicas, Norma Brasileira, International Organization for 
Standardization, number 20344,  year two thousand and eight). In Fig. 4, there is an example 
of the control requirements and actions relative to this item. Observe that the length of the 
toecap could be detected by radioscopic technique, if it was available. 
 
 

 
 
Figure 4: PFMEA for assembling the item toecap  
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Table 2 presents the technical characteristics of the equipment used for inspection (NDT 
Scanner – Gilardoni).  

 
 

Table 2: Characteristic of the equipment used for inspection 
 

Description of Parameters Data 
Maximum operating voltage X-ray generator 160 kV 

Current 3 mA 
Inspection speed 40 cm/s 

Detector pixel number 1536 
Scanning resolution 0,4 mm 

Maximum dimensions of the object to be inspected 450 x 250 mm 

Format of digital image generated by the system TIFF (Tagged Image File 
Format) 

 
 
In Fig.5, we see an example of the benefits of introducing the radioscopy technique in the 
footwear production line. For each potential failure mode identified for the assembling of the 
item toecap, described in the table of Fig.4, we observe the values for severity, occurrence 
and detection, as well as for RPN, generated by the tool. Observe that with the radioscopy 
technique at hand the RPN values have reduced. 
 
Following the proposed tool to guide the quality control of footwear with radioscopy 
technique, we realized the inspection of the 20 pairs of footwear. We have selected some 
results, obtained from images drawn from the footwear inspection, which are presented as 
follows. 
 
 

 
 

Figure 5: Analysis of potential failure modes for assembling the item toecap 
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Fig.6 (a) shows the radioscopic image of a sole of safety footwear that found the presence of 
porosity in the bending region. The presence of porosity can influence the flexural strength, 
penetration and tearing. These identified defects were not apparent by visual inspection. The 
presence of strange object or objects perforating the sole was also identified during, object 
inspection, Fig.6 (b). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6:  Identified presence of porosities - examples [3] 
 
 

In the footwear of Fig.7(a), the inspection verified the existence of a misalignment on the top 
of the shoe, which can affect its comfort aspect. Through the resources of the radioscopy 
equipment, an automatic inspection can be made to verify the correct positioning of the top of 
the shoe, as well as the correct counting of components.  
 
 

 
 
 

Figure 7: (a) Complete safety footwear, misalignment of the upper identified (b) 
complete safety footwear, the existence of toecap identified [3] 

(a) (b) 

(a) (b) 
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In the radioscopic image of Fig.7 (b), the presence of toecaps is evident. These toecaps are 
made from polypropylene for the selected pair of footwear. The inexistence of cracks, 
porosity or lacking of material in other parts the footwear was also evident in this profile. 
 
In the female footwear of Fig. 8 (a), the inspection verified that an excessive amount of nails 
were used to set the heel. In Fig.8 (b), the radioscopic image presents a female shoe with 
many pores in the heel. The presence of porosity can influence the breaking or loosening of 
the heel. These defects are not perceptible by visual inspection. 
 
 

 
 

 
Figure 8: (a) Radioscopic Image of a female shoe identifying threats to security, (b)  

Radioscopic Image of a female shoe, identifying the presence of porosities in the heel [3] 
 
 

6. CONCLUSION 
 
According to research carried out in Brazilian certification laboratories of footwear, it was 
revealed that the radioscopy inspection has not been employed in the quality control process 
of Brazilian footwear industry. The quality control tests performed in Brazil are mostly visual 
and destructive. 
 
Practical experiments were conducted to test the quality of the Brazilian footwear with 
radioscopy technique combined with the use of the concepts of FMEA. Although there are 
few studies of quality control of footwear that employs radioscopy in the academic literature, 
PFMEA indicators for the severity, occurrence and detection were proposed.  
 
The potentiality of using radioscopy in quality control in Brazilian footwear industry was 
confirmed by the performance of practical experiments, which verified the existence of 
structural defects and mechanical failures of Brazilian shoes, which could not be found with 
other technical test. 
 
 
 

Steel Core 

Absence of 
porosity 
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This innovation in the quality control processes enables Brazilian footwear industry to reach 
a higher level in the global market, where consumers are more demanding and there is still 
space for more competitors. Also, it gives more Brazilian industries the opportunity to apply 
this technique. 
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