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The Chinese welding industry is growing every year due to rapid development of the Chinese 

economy. Increasingly, companies around the world are looking to use Chinese enterprises as 

their cooperation partners. However, the Chinese welding industry also has its weaknesses, 

such as relatively low quality and weak management. A modern, advanced welding

management system appropriate for local socio-economic conditions is required to enable

Chinese enterprises to enhance further their business development. 

The thesis researches the design and implementation of a new welding quality management

system for China. This new system is called ‗welding production quality control management

model in China‘ (WQMC). Constructed on the basis of analysis of a survey and in-company 

interviews, the welding management system comprises the following different elements and 

perspectives: a ‗Localized congenital existing problem resolution strategies‘ (LCEPRS) 

database, a ‗human factor designed training system‘ (HFDT) training strategy, the theory of 

modular design, ISO 3834 requirements, total welding management (TWM), and lean 

manufacturing (LEAN) theory. The methods used in the research are literature review,

questionnaires, interviews, and the author‘s model design experiences and observations, i.e.

the approach is primarily qualitative and phenomenological. 

The thesis describes the design and implementation of a HFDT strategy in Chinese welding

companies. Such training is an effective way to increase employees‘ awareness of quality and 

issues associated with quality assurance. The study identified widely existing problems in the

Chinese welding industry and constructed a LCEPRS database that can be used in efforts to

mitigate and avoid common problems. The work uses the theory of modular design, TWM

and LEAN as tools for the implementation of the WQMC system.  

The WQMC system is being implemented in three different Chinese joint-venture companies

which have the welding workshops. Analysis of the WQMC system effects indicates that its 

adoption has resulted in improved quality and reduced costs. 

Keywords: Welding Quality Management, Training, Welding Procedure, WPS, ISO 3834, 

Total Welding Management 
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1 Introduction 

 
Joining processes such as fusion welding are widely used as an integral part of the 

manufacture of many products. In some industries, like the steel structure industry, fusion 

welding is the major manufacturing process. Welded products may range from simple to 

extremely complex. Common welded products include ships, pressure vessels, steel structures, 

bridge buildings, machine parts, cranes, and transport vehicles, among others. Nowadays, 

China is the world‘s biggest steel and metal industry producer (Hu Minying et al., 2010). The 

large production volume, relatively low costs, and rather poor quality are three distinctive 

features of the Chinese welding industry. The huge production volume and quite high 

productivity make it easy to attract business investments from all over the world, and a great 

and growing demand for welded products requires increased welding production. In 2000–

2007, the average annual growth rate of welding production in China was 17.4% (Wang 

Wenxian et al., 2012). The low cost results in good competitiveness relative to other countries. 

However, the rather low production quality and outdated management systems used in 

Chinese enterprises and factories have had an adverse impact on the reputation of Chinese 

manufacturing, including the Chinese welding industry (Publication 1). The latest released 

report from the Chinese Machine Building Quality Management Association (CMQMA) in 

2016 clearly stated that the development aim is to improve product quality and the 

management level in the mechanical industry during the Thirteenth Five-year Plans of China. 

Furthermore, in the policies of Made in China 2025 released by the Chinese government, one 

of the four significant worrying trends that should be transformed during the future decades is 

that Chinese industrial products are perceived internationally as inferior quality. This current 

situation in China, as in many other developing and newly industrialized countries, demands 

the development and implementation of a locally appropriate, modern welding quality 

management and welding personnel training system that enables the attainment of an ideal 

balance of welding product quality, welding process costs, and sustainable development 

(Publication 1 & 3). Such a training and management system will help staffs to acquire 

appropriate and efficient working attitudes and procedures needed to increase production 

quality. 

 

The aim of this thesis is to construct a localized, sustainable, reliable, and broadly applicable 

welding production quality control management system model for China (WQMC) that can 

be used in small, medium, and large enterprises and is suitable for most industries in which 

welding is an inherent part. The system is based on the ISO 3834 standard and combines 

personnel training strategies, process adaptations, and the implementation of existing 

problem-solving methods. More details on this part of the research are provided in Publication 

3. Figure 1 illustrates the overall structure of the WQMC system, which comprises the 

following key elements: 

 Normal enterprise management systems (NEMSs): ISO 9001, ISO 14001, OHSAS 

18001, ISO/IEC 27001, and other related management systems. The function of the 

NEMS is to provide the most basic foundation of the WQMC system; 

 ISO 3834 welding quality management system; 

 Human factor designed training system (HFDT); 
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 Total welding management (TWM) system, LEAN theory, and modular design 

model; 

 Strategies for the resolution of localized congenital existing problems (LCEPRS). 

 
Figure 1. Structure of WQMC and relationship to other management systems 

 

Before a company can implement the WQMC system, the NEMS should already be inbuilt in 

company operations. Even though the nature of NEMSs and their implementation is clearly of 

importance, research on them is beyond the scope of this study. Normally, if a manufacturing 

company is qualified by a NEMS, a third party certification body must issue a certification 

document to the manufacturing company. However, ISO 3834 is of immediate relevance to 

the subject of this work and implementation steps for the integration of ISO 3834 in the 

WQMC system are discussed in Chapter 2. 

1.1 Research Method  

In this thesis, different research methods are used and are listed below: 

 Literature review: This focuses on the theory of the quality management system, 

training and teaching methods, ISO standards (especially for ISO 9000 and ISO 3834 

series standards), and the background of the research and state of the art. In this 

dissertation, the literature review is used to establish the foundation of the WQMC 

system, but not to analyze the situation to the readers. 

 Field visit: By using field visits, more than 30 companies‘ data in China related to 

welding quality management were collected. The data include information about the 

quality, cost, and productivity of the welding industry in China. By using this 

collected data, the general background of the Chinese welding industry could be 

understood. 

 Case study: Three companies with welding manufacturing processes were used in the 

case study. Case study as a research method can be compared to an experiment in the 

laboratory to get the real result of the implementation of the WQMC system. The 

cases were studied for 3 years from 2013 to 2015. The result of the publishable 
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collected data from the case study is illustrated in Chapter 6. Some of the data is case 

companies‘ confidential business information and therefore cannot be published. 

 Questionnaires, interviews, and observations: Some practical research methods were 

used during field visits and the case study. Questionnaires and interviews were used 

during field visits to collect data from the industry. Face-to-face communication 

elicits first-hand information from people working in their occupations. Observations 

were made during field visits and case studies. The aim of the observations was 

collecting objective data by taking photos, making records, and measuring the related 

activities during welding manufacturing processes. 

 

The research methods of the thesis meet the requirements of the study aim and can be used to 

build the WQMC system. 

1.2 Research Topics 

Three significant aspects should be implemented in the WQMC system, and they are listed 

and discussed in this part. The three aspects (HFDT, Welding production amelioration, and 

LCEPRS) are the key components of the WQMC system. Furthermore, the human factors, 

historical background, and the cultures are also significant topics which enrolled in the 

WQMC system. 

1.2.1 Welding Personnel Training  

Training of the company staff is required in the WQMC system. The TWM theory and ISO 

3834 also require that business entities develop training activities for their personnel (SFS-EN 

ISO 3834-2). In the WQMC system, the novelty is to build an up-to-date and localized 

welding personnel training strategy for China. In addition to its foundations on the welding 

technology and production theory, this strategy employs the knowledge of psychology, 

pedagogy, and behavioural science in order to establish training modules appropriate for 

contemporary circumstances in China, for welders as well as welding specialists, welding 

technicians, welding engineers, design engineers, and welding inspectors. To some extent, 

managers and administrators in other roles are also considered to participate in the training in 

order to ensure that the same concept of welding and the WQMC system exist throughout the 

enterprise (Barckhoff, 2007).  In this study, the training strategy is abbreviated to HFDT 

(human factor designed training system). 

 

The training content and lecture formats are discussed in this thesis. In the training method, 

the training modes are teaching and lectures, discussions, and audio-visual and case study 

methods. This study recommends the adoption of small class teaching methods in order to 

achieve better training quality. The small group size helps avoid distractions and improve 

focus. The passivity of large group lecture-based learning can induce fatigue and boredom in 

welding personnel. Furthermore, having a class with a large number of trainees means that it 

becomes difficult for the trainer to monitor and assist each trainee properly and respond to 

individual needs. Consequently, the objectives of the lectures are seldom totally met. 

Furthermore, small class teaching methods promote discussion and case study. Normally, the 

number of trainees in a small group ranges from 5 to 6.  
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The content of the training builds and expands on welding theory; the following topics, among 

others, are addressed: 

 Welding symbols and engineering drawing; 

 Welding terms;  

 Welding standards: ISO 3834 series, ISO 5817, ISO 9606, ISO 13920, ISO 15607, 

ISO 15609, ISO 15610-ISO 15614, ISO 4136, ISO 5173, ISO 9015, ISO 9016, ISO 

4063, ISO 6947, ISO 6520-1, GBT/324, GBT/3375, etc.; 

 Welding defects and imperfections; 

 Welding stress and deformations; 

 Welding cracks and their causes; 

 WPS and WPQR concept and application; 

 Welding inspections and experiments: destruction testing (DT) and non-destruction 

testing (NDT); 

 Welding management strategies; 

 Welding joints and welding structure production; 

 Welding production knowledge for designers. 

 

Clearly, the training content is not permanent and needs to change with developments in the 

welding science and technology. The skills demanded from the trainer are an important 

research topic in this study. A knowledgeable, dutiful, and well prepared trainer is required to 

ensure the success of the WQMC system and HFDT strategies. This research topic is 

expanded with reference to knowledge of training activities and training psychology. 

Discussion about human factors in the designed training system is presented in Chapter 3. 

1.2.2 Welding Products and Production 

Welding procedures differ from one company to another and one product to another. The 

designer, producer, inspector, and supervisor all have the right and obligation to assure the 

welding quality of each individual product. Thus, all personnel should have a general 

understanding of the key concepts of welding production and welding processes. The TWM 

theory and LEAN theory will help the personnel to understand the improvement issues during 

production. The Modular design method is one tool from the LEAN theory system. The belief 

that welding quality relies only on the welder is incorrect and inappropriate (Barckhoff, 2007). 

Good welding quality demands that effective communication channels and correct 

cooperation be ensured in daily work. This research analyses process problems in the Chinese 

welding industry, problems related to business management procedures and technical issues, 

and discusses how supervision, optimization, and amelioration work is conducted in the 

Chinese welding industry. A modular design model is employed in the WQMC system in 

order to reduce costs, increase productivity, and ensure relatively high quality in Chinese 

welding factories and workshops. Discussion of welding products, production supervision, 

adaptation methods, and the modular design model study is presented in Chapter 4. 
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1.2.3 Solving Congenital Existing Problems in the Chinese Welding Industry 

Some of the problems in the Chinese welding industry can be characterized as congenital 

existing problems, i.e., pre-existing and context-dependent problems. In this study, such 

problems are abbreviated LCEPs. These types of problems may be caused by the unique local 

culture, human factors related to work and management, the social environment influencing 

working attitudes, environmental or geographical factors, contemporary background issues, 

historical and linguistic issues, and other possible matters pertinent to China and the Chinese 

culture. Although industrial areas differ, the problems may not be limited to particular parts of 

China or the welding industry, but may be relevant to welding factories or workshops in many 

different Chinese geographical and industrial areas. Additionally, the study has implications 

for other developing and newly industrialized countries, where similar issues can be 

encountered, and it can act as a reference point for future studies of other countries and 

industries (Publication 2).  

 

Congenital existing problems were identified and studied by surveys, interviews with 

personnel, statistical research, and careful observation of more than 30 Chinese welding 

factories or workshops. Many of the problems are found to be very common, and they need to 

be addressed promptly when a company is ready to launch the WQMC system. One or several 

of the identified congenital existing problems may exist in one Chinese welding factory or 

workshop. This study suggests that addressing such congenital existing problems should start 

at the beginning of the construction of the WQMC system, in the survey period. Such an 

approach promotes suitable circumstances for the implementation of the WQMC system and 

reduces the difficulty of the implementation work. Discussion of congenital existing problems 

and how to address them is presented in Chapter 5. 

1.2.4 System, Training, Production and Products 

The concept of each item and tool included in the WQMC system is elaborated in this section. 

Figure 2 illustrates the structure and dynamics of the WQMC system. Using a cooking 

analogy, the core of the WQMC pie is the ISO 3834 standard family. The next filling is HFDT, 

which is the training system and which protects the inner contents and ensures their quality. 

The outer crust is LCEPRS, strategies for solving congenital existing problems. The crust is 

friable and changeable, and therefore it should be taken first. The NEMSs, normal enterprise 

management systems, are the heat of the oven used to cook the WQMC pie, without which the 

pie will never be ready. The TWM theory is the skill of the cook to ensure the quality and taste 

of the pie. 
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Figure 2. The WQMC pie and its structure 

The following summary gives a brief introduction and overview of the creation of the WQMC 

system in a Chinese welding factory or workshop. Figure 3 illustrates the various steps. 

Figure 3. Steps to reach the requirements of the WQMC system 

Figure 3 illustrates that the first step is to check the NEMSs used in the welding factory by a 

survey and interviews. Once a clear picture of the factory‘s management system has been 

established, the next step is to gain knowledge about the specific circumstances of welding 

manufacturing in the factory. During this step, the LCEPRS, ISO 3834, HFDT, and modular 

design processes should be implemented and finished. After the WQMC system has been 

completely constructed, inspection activities should continue and PDCA processes should 

also be carried out in the factory. 

The aim of the WQMC system is to ensure that welding factories or workshops in China and 

developing or newly industrialized countries have relatively high productivity, good quality, 

and reduced costs, now and in the foreseeable future. The data, charts, pictures, and discussion 

in Chapter 6 present the current state and attained results of the implementation of the WQMC 

system in three different companies in China over the last two years. The chapter provides 
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empirical evidence of the effects of implementing the WQMC system in Chinese welding 

companies. 

1.3 Background and Statement of the Study 

The Chinese society has been essentially an agricultural society for over 3000 years, and its 

history is very different compared to Western countries. An agricultural society asks people to 

obey the laws of nature, follow the advice of ancestors, and listen to authority (Zhu Qizhen, 

2009). If people do not follow these principles, agricultural cultivation suffers and 

productivity deteriorates. Lack of innovation at work over a long period can cause a loss of 

motivation and engagement. Throughout history, the Chinese have been governed by the 

principles of an agricultural society and the effects can be seen in the following: 

 Companies are managed in an authoritarian manner; 

 Workers find it easy to follow the guidance of elders but face challenges when adopting 

new technologies and approaches. Thus, welding trainers in Chinese companies are 

required to search for culturally-appropriate ways to train their welding personnel; 

 Workers face issues with self-efficacy and poor work motivation, which easily lead to 

large numbers of welding defects and consequently the need for a lot of repair work; 

 Authoritarianism in Chinese business causes greater differences in the salary level of 

different personnel within a company compared to Western companies. The large salary 

gap can obstruct employee motivation and result in waste, under-performance, and 

dissatisfaction. 

 

The different industrial development situation of China compared with Western countries has 

led to different welding manufacturing conditions. One example is that welding drawings sent 

from Western countries cannot be directly used in China because of differences in welding 

consumables, welding parent materials, shielding gases, and WPS documents. Consequently, 

Chinese local designers need to check and redesign the drawings in order for them to be made 

suitable for utilization in China, but local designers generally lack knowledge about welding 

technologies. 

 

According to theoretical research on total welding management (Barckhoff, 2007), integrated 

effective welding management has been utilized in the USA for decades. The author of this 

thesis adopts some parts of the TWM system theory to build the WQMC system presented in 

this work, but the TWM theory cannot be copied in its entirety and simply transferred from the 

USA to China because: 

 The Chinese people have their own distinct culture of work and society; 

 The USA and China have different industrial development levels; 

 Different human factors will lead to different results for the same management system; 

 Chinese enterprises have clearly different salary and remuneration systems and 

company structures than US companies; 

 The Chinese and Americans have different ways of learning, acquiring, and accepting 

new knowledge; 

 Different welding parent materials, welding consumables, and welding machines will 

lead to different requirements on the welding management system. 
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Similarly, European countries, societies, and enterprises also differ significantly from China, 

and existing management models used in European companies cannot be merely replicated in 

China. 

 

There is a lack of previous research on topics of welding management system design and 

implementation that focuses on China, especially on the aspects of human factors, cultures, 

and historical backgrounds. In view of the significance of welding as an integral part of global 

manufacturing, this research area is of importance not only in China but also in Europe and the 

USA. The subject area is an interdisciplinary research topic that is related to technology, 

management, training theory, and cultural and behavioural science. Chinese researchers have 

presented research on specific aspects of welding management in different industries, for 

example, Zhang Lingen (2002), Shan Li (2006), Su Lin (2006), Ding Nong (2010), Han 

Xiabei (2011), and Guo Daohou (2011). These studies present the current situation of welding 

management in China. Key aspects of the above-mentioned Chinese research are the 

following: 

 Specific industrial areas are analyzed, focusing on welding management issues such as 

the study of welding quality in the petrol industry, coal industry, pressure vessel 

industry, pipeline manufacturing industry, ocean construction, and offshore industry; 

 IT technology methods are used to construct welding quality inspection or monitoring 

software; 

 Attention is paid to theoretical analysis of welding management systems. 

 

In China, research on welding management has tended to focus on IT technology 

implementation in the industry and little attention has been paid to the management system 

itself. In Europe, researchers have more or less ignored the combination of welding 

technology, management systems, and China. On a practical level, this can be seen in 

European companies finding it hard to comprehend why it is difficult for their Chinese 

subcontractors to increase the quality level of production. Essential welding quality related 

problems currently found in China are: 

 The unacceptable number of welding imperfections and welding defects; 

 Considerable waste during welding manufacturing processes; 

 A lack of structure with welding processes; 

 A large amount of repair work; 

 A lack of clear understanding among Chinese welding personnel of welding quality 

concepts; 

 The failure of welding production to follow ISO, GB, or EN standards; 

 No clear system or management structure for welding manufacturing processes; 

 Problems with employee motivation; 

 Disorganized welding and storage area layout. 

 

Complete modernization of welding production conditions would be one way to solve the 

above-mentioned problems, but it is not realistic because of the time needed to adopt the 

necessary technology and to ensure relevant equipment development and the huge amount of 

financial investment that would be required. Modernization would not have to occur in the 

welding industry alone, but also the Chinese industry as a whole would need to be updated to 

a new higher level. One approach to promote improvement might be to increase significantly 
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the salary level of all welding related personnel in China, but this would lead to a major 

increase in costs. Low costs provide a significant competitive advantage for the Chinese 

industry, and it is the principal reason why European enterprises move production to China. 

Thus, a vast increase in costs would not be acceptable. 

 

In light of the above constraints, an advanced welding management system is required that is 

suitable for utilization in China. The reality is that research and practice have thus far not 

provided a satisfactory and effective welding management system directly applicable to the 

Chinese business context. Thus, the aim of the author is, on the basis of previous research and 

practice, to build and implement a new welding management system specifically designed for 

China and Chinese cultural, societal, business, and manufacturing conditions that enables 

meeting the requirements of both Western companies and Chinese local enterprises. 

 

1.4 Motivation 

This research and dissertation is based on a case project. A number of different European 

companies who have welding factories, welding product suppliers, or welding product 

subcontractors in China wanted to find an effective approach to solve welding quality 

problems in the welding manufacturing processes of their Chinese partners. Based on the 

author‘s experience and proposals from the Lappeenranta University of Technology welding 

research team, it was considered that a possible solution would be to develop, build, and 

implement a specialized welding management system for China. Based on initial observations 

and study, it was decided that the new China-specific welding management system should 

have the following features: 

 It should consider the local social environment, human factors, learning styles, historical 

background, and culture in China; 

 It should help European companies solve the welding quality problems effectively; 

 It should consider the differences (technology, training, awareness, and equipment 

aspects) between China and European countries; 

 It should be based on the realities (5M1E – Man, Machine, Material, Method, 

Measurement, Environment) of the Chinese welding industry; 

 It should not lead to greatly increased costs; 

 It should be a total welding management system that can be utilized in China in 

different industries, different scale enterprises, and different geographical areas. 

 

One significant feature of this research is that it is carried out in the real situation of the 

Chinese welding industry environment. This environment is different from laboratory 

situations and conditions found in the European industry. Researchers cannot significantly 

change this industrial environment and the aim of this research is to approach the issue within 

this prevalent context. In the future, along with the development of the Chinese welding 

industry, the general situation will change and the findings from this research will develop and 

evolve. 

 

Based on the experience from the case project, it was found that in some circumstances 

welders can produce good quality welding joints over a prolonged period; the welding quality 
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in such situations is acceptable. This implies that the construction and implementation of a 

new welding management system is of value. In such situations: 

 The welders themselves have the welding skills or abilities to produce good quality 

welding joints; 

 Supervisors, managers, or factory directors can find a suitable method (change 

ineffective managing styles and adopt new approaches to management) to encourage 

welders in their daily work. 

 

The research demonstrates that European companies can obtain high welding quality in their 

Chinese operations by implementing suitable welding quality management in their factories. 

 

1.5 Contribution of the Thesis 

The main contribution of this doctoral dissertation is the development, design, and 

construction of a new welding manufacturing quality control management system for 

implementation in the Chinese industry, titled welding production quality control 

management system in China or the WQMC system. This research is related to the fields of 

management science, welding technology, and training technology and methodology. The 

developed WQMC system will help Chinese welding manufacturing enterprises (in different 

geographical areas, different industrial areas, and different company scales) to keep their 

welding production quality at a consistently good level, assist management in their 

cooperation with welding manufacturing related personnel, and support effective training.  

 

This research also develops some useful new tools that are integrated in the WQMC system in 

order to fulfil the successful implementation of the whole system, namely:  

1. The training strategy HFDT, 

2. The updatable database LCEPRS.  

 

Another scientific contribution of this doctoral dissertation is that it combines cross-cultural 

research (Eastern and Western ways of thinking) and interdisciplinary research (welding 

technology, enterprise management, training methodology, and social science). This 

multidisciplinary approach is new in the fields of welding science and technology. The 

research is of practical importance and contributes to industrial development because in a 

context of very competitive global markets both the Chinese welding industry and European 

companies need improved quality and high productivity from welding production in China. 

Only when Chinese welding factories adopt and implement an effective quality management 

control system can the two sides, China and Europe, gain a win-win result in welding 

production and manufacturing. 

 

The research finally builds upon existing theory and tools in the construction of the WQMC 

system: Modular Design, LEAN, TWM, and ISO 3834. The new welding management 

system is suitable for Western companies to utilize and implement in their cooperation with 

Chinese factories, partners, and subcontractors. Following the implementation of the WQMC 

system, feedback, statistical analysis, and evaluation by the companies involved in the case 
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project demonstrated that the approach is suitable for supporting Chinese welding companies 

in their efforts to increase and maintain welding quality levels, improve and maintain 

productivity, and decrease manufacturing costs and waste. 

Lastly, this new quality control system theory can be also implemented in other production 

activities like machining lines, assembly lines, or surface treatment productions because the 

HFDT and LCEPS tools can be used with similar strategy. Furthermore, because of the 

building of the WQMC system is based on the authors new developed theory, the similar 

theory can be also launched in other new industrial countries like India, Africa, and South 

America. Along with the deep research of this topic, in the future, the system and the theory 

behind it will finally benefit more and more industries and countries. 

1.6 Thesis Outline 

This thesis comprises two parts. Part 1 reveals the whole picture of how to establish, build, 

and implement the WQMC system in the real industry. Chapter 1 presents the introduction of 

the research background and state of the art. This chapter includes the literature review, 

background discussion, and a summary of the WQMC system. Chapters 2–5 describe the 

establishment and implementation steps of the WQMC system by different components. 

Chapter 6 presents the result of the research and the practical implementation in the industry at 

three different companies. 

Part 2 of the thesis is the collection of publications written by the author. Publication 1 lays 

out the background of the whole research topic, the understanding of the real situation of the 

Chinese welding industry from real companies. Publication 2 presents the relationship among 

different welding works and the influencing result of quality management. Publication 3 

describes the whole structure of the WQMC system in theory. Publications 4 and 5 consider 

the influencing effects of executive ability and risk management combined with the WQMC 

system, and presents the results of these effects. 
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2 Quality and Cost Control based on ISO 3834 

Implementation and Optimization 

In the WQMC system, ISO 3834 standards are the core of the strategy. ISO 3834 is entitled: 

‗Quality requirements for fusion welding of metallic materials‘. It is a welding quality 

management control and guarantee system standard used by internal and external 

organizations, including certification bodies. The aim of this standard group is to assist 

manufacturers in their ability to meet customer, regulatory or the manufacturer‘s own 

requirements. Processes related to welding work exert a profound influence on manufacturing 

cost, product quality, and manufacturing productivity. To ensure that processes related to 

welding are carried out in a correct, effective, and optimized way, appropriate control is 

needed over all aspects of the manufacturing operations. 

The core value and the central idea of ISO 3834 is that quality cannot be inspected into a 

product, but it has to be built in the product or welding joint (SFS-EN ISO 3834-6). The 

implication of this conceptualization is that even the most extensive and sophisticated NDT 

test methods do not improve or ameliorate the quality of a single product or welding joint; the 

welding defects or imperfections are already there in the products. Repair work can decrease 

the effects of defects but cannot eliminate all of the risks. Another valuable idea of the ISO 

3834 system is that it requires the management team to understand and characterize the 

sources of potential problems in order to implement appropriate procedures for their control 

by the working team, and via materials selection and handling, equipment use, and workshop 

environment conditions (SFS-EN ISO 3834-2). It should be noticed that ISO 3834 standard 

cannot replace the ISO 9001 standard; although it is a useful tool when ISO 9001 is applied by 

manufacturers (SFS-EN ISO 3834-1, -2, and -6). 

The ISO 3834 standard is divided into 6 parts (SFS-EN ISO 3834-1): 

 Part 1: Criteria for the selection of the appropriate level of quality requirements;

 Part 2: Comprehensive quality requirements;

 Part 3: Standard quality requirements;

 Part 4: Elementary quality requirements;

 Part 5: Documents with which it is necessary to conform to claim conformity to the

quality requirements of ISO 3834-2, ISO 3834-3, or ISO 3834-4;

 Part 6: Guidelines on implementing ISO 3834.

Part 1 of ISO 3834 is the profile, introduction, and selection criteria of the whole ISO 3834 

standard series. Parts 2 to 4 define different quality levels for welding joints, welding products 

and welding procedures. Based on the balance of manufacturing cost and production quality, 

Part 2, 3, and 4 of ISO 3834 are used in different sized enterprises scales of production, 

industrial areas, based on the requirements of the enterprise enforced in welding factories or 

workshops. Part 5 is a database of other prerequisite ISO standards. The list of ISO standards 

in Part 5 is a guide for enterprises to execute the quality requirements during daily work. 

Additionally, a selection guide of ISO standards used in different working areas or steps is 
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also given in Part 5 (SFS-EN ISO 3834-1). Part 6 is the newest part of ISO 3834; it gives 

guidelines on implementing ISO 3834 in a welding factory or workshop in an effective way. 

2.1 ISO 3834 System Establishment and Implementation 

A company must launch the following activities in order to build the core of the WQMC 

system - ISO 3834 standard requirements (SFS-EN ISO 3834-2, and -6): 

 A complete survey of all aspects of the welding factory or workshop;

 Establishment of a document database or archive and collection of necessary

documents;

 Definition of criteria to select the appropriate quality level of the company;

 Implementation activity in manufacturing and fabrication;

 Implementation of an ongoing inspection and quality control strategy that requires

participation of the whole team.

2.1.1 ISO 3834 Survey 

Before the survey, the enterprise must have the correct organizational structure. In the WQMC 

system, the welding coordinator should be a qualified welding engineer. Other personnel such 

as welding technicians and welding specialists make up the welding coordination team. The 

welding coordinator must have a parallel level position with the workshop manager at least. 

Sometimes the welding engineer should be led directly by the top manager in order to 

guarantee the execution of the welding engineer‘s commands. Figure 4 illustrates the required 

organization structure. 

Figure 4. Correct organization structure for implementation of WQMC 

The survey work is divided into several parts: questionnaires, interviews, inspections, and 

observations, as illustrated in Figure 5. The arrows demonstrate that all the parts are 

interdependent and may need to be adjusted during the survey work. The percentage number 

in Figure 5 shows the approximate time spent during the case study as an average for the 

different companies studied. 
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The order for utilizing the four tools is not specifically defined. Based on the author‘s 

experiences, the best order for survey work is: 1) inspection, 2) observation, 3) questionnaire, 

and 4) interviews. Each tool can help the others to get more efficient results. 

Figure 5. Elements of a complete survey work for WQMC implementation 

The questionnaire is prepared for the welding personnel and all the related working teams. 

The welders, the welding coordination teams, top management, the quality control or 

inspection department, and purchasing and warehouse management team are responsible for 

answering and completing the questionnaire with real data and information about the actual 

situation. The questionnaire work should be carry out in the form of individual interviews. 

The interview is better accomplished from each single person in turn as group interviews 

might result in inappropriate interaction between people, as a result of group and power 

dynamics within the group, and lead to relatively imprecise information collection. The 

content of the questionnaire is constructed according to the 5M1E (Men, Machine, 

Management, Material, Method, and Environment) theory and the peculiarities of the Chinese 

welding industry (Blunt, 2011. Zhang Yingli, 2010). Key contents of the questionnaire and 

interviews are shown in Table 1, and an example of the detailed questionnaire used in the case 

study enterprises is provided in Appendix 1. 

Table 1: Main content of the questionnaire and interview (Chen Biaofeng, 2011) 

Questionnaire Content of WQMC System 

Productivity Numbers of Workers 

Customers 

Workers Skills 

Plants Situations 

Production Tools 

Materials 

Environments and Climates 
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 Other Factors 

Economy Worker Wages 

 Material Costs 

 Processing Costs 

 Repair Costs 

 Logistics Costs 

 Other Costs 

 Turnover 

Quality The WPS Standards 

 The Culture and Human Factors 

 The Worker Skills and the Personnel Training Methods 

 Inspection Methods 

 Machines and Equipment 

 Materials 

 Environment and Climate 

 

In addition to the questionnaire and interview, the survey work also includes on-site 

inspection and observation activities. The on-site inspection participants include the welding 

coordination team, third-party experts, the top management team and other related personnel. 

Every part of the enterprise should be inspected, including welding stations, gas station or gas 

storage, parent material storage facilities or location, consumables storage warehouse, the 

power supply equipment, material preparation or cutting stations, the shot blasting workshop, 

workshop ventilation equipment, and shipping areas. The observation work demands that staff 

who are responsible for implementation of the WQMC system gain profound insight into 

actual operations so that information about the true situation can be obtained. Such 

information is of great significance, especially for certification or accreditation.  

2.1.2 ISO 3834 Documentation and Quality System 

The aim of the documentation is to examine, supervise, record and trace welding related 

personnel, procedures, materials, and other issues easily. Complete documentation, which 

always forms part of a quality control system, is also required in the ISO 3834 system and 

WQMC system. Table 2 below gives the documentation type, description of the document, 

and welding document examples for a typical welding workshop. 

 

Table 2: Documentation types of a welding workshop implemented in ISO 3834 (SFS-EN ISO 

3834-6) 

Document Type Description Examples of Welding Documents 

Procedure 
Welding related 

activity 

 The tasks of welding personnel 

 The handling of welding materials 

 The welding procedure test steps 
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 The qualification of welder certification 

issues 

Record 
Report of welding 

related activity 

 The WPQR  

 The welding test record 

 The welding processes record 

Instruction 

Guide or certification 

for welding related 

activity 

 WPS 

 Welding work instructions  

Certification 

Certification for 

material and 

personnel 

 Welder‘s certification 

 Consumables and parent material test report 

(need to be checked carefully) 

 

Requirements in clauses in ISO 3834-2, ISO 3834-3, and ISO 3834-4 define the 

documentation that must be prepared by a welding factory or workshop (SFS-EN ISO 3834-6). 

This documentation is discussed in the list below. Clause 1 to 4 in ISO 3834-2, 3, and 4 do not 

related to documentation, so the list starts by considering clause 5: 

 Clause No.5: Documents related to preparatory checklists. Two checklists should be 

prepared: the requirements review and the technical review. The checklists are used by 

manufacturers to review the work before it starts. All the material, equipment, personnel, 

and environment conditions are checked at this step. A completed check list with 

comments must be generated. 

 Clause No.6: Documents related to sub-contracting work. If a factory has the work done 

by a subcontractor, the ability of the subcontractor to meet demands related to welding, 

heat treatment, inspection and testing, and maintenance and calibration should be 

guaranteed. An assessment report of the subcontractor, the subcontractor check list, and 

inspection report of the subcontractor must be prepared. 

 Clause No.7: Documents related to welding personnel (Men): This documentation 

includes qualification certification of welding operators (ISO 9606), qualification 

certification of welding coordination personnel, and a chart of welding coordination 

interactions (ISO 14731). (SFS-EN ISO 14731). 

 Clause No.8: Documents related to welding inspection and the testing team (Men): This 

documentation includes qualification certification of NDT personnel (ISO 9712), report 

of qualification for VT, and report of near vision acuity and color vision (SFS-EN ISO 

9712). 

 Clause No.9: Documents related to equipment (Machine): This documentation includes 

an equipment list for the workshop, safety use instructions of equipment (automated or 

semi-automated machines, and welding robots), test report of new equipment, 

equipment maintenance records, equipment fix and repair records, and equipment 

lending records. 

 Clause No.10: Documents related to welding and related activities (Methods): This 

documentation includes mechanical drawings and sketches, WPQR and WPS (ISO 

15609, ISO 15610, ISO 15611, ISO 15612, ISO 15613, and ISO 15614), welding 

instructions, process instructions (NDT ISO 9712, coating, weld-able painting, surface 
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treatment, and pre-heat treatment), and process records (SFS-EN ISO 15607, SFS-EN 

ISO 15609-15614, SFS-EN ISO 9712). 

 Clause No.11: Documents related to welding consumables (Materials): This

documentation includes consumable test certifications (for shielding gas tests, which

sometimes require plant internal experiments), storage warehouse regulations, gas

station or gas storage regulations, and welding consumable heat and insulation

regulations.

 Clause No.12: Documents related to welding parent materials (Materials): This

documentation includes parent material dimension inspection reports, parent material

composition test certification (sometimes requires plant internal experiments), storage

regulation of parent materials, and pre-welding surface treatment requirement reports

and records.

 Clause No.13: Documents related to post-weld treatments (Methods, ISO/TR 17663):

This documentation includes heat treatment records, pickling records, welding

deformation correction reports, and shot blasting treatment records (SFS-EN ISO/TR

17663). 

 Clause No.14: Documents related to inspection and testing (Methods, ISO 13916,

ISO/TR 17671-2, ISO/TR 17844, ISO 17635 to ISO 17640): This documentation

includes welding dimensional reports, welding inspection reports (VT welding defects

and other NDT welding defects), and welding defects repair records (CEN ISO/TR

17844, SFS-EN ISO 13916, SFS-EN ISO 17635, SFS-EN ISO 17640).

 Clause No.15: Documents related to non-conformance: This documentation includes

non-conformance reports of the welding work, and management review reports of the

welding work (not required in ISO 3834-4) (SFS-EN ISO 3834-4).

 Clause No.16: Documents related to calibration. This documentation includes records of

calibration and validation tests for the testing equipment (ISO 17662) (not required in

ISO 3834-4) (SFS-EN ISO 17662, SFS-EN ISO 3834-4).

 Clause No.17: Documents related to traceability. This documentation includes

traceability records of the welding products (not required in ISO 3834-4) (SFS-EN ISO

3834-4).

 Clause No.18: Documents related to quality. This documentation includes quality

records or reporting of the welding products (not required in ISO 3834-4) (SFS-EN ISO

3834-4).

 Clause No.19 (optional): Documents related to environmental conditions. This

documentation includes plant temperature and humidity records in storage, which may

be required in some specific areas in China in order to analyze reasons for welding

defects or imperfections.

All the listed documents must be prepared if a welding workshop or factory is implementing 

the ISO 3834 standards or WQMC system. The documentation on the list above that is not 

required by ISO 3834 is a requirement of the new WQMC system. These additional 

requirements are based on the author‘s survey and observations in Chinese welding 

workshops and factories in the case project. 
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2.1.3 ISO 3834 Quality Level Selection 

ISO 3834 includes three levels of quality requirements that are related to welding processes, 

welding defects and inspection work. Each manufacturer should select the consistent quality 

level to be implemented in their welding work. The nature of the product being manufactured 

and the conditions or circumstance of the manufacturer are significant and obvious reasons 

when selecting the appropriate quality level — comprehensive quality requirements, standard 

quality requirements, or elementary quality requirements. Because of the balance between 

quality and cost, implementation of different quality levels leads to different costs. The aim of 

implementation of a certain quality level in a company is to attain increased profit over the 

longer term. The implementation of a quality management system leads to an increase in costs. 

The following formula illustrates the balance: 

                                                             

                                                          (1) 

 

Where:      --- Upfront investment in the quality management system implementation; 

       --- Continuing investment in the quality management system; 

      --- The increased profit over the longer term. 

 

The inequality (1) gives the concept of different time after the quality management system 

implementation. The upfront investment includes the cost of changing the working conditions, 

construction of the management system, and adjustments to inspection processes. The 

continuing investment is the cost to maintain the operations of the quality management system. 

During the first period of the system implementation, it is expected to have equally increasing 

cost and profit. After the first period, the quality management system ensures that profits 

arising from the system will be greater than the costs the system incurs. 

 

Following analysis of the circumstances in the Chinese welding industry and based on 

suggestions from ISO 3834-6, the criteria used to define the most suitable quality level of a 

welding workshop or factory can be listed as follows (SFS-EN ISO 3834-6): 

1) Extent of the products’ critical safety requirements. Pressure vessel, ship building and steel 

structure factories have different critical safety requirements. If the factory does not have 

products which have critical safety requirements, selection of ISO 3834-3 or 3834-4 is the 

right choice; 

2) Manufacturing complexity. If a factory do not have welding manufacturing complexity 

during their daily work, selection of ISO 3834-3 or 3834-4 is the right choice; 

3) Range of products manufactured. For a factory that manufactures a single non-critical 

product or single product components, selection of ISO 3834-3 or 3834-4 is the right choice. 

For subcontractors where the range of products is wide, selection of ISO 3834-2 is the right 

choice in order to guarantee that the subcontractor meets the minimal quality requirements of 

the customer with the most strict quality requirements; 

4) Range of different materials used. For a factory that manufactures a single product or a 

single product component that does not have significant changes in the material used, 

selection of ISO 3834-3 or 3834-4 is the right choice. For a subcontractor utilizing a wide 

range of product materials, selection of ISO 3834-2 is the right choice to guarantee fulfilment 

of the more strict quality requirements; 
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5) Extent to which metallurgical problems can occur. This criterion is related to the process 

conditions, the manufacturer’s capability will influence the choice of ISO 3834-2, ISO 3834-3, 

or ISO 3834-4; 

6) Extent to which fabrication imperfections affect product performance. To some degree, if 

the welding imperfections do not affect the product performance, the company may select ISO 

3834-3 or ISO 3834-4; 

7) Customers of the company. In China, sometimes the customer wants to choose a company 

implementing the ISO 3834-2 quality management system. The better quality management 

system a company has, the more contracts it could acquire. It is important for welding 

companies to implement a certain quality level, and later acquire quality level certification to 

demonstrate this; 

8) Organization of the company. In a large number of medium or small welding companies in 

China, the company structure does not allow them to implement ISO 3834-2, and for 

historical and social reasons the company structure cannot be changed to meet the 

requirements of ISO 3834-2. This is often the case with family-owned companies or 

companies under direct political control. Such companies have to choose ISO 3834-3 or 4; 

9) Financial strength of the company. In a large number of medium or small welding 

companies in China, the financial strength of the company does not allow them to implement 

ISO 3834-2, and this financial situation cannot change to meet the requirements of ISO 

3834-2 because of historical and social reasons, and because of realization of people. 

 

The policy decision of selection of the quality level is a task for the management team and 

welding coordinator, but the discussion and investigation work must be done with the whole 

personnel. All staff must have awareness and understanding of the quality level before the 

implementation of the welding quality management system. This awareness should evolve 

and increase during their daily work. 

2.1.4 ISO 3834 Implementation in Manufacturing Units 

The implementation steps of the ISO 3834 quality management system (the core of the 

WQMC system) are: 

 Setting goals. The whole personnel participate in this process. During this period, 

the welding personnel must set out the difficulties and focus points for changes to 

the work processes; 

 Placing the welding engineer or welding specialist in the right place in the 

personnel organization structure in order to give real power to the welding 

coordination teams to carry out necessary rectification work.  

 Building an organizational structure between different departments inside the 

enterprise to ensure effective co-operation patterns and guarantee smooth 

communication channels. 

 Communication of the goals. The whole personnel participates in a meeting to 

announce the goals of the activities in order to demonstrate the determination of the 

company; 

 Setting of the quality policy. The quality policy should be set during the meeting, 

and the quality policy should be announced to customers; 
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 Documentation analysis and preparation. The welding coordination team do the 

documentation analysis work. This work involves checking which documents are 

missing and adding the necessary documents; 

 Initiation of the inspection work. The welding coordination team, the welders and 

the inspection department launch the inspection work related to every aspect of 

welding quality. Surface treatment, welding consumable storage, the welding 

station, and maintenance work are the most crucial areas to check; 

 Orientation of top management. The top managers have the responsibility to be 

familiar with and have knowledge of management strategies regarding the welding 

work. The confidence of the team is built by the top manager and passed on to all 

participants in the team; 

 Continuous improvement process. A continuous improvement system is a 

requirement of the ISO 3834 standard. A PDCA cycle plan needs to be made and 

followed in order to ensure increasing productivity, increasing quality, and 

decreasing cost. 

 

The flow diagram (Figure 6) illustrates the step-by-step process of implementation of ISO 

3834: 

 
Figure 6. Flow chart of implementation work of ISO 3834 requirement 
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A welding factory in China which wants to implement the WQMC system needs to build the 

ISO 3834 welding quality management system as the core of WQMC. This is the first step to 

building the whole WQMC system. The LCEPRS strategies at the beginning steps of WQMC 

before ISO 3834 implementation and the HFDT strategy during the WQMC system building 

are useful tools to guarantee the effectiveness of the WQMC system implementation. 

 

2.2 Case Study: Welding Factories with Different Company 

Requirements 

During the research, a project was launched with the aim of improving the welding quality 

situation of the participating Chinese joint-venture companies. This thesis was drawn from the 

perspectives of this project. The author was the person operatively responsible for leading the 

project, conducting the training, and doing the ISO 3834 implementation work. These 

experiences ensure that the author has direct knowledge to invent and implement the WQMC 

system. In this project, 3 different companies which have welding related work were studied. 

This thesis can be considered a form of case study to reveal the implementation result of the 

WQMC system. 

 

Different factories in China operate in different circumstances and find themselves facing 

different situations. Some of the companies do their welding work all in their own factories, 

whereas others may use subcontractors. The different circumstances of factories leads to 

different welding quality of the products. Face to different company circumstances and 

requirements, the WQMC system can always make its functions. In the following sections, the 

circumstances and implementation of the ISO 3834 core system of each company is 

discussed. 

2.2.1 Case One: Company A 

This is a factory manufacturing steel structure products located in a small city in the east and 

coastal area of China. It is a joint venture company whose shareholders are foreign and 

Chinese enterprises. The photos in Figures 7, 8, and 9 give an impression of the situation in 

Company A factory and their products. Figure 7 is the welding workshop of Company A. 

From the photo, the welding workshop can be seen to be well ordered as comparing with the 

most Chinese welding workshops. Figure 8 illustrates a welder working in Company A. From 

the photo, it is clear that the welder protection facilities are good, wearing helmet, welding 

mask, working boot, and protection suits. Figure 9 shows a typical product of Company A. 

The product size and dimension in the company is normally large (etc. 20×3×3 meters). 
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Figure 7. Welding workshop of Company A (May 2013) 

Figure 8. Welders working in Company A (May 2013) 
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Figure 9. Main products of Company A (May 2013) 

The welding coordination team in Company A has one international welding engineer (IWE, 

certified by International Institute of Welding) as the welding coordinator, one welding 

specialist (who does not have welding specialist certification), one welding workshop 

supervisor (the manager of the plant), and two welding team leaders (the welders are divided 

into two teams). The IWE has 3 years‘ working experience as a welding coordinator. Other 

members of the welding coordination team have welding certificates (Chinese welder 

certification) but do not have other engineering qualifications (i.e. IWS, IWP, or IW). The 

welding coordination personnel have CVs, but do not have a proper pigeonhole according to 

the ISO 3834 requirements. In the context of this thesis, this factory is defined as ‗whole 

welding coordination team is ready‘. 

There are three outsourced labour subcontractor teams in Company A: JJ team, YZ team, and 

SC team. In the three subcontractor teams, there is less direct management of the welders and 

no supervision of the welding processes. Each team, JJ, YZ, and SC, has ten welders and their 

total production is about 10% of the total production in Company A. The subcontractor team 

is mainly responsible for manufacturing of Company A brand products and does not 

manufacture products for the foreign brand. Although the subcontractor teams are working in 

the same welding workshop in Company A as the Company A welding teams, they are not 

under direct management and control of Company A. DT and NDT works are done by a 

third-party company. However, there are four quality inspectors in the Company A workshop. 

These inspectors are responsible only for the VT work and taking photos, but not NDT testing. 

Painting and shot peening work are done by outsourced labour in Company A. There are two 

warehouse keepers; one warehouse keeper is responsible for gas bottles and steel plates, and 

the other warehouse keeper is responsible for welding consumables and the oven. 

Management regulations for warehousing are almost non-existent. Company A does not have 

research ability; they only do the manufacturing work from input engineering drawings. 

Communication between the design and production department is not smooth and easy. 
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Furthermore, the designers, who are based some distance from the production site in Shanghai, 

have little knowledge of welding theory. 

The flow chart below (Figure 10) illustrates the steps to be taken by Company A in order to 

implement the ISO 3834 welding quality system (‗whole welding coordination team is 

ready‘): 

Figure 10. Flow chart for ISO 3834 implementation in Company A 

Comparing Figure 10 with the original flow chart (Figure 6), it can be seen that Company A 

has to follow fewer steps to complete implementation of ISO 3834, for example, the 

documentation work is already being done by the welding coordination team. The first 

required step is to change the organization structure and put the IWE into the right place. 

Other steps are the same as given in the ISO 3834 implementation flow chart (Figure 6). The 

results of implementation of WQMC in Company A will be discussed in Chapter 6. 

2.2.2 Case Two: Company B 

Company B is a factory manufacturing steel structure machines and components located in a 

major city in the northwest part of China. It is a joint venture company whose shareholders are 

foreign and Chinese enterprises. The photos in Figures 11, 12, and 13 give an impression of 

the situation of Company B factory and their products. Figure 11 illustrates the welding 

workshop of Company B, and it can be seen that the workshop is well-organized. Figure 12 

shows welders doing tack welding work. Figure 13 shows products being prepared for 

welding after machining. 
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Figure 11. Welding Plant 1 of Company B (August 2013) 

Figure 12. Welding Plant 2 of Company B (August 2013) 
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Figure 13. Welding Plant 3 of Company B (August 2013) 

 

The welding coordination team in Company B does not have an international welding 

engineer to organize the welding work. In the team, one planning director is responsible for 

the welding work and ISO 3834 system implementation (he does not have welding 

coordinator certification but has 10 years‘ experience of working in a pressure vessel factory), 

and the 3 welding workshops in the company each have one supervisor (the three managers of 

the plants). In the context of this thesis, Company B is defined as ‗welding coordination team 

needs to be built‘. DT and NDT are done by a third party company, but there are nearly no 

NDT test requirements on the engineering drawing in this factory. Each workshop in 

Company B has at least one quality inspector. The inspectors are responsible only for the VT 

work and taking photos, but not NDT testing (sometimes have the PT testing by inspectors if 

the engineering drawing indicates). There is almost no warehouse storage in Company B 

because of good logistics management. The amount of welding consumables in warehouse 

storage is kept at an optimized level. The storage condition for parent material is not good; 

material is stored in an outdoor environment. Such storage conditions can lead to serious 

surface corrosion of carbon steel following the wet season and rainy days. Furthermore, 

surface treatment and rust removal work is not satisfactory. In the workshops a great amount 

of rust area can easily be found near the welding grooves. Company B has research ability to 

design the products. The design department issues the engineering drawings according to 

customer requirements. Communication between the design and production department is not 

smooth. Designers in Company B have little knowledge of welding processes or welded joint 

strength. 
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The flow chart below (Figure 14) illustrates the steps to be taken by Company B in order to 

implement the ISO 3834 welding quality system (‗welding coordination team needed to be 

built‘): 

 
Figure 14. Flow chart for ISO 3834 implementation in Company B 

 

Comparing Figure 14 with the original flow chart (Figure 6) and the flow chart for Company 

A (Figure 10), it can be seen that Company B has more steps to take than Company A. The 

welding coordination team has not been formed as required before implementation of ISO 

3834. The first step is to reorganize the organization into the correct structure shown in Figure 

4. Other steps are the same as given in the ISO 3834 implementation flow chart (Figure 6). 

The results of implementation of WQMC in Company B will be discussed in Chapter 6. 
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2.2.3 Case Three: Company C 

Company C is a factory manufacturing steel structure machines and components located in a 

huge city in the east and coastal area of China. It is a foreign-owned enterprise whose 

shareholder is the overseas headquarters of Company C. The main welding product for 

Company C is the steel structure and steel roller components of their machines. Until the 

middle of 2013 Company C was still using a subcontractor to manufacture their welded parts. 

The photos in Figure 15, 16, and 17 give an impression of the Company C workshop before 

and after their welding stations were ready based on implementation of the WQMC system. 

 

 
Figure 15. Company C factory before the welding stations are ready (May 2013) 

 

The photo (Figure 15) shows the situation when the Company C factory is preparing to build 

their welding stations. The right part of the plant will contain five welding stations. The main 

products for welding are steel structures of Company C‘s machine products. 
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Figure 16. The welding stations installed in the factory of Company C (December 2013) 

Figure 17. Welded products of Company C (April 2014) 

The welding coordination team in Company C does not have an international welding 

engineer to organize the welding work. In the team, one factory director is responsible for 

welding work supervision and ISO 3834 system implementation. (He does not have welding 

coordinator certification and has little welding work supervision experience.) One welding 

workshop and seven welders do the welding work in Company C. Previously, welding of parts 

in Company C was done by welding subcontractors. In the context of this thesis, Company C 
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is defined as ‗welding manufacturing workshop to be built from the beginning‘. NDT is done 

by a third-party company and the Company C inspection team. In Company C, the NDT test 

requirement on the engineering drawing are nearly only PT testing. The inspection team is 

responsible for VT work, PT work and taking photos. There is almost no warehouse storage in 

Company C because of efficient logistics management. The amount of welding consumables 

in warehouse storage is kept at an optimized level. The storage condition for parent material is 

well controlled in an indoor environment. Surface treatment and rust removal work is satisfied 

according to the engineering drawing requirements. In Company C, the shielding gas is mixed 

by the gas station, and it is easy to guarantee the proportion of each shielding gas. Company C 

has research ability to design the products by their own team. The design department issues 

the drawings according to customer requirements. Communication between the design and 

production departments is not smooth. Designers in Company C have little knowledge about 

welding processes or welded joint strength. 

The flow chart in Figure 18 illustrates the steps to be taken by Company C in order to 

implement the ISO 3834 welding quality system (‗welding manufacturing workshop to be 

built from the beginning‘). 

Figure 18. Flow chart for ISO 3834 implementation in Company C 
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Comparing Figure 18 with the original flow chart (Figure 6), it can be seen that Company C 

has to take all the steps from the beginning of the implementation process. The welding 

workshop, welding machines, welding personnel or operators, and welding coordination team 

have not been formed as required before implementation of ISO 3834 (SFS-EN ISO 3834-2). 

The first step is to build the welding workshop and prepare the layout plan of the plant. The 

next step is to prepare the welding equipment, hire the welding operators, organize the 

welding coordination team, and reorganize the organization into the right structure. Other 

steps are the same as given in the ISO 3834 implementation flow chart (Figure 6). The results 

of implementation of WQMC in Company C will be discussed in Chapter 6. 

The three case studies show different degrees of readiness of the companies (Figure 19) to 

implement the ISO 3834 system. The different circumstances require different ways to 

conduct the work. The three levels, ‗whole welding coordination team is ready‘, ‗welding 

coordination team needs to be built‘, and ‗welding manufacturing workshop to be built from 

the beginning‘ are discussed further in chapter 2.  

Figure 19. The level of different degrees of readiness of the companies 

It should be noted that the above description of the state of the three case companies refers 

only to the first step or core of the WQMC system, ISO 3834 implementation; ISO 3834 

implementation alone is insufficient for implementation of the whole WQMC system. For 

instance, the flow charts in chapter 2 do not have the steps of HFDT, modular design and 

LCEPRS strategies. Chapter 3 will give further information about HFDT. 

Welding manufacturing workshop to be built from the beginning 

Welding coordination team needs to be built 

Whole welding coordination team is ready 
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3 Training Design and Implementation based on 

Human Factors (HFDT) 

The HFDT strategy is a tool which is built inside the WQMC system. Training, in this case, is 

defined as an implementation activity by the enterprise in order to promote the knowledge and 

working abilities of employees according to a well prepared, detailed plan (Noe 2007). The 

aim of the training is to update employees‘ knowledge, skills and activities as regards the 

topics emphasized in the training project, and encourage the application of this knowledge, 

skills and activities in their daily work. Furthermore, continuous learning requires that the 

employees understand the whole operation, and the steps and structures of the working system, 

which includes the connections between the different tasks, different departments, and even 

outsourced or subcontractor activities (Rosow and et al., 1988). Welding training should 

follow the lead of modern manufacturing and incorporate information about modern 

innovations in both welding technology and training theory into courses at all levels (Polanin 

W. Richard). The HFDT strategy exhibits the same characteristics as given in modern training 

theory. For example, in welding production, the HFDT strategy requires that the welders, 

designers, coordination team, managers, inspectors, and the welding upstream processes 

workers become familiar with each other and each other‘s work in order to fulfil the 

requirements of the continuous learning. 

Training, to some extent, is a kind of education. However, training and education are different, 

which requires the trainer or training designer to use different ways to approach different 

training groups (workers, managers, or designers). The differences between training and 

education as seen from the point of view of the Chinese context discussed in this work are 

listed in Table 3 below (Li Yanping, 2007): 

Table 3: Differences between training and education in the Chinese context (Li Yanping, 2007. 

Jia Fuming, 2008) 

Training Education 

Modular Organized by enterprises, participants 

are employees 

Organized by society or the 

government, participants are 

students
Content New skills or knowledge updates 

focus on one specific occupation 

Systematic teaching of scientific 

and cultural knowledge 

Aim Focus on the need of the enterprise Focus on the need of each single 

student 

Terms Regular learning based on the needs of 

the enterprise  

Study according to the law of the 

nation  

Result Acquisition of relatively specific 

occupational skills and qualifications 

Acquisition of educational 

background to enable future 

development
Learning Learning is based on employees‘ work Learning is based on the nation‘s 

needs 
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Based on the differences between training and education listed above, in an enterprise, it can 

be considered that training is undertaken by workers and inspectors; and training and 

education by managers, coordination teams, and designers because of their different education 

backgrounds. 

The advantages of training from the point of view of the enterprise are (Li Yanping, 2007): 

 It raises the use efficiency of the personnel costs;

 It develops qualified personnel for the enterprise and increases human capital;

 It establishes a good image of the enterprise in the eyes of customers and society;

 It increases employees‘ awareness of organizational innovation and enhances the

vitality of the enterprise by:

1) Ensuring correct understanding of enterprise innovation;

2) Permitting employees to approve and embrace new concepts;

3) Promoting new ways of working and the skills of employees, which leads to

enterprise development;

 It enables new employees to develop into their roles as quickly as possible;

 It improves employees‘ job performance;

 It improves employees‘ working attitudes, thus enhancing enterprise stability;

 It is conducive to enhancing employees‘ identification with and sense of belonging

to the enterprise.

Training motivation, or adult learning motivation, is based on interest and benefits (Li 

Yanping, 2007). Thus, adult learning styles are characterized by the following: 

 The learning is self-directed and based on the learners‘ self-concept;

 The emphasis is on individual experiences and practical learning;

 The learning and working content are tightly linked;

 Learning orientation is based on questions and problems;

 The learning motivation is mostly internal rather than external.

The HFDT trainer should understand the pertinent differences between training and education 

approaches and have knowledge of the context in which the training is to occur in order to 

prepare the training in an efficient way. The training methods, trainer requirements, design 

and content of the training, trainee groups and educational background of trainees as they 

relate to the HFDT strategy will be discussed next. 

3.1 Review of Training Theory and Methods 

The training methods and technologies used are directly related to the outcome of the training. 

New technologies such as IT-based, network, or intelligent learning are developing rapidly 

and finding a place in enterprise training. Basic training methods include (Li Yanping, 2007): 

 Classroom teaching and lectures;

 Audiovisual training;

 Discussion;

 Case study;

 Simulation and simulator training;

 Role play method;
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 Game method;

 Forums and symposiums;

 Site visits;

In the HFDT strategy, classroom-based teaching and lectures, audio-visual methods, 

discussion, case study, forums and symposiums, and site visits are used to fulfil the training 

requirement. Other methods are not currently employed in the training strategy. If needed in 

future, other methods such as simulation and simulator training may also be utilized in the 

HFDT strategy. In the HFDT strategy, each method is used in an approximate proportion 

based on the training time in the case project, as Figure 20 shows: 

Figure 20. Approximate time proportion of each training method in HFDT 

In the HFDT strategy, the lectures take the most significant part; 40% of the training time is 

devoted to lectures.  From Figure 21, which gives information on relative use of different 

training methods, it can be seen that despite the development of new technology, teaching 

method remains the most popular training approach (Li Yanping, 2007). In Figure 21, the 

numbers above the columns represent the percentage of training schemes that use the given 

method. Thus, 94% of training programs use teaching as a training method. In second place is 

the discussion method, which is found in 74% of training programs. 
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Figure 21. Different training methods at a practical level (Li Yanping, 2007) 

 

In lecturing and some forms of classroom-based teaching the trainer uses his/her own 

language to express the information or content which he/she wants to impart to the trainees; 

the communication is mainly one-way (from trainer to trainee). Such teaching and lecturing, 

can take several forms, for example, standard lectures, small-group teaching, visiting speakers, 

discussion groups, and student presentations. Discussion of the advantages and disadvantages 

of the different teaching and lecturing approaches is provided below. The advantages of 

lectures are:  

1. Low cost, no expenses for training design; 

Because the lectures are prepared by the trainer, the only cost is the training 

hour fees or materials preparation cost depends on the contract. For enterprises, 

the cost of the training area is also low, even a small enterprise can find a 

teaching room. The approach is not like high-expense methods such as 

simulator-based training for which equipment must be bought to assist the 

training. The out-of-work time of workers is also a cost, but this cost exists in 

every training process. The lectures do not have higher out-of-work cost than 

other training methods. 

2. The main method to transmit information; 

Only in lectures and classroom-based teaching can the trainees get as much 

useful information as possible from the trainer. Other approaches such as 

discussions or forums do not allow trainees get information so directly and 

efficiently. According to the research (Zhang D. et al., 2003), classroom-based 

teaching and lecturing have at least middle level effectiveness in reaching 

training goals. 

3. The most acceptable and familiar way for training; 

Classroom-based teaching and lectures are the most familiar way for people to 

learn new knowledge. All Chinese people from 6 years of age in the primary 

school become acquainted with teaching and lectures. People respect teachers, 

so trainees in China respect the trainers.  
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4. The best way to assist other training forms;

In teaching and lecturing, the trainer can easily introduce other training

methods into the class, such as discussion, audiovisual teaching, case study, and

forums. The other training methods may be based on a particular topic, and the

classroom-based teaching and lecturing could give necessary information to the

trainees before the other training starts. In the case project, the other methods of

training were always utilized in conjunction with teaching and lectures.

Teaching and lectures require that the training content is scientific, systematic, rational, and 

with the focal point highlighted. Teaching and lecturing also requires a well prepared trainer, 

who is the most significant person in the whole training activity, and the quality of the training 

is determined by the skills and competence of the trainer. The trainer must have an appropriate 

appearance, fluent conversation, and professional theoretical knowledge. The trainer has the 

responsibility to compile the training material and use the material freely and flexibly (Li 

Yanping, 2007). The trainers and organizers also need to understand the trainees‘ basic 

circumstances, which include education background, occupation, certification, and 

knowledge, in order to be able to stimulate the trainees‘ interest and meet the needs of the 

trainees. The training classroom also needs to be well selected and carefully prepared. The 

blackboard, arrangement of chairs and tables, noise level, slides, and lighting of the classroom 

all need to be considered. Classroom preparation is illustrated in Figures 22 and 23. From 

figure 22, the lighting of the classroom, the screen slides, and trainees seats are in good 

preparation. From figure 23, the blackboard preparation is required before the training begins. 

Figure 22. HDFT classroom in Company B 
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Figure 23. HDFT lecture room in Company C 

 

Detailed explanation of HFDT teaching and lecture design will be given in chapter 3.3 and 

3.4. 

 

Two other important teaching approaches are discussion and case study, because HFDT 

content is based on the real welding production of each company. These two training methods 

each occupy 20% of the total training time. In the HFDT strategy, discussion and case studies 

can be done individually, or can be combined into teaching lectures. In enterprise training, 

discussion is the second important and widely used teaching form applied in class (Li Yanping, 

2007). It has a significant place in the whole training system. Lecturing is only one-way 

information transmission; discussion is needed to get the trainee to participate in learning 

activities positively and actively. 

 

In the HFDT strategy and following modern training method, 3 different discussion methods 

are used: 

 Speech and discussion: the trainer gives a speech or lecture, and the trainees 

start the discussion based on its content. This approach is commonly used in the 

HFDT strategy. 

 Group discussion: group discussion is utilized to ask different personnel 

(welders, welding coordination team, welding inspectors, and designers) for 

their opinions on specific topics. Different personnel sometimes have different 

opinions about topics, so how to solve such differences in an optimal way is also 

a significant result in the HFDT strategy –crucial problems can be found during 

the group discussions.  
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 Series discussion: Series discussion is based on one or a few specific topics that 

the trainer and trainees discuss in a number of training sessions. This approach is 

used in order to systematically, completely, and legitimately solve one or a few 

specific issues. In the HFDT strategy, the ISO 3834 standard is one topic for 

series discussion. 

 

Case study method involves asking the trainees to analyse a case which reflects the real 

situation and principles of life and work (Rylatt and et. al., 2003). The topic, terms, principles, 

theory, and basic information in the case must be familiar to the learner. The case study 

method requires the trainees to use their rational thinking and emotional thinking to analyse 

the topics. Learners should use many skills such as critical thinking, communication, analysis, 

and judgment to meet the requirement of case study training. In the HFDT strategy, the case 

study method is used to analyse welding defects, welding deformation, welding international 

standards, and welding management strategies. On the one hand, it helps welders to 

understand management and ISO standard issues; on the other hand, the managers and 

designers also understand the reasons for welding defects, the normal steps of welding 

processes, and the causes of welding deformations, both technical and organizational. Both 

welders and managers can gain and share useful information during case study training. One 

disadvantage for case study is the cost. The preparation of the cases is time-consuming and 

requires funding. Figures 24 and 25 give examples of groups using the discussion and case 

study learning forms during HFDT training. 

 

 
Figure 24. Discussion in Company B (Planner on the left, trainer on the right, welders in the 

middle) 
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Figure 25. Case study discussion for technical drawing in Company A (on the left are the 

welders, on the right sits the inspector, the trainer is at the board) 

Audio-visual teaching is also utilized in HFDT, and occupies approximately 10% of the total 

training time. The audio-visuals are mostly used to show the trainees advanced, latest and new 

technologies used in the welding industry, and also the right working practices during their 

daily work. The normal form of audio-visual material is a video. The trainers have the 

responsibility to collect useful videos to show the trainees. Audio-visual material has a 

positive effect on the training because the trainees can understand that new technology 

actually exists nowadays and they can develop intuitively an understanding of what is the 

right way to work. 

The last two training methods in the HFDT strategy are forums and visits, which together 

occupy approximately 10% of the total training time. The forum is limited to manager training 

in order to have a conducive environment for communication. The visit is to enable designers 

and inspectors to see the real welding work. The designers have the responsibility to know 

how production is conducted in practice. During the visit, the trainers and trainees will have 

discussions and communication to gain better understanding of the welding processes. Figure 

26 shows a visit in a workshop. 
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Figure 26. Visit and discussion in the workshop (welding coordinator and manager) 

In addition, in one workshop in the case project, independent study is used. Every welder in 

the welding workshop is handed a book for study. The book content is related to welding 

symbols and technical drawing, and welders can check the book during their daily work and 

discuss the book with the welding coordinator. This approach helps welders to understand the 

welding symbols and drawings easily and fast. Other training methods may be used in the 

future as training requirements change and develop. 

3.2 Employee Classification Training and Trainer Requirements 

The HFDT strategy has a classification for the trainees and requirements for the trainer. The 

aim is to get the most effective training for the different groups. The following section 

discusses this topic. 

3.2.1 Employee Classification 

In any one enterprise, different employees have different daily tasks on which they focus, 

although they should know something of each other‘s work. Furthermore, the different groups 

of people have different educational backgrounds, different social status, different labor 

intensity, and different working places. The HFDT strategy needs to consider also these issues 

when designing the training. Furthermore, in the training theory, the employees‘ classification 

group training method is also a significant research area. In the HFDT strategy, and following 

training theory, 3 different training groups are constructed: 

 Training of managers (manager);

 Training of welders and the coordination team (core employees and normal

employees);
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 Training of designers (normal employees and key employees);

Welding is the key process in this research, and welders can be considered as the core 

employees. The designers are not crucial in the training system, so they can be considered as 

normal employees. Key employees mean that they are not core trainees in HFDT, but they are 

important. At the same time, the educational background of the two groups also needs to be 

considered. The core employees always have a lower education certification than a bachelor 

degree. The normal employees always have a higher degree (bachelor, master or doctor 

degree). But on the other hand, the differences between the two groups are not so evident 

during the training. In reality, the trainer just sees welders more like the core employee and 

sees designers more like normal employees, the role change is accepted in the HFDT strategy. 

The ordinary training is specific and varied because the trainees are different. Age, education 

background, skills, occupation, and wage level are different, which leads to different ways of 

training. In HFDT, short-course training is widely used. The focal points of such training are: 

 To increase the skill and education level of the employees (welding skills,

welding knowledges, and management knowledges);

 To increase the working quality;

 To increase productivity and decrease waste and costs;

 To decrease the number of accidents during work;

 To encourage work discipline;

 To increase working efficiency.

Training of core employees is the focus as such employees are considered the most valuable 

employees in the enterprise. They have huge responsibility to promote the development of the 

enterprise. In HDFT strategy, the training of core employees is to reach the goals below: 

 Strong self-control ability;

 Understanding of the future development goals of the enterprise;

 Acceptance of responsibility;

 Development of the ability to take risks;

 Rise in self-esteem, boldness, courage and loyalty.

Manager training in the HFDT strategy only considers training related to welding knowledge. 

Such training includes the relevant ISO standards, welding theory, and welding processes 

lectures and a workshop visit. The aim is to improve managers‘ knowledge of welding 

processes and to help them get a clear understanding of the development aim of the enterprise 

in implementing the WQMC system.  

The result of the employee classification training concept in HFDT is: 

 Welder and coordination team training: focused on all welding related

knowledge;

 Designer training: focused on related welding knowledge; the key topics:

welding drawing, welding strength theory, and welding production;

 Manager training: focused on related welding knowledge; the key topics:

welding management and welding production, especially to productivity,

economy, and quality.
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3.2.2 Requirements of Trainers 

The HFDT strategy has strict requirements for the trainers. Figure 27 depicts the role of a 

trainer in modern training projects (Li Yanping, 2007). The trainer is a manager who 

organizes the whole training project. The trainer has responsibility for preparing the training, 

selecting the trainee, reporting the training result to the company headquarters, and preparing 

the next training. The trainer gives the lectures, makes the slides, collects related useful 

information, organizes the discussion, and leads the visits. Thus, the trainer has the roles of 

supplier, innovator, and consultant. On the one hand, the trainer participates in the innovation 

work inside the enterprise, giving ideas about innovation, on the other hand, the trainer also 

has to be an information supplier to the areas of expertise. The trainer should maintain the 

knowledge level inside the enterprise at a stable level, and help make changes to update the 

knowledge database. 

Figure 27. Different roles for a qualified trainer 

In HFDT, the trainer needs variety of abilities to be able to ensure an effective outcome to the 

training. The minimum requirements are (Pryor, 1999): 

 The ability to motivate learners and enhance their learning interest;

 The ability to exchange information and ideas in a positive and meaningful way;

 The ability to grasp the knowledge for trainees interests;

 The ability to link the training and the trainees‘ real working environment by

using appropriate materials or cases;

 The ability to apply clear thinking, analysis, and a logical approach;

 The ability to conduct strategic thinking and working habits;

 The ability to control the learning team;

 Sufficiently well-developed interpersonal and leadership skills;

 The ability to treat many problems and answer different questions about welding

knowledges during the training.

If individual and emotional factors are considered, the behaviour listed below helps the trainer 

work more efficiently; the trainer (Pryor, 1999): 

 Is sensitive to the needs or requirements of the learners;

 Is a good listener to the trainees‘ proposals and complaints;
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 Treats the trainees in a proper, responsible, and positive way;

 Demonstrates enthusiasm and humor during training processes;

 Demonstrates confidence in the training project;

 Has the patience and perseverance to deal with trainees‘ shortcoming and

questions;

 Is able to gain the trust of the trainees.

The result for a trainer‘s requirement in HFDT strategy is illustrated in Figure 28: 

Figure 28. Requirement pyramid of HFDT trainers 

In the requirement pyramid, welding knowledge is the basic foundation to support the whole 

structure. Various abilities is the core of the whole building and links the foundation to the top 

floors. Emotional factors are the most obvious characteristics for a trainer, they will influence 

how high the trainer‘s pyramid can reach. 

3.3 Design and Implementation of Training Contents 

Discussion of the design and implementation of the training contents of the HFDT strategy 

includes: 

 The design of the training lectures;

 The design of the training slides;

 The design of the discussion, case study, audio visual material and visits;

 The implementation of the training;

 Training lecture schedule and form;

 Training area and location;

 Training preparation and organization;

The design aspects of the training are discussed in chapter 3.2.1, and the implementation 

aspects in chapter 3.2.2. 
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3.3.1 Design of Training Contents 

The welding knowledge training lectures are the most significant part in the HFDT strategy. 

In the case project, the training lectures are divided into 15 main topics. Table 4 lists the topics 

and key related content. 

Table 4. The HFDT training lecture design content (GB/T 12212; GB/T 324; GB/T 3375; 

GB/T 5185; GB/T 6417.1; SFS-EN 287-1; SFS-EN ISO 13920;  SFS-EN ISO 15607-15614; 

SFS-EN ISO 3834; SFS-EN ISO 4063; SFS-EN ISO 5817; SFS-EN ISO 6520-1; SFS-EN ISO 

6947; SFS-EN ISO 9606-1) 

Topics Content 

Welding symbols and 

drawings 

 Welding drawing and mechanical drawing reading;

 Welding symbols explanation;

 GB/T 324 and ISO 2553, welding symbol representation

on drawings;

 Link to drawings used in daily work to give further

explanation.

Welding technology terms  Explanation of different terms used in daily work;

 Explanation of GB/T 3375, welding terms and Chinese

national standards;

 Explanation of ISO 4063 and ISO 6947.

ISO 3834 and related 

knowledge 

 The main structure of ISO 3834;

 Welding quality management;

 Different parts of ISO 3834 (part2, part5 are the most

significant parts);

 The balance between cost and quality;

 implementation of ISO 3834;

 ISO 3834 and WQMC, the core of WQMC system.

ISO 9606  What is ISO 9606 and EN 287;

 The test selection principle and criteria;

 Test requirements and steps;

 Reading the welder designation after the welder test.

Welding deformation  Reasons for welding deformation;

 Relationship between residual stress and welding

deformation;

 Judging welding deformation in current practices;

 The basic knowledge of welding construction and

structure design;

 Avoiding welding deformation during the processes.

Welding imperfections and 

defects 

 Concepts of welding imperfection and welding defects;

 The different kinds of welding defects;

 Explanation of each welding defect: the reason and origin

of the defect;

 How to avoid welding defect during the production steps;

 The importance of ISO 5817;



45 

Training Design and Implementation based on Human Factors (HFDT)                                                                     

 

 VT knowledge for welders and inspectors. 

WPS knowledge and 

related ISO standards 

 The idea of WPS, WPQR, pWPS, and welding 

instructions; 

 Explanation of ISO 15607 and ISO 15609; 

 Explanation of ISO 15610 to ISO 15613; 

 Explanation of ISO 15614. 

ISO 5817  The concept and explanation of ISO 5817; 

 The concept of ISO 6520-1; 

 The different requirements for level B, C, and D welding 

joints; 

 Use ISO 5817 as the judgment document between 

welders and inspectors. 

Welding cracks and its 

origins 

 The importance of avoiding welding cracks; 

 The origins of cold cracking, hot cracking, reheat 

cracking, and lamellar tearing; 

 Methods to avoid different cracks; 

 The illustration of the welding joint microstructure 

photos; 

 Importance of paying attention to the hydrogen and 

cleaning before welding. 

Welding joint DT and NDT 

to inspectors 

 Explanation of DT and NDT tests; 

 Show the test specimen photos for DT tests; 

 Short explanation of ISO 4136, ISO 5173 ISO 9015 (part 

1 and 2), and ISO 9016; 

 Short explanation of PT, RT, UT, and MT. 

ISO 13920  The requirement of welding joint tolerance in ISO 13920; 

 The different welding joint tolerance levels in ISO 13920. 

Welding strength 

knowledge for designers 

 Short explanation to the designers about welding joint 

mechanics; 

 The strength of the welding joints; 

 How to check the welding handbook to ensure the 

strength. 

Welding production 

knowledge for designers 

 The main steps of welding processes; 

 Explanation of different welding processes (MIG, MAG, 

SAW, and TIG); 

 Importance of paying attention to the welding 

accessibility during the drawing design. 

Welding management 

strategy 

 Layout of welding workshop; 

 Welding environment issues; 

 Total welding management concepts; 

 LEAN theory; 

 WQMC system concepts; 

 LCEPRS problems and solutions; 

 PDCA, 5S, 6sigma, and related concepts; 

 Welding consumable and parent material storage. 



46 

Training Design and Implementation based on Human Factors (HFDT) 

New welding technologies 

and new concepts 

introduction 

 Laser welding and hybrid welding;

 Welding robots and semi-automatic welding processes;

 New technologies of welding machines;

 Ergonomics during welding works;

 Advanced shielding gas information.

Other knowledge  Working honor for welders;

 The basic ergonomic knowledges;

 Safety and personnel protection;

 Relative knowledge of East-West culture differences;

 Basic knowledge of psychology.

All the content above is presented as slides to show in the lectures and thus knowledge of 

slides design is another requirement for the trainer. The slide design should consider the 

points below in order to reach optimal results: 

 The main content in the slides should be pictures and photos, the less text the

better. Pictures and photos must be clear;

 Use red color to indicate significant points in the scripts;

 Do not make too many slides; 40 pages maximum acceptable number according

to the author‘s experiences;

 The language in slides should be easily readable;

 Do not use equations or formula in the slides too often;

 Do not include complex concepts or theory in the slides; further discussion can

be held with interested trainees after the lecture.

The slides should be printed before the lectures start and handed out to the trainees as reading 

material. After the lecture, the training materials should be kept by the trainer and it is easy to 

lend to trainees if they wish to learn by themselves. Review of the training materials during 

their daily work helps the trainees to reinforce their knowledge. 

Discussion, case study, audio-visual materials, and workshop visits are all included in the 

training. The design requirements and regulations in the HFDT strategy for those activities are 

listed in Table 5. Future development of the training methodology may lead to the 

employment of alternative training approaches. 

Table 5: Requirements for other training methods in HFDT strategy 

Training Methods Requirements 

Discussion 

 Discussion topics: welding symbols, welding management issues,

welding defects, welding production, welding cracks, welding

deformation, and welding terms;

 Discussion group: ask the responsible persons to be the leader,

divide trainees into groups of their own choosing. Each group

gives their opinion about one topic. Group size is 1 trainer around

1 to 3 trainees;

 Discussion time: for the topics above, 1/3 of the training time is

suitable for discussion. Around 1.5 to 2 hour.
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Case Study 

 Case study topics: welding processes, welding imperfections and

defects, welding deformation, and welding symbols and drawings;

 Ask the responsible person and trainees to collect cases during

their daily work, such as drawings, photos, examples of welding

phenomena, and welding processes to use as examples in the case

study;

 The trainer introduce other enterprises‘ experiences or cases to the

trainees as examples in the case study;

 Case study time: it is not limited, 1/3 of the training time or

combine with the discussion activities.

Audio-visual 

 Ways: videos and projections. Combine the audiovisual way into

lectures, discussion, or case studies;

 Ask the responsible person and trainees to collect information

during their daily work, such as videos and photos to use as

examples in the audiovisual method;

 The trainer introduce other enterprises‘ photos or videos (care

must be taken not to violate confidentiality terms) to the trainees

as examples in the audiovisual method;

 Audiovisual contents: video and photo to illustrate ways of

welding and welding work preparation, videos and photos to

illustrate the new and latest welding technologies and machines,

and some micro or macro metallographic photos of welding joints

and defects.

Site Visit 

 Visit groups: designers, managers, and coordinator;

 Topics for visit: welding processing, welding inspections, welding

deformation, welding environment issues, and welding

imperfections.

 Visit time and procedure: visits should be made after the training

lectures, could be before discussions. Visit time is 1 to 1.5 hour

each time. During the visit, the visitors have the responsibility to

collect information from welders.

3.3.2 Examples of Lecture Implementation 

In this paragraph, some situation are presented in order to illustrate the implementation 

situation in the case project. The three different enterprises studied all organized more than 5 

training sessions from May 2013 until August 2015. General background information about 

the training sessions is listed: 

 Training time and period: one training for one week normally. General training

schedule is repeated 5 to 7 times during one week, each time for 3 hours. Each

training has the same content during one week but participants change.

 Participants: welders, welding coordination team, welding inspection personnel,

drawing designers, process and planning department personnel, quality control

department managers, and design department managers. For each training

session the most suitable number of participants is 5 to 7. During the case
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project, only 2 training sessions were organized with more than 30 persons in 

the group (the whole welding team in one enterprise). Small group training is 

much better than big groups because the trainees take a more active part in small 

groups, in big groups they easily feel fatigue. 

 Classroom: Based on the author‘s experience and the training methodology 

(Finkel, 1996), the training classroom has requirements: limited noise, warm 

color walls, rectangle-shaped room, fluorescent lamps, swivel chairs, tea and 

drinking water, and well prepared projection and computers. All the conditions 

will help the trainees focus on the training and prevent fatigue. 

 Training materials: The trainers or person responsible should print the training 

materials for the trainees. During the training, the trainees have the material to 

read. The training materials can be kept by the responsible person. After the 

training, the trainees can check, learn and read the training materials and ask the 

responsible person if there are any unclear points. 

 Blackboard writing: Use of the blackboard or whiteboard is important during 

the training, especially for the topics of welding symbols, welding deformations, 

welding crack theory, and welding constructions. The trainer should use the 

board for emphasis and to give explanations. The explanations about welding 

symbols and drawings, welding deformation, and welding crack knowledge 

mostly rely on blackboard writing. The blackboard writing should be prepared 

before the start of the training. 
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4 Quality and Cost Control based on Welding 

Processes Amelioration 

 
This chapter discusses common problems related to welding processes in the Chinese 

metalworking industry based on the author‘s experiences, observations, and interviews. 

Research began in 2010 and included visits and discussions with managers, engineers, and 

welders in more than 30 welding workshops in China. The factories varied greatly: different 

geographical and environmental features, different scales of production, different enterprise 

cultures, different industrial areas, and different capital and ownership structures. The variety 

of different types of enterprises and workshops ensures a broad overview of the Chinese 

welding industry, and enables discovery of ubiquitous problems. In this chapter, a ‗modular 

design‘ methodology for welding work is introduced which aims to reduce the number and 

severity, and even avoid completely commonly occurring problems. One factory in the case 

project has already launched the ‗modular design‘ processes in one of their products. The 

result of the modular design approach combined with WQMC implementation will be 

discussed in chapter 6. Table 6 lists the author‘s visits from 2010 to 2015 during the research 

and construction of the WQMC system. 

 

Table 6. Research visits to China welding industry facilities 

Industry Area Scale Owners 

Ship building: 4 

Steel structures: 23 

Pressure vessel: 1 

Other industries: 3 

North China: 5 

East and coastal area: 17 

Southwest China: 4 

Northwest China: 1 

Small and middle: 14 

Large enterprise: 17 

Joint-venture: 6 

Chinese: 16 

International: 9 

 

 

Figure 29 (a-d) provide examples of the variance in conditions found during the author‘s 

visits: 

 

     
(a)                                   (b) 
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(c)                                        (d) 

Figure 29. Typical conditions found enterprise visits  

(a) Joint-venture large scale factory, east and coastal area, steel structure industry 

(b) Small scale Chinese owned factory, east and coastal area, steel structure industry 

(c) Large scale Chinese state owned factory, north China, pressure vessel industry 

(d) Middle scale foreign-owned enterprise, east and coastal area, steel structure industry 

4.1 Basic Processes for Welding Products in Industry 

Based on the visits, discussions, interviews, and observations, a general picture of common 

conditions and actions in the Chinese welding industry can be constructed. In the discussion in 

this section, processes related to welding are divided into 3 parts: pre-welding activities, 

welding processes, and post-welding activities. Other testing work in the laboratory or welder 

skill testing related to welding processes is not included in this discussion.  

Publication 2 gives out the relationships among the welding related activities and the results of 

the implementing of the welding management system. It is the support research of the 

establishment of the WQMC system. 

4.2 Analysis of Problems in Welding Processes 

Analysis of common welding process related problems is one significant part inside the 

WQMC system. It is the core of the ISO 3834 system inspection and implementation. The 

development procedure for the ISO 3834 system has steps that require the coordination team, 

welders and inspectors to check and improve the welding processes (SFS-EN ISO 3834-2). In 

this paragraph, common welding process problems are discussed and suggestions and 

proposals made that support efforts to meet the requirements of the ISO 3834 system (SFS-EN 

ISO 3834-2). 

Despite their varied contexts, the welding processes in the different enterprises have certain 

similarities. The basic 3 steps of pre-welding, welding, and post-welding activities will be 

addressed in turn. Figure 30 gives a general illustration of the 3 steps. 



51 

Quality and Cost Control based on Welding Processes Amelioration 

Figure 30. Overview of the 3 steps in the welding workshop 

Figure 31 gives a more detailed view of the process steps involved in pre-welding activities. 

Figure 31. Pre-welding steps 

Some observations about the sub-steps of pre-welding are given below: 

 In sub step 1, some inspection work like dimension measurement, thickness

checking, and chemical composition tests are needed in some enterprises;

 In sub step 2, the parent material storage area maybe indoors or outdoors;

 In sub step 3, some enterprises will use shot blasting to remove the corrosion

layer. Some enterprises will paint the weld-able primer;

 In sub step 4, material cutting methods are laser cutting, plasma cutting,

underwater cutting, flame cutting, and manual carbon-arc gouging. The

preparation of welding grooves may be finished with machine tools or by hand.

Some bending work may be needed for some products;

 In sub step 5, the rod and flux in some high humidity areas need to be heated in

the oven before welding;
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 In sub step 6, shielding gases can be made in a mixer, or use bottle mix gas to

finish the work;

 In sub step 7, calibration of the meters of the gas bottles, the voltmeter of

welding machines, and the ammeter of the welding machine is required. For

SAW machines, all the meters should be checked;

 In sub step 8, WPS and welding instructions should be posted before the

production starts. The welding drawings should also be delivered to each single

welder or operator;

 In sub step 9, inspection work is needed as part of the welding preparation. For

MIG/MAG welding, the wire amount should be checked before starting welding

in order to avoid unnecessary arc breaks. It must be ensured that the jigs and

fixtures are fixed tightly and in the correct position.

Figure 32 below illustrates the steps for tacking and welding: 

Figure 32. Tacking and welding steps 

Some observations about the sub-steps of tacking and welding are given below: 

 In sub step 1, assembly work can be done by the tack welder and welder, or

only by the welder;

 In sub step 4, the most commonly used welding processes are MIG, MAG,

SAW, MMA, or TIG. During the author‘s visits, no use of laser, plasma or

hybrid welding was found;

 In sub steps 6 and 7, repair work is focused on welding defects, such as porosity,

spatter, wrong dimension and shape, lack of fusion, and cracks. The right and

proper way to repair such defects is a training topic in the HFDT strategy;

 In sub step 7, NDT test for inspectors can be VT, PT, RT, UT, and MT. In some

enterprises, the NDT test will be done by a third party company;

 In sub step 8, the most commonly used calibration approach is flame correction.

Figure 33 illustrates steps for post-welding activities: 
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Figure 33. Steps for post-welding activities 

 

Some observations about the sub-steps of post-welding activities are given below: 

 In sub step 1, commonly used heat treatment methods are tempering and 

normalizing; 

 In sub step 2 and 3, some enterprises may also have a shot blasting step; 

 In sub step 4, some enterprises may also have machining steps. 

 

The problems, discussion, and problem-solving proposals are based on the author‘s 

experiences, observations, review work, and interviews. All the information will be listed in 

tables. 

4.2.1 Pre-Welding Activities  

During the pre-welding steps, a variety of problems may occur. Table 7 lists possible 

problems and problems encountered in the Chinese welding industry enterprises studied. 

These problems merely might occur in the Chinese welding industry. 

 

Table 7: Pre-welding problems and proposed solutions (GB/T 221) 

Aspects Problems and Solving Proposals 

Parent material 

related 

 The dimension and thickness of the parent material may not be 

consistent with the certification report. The thickness of the parent 

material always uses the lower tolerance by the supplier. Also the 

designer should consider this issue during the design process. 

During the admission test for parent material, the inspector should 

check the dimension and thickness before acceptance; 

 The chemical composition of the parent material may not satisfy 

the CE (IIW) requirements. If the enterprise has a chemical 

laboratory, testing of the chemical composition is recommended; 

 The mechanical properties are related to chemical composition and 

manufacturing steps. In cases with stringent criteria such as found 

in the pressure vessel and ship building industries, the mechanical 

properties should be checked. 

Storage related  For parent material storage, outdoor storage will lead to surface 
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issues corrosion. After surface treatment, the thickness should be checked 

to ensure it still meets requirements. Indoor storage, as illustrated 

in Figure 34-A, is the best storage form. In Northern China, the 

temperature in winter is low, and pre-welding heating and 

insulation of the parent material is needed; 

 For welding consumable storage, a low humidity area is needed 

(Figure 34-C). In Southern China, the humidity is high in summer. 

The heating treatment for welding rod and welding flux cannot be 

avoided. In the storage building, a table for temperature and 

humidity checking should be hung on the wall. A temperature 

insulation flask should be given to the welders; 

 For shielding gas bottle storage, cool conditions are needed and 

direct sunlight should be avoided (Figure 34-E). In the gas station, 

the pressure vessel should be set up in a safe area, especially for 

oxygen and hydrogen. The bottle color shows the gas content, use 

of the wrong bottle is strictly forbidden. 

surface treatment 

 Manual surface treatment is commonly used. Ineffective removal 

of the corrosion layer, oil, and dirt will lead to porosity, lack of 

fusion, slag inclusion and cracks. Regulations are needed in the 

WQMC system for welders doing surface treatment work ; 

 In some enterprises, shot blasting is used for surface treatment. 

Care should be taken to ensure the material thickness after this 

step still meets requirements. The painting must be weld-able; 

 After surface treatment further pollution should be avoided. The 

material must be stored indoors and adhesion of machining spatter 

avoided. 

Cutting and 

preparation 

 Flame cutting work may lead to deformation. Use of two flames is 

better than use of one flame alone because the parallel average 

heating will lead to lower deformation; 

 Sometimes underwater cutting is beneficial for the environment 

and workers health because less smoke and dust are created; 

 Laser cutting, to some extent, cannot guarantee a smooth cutting 

edge because of the laser cutting machine‘s performance; 

 Cutting work quality is based on the equipment of the enterprise. 

If internal cutting work quality cannot meet requirements, the 

cutting work can be done by subcontractors; 

 Wear of tools can cause bending work to be of unsatisfactory 

quality; 

 Groove preparation is better completed in a dedicated beveling 

machine or milling machine (Figure 34-D). Manual grooves 

cannot meet the dimension requirements. 

Welding machine 

calibration 

 Before welding and tack welding work, the welding machines 

should be checked and any necessary calibration done; 

 Attention should be paid to the voltmeter and ammeter on the 

welding machine. If the indication reading goes wrong, the repair 

or maintenance department should be asked to fix it immediately; 
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 A check should be done to ensure the welding tractor rail is in 

good condition; 

 If using welding robots or automatic welding machines, all the 

requirements given in the machine instructions must be met; 

 Debugging the welding machine should be done before starting 

welding. Work with TIG, MIG, and SAW welding machines 

cannot ignore this step. 

Shielding gas 

issues 

 The gas flow meter should be checked to ensure it is in a stable 

working condition; 

 Shielding gas bottles should be placed on a flat and safe area to 

avoid the bottle falling or tipping; 

 Use of the wrong shielding gas should be avoided; 

 In the gas station, the gas mixer should be checked to ensure it has 

been adjusted correctly. 

Drawing 

discussion 

 Make sure the tack welder and welder both have the engineering 

drawings (Figure 34-F); 

 Make the welding assembly drawings to tack welder and welder 

but not the part drawing or machine process drawing; 

 Well discussion between technician and welder is needed. If there 

are any unclear information on the drawing, the engineers and 

designers also have the responsibility to give out explanations to 

the working team; 

 Make sure all the welding symbols are correct, the wrong use of 

welding symbols is common in China welding factories; 

 The processing team and design team should have good 

cooperation. Avoid mutual prevarication between the 2 teams; 

 If it is a joint-venture or foreign owned factory, the foreign 

inspector have the responsibility to make sure the welders already 

understand the requirement and explanation. Only a ‗yes‘ from the 

Chinese welder sometimes do not means he or she is totally 

understand the requirement. Additional questions for a certain 

topic are needed. 

WPS and welding 

instruction 

 The welding instruction must stick on the wall for each welding 

work station; 

 In the welding instruction, the main welding parameters which are 

generated from WPS should be listed clearly and definitely; 

 If the welders have questions to the welding instruction, the 

technician or welding engineer must make explanation to him/her; 

 WPS can be generated from any standard of ISO 15610 to ISO 

15614; 

 For SAW station, the welding instruction is always needed; 

 Sometimes, in the welding workshop, a well prepared welding 

defect explanation spectaculars is needed. The welding defect 

photos are significant for welders and inspectors. 

Pre-welding 
 Check the power supply system is stable, avoid unnecessary power 

failure; 



56 

Quality and Cost Control based on Welding Processes Amelioration 

inspection  Pay attention on the crane operation if the power for welding and 

crane is same. The start of crane will cause a current shock, which 

will definitely influence the welding work; 

 Check the cables and gas tube are in right order, avoid the 

disorganized working area during welding (Figure 34-B). The 

disorganized cables may cause electric hazard or personal injury; 

 Make sure the personal protective equipment is ready, avoid the 

possible hidden danger before start; 

 Check the groove dimension, avoid the possibility of lack of 

penetration; 

 Check all the parent material dimension and thickness are right, 

avoid the repair from this problem; 

 Dust removal system must be work stable. The arc light isolation 

board must be put in the right place. The welding dust and arc 

light will influence other workers in the same workshop. 

Human factors 

 Human factors, culture, historical background will influence the 

working way and attitude; 

 Ergonomic issues for cutting and surface treatment personnel 

should be considered. 

 

Figures 34 (A-F) illustrates some typical pre-welding situations: 

    
 

    
 

A B 

C D 
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Figure 34. Typical pre-welding situations 

A) Indoor parent material storage

B) working area

C) Storage of welding consumbles (red cycled place shows gaps between floor)

D) Groove cutting machine

E) Shielding gas storage building

F) Drawing board use on site (red cycled)

4.2.2 Tacking and Welding  

During the tacking and welding steps, a number of problems may occur. Table 8 lists possible 

problems and problems encountered in the Chinese welding industry enterprises studied. 

Table 8: Tacking and welding problems and proposed solutions 

Aspects Problems and Solving Proposals 

Dimension check and assembly 

 Before the welding work, the tack welder and

welder must ensure all the parts dimension is right;

 According to the basic theory of TWM and LEAN,

the tack welder or welder has the right to refuse to

handle unsatisfactory parts (Figure 35-C);

 If the quality of the cutting edge is not acceptable,

the upstream team have the responsibility to repair

it;

 Although assembly work always relies on the

experience of the workers, the assembly order

should also be ascertained after discussion with the

planner or technician;

 Wrong assembly order is harmful for the

downstream steps and should be avoided;

 Necessary fixtures and jigs should be used to

complete the work; too many or too few fixtures and

jigs are not acceptable.

Tack welding process  Scribing work for tack welding is significant for the

dimension requirement. During the scribing work,

E F 
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the tack welder should use the right method and the 

right tools; 

 Cooperation between the tack welder and welder is

needed during this step;

 Welding spots should be avoided during the tack

welding work to ensure good welding joint quality.

Welding process 

 The requisite backing should be prepared before the

work;

 Before the welding, all the seam area should be

clean and in a well dehumidified state;

 The right position should be used to finish the seam,

according to the drawing requirements and

considering the ergonomics (Figure 35-B);

 Attention should be paid to the welding parameters

to ensure they all conform to the range requirement

in WPS or welding instructions;

 Attention should be paid to welding skills or

techniques during the seam welding processes;

 Attention should be paid to the steps of arc strike,

arc ending, and joint cross in order to avoid welding

imperfections or even welding defects;

 The backing should be removed if necessary.

Re-check for dimension 

 Between each seam welding process, check the

dimension if it also meets the requirements;

 If deviation of dimension happened, the next seam

welding should be more careful and try to correct

the error.

Welder self-inspection 

 VT: after all the seam welding, check the dimension

first, then the shape and appearance of the welding

joints;

 Welding defects should be also checked by the

welder first. The spatter, cracks, porosity (Figure

35-D), and slag inclusion should be found by the

welder.

Inspection process by inspector 

 VT: dimension check, welding defect check

according to the ISO 5817 requirements;

 PT: PT test according to the requirement on the

drawings;

 UT: UT test according to the requirement on the

drawings (Figure 35-A);

 RT: RT test according to the requirement on the

drawings;

 MT: MT test according to the requirement on the

drawings,

 The NDT test sometimes can use third-party

company to complete;
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 DT test can only be used during the sampling 

inspection but not the normal production. 

Repair work 

 Some of the repair work is not in correct way in the 

Chinese welding industry; 

 Always, too much grinding work is not needed and 

accepted (Figure 35-E); 

 Pay attention on the balance of quality and cost, 

ONLY repair the welding defects but not 

imperfections; 

 In the HFDT strategy, the lecture of repair welding 

defects will be given. 

Deformation calibration 

 Welding deformation will influence the downstream 

steps, it should be calibrated as much as possible; 

 Welding deformation cannot be eliminate but must 

be decreased; 

 The common calibration steps can be flame 

calibration,  mechanical correction and manual 

calibration; 

 When implement the manual calibration, pay 

attention on the overmuch calibration amount and 

avoid the damage of the work pieces (Figure 35-F). 

Maintains for machine 

 Machine maintains must be done after work; 

 The SAW machine, welding robot, and automation 

welding machine need to be checked after work; 

 Any broken of the welding machine should be 

repaired immediately. 

Human factors 

 Human factors, culture, historical background will 

influence the working way and attitude; 

 Ergonomic issues for welding and NDT personnel 

should be considered. 

 

Figure 35 (A-F) illustrates some typical tacking and welding situations. 

    
 

A B 
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Figure 35.Typical tacking and welding situations 

A) UT test screen 

B) Working position 

C) Wrong material preparation work (red arrows show the places) 

D)  Porosities after painting 

E) Unnecessary grinding work 

F) Damage to work pieces (red cycled palce shows demage by calibration process) 

4.2.3 Post-Welding Activities 

During the post-welding steps, a number of problems may occur. Table 9 lists possible 

problems and problems encountered in the Chinese welding industry enterprises studied. 

 

Table 9: Post-welding problems and proposed solutions (Bao Yongxiang, 2012; Luo Yingji, 

2010) 

Aspects Problems and Solving Proposals 

Heat treatment 
 Heat treatment temperature should meet the 

engineering drawing requirements; 

 Heat treatment time should meet the drawing 

C D 

E F 
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requirements; 

 Heat treatment should be done using the right 

facilities or equipment (Figure 36-D). 

Surface treatment 

 When the work piece material is carbon steel 

(core) + stainless steel (cover), the acid pickling 

process may cause corrosion of the carbon steel 

if the clad welding joints have porosity or cracks 

(Figure 36-A). In this situation, repair must be 

done after acid pickling; 

 Shot blasting process have the calibration 

functions to the thin plates. So the initial 

calibration work should consider the effect of the 

shot blasting process; 

 Previously missed welding defects may be found 

after the surface treatment processes and repair 

work should be done if necessary.  

Painting 

 Even after painting, some hitherto unnoticed 

welding defects can be found. Further repair 

work (first: welder self-check repair; second: 

inspector check repair) should be done  (Figure 

36-B); 

 Some welders think painting will hide spatter, 

but this is incorrect; painting will make spatter 

more obvious (Figure 36-C). 

Final inspection before downstream 

steps or packaging 

 Downstream personnel have the right to refuse 

the workpiece if defects are found. A final 

inspection of the welding process results is 

needed; 

 If the product is ready for packaging after 

welding, the factory inspection is needed. 

 

The Figure 36 (A-D) illustrates some typical post-welding processes situations. 

  
 

A B 
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Figure 36. Typical post-welding process situations 

A) Corrosion of carbon steel (red cycle)

B) Porosities after painting (red cycle)

C) Spatter after painting (red cycle)

D) On-site heating equipment

4.2.4 Welding Environment and Workshop Layout Issues 

A number of problems may occur as a result of the welding environment and welding 

workshop layout. Table 10 lists possible problems and problems encountered in the Chinese 

welding industry enterprises studied. 

Table 10: Welding environment and workshop layout problems and proposed solutions (Blunt 

J. et. al, 2011; JB 3223; Chen Qiang, 2007) 

Reasons Problems and Solving Proposals 

Temperature 

 In Northern China, some places have low temperatures in the

winter season. The low temperatures can influence the welding

quality. Pre-heating of the parent material is needed;

 The low temperatures affect the welders‘ working conditions and

performance. A heating system may be needed in the workshop;

 In Southern China, some places have high temperatures in the

summer season. The high temperatures affect the welders‘

working conditions and performance. An air conditioning system

or fan may be needed in the workshop;

 The storage area for welding consumables should have

temperature records;

 Extreme temperatures influence the working performance of

welding machines, especially in continued usage.

Humidity 

 In Southern China, some place have high humidity in the summer

season. The high humidity can influence the welding quality;

 The storage area for welding consumables should be insulated

against very humid conditions;

 Welding consumables (welding rods and flux) should be well

heated before welding (Figure 37-D);

C D 



63 

Quality and Cost Control based on Welding Processes Amelioration 

 The welding grooves should be well dehumidified before

welding;

 Welding work in outdoor environments should be forbidden

during rainy weather.

Wind 

 Workshop doors and windows should be closed during welding

work to avoid the creation of strong air currents;

 Baffles should be used to prevent air current effects (Figure

37-C);

 Welding work in outdoor environments should be forbidden

during windy weather.

Layout 

 The arrangement of workshop layout should first consider the

process flow issues;

 Welding is the middle stream process, it should be put between

cutting and assembly. It is the central idea for the layout;

 The layout arrangement should consider working pace issues.

Unnecessary waste of working hours caused by poor layout

should be avoided;

 Each welding station requires a dust removal system (Figure

37-A), tools cabinet (Figure 37-F), small cranes (Figure 37-B),

and arc occlusion board (Figure 37-B);

 It should be possible to isolate the welding power supply in order

to avoid possible electric shocks during the welding works.

Protection 

 All the welders and tack welders should have safety training

before starting their job;

 Welding helmets provide better protection than hand-held

welding masks (Figure 37-E). Hand-held welding masks

adversely affect the stability of the welding operation;

 A flame retardant suit should be worn by welders during welding

work;

 Working boots and gloves should be worn by welders during

welding work;

 Goggles should be worn by welders during work;

 In some enterprises, assembly and welding areas are in the same

workshop, consequently welders also need protective helmets;

 Earplugs should be worn by welders when working in noisy

environments;

 The NDT inspectors should be well protected according to the

standards or regulations during their work.

Figure 37 (A-F) illustrates some typical workshop environments and layouts. 
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Figure 37. Typical welding and workshop environment and layouts  

A) Dust removal equipment 

B) Well prepared welding station 

C) On-site draft prevention equipment  

D) Heating equipment and oven for welding consumables 

E) Hand-held welding mask and welding helmet 

F) Clean welding work area 

 

C 

A B 

D 

E F 
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4.3 Implementation of Modular Design Methodology for Welding 

Process 

The modular design methodology is a useful tool in the WQMC system. In welding 

production processes, advanced methodology for design and manufacture is needed in order 

to increase quality and productivity, and decrease cost. From these three aspects, the main 6 

aims for the modular design should be set as below (Barckhoff, 2007): 

1. Decrease the amount of deposited metal in the welding joints (productivity, 

cost); 

2. Decrease the arc operation time for each welding joint (productivity, cost); 

3. Decrease the unqualified, scrap, and repair amount (quality, cost, productivity); 

4. Decrease the intensity of welding work (quality, productivity); 

5. Decrease the time of moving, transport and logistics (productivity); 

6. Decrease the unnecessary design differences between similar products (quality, 

productivity, cost). 

 

To some extent, the welding processes amelioration can use different methods, like the 

implementation of welding quality management system, or make sure the executive ability 

during the production. The use of modular design methodology is to meet a higher level of 

not only increase the production quality, but at the same time decrease the cost for a long 

period. The lack of modular design tools may lead to the result of short-term improvement, 

but not a stable, long-term improvement. In the future, the more advanced tools may also 

existing to innovate the WQMC system. 

4.3.1 Concepts and Objectives of Modular Design of Welding Processes 

The idea of modular design is to try to use similar design approaches or methods to meet 

different customer requirements for almost identical products. The products may have 

differences in dimensional aspects, but the main function should be the same. If modular 

design theory is used, a number of changes in the design and manufacture departments are 

usually required: 

a) Revised design of jigs and fixtures for welding; 

b) New arrangement of the layout of the welding workshop and its upstream and 

downstream processes; 

c) Improved modular design awareness among designers; 

d) Changes to the manufacturing habits of welders. 

 

New jigs and fixtures designs are required to reach aims 3, 4 and 5. Re-design of the jigs will 

help the manufacturing steps occur in a stable and less intensive manner. By using jigs to 

finish welding work, the work load is reduced, and possible welding defects caused by manual 

clamping avoided. Use of cranes to lift and rotate work pieces may lead to a waiting time for 

the crane operator. Suitable jigs will reduce such waste of working hours. 

 

New layout arrangements are required to reach aims 4 and 5. Using the ‗systematic layout 

planning‘ (SLP) method will help the workshop to reach the most optimized working layout. 
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The SLP method was first proposed by G. Muitler (Chen Qiang, 2007) and SLP considers the 

factors below: 

 Products (P): what to manufacture? 

 Quantity (Q): how many for each product? 

 Route (R): how to manufacture each product? 

 Supply (S): how to organize supply support the manufacturing? 

 Time (T): how much time for each product manufacturing? 

 Department (N): how many departments will directly or indirectly participate in 

the manufacturing process? 

 

The main steps for SLP are listed in Figure 38. 

 
Figure 38. Systematic Layout Planning (SLP) steps 

 

The main idea of SLP is to first analyse the material flow direction, second sort out the 

relationships of different manufacturing steps, third make the area plan of each process, and 

finally conduct the optimization of the area plan. On the basis of the SLP analysis, an 

optimized layout is easy to design. Improvements in modular design awareness of designers 

are required to reach aims 1, 2, 3, and 6. Only when designers have awareness of the theory 

can they take actions to meet the modular design requirements, and the whole manufacturing 

process can flow effectively. Modular design awareness can be trained during the HFDT 

strategy. Changes in welders‘ work practices are required to reach aims 1, 2 and 3. Welders‘ 

work practices influence the quality, productivity, and cost. Waste of welding flux, the squat 

welding habit, the use of hand-held masks are obvious examples which influence quality and 

cost. The welders are executors for the production and have the most significant function in 

the whole process. The modular design will result in less arbitrariness by welders during their 

work because all the welding steps are well regulated. Poor practices will have less 

opportunity to negatively influence the work. 
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4.3.2 Case Study: Product X Design of Company B 

In the study, there was one case enterprise in which a form of modular design was used; 

Company B used modular design for Product X. The function of product X is similar in all 

cases, but the dimensions and details can vary. The main processes for product X 

manufacturing are: 

Material preparation: cutting and shearing   tack welding:  straight 

calibration    welding groove preparation: planning machine    bending 

and straightening    assembly: butt welding   seam welding   tack 

welding: dimension calibration    tack welding: coating material bending    coated 

material welding    marking and scribing    milling    shot blasting   painting 

 

During the manufacturing process, many problems and difficulties were encountered: 

1. The parent material board is not flat. Sheet flattening work is difficult; 

2. The material control only relies on the suppliers‘ certification; 

3. The long board material has shrinkage and shrinkage is not consistent after the 

cutting process. Size and dimension control is difficult; 

4. Wear of the bending molds leads to deviation from the drawing requirements; 

5. The drawing requirements and the existing bending mold do not correspond; 

6. The existing jigs cannot meet the thick plate requirements for welding; 

7. Deformation of the welding groove after bending; 

8. Dimension shrinkage after welding; 

9. Dimension shrinkage after thermal calibration; 

10. Different gas mixtures should be implemented for different materials and 

thicknesses. One gas mixture  for a variety of products is not reasonable; 

11. Welding deformation. The overall straightness is difficult to control; 

12. Welding porosity; 

13. Welding slag insolation; 

14. Lack of penetration; 

15. Lack of WPS and WPQR; 

16. The company does not have all the welding instruction for all the parts, and the 

welders do not follow the existing instructions during their work; 

17. In winter the workshop temperature is low, which affects the welding quality; 

18. There is no equipment for removal of welding dust. The working environment 

needs to be improved; 

19. The welding equipment is old and there is a lack of advanced or specialized 

welding equipment; 

20. Lack of the experience and data to guarantee the welding quality. 

 

The 20 problems found during product X manufacturing can be solved by implementing the 

WQMC system. Although some problems are related to other tools used in WQMC system, 

many of the problems can be mitigated by use of modular design methodology. An easy 

understanding example of how modular design tool can solve the problems is the problem 19. 

Because of the modular design tool implementation, a specialized welding machine can be 

purchased and used for product X. Without modular design tool, an inconsistent, disorder and 
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complicated welding process can only be done by hand welding with low efficiency and 

quality. By implementing the modular design method, the problems number 1, 3, 4-16, 18 and 

19 could be controlled, improved, and solved. The total result analysis will be discussed in 

chapter 6. 
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5 Quality Control based on Solving Existing 

Problems 

During the case project research, some commonly existing problems were found in the 

Chinese welding industry that clearly influenced quality, productivity and cost. These 

problems to some extent do not occur because of the welding industry itself but mainly 

because of the local Chinese culture, human factors and other related reasons. In the WQMC 

system, such problems are called ‗localized congenital existing problems (LCEP)‘, and the 

solving method is called ‗Localized congenital existing problem resolution strategies‘ 

(LCEPRS). Publication 2 gives out the relationships among the different problems and the 

result of TWM implementation. This relationship is also existing in the WQMC system, and 

strongly influencing the welding quality.  

LCEP should be solved before the ISO 3834 implementation, or even before the NEMS 

implementation. On the other hand, some LCEPs may be recognized only during the 

implementation of ISO 3834 and later. In the WQMC system, the identification and 

implementation of mitigation actions for LCEP, LCEPRS, will be largely complete after the 

survey and interview work, and before the implementation of ISO 3834 More than 20 LCEPs 

were identified during the case project and on the basis of previous research. The LCEPs were 

noted through the use of surveys, interviews, discussions, observations, and the author‘s 

experiences. Some LCEPs will be similar to the problems discussed in previous chapters, but 

in the WQMC system, iterative improvement is a core concept. Knowledge of repeated 

problems will help enterprises prioritize areas requiring improvement. The LCEPRS database 

is ready to update. Along with the development of the Chinese industry, and the deep research 

of this topic, more and new LCEPs is also can be found. The database will update according to 

the changing of the real situation. Figure 39 illustrates the problem solving approach. 

Figure 39. Solving processes for repeated problems 

This process is also a concept from PDCA cycle. Problem 1 can be found in later steps, so the 

whole system ensure the problem will not be skipped and will be solved. 
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5.1 Existing Problems in the Chinese Welding Industry 

This paragraph lists LCEPs. Clearly, the list of LCEPs is not exhaustive and other LCEPs may 

be discovered in future research and in other Chinese welding industry contexts. 

1. The welders do not clearly understand or have a comprehensive concept of the 

whole process stream (upstream processes, welding and tack welding, and 

downstream processes) of the welding production. Some poor working practices, 

activities and a lack of coordinated cooperation may be the root of this problem; 

2. Conflicts between inspectors and welders occur because of a lack of regulations or 

standards. The quality control or inspection department needs clear regulations or 

standards to safeguard their work. The regulations or standards should be based on 

scientific research and be well prepared; 

3. Communications between design and production departments are not smooth and 

effective. The designers do not have enough experience of production, which leads 

to complex or unrealistic manufacturing design; 

4. Welders‘ understanding of mechanical drawings is inadequate, and the problems 

that welders, tack welders or technicians find on the drawings cannot be readily 

resolved by the design department; 

5. The design department does not clearly understand the strength theory of welding 

or welding joints. Designers in a Chinese enterprise often lack theoretical 

knowledge of welding technology; most of the designers have a mechanical 

engineering background that includes little or no welding knowledge; 

6. Problems applying the shielding gas and problems with shielding gas purity are 

common in the Chinese welding industry. The enterprise itself often has difficulties 

controlling gas proportions and gas purity if bottled gases are used; 

7. In a huge number of Chinese welding workshops (subcontractors or joint-venture 

companies) the welding equipment needs to be upgraded to meet the requirements 

on the drawings. It is difficult to meet the WPS or welding parameters listed in the 

drawings because of the outdated equipment (Figure 40). Some welding parameter 

experiments completed in the enterprise laboratory cannot be directly used in the 

workshop because the equipment in the workshop is much worse than in the 

laboratory; 

 

  
Figure 40. Examples of inapplicable and obsolete welding machines 
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8. In joint-venture or foreign owned companies, the Chinese welding workshop cannot 

acquire the WPS listed on the drawings easily because of communication 

difficulties between the production department and design department in China, and 

also between the design departments in the Chinese and foreign companies. In 

addition, the WPS given by foreign companies cannot directly be used in China 

because of the equipment problem; 

9. To some extent, although some companies have welding quality regulations, 

welders and inspectors are inconsistent in their approach to meeting the welding 

quality; 

10. The welding quality inspection and control system is imperfect and welding defects 

can be found even after the painting process  has been completed (Figure 41); 

 

 
Figure 41. Welding defects after painting (as red cycle shows) 

 

11. Difficulties exist in implementing WPS in some Chinese welding companies. The 

welding work is only based on the welders‘ experience. The company as a whole, 

i.e., the design team, management team, inspection team, and workers all have 

insufficient knowledge about welding procedure specifications; 

12. The welding personnel have insufficient knowledge about welding theory and 

international or national welding standards; 

13. The salary system and man hour quota system (salary is paid by working hours) 

now implemented in most Chinese enterprises greatly affects the motivation of the 

welders. A lack of work motivation clearly influences the product quality; 

14. Upstream processes such as cutting and material storage processes need immediate 

improvement as regards quality and management strategy. Poor quality in upstream 

processes clearly affects the welding quality(Figure 42); 
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Figure 42. Example of inacceptable quality in upstream processes (as red cycle 

shows) 

 

15. Ineffective and uninspiring management affects the welding quality because 

welders become demotivated and lack encouragement from their leaders; 

16. Negative working attitudes clearly influence the welding quality; 

17. The designers do not have sufficient experience or knowledge of welding 

production. Some welding defects are the result of poor design. Welding 

accessibility is one aspect that designers need to understand (Figure 43); 

 

 
Figure 43. Inacceptable welding quality because of difficult accessibility (arrow 

and cycle show welding imperfections after manufacturing process) 

 

18. The buck-passing and prevarication for one problem between different departments 

clearly influences working efficiency and productivity. Sometimes it is hard to find 

the responsible person or team for one specific problem; 

19. Other ISO standards, like ISO 5817 or ISO 15609, which guarantee the 

implementation of ISO 3834, are not widely known and used in the company; 
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20. A serious waste problem, for example waste of welding flux, exists in Chinese 

welding workshops. The waste influences costs in a dramatic way; 

21. The stability of the power supply system in the workshop is one issue to be checked 

before production. The internal workshop circuit connection should be checked 

carefully before welding starts. 

22. The workers do not pay attention to maintenance of work tools, or use tools in the 

wrong way. This reduces the service life of the tools, leads to inaccurate 

measurements and unsatisfactory production, and causes increased costs; 

23. The ergonomics aspects of welding are not considered widely in China. The 

welders have many poor working practices during welding, like squatting down to 

work (Figure 44) and one-handed welding; 

 

 
Figure 44. Squatting position while welding 

 

24. The problems of inertia of the workers influence the working efficiency; 

25. Problems result from the authoritarian management approach in Chinese 

enterprises; 

26. Unjust rewards and punishment system used in Chinese enterprises influence the 

working efficiency; 

5.2 Solving Problem Methods 

This section proposes possible solutions for the LCEPs listed. The solutions are based on 

interviews, observations, and some existing best practices used in the enterprises. In the list 

below, the solution number corresponds to the problem number in the list in section 5.1. The 
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solutions given are not definitive and alternative ways to resolve the problems exist or may be 

found in future research. 

1. The reason for this problem is the welders‘ educational background, and poor 

motivation. Welders do not take the initiative to acquaint themselves with other 

workers‘ activities that relate to welding processes. Solutions should rely on 

training. During implementation of the HFDT strategy, lectures give explanations 

of the whole welding process, including its upstream and downstream processes. 

During the LCEPRS stage, if a problem is found, a simple and short explanation 

can be given to the welders; 

2. A well edited inspection manual should be distributed to each inspector and welder. 

The inspection manual should also be posted on the workshop board (Figure 45). 

The inspection manual contents should be based on the ISO 5817 standard. During 

the HFDT, ISO 5817 is also a training topic; 

 
Figure 45. Welding and tack welding regulation board in the workshop 

 

3. The communication barrier inside Chinese welding industry enterprises should be 

considered as a management problem. This problem may also be related to human 

factors. In LCEPRS, it is suggested that different department should pay attention 

to communication between each other. A regulation for communication should be 

built. In the HFDT training stage, the discussion and case study processes will 

enhance communication between the different departments. The visit included in 

HFDT strategy gives an opportunity of direct communication between designers 

and welders; 
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4. In the HFDT strategy, the first lecture is to teach the welders basic mechanical 

drawing knowledge and welding symbols. During the LCEPRS stage, find this 

problem is the most significant issue; 

5. In the HFDT strategy, designers are given a lecture on welding theory and welding 

joint strength. During the LCEPRS stage, find this problem is the most significant 

issue; 

6. In the LCEPRS stage, suggestions for the correct shielding gas proportion are given 

to the enterprise. If considered beneficial by the enterprise, use of gas bottles could 

be replaced by use of a gas mixer and pure gases to make the shielding gas; 

7. If during the LCEPRS stage this problem is found, there are two possible solutions. 

Either the enterprise should purchase new machines to replace the outdated 

equipment, or the equipment should be repaired, renovated and calibrated. 

Experiments are required before welding. The experiments should test the 

capability of the welding machine and find the optimized parameters to meet the 

requirements of the drawings. If the experiments indicate that the equipment is not 

suitable for the work, the equipment must be rejected; 

8. Enhanced communication between the parent company and joint-venture factory is 

important. The joint-venture factory does not always have the ability to change or 

modify the requirements on the drawings, and their equipment may not be able to 

meet the drawing requirements. In this situation, the parent company always has the 

responsibility to support the factory to solve the problem. A renewed and more 

suitable engineering drawing should be given to the factory as soon as possible, and 

the drawings‘ requirements should consider the manufacturing ability of the 

factory; 

9. In the HFDT strategy, quality awareness must be built in the employees‘ teams. 

Regardless of the different status of inspectors and welders, there should be 

minimum differences between awareness of issues related to welding quality; 

10. It should be checked during the survey stage, if this problem is found, it shows that 

the factory does not have adequate quality management regulations. This problem 

could be solved during the HFDT training stage, and also can be considered as a 

reason for poor motivation; 

11. The WPS and welding instructions should be used in the welding workshops. 

During the HFDT training stage, knowledge about WPS, welding instructions, and 

related ISO standards are given to the welding personnel. In the LCEPRS stage, try 

to discover this problem is the most significant issue; 

12. This problem will be solved during the HFDT training stage. Welding personnel 

should be taught about ISO welding standards and simple welding theory ; 

13. The theory of ‗cognitive dissonance‘ presented by psychologist Leon Festinger 

(Slavin E. Rovert) can be one reason for this problem. The welders‘ physiological 

factors are influenced by the social atmosphere. On the one hand, they may not like 

welding work because of the poor working conditions, and on the other hand, the 

welders want to show others (friends, relatives, and other persons) how honorable 

their work is; this contrast will definitely cause cognitive dissonance. In order to 

eliminate a sense of cognitive dissonance, a high wage is one way for rechanneling 

of activities. To some extent, enterprises should generate a more positive salary 

system to avoid cognitive dissonance; 



76 

Quality Control based on Solving Existing Problems 

14. This problem is partly because of working attitude, and partly because of a lack of

training. The upstream workers do not know about the importance of welding

quality, and the significance of upstream processes to welding quality. The HFDT

training will give workers the necessary awareness and help workers to adjust their

working attitude. To some extent, this solution can also linked to the incentives and

disincentives system;

15. Ineffective and uninspiring management is a common problem in China and time is

needed to improve the situation. In the LCEPRS stage, a possible solution would be

to implement new and more effective structures, like the WQMC system. Also in

the HFDT training stage, the modern and advanced management ideas are

introduced to the management team;

16. The problem is related to management style and decision-making, the salary system,

and the incentives and disincentives system. The enterprise should make efforts to

change the circumstances to inspire the welders;

17. This problem is partly because of designers lacking knowledge of welding

production and partly because of the limited communication between the design

and manufacture departments. Implementation of the WQMC system will be a good

solution to solve this problem;

18. Changes to the incentives and disincentives system will help to solve this problem.

For employees to take responsibility, they must be rewarded for such actions.

Management-level employees who do not fulfill given tasks must get a

corresponding punishment;

19. Implementing the HFDT training strategy will help to solve the problem. During

the LCEPRS stage, an important task is to gain a clear understanding of the ISO,

GB and JB standards needed;

20. There are 3 reasons for the waste problem: poor management systems, poor

working practices, and an unhealthy corporate culture. The management system

should include the responsibility to avoid waste, and wasteful activities can be

restrained by using appropriate punishment. The welders may have poor working

habits and be unaware of opportunities to reduce waste. Appropriate skills and

knowledge can be trained during the HFDT strategy. An unhealthy corporate

culture will lead to gratuitous waste; if the enterprise does not consider the feelings

of the welders, the welders will reciprocate by not making efforts to help the

enterprise save costs during daily work;

21. Try to make the welding electrical power source in an isolate situation. Other

working electrical power supplies should not affect the welding electrical power

source, especially in workshops which have heavy duty cranes.

22. As with problem number 20, a healthy corporate culture and correct working

practices should be established to avoid the wrong use of the tools. Working

practices can be trained during the HFDT strategy;

23. Ergonomic issues is one part of the WQMC system. During the training, the trainers

will give explanations of the right working styles. In the incentives and

disincentives system, some consideration of ergonomic issues needs to be made.

Additionally, in some situations, alternative tools and equipment should be

available to meet the ergonomic work requirements;
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24. From the research of job matching theory (Maslash, 1997; Mo Lei, 2007), overtime

work, the control ability, the salary, the social environment, the fair environment

and the working value will lead to the work laziness. The laziness of the workers is

rooted in a flawed salary system, overtime working, and an inappropriate incentives

and disincentives system. If material and spiritual encouragement in the company is

missing, the welders are always have inertia activities which will lead to less

attention of quality. In some companies, there is a great amount of overtime work.

The long working hours will cause the inertia and lack of quality awareness;

25. It is because of historical reasons and human factors. The Chinese social structure is

historically an agricultural society. Agricultural societies require people to learn to

follow orders (natural laws and parents‘ experiences), otherwise crops are hard to

cultivate. This behavior has a history of over 2000 years and influences modern

Chinese people‘s activities. The societal background leads to authoritarian

management styles and influences policy decisions. The position is controlled the

discourse and speaking rights. A problem raised by a welder receives much less

attention than if it is raised by a designer or manager, but to some extent the

welders know more about welding problems. New ways of communication should

be established in the enterprise if it is an authoritarian and hierarchical organization;

26. A new system for reward and punishment should be constructed in Chinese

enterprises. Rewards always have much better effects than punishments. More

incentive and rewards announcement are needed in the Chinese enterprises. Wage

punishment and expulsion threats should be forbidden immediately;

Because the database can be updated along with the changing situation of the development 

of Chinese welding industry, the problems and solutions‘ order in LCEPRS strategy is not 

strict. During the implementation processes of LCEPRS, according to the case study 

experiences, the problems are better to be solved by categories of 5M1E. 
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6 Results and Discussion 

Chapter 6 first presents a brief overview of the complete implementation process of the 

WQMC system and then discusses the results of its implementation in 3 case projects in China. 

In addition, areas requiring further research and aspects related to this topic will be discussed. 

6.1 Complete Implementation Process of the WQMC System 

The complete implementation of the WQMC system includes several steps. Before the system 

implementation, the enterprise should make the decision to adopt the WQMC system, hold 

mobilization meetings for the employees, prepare the NEMS systems, and make a financial 

plan for the activities. During the implementation steps of the WQMC system, the personnel 

structure analysis, the survey and interview work, the documentation work, the rectification of 

the manufacturing processes, the LCEPRS stage, the HFDT stage, the TWM and LEAN 

theory implementation, the modular design methodology implementation and the ISO 3834 

requirements implementation should be all well planned and conducted. After implementation 

of the WQMC system, the results discussion forums, the PDCA cycle and the future 

improvement plan should be established. Awareness among the personnel of the importance 

of welding quality and how welding quality is achieved is the most significant aim of the 

implementation of the WQMC system. The flow chart below depicts the main steps in 

implementation of the WQMC system (Figure 46): 
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Figure 46. Flow chart of WQMC system implementation 

6.2 Case Project Results of Implementation of the WQMC System 

This section presents the results of implementation of the WQMC system in the three case 

study projects. The related photos and data were collected from the companies by their 

inspection or quality department managers and the welding engineers or welding foremen. All 

the data and photos are from daily work and are from the period March 2013 to July 2014. All 

3 enterprises had implemented the WQMC system for more than 1 year. For reasons of 

commercial confidentiality, the enterprise cannot supply specific information, data, 

dimensions or parameters related to their products. Comparative information for before and 

after WQMC implementation is given. 
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6.2.1 Case One: Company A 

All the photos and figures are collected from the quality report of the welding engineer of 

Company A. The author did not make any modification to the language and data in the figures. 

1. Product welding follows regulations (the welding quality is increased as less repair work 

is required. The photo series gives examples of areas of improvement (Figure 47 a-p)): 

 

  
                  (a)                                         (b) 

  
(c)                                         (d) 

  
 (e)                                       (f) 
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(g)  (h) 

(i)  (j) 

(k)  (l) 
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(m)  (n) 

(o)                                         (p) 

Figure 47. Welding process improvements in products of Company A 

Explanation of each photo: 

(a) Improvement of the welding joint appearances from the material preparation aspects; 

(b) Use of welding test specimens to test the welding quality, WPS, and welder skills; 

(c) Flatness and appearance inspection before welding are according to the requirements; 

(d) SAW process based on the requirements of WPS. The VT test is OK; 

(e) Assembly according to the regulations; 

(f) Process of careful dimension check during the assembly; 

(g) Fixed position of the assembly process; 

(h) The VT test is certified before the long welding joint welding; 

(i) Each product has a series number in order to enable quality tracing; 

(j) The VT test is certified after the long welding joint welding; 

(k) The assembly welding for small parts; 

(l) The assembly welding for small parts and cart; 

(m) Fine grinding in order to meet the requirements of the welding regulations; 

(n) The test is certified for small parts and cart welding; 

(o) Final inspection for the product certification; 

(p) Product installation in the customer‘s workshop. 
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2. Welding products summary and analysis 

Complete the welding imperfection analyse of the inclined plate and the main girder: find the 

reason of the welding defects, ensure the welding quality of the product. This work is a part of 

the implementation of WQMC system. During the implementation of WQMC system, the 

problem solving and analyse is significant. 

 

3. Welding equipment control 

Figure 48 below describes Company A welding equipment control. 

 

 
Figure 48. The equipment control situation in Company A 

 

Spare parts of X brand welding machine are expensive. In order to reduce costs, Company A 

welders design and manufacture the parts themselves. Welding flux recovery is a way to 

reduce costs. Company A welders use self-made dust bags to replace the X brand product, 

which reduces cost. The broken parts that cannot be made by Company A need to be 

purchased, but all the purchase process will be followed by the X brand products‘ instructions. 

Waste and redundant purchases are avoided. 

 

4. Welding consumables replacement (decrease the cost) 

According to the cost analysis by the welding engineer, replacement of X brand welding wire 

and welding flux by Chinese local brand products can lead to some cost savings. Tests show 

that there is no change in the welding quality. Figure 49 (a-b) shows cost savings from 

replacing welding consumables and testing result. 
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(a) 

 
(b) 

Figure 49. Cost savings from replacement of the welding consumables 

(a) replacement of welding flux helps to decrease the cost 

(b) welding procedure test after replacement of the welding consumables 

 

5. Improve welding procedure (the welding drive cart for SAW) 

The use of a welding drive cart for the SAW and MAG processes clearly increased the 

welding quality compared with manual welding work. The welding drive cart will guarantee 

greater welding penetration and parallel 2 seams welding. This new process will decrease 

welding deformation and remove the need to prepare welding grooves.  
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6. Understanding of the NDT requirements 

Following implementation of WQMC, the welding team have a clear understanding of the 

NDT test requirements for each welding joint. The NDT tests have regulations on which the 

welding team can base their analysis. The NDT is not based on the experience of inspectors 

but conducted following documentation. 

 

7. Welding processes documentation 

The welding engineer and welding technician in Company A make the documentation work 

of the welding processes. All the documents needed and related to the welding works are well 

prepared and placed on file. The documents needing to be fixed on the workshop board to 

show the welders are also made. 

 

8. Other improvement photos 

Other related improvements are illustrated with the photos in Figure 50: reduction in the waste 

of welding flux (Figure 50-a), improved earth wire arrangement for SAW machine (Figure 

50-b), inspection and maintenance table for welding machines (Figure 50-c), the welding 

consumables management regulation (Figure 50-d), warning signs preparation (Figure 50-e) 

and check of the humidity situation before welding (Figure 50-f).  

 

 
(a) 
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(b) 

 
(c) 

 
(d) 
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(e) 

 
(f) 

Figure 50. Other improvements in Company A 

(a) Recycling of the welding flux 

(b) Decreasing the cost from the aspect of submerged arc welding 

(c) Equipment check sheet 

(d) Use of welding materials guide 

(e) Welding flux heating equipment and warning signs 

(f) Before-welding check 
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9. Data Statistics 

According to statistical data from the quality department of Company A, the quality of 

welding has improved following implementation of the WQMC system, and the number of 

welding defects has decreased. Table 11 describes welding defects over a 16 month period. 

After implementation of the WQMC system, the occurrences of welding defects decreased 

and is stable. 

 

Table 11: Number and nature of welding defects in Company A between April 2013 and July 

2014 

Months Number of Welding Defects Occurrences (times) 

2013.4 10 (porosity 9, lack of fusion1) 

2013.5 4 (porosity 2, lack of fusion 1, lack of penetration 1) 

2013.6 4 (porosity 1, lack of penetration 2, undercut 1) 

2013.7 3 (porosity 1, undercut 1, lack of fusion 1)  

2013.8 5 (porosity 1, undercut 1, lack of penetration 2, lack of fusion 1) 

2013.9 2 (porosity 1, lack of fusion 1) 

2013.10 2 (porosity 1, lack of penetration 1) 

2013.11 3 (porosity 1, lack of penetration 1, lack of fusion 1) 

2013.12 2 (lack of penetration 2) 

2014.1 1 (porosity 1) 

2014.2 2 (porosity 1, undercut 1) 

2014.3 4 (porosity 1, lack of fusion 1, crack 1, lack of penetration 1) 

2014.4 2 (porosity 1, undercut 1) 

2014.5 3 (porosity 1, lack of fusion 1, lack of penetration 1) 

2014.6 1 (undercut 1) 

2014.7 3 (porosity 1, lack of penetration 1, undercut 1) 

 

Figure 51 illustrates the trend for monthly welding defects. 
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Figure 51: Number of welding defects per month (April 2013 to July 2014) 

The amount of welding defects indicates the efficiency of the quality manage system 

implemented in a company. The implementation of WQMC system guarantee the personnel 

get enough knowledge about welding quality and the quality control system can be well 

operated inside the company. As can be seen from Figure 51, in the first month (2014.4) there 

are 10 occurrences of welding defects. At this time, the WQMC system had not been 

implemented in Company A. After implementation of the WQMC system, the number of 

welding defects has a decreasing trend. Although the number of welding defects fluctuates 

after implementation of the WQMC system, the range is acceptable according to the quality 

requirements. Furthermore, the fluctuation is statistically normal. It can be seen from the table 

and figure that implementation of the WQMC system has a positive effect on the quality of 

Company A welding products.  

6.2.2 Case Two: Company B  

All the photos and figures are collected from the production manager who responsible for the 

WQMC implementation project in Company B and the quality manager‘s quality report. 

1. Training and improvement summary

Training lecture contents are: welding symbols, ISO 3834 standard, ISO 9606 (EN 287) 

standard, welding terms, WPS and welding instructions, welding deformation, welding cracks, 

welding imperfections and welding defects, ISO 5817 standards, products problems 

discussion and proposals, and welding defects photo discussion. During the case project, 

welding parameter experiments were conducted for one product. As a result of the training 

and improvement activities, welding quality awareness of the welding personnel greatly 

increased and welding quality increased gradually. The occurrence of welding imperfections 

and welding defects decreased. The usage of welding consumables also decreased, as did the 

costs. 
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2. Photos compare (before and after the WQMC implementation) 

Figure 52 and 53 show the contrast in welding quality before and after implementation of the 

WQMC system. Figure 52 (a-n) shows welding defects that commonly appeared before the 

WQMC implementation. 

 

    
(a)                                          (b) 

    
(c)                                       (d) 

    
(e)                                          (f) 
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            (g)                                          (h) 

   
(i)                                           (j) 

   
(k)                                          (l) 
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(m)                                          (n) 

Figure 52. Common welding imperfections and defects before WQMC implementation 

 

Explanation for each photo (ISO 6520-1): 

(a) Clustered porosity (2013) after painting; 

(b) Corrosion because of the welding joint porosity; 

(c) Clustered porosity (2013) after painting; 

(d) Incorrect welding joints; 

(e) Wormholes (2016) in stainless steel; 

(f) Inaccurate welding dimension; 

(g) Welding cracks (100); 

(h) Incorrect welding appearance; 

(i) Poorly made welding joints; 

(j) Excess weld metal (502) (as red cycle shows); 

(k) Metallic inclusion other than copper (304); 

(l) Incompletely filled groove (511); 

(m) Continuous undercut (5011) (as arrow and red cycle shows);  

(n) Spatter (602). 

 

Figure 53 (a-h) shows the welding quality after WQMC implementation: 

   
(a)                                          (b) 
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(c)                                          (d) 

   
(e)                                          (f) 

   
                  (g)                                          (h) 

Figure 53. Welding quality after WQMC implementation 

 

Explanation for each photo: 

(a) Increased welding joint quality; 

(b) Increased welding joint and plug welding quality; 

(c) Increased welding quality for stainless steel; 

(d) Increased fillet welding quality for stainless steel; 

(e) Cleaning processes after welding; 
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(f) Spatter grinding before shifting the work piece to the next process; 

(g) Good welding quality for a plate-tube joint; 

(h) Good seal plug welding quality for stainless steel. 

 

3. Data statistics 

Based on statistical data from the quality department in the enterprise, Figure 54 (a, b) 

presents results of WQMC system implementation in Company B. 

 

 
(a) 

 
(b) 

Figure 54. Total welding defect rate of Company B 

(a) Total welding defects before WQMC implementation 

(b) Total welding defects after WQMC implementation 

 

From the data of Figure 54, it can be seen that the total welding defect rate decreased from 9.3% 

to 5% during one year. And the wrong dimension, porosity, and other defects decreased from 

5.4% to 3.1%, 2.8% to 1.4%, and 1.1% to 0.5% respectively. Figure 55 presents the welding 

repair rate and the welding imperfection rate. 
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Figure 55. Welding quality improvement of Company B 

 

From Figure 55, it can be seen that the welding repair rate decreased from 5% to 3%, and the 

welding imperfection rate from 3.3% to 2% one year after implementation of the WQMC 

system. 

6.2.3 Case Three: Company C 

Results for Company C are presented as photos illustrating the company welding workshop 

from the zero point to the completed layout and start of the welding work. The layout 

arrangement is based on the WQMC system requirements. During construction of the 

workshop, the welders were participating in the HFDT strategy. 

 

1. Training and improvement summary 

Training lecture contents are: welding symbols, ISO 3834 standard, ISO 9606 (EN 287) 

standard, welding terms, WPS and welding instructions, welding deformation, welding cracks, 

welding imperfections and welding defects, ISO 5817 standards, welding strength and design 

for designers, products drawing discussion and proposals and welding defects photo 

discussion. During the case project, welder skill tests were conducted. As a result of the 

training and improvement activities, welding quality awareness of the welding personnel was 

greatly increased.  

 

2. Photos comparison 

The photos (Figure 56 a-h) illustrate the welding workshop layout arrangement developed 

while implementing the WQMC system. 
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                   (a)                                           (b) 

   
                   (c)                                           (d) 

   
                   (e)                                           (f) 
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                   (g)                                          (h) 

Figure 56. Development of Company C welding workshop layout and product quality 

 

Explanation for each photo: 

(a) Area for welding workshop; 

(b) Cranes for welding manufacturing; 

(c) Area for welding, cutting, and bending work; 

(d) Area for laser cutting; 

(e) Layout of welding stations; 

(f) One welding station; 

(g) New welding machine and moving cart; 

(h) Welding work piece on the station. 

6.3 Discussion  

For the research of the build of a welding management system which is using and focusing on 

the Chinese industry, society, geographical and human factors in the author‘s study, the 

research topics are: 

 How to build and design the structure for a reliable, functional, and suitable 

welding control management system using in China? 

 After the structure of the system is find out, how to build and design each part of 

the system (define WQMC)? 

 The build and design of a welding staff training strategy –HFDT. 

 The build and design of a problem solving database – LCEPRS. 

 Use the existing methods to complete the WQMC system – use of TWM, LEAN, 

modular design, and ISO 3834. 

 Use the improvement thinking methods to optimize the current Chinese welding 

manufacturing processes in order to complete the WQMC system. 

 

Those research topics or questions constitute the study of this thesis. Each of the questions or 

topics was studied during the case project. The build of the WQMC system can solve and 

answer those research topics or questions. After the implementing of the WQMC system in 

the Chinese industry, a positive result was found. The WQMC system have the function to 
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help the Chinese welding factories to control their manufacturing quality, increase the 

productivity, and meanwhile reduce the processing cost.  

6.3.1 Assessments of the Results 

The WQMC system implemented in three different companies had positive results according 

to company statistics and feedback from welders, inspectors, and welding coordinators. The 

results indicate that the WQMC system is suitable for Chinese welding enterprises to utilize in 

their company management. The WQMC system will help Chinese welding enterprises to 

improve product quality and productivity, and decrease welding manufacturing cost.  

The HFDT strategy helped the Chinese welding enterprises to improve the level of knowledge 

of their staff. Welding manufacturing and design personnel can get improved training from 

the implementation of this strategy. The design of the training program, the qualifications of 

the trainer and the arrangement of the classroom were seen as effective drivers for the training 

developed in the three companies. Based on the results of this research, the HFDT strategy is 

suitable for use in Chinese welding enterprises. The LCEPRS database is a concept that can 

help Chinese welding enterprises to improve their daily work not only from the production 

aspects, but also from the human factor, culture, and management aspects. The LCEPRS 

database can help Chinese welding enterprises to find and solve their inherent problems 

efficiently and easily based on the case project results and data collection. In this research, 

only one company had launched the ‗modular design‘ methodology. More examples of this 

approach in the future will help to verify the effects of the ‗modular design‘ methodology. 

Data collection and statistics is not very sufficient because some of the data is the confidential 

information in the company.  More statistical data would definitely help to confirm the 

results of the WQMC system implementation. The data collected from company A and B is 

sufficient to illustrate the positive effect of the WQMC system. The photos illustration of 

company C also have the similar positive effect. According to the assessments, the basic 

research results are reached. The implementation of WQMC system gives the positive result 

for the companies in the case project. 

6.3.2 Key Findings and Utilization of the WQMC System 

There are some basic findings for this research: 

 The Chinese welding industry, not only big scale factories, but also the tremendous

amounts of middle and small scale factories, need a well-organized quality management

and control system to be implemented in their daily work at nowadays circumstance.

The WQMC system, by implementing in three different welding related companies in

the case project, can meet the requirements of the Chinese welding industry. After the

WQMC system was implemented in the factory, the good result and positive trend of

quality, productivity, and cost are generated.

 The HFDT strategy, part of the tools in WQMC system, is well worked in the whole

processes. It definitely increase the quality awareness of the welding manufacturing
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related staffs. This HFDT strategy, can also be isolated implemented in a Chinese 

welding company in order to give a well-organized knowledge training for the staffs. 

 The LCEPRS database, also a part of tools in WQMC system, is definitely helping the

Chinese welding companies to find and solve their problems from the beginning of the

welding factory building. The LCEPRS database also helps the Chinese welding

factories who has a certain amount of welding production to improve their works.

 All the WQMC system and its related tools (HFDT, LCEPRS, and modular design) can

be utilized in different geographical and industrial areas in China. In some particular

situation (in big scale companies or possible confidentiality requirements companies),

those companies can have their own requirement to complete their own WQMC system,

not have any limitation or restricts.

6.3.3 Future Research Topics 

Different research topics related to welding manufacturing quality management are listed. 

The topics will help to make the improvement of WQMC system in the future. Some of the 

topics were already partly discussed in the author‘s publications.    

 How to build a more positive incentives and disincentives system in enterprises in

China and developing and newly industrialized countries? Now, according to the

interviews and observations by the author in the case project, most Chinese enterprises

have a relatively backward incentives and disincentives system. The managers and

administrators always want to use punishment to correct mistakes. The punishment

ways are always amercing. Some of the punishments meted out in Chinese enterprises

are wholly inappropriate, disproportionate and self-defeating. On the other hand, hard

work and positive progress do not acquire the appropriate rewards. In modern

management, the reward should inspire the employees‘ working enthusiasm and overt

punishment should be avoided. In future study, how to build a positive incentives and

disincentives system suitable for the Chinese cultural and industrial context should be a

significant topic. An effective and incentivizing system will help the WQMC system

become more efficient. The new reward system can be included in NEMS system, or be

included as one part of the WQMC system (Publication 4).

 How to build an effective salary system for welders in China or developing and newly

industrialized countries? According to author‘s observations and interviews, most

welders are not satisfied with the salary system currently implemented in Chinese

enterprises. On the one hand, it should be remembered that welders would always like

higher wages, but on the other hand, the current salary system really has some wrong

and ineffective places. One common way in current system of deciding pay is by

working hour. The problem with this system is the low hourly wages. Also, the

negotiation of man hour quota is not in a right way. Welders always unsatisfied the

working hour amounts. Future study should research more effective patterns of

remuneration. A badly-designed salary system reduces welders‘ motivation and

negatively affects the quality of the work done.



100 

Results and Discussion 

 Ergonomic issues as they relate to welders require further research. With the

development of new technological applications in the welding industry, the welders will

have lower working labor intensity. The welders really need improvements in working

conditions because currently they carry out their work in a poor working environment.

The ergonomic research will help the welders to find a relaxed, free, and harmonious

way to do their daily work. And without doubt, better working conditions will definitely

help the welders to reach a good welding quality and increase the welding productivity

(Publication 5).In this study, the metallic welding parent materials are mainly steel and

its alloys. In future study, other metallic materials and their alloys should be researched

as they require different welding methods. MIG, MAG, SAW, and TIG welding are the

most used manufacturing methods in the case projects. Other welding processes like

laser welding, hybrid welding, or gas welding could also be studied in future if needed.

The central theory of the WQMC system does not change with the welding technique

and materials used, however different ISO standards are used, document preparation

differs, and because of the different nature of the various techniques there are changes

in the working conditions and educational background of the welders.

 Also, the e-learning of the welding knowledge can be a fashionable choice at the

moment. It is a research trend in future to make the e-learning HFDT system. With the

developing speed of the Chinese internet environment, the e-learning HFDT system can

be an effective and cheap choice for the welding manufacturing companies.
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7 Conclusions 

The conclusions of this research thesis and case projects are: 

The development of the welding production quality control management system model in 

China (WQMC) was invented and implemented. This welding quality control and 

management system has some new components compared with other existing systems. The 

WQMC system has a total control strategy for personnel, training, problem solving, materials 

and production processes. The WQMC system comprises: HFDT strategy, LCEPRS, ISO 

3834 core system, the modular design, and TWM and LEAN theory. The WQMC system was 

implemented in three companies as case projects, and each company noted an increase in 

quality and reduction in costs. 

The build of the human factor designed training system (HFDT) strategy is another topic of 

the thesis research. The HFDT strategy includes lectures, case study, discussion, audio-visual 

material and visits in order to attain the most suitable training for the welding industry in 

China. The HFDT strategy imposes requirements for the trainers and the classroom facilities. 

The HFDT strategy was implemented in the three case companies for more than 10 training 

topics. Each case company received feedback that the HFDT strategy helped their employees 

with issues related to welding production and resulted in increased awareness of the 

importance of welding quality and greater knowledge of welding production. 

Construction of the localized congenital existing problems solving action strategies (LCEPRS) 

database was the third research area of this thesis. The author used interviews, surveys, 

observations and discussions to understand the most common localized congenital existing 

problems in the Chinese welding industry. The LCEPRS database also contains problem 

solving suggestions for the problems identified. Implementation of LCEPRS will help 

Chinese welding enterprises become aware of fundamental problems and use systematic 

approaches to address them. 

The use of modular design methods to arrange and change welding production is a potentially 

significant development in the Chinese welding industry. The thesis gives a brief explanation 

of modular design theory and its implementation in welding production. Modular design 

methods will help companies attain improved quality, decreased costs, and increased 

productivity. 

Use of ISO 3834 as the core of the WQMC system is the central idea of the research. 

Definition of the NEMS systems is important. Before implementation of ISO 3834, the basic 

underlying systems and structures must be in place. The thesis explains and defines the 

relationships and the fundament of the systems. Use of TWM and LEAN theory in the 

Chinese welding industry and combining the TWM theory into the WQMC system is the last 

research topic of this thesis. TWM has thus far been implemented primarily in the USA and 

some changes are required before it is suitable for use in China. The WQMC system contains 

the essential parts of the TWM theory and extends this theory into the Chinese context. 
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Personnel 

Senior executives: 

The relationship between governments? 

Welding coordination team: 

The working attitude? The qualification certification and education 
background? Research ability? Number of welding coordination personnel? 
IWE? IWT? IWS? What the proportion of IWE/IWT/IWS? How about the basic 
knowledge of welding technology for them? According to ISO3834-5 Table 2? 
The files keeping and inquire for welding coordination team qualification 
certification? 

Welders and workers: 

How many workers are there? Their working attitude? Working efficiency? 
The real skill level (not only based on the qualification certification)? If they 
are qualified by the standards? How about the proportion? How many 
technicians or higher? According to ISO3834-5 Table 1? Where are the 
welders come from (hometown)? The reward system in this workshop? 
Human resources outflow? The work system (8 hours)? If there are training or 
course? The qualification methods? Welfare system for workers? The age 
structure of the workers (how many young, how many elders)?  The 
education background structure of the workers? If there are outsourcing 
workers? Proportion? If they are qualified? Their salary compare with other 
workers? The files keeping and inquire for works qualification certification? 

Inspection team: 

If they are qualified? Proportion? Number of people in inspection team? The 
working attitude? According to ISO3834-5 Table 3? If there are 3rd party 
inspection team? Their certification?  

Other personnel: 
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The warehouse keeper: how about their sense of responsibility?  

The purchase team: how about their working attitude, ability, sense of
responsibility, and loyalty? 

Equipment and machines 

The biggest product size for the workshop (the size of the working area)? The 
manufacturing ability for the equipment? If there are sufficient test for the 
new machines? If the cables, tubes, connectors for all the equipment is in a 
good condition? Is the calibration and verification for equipment based on
ISO3834-5 Table 9? From the ISO3834, if there are no special requirements, 
the welding machine and heating equipment do not need certification. 

The electronic power supply for the workshop: 

If it is stable (always power failure or not)? The frequency of the power? If the 
voltage is stable? 

The welding machines: 

Brand? Numbers? Maintain methods and cycle? Repair methods? Type of the
machines? Price? For the auto-welding machines, how about the control 
system stability? The wire feeder situation is good or not? 

Cutting equipment: 

Brand? Numbers? Maintain methods and cycle? Repair methods? Type of the
machines? Price? The manufacturing ability for the cutting equipment?  

Heating equipment: 

Brand? Numbers? Maintain methods and cycle? Repair methods? Type of the
machines? If there are thermometer for the PWHT equipment? The situation 
is good or not? The most heating ability for the equipment? If there are oven 
or vibration machine for the consumable prepare? 

Fix-up and jigs: 
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How to design the jigs? Is it set properly before manufacturing? Who is the 
manufacturer of the jigs? 

DT and NDT equipment: 

Brand? Numbers? Maintain methods and cycle? Repair methods? Type of the
machines?  

Other equipment: 

The crane and lifting system is qualified? How to maintain? The biggest lifting 
ability? Repair methods? The surface cleaning tools is sufficient (steel brush)?
The welder protection products are sufficient (goggles, gloves, overalls, 
boots—those will related to the worker’s attitude)?  

Materials 

If there are material test for the base material receive (material qualification 
certification, metal components, metallographic, hardness, and other 
mechanic and chemical properties report)? 

The storage methods for the welding consumables? If there are water proof 
and anti-oxide methods? The record for storage is sufficient and complete? If
the storage methods for the base materials is suitable? The storage methods 
of the shielding gas (brand, gas species, and amount)? 

Before the manufacturing, the pre-heating work for welding consumables is 
sufficient? The industry water supply is stable?  

Manufacturing methods 

If the ISO9000 and ISO3834 requirements are meet? The welding process 
description for each factory. The prepare methods for groove. What welding 
processes are using in each factory? Where for each welding process? How 
about the welding consumables using? Which welding quality control 
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standards are using (ISO9001, ISO9002, ISO3834, and EN 729-2, DIN 
18800-7or GB standards)? Do you have a clear manufacturing plan? How 
about the welding sequence? 

WPS issues: who is responsible for the WPS? WPS is based on which standards?
Do you have WPQR? How long for the keeping period of the test specimen? 
WPS is based on ISO3834-5 Table 4 (all the needed welding parameters are 
listed)? If there are specific welding guide for the required process? If there 
are files keeping for WPS and WPQR? 

DT and NDT issues: what kind of DT and NDT tests are using in this factory? 
NDT are using in which part and which welding joint? The DT and NDT test are
completed by the factory itself or the 3rd party organization? How about the 
proportion? Some of the NDT is done for the necessary welding processes?  

Pre-welding check steps: the qualification certification check for welders and 
welding coordination team? WPS check to ensure if it is suitable? The
certification of base material? The certification for welding consumables? If 
it’s OK to trust the certifications (do you need to test the material properties 
by yourself)? Check the groove size and dimension before welding? Check the 
size of jigs before welding? Check the special requirements in WPS? Check the 
working area before welding? 

Welding work check: check the welding parameters for each welding joint (U, 
I, welding speed, gas flow and so on based on WPS)? The pre-heating is 
sufficient and proper? Check the surface cleaning of base materials? Check 
the backing is ready? Check the welding sequence before start the work? If
the welding consumable is properly used? If the welding gas is properly used? 
These check list standards are based on ISO 3834-5 Table 7. 

Post-welding check: VT? NDT (PT, UT, MT, RT)? DT? Check the size, dimension 
and shape of the welding parts? If there are records for the post welding 
treatment? If there are file keeping for all the DT, NDT, and post-welding 
treatment? These check list standards are based on ISO 3834-5 Table 8. 

PWHT issues: the record for PWHT should be kept and based on ISO 3834-5
Table 6. 
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The repair work: if there are re-test after repair? The workers understand the
repair methods and know how to do the repair work? Are the repair works 
according to the requirements? 

The quality tracing after production: if those contents are file kept 
(identifications of production plans, routing cards, weld locations in 
construction, NDT procedures and personnel, welding consumable, 
traceability of parent material, location of repairs, location of temporary 
attachments, traceability for fully mechanized and automatic welding units to
specific welds, traceability of welder and welding operators to specific welds, 
traceability of WPS to specific welds)? 

The quality records (must be kept at least 5 years): requirement/technical
review, material inspection documents, welding consumable inspection
documents, WPS, equipment maintenance records, WPQR, welder 
qualification certifications, production plan, NDT personnel certifications, HT 
procedure specification and records, NDT and DT testing procedures and 
reports, dimensional reports, records of repairs and non-conformance reports, 
and other required documents. 

Environment and safety 

The welding area and other welding area cleaning requirements? If there are
sufficient wind and rain proof facilities for the welding workshop? Is the entire
work environment clean and orderliness? The dust removing facilities is 
sufficient? Is there are rest area for the welders? What about the working 
time for each day and each week? Is this area has extremely cold winter? Is 
this area has extremely hot and humidity summer? If there are safety working 
course or education for the workers? The layout for electricity cable, water
supply tubes, and gas cables are good and accepted? The layout for all the 
equipment in the workshop is good and accepted? Is there constant humidity 
and temperature system in the workshop? How about the waste recycle 
situation (in the factory there have special places for scrap materials)? If the 
workshop meet the GRC environment qualification? Is there have noise 
control method for the workers? If there are air condition in summer and 
heating system in winter for the workers? 



113 

Appendix II: The WPS Form Example

Appendix II: The WPS Form Example 





Publication I 

Yang, X., Kah, P., and Martikainen, J. (2015) 

Analysis of Chinese Welding Industries Today and in the Future (Focus on Cost, 

Productivity, and Quality) 

Reprinted with permission from 

International Journal of Mechanical Engineering and Applications 
Vol. 3(6), pp. 127-133, 2015 

© 2015, Science Publishing Group 





 
International Journal of Mechanical Engineering and Applications 
2015; 3(6): 127-133 

Published online December 21, 2015 (http://www.sciencepublishinggroup.com/j/ijmea) 

doi: 10.11648/j.ijmea.20150306.15 

ISSN: 2330-023X (Print); ISSN: 2330-0248 (Online)  

 

Analysis of Chinese Welding Industries Today and in the 
Future (Focus on Cost, Productivity, and Quality) 

Xiaochen Yang, Paul Kah, Jukka Martikainen 

Laboratory of Welding Technology, Lappeenranta University of Technology, Lappeenranta, Finland 

Email address: 
xiaochen.yang@lut.fi (Xiaochen Yang), paul.kah@lut.fi (P. Kah), jukka.martikainen@lut.fi (J. Martikainen) 

To cite this article: 
Xiaochen Yang, Paul Kah, Jukka Martikainen. Analysis of Chinese Welding Industries Today and in the Future (Focus on Cost, Productivity, 

and Quality). International Journal of Mechanical Engineering and Applications. Vol. 3, No. 6, 2015, pp. 127-133.  

doi: 10.11648/j.ijmea.20150306.15 

 

Abstract: This paper make a detailed survey and research about the real situation about Chinese welding industry, and the 

future cooperation suggestion between Finland and China in this area. This topic was approached by searching for the latest 

and most accurate information through interviews, site visits, websites, books and promotional materials. The site visits are the 

most important. The destination cities in China cover a large range from northern to the southwestern areas in China. More 

than 15 professional welding factories or factories which have a welding workshop were visited, and based on discussions and 

an investigation in those factories; detailed and reliable data was collected. By using and analyzing that information, a general 

profile of modern Chinese welding factories was generated. 
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1. Introduction 

Finnish and European welding factories are currently 

finding it difficult to hire professional or expert welders 

because the lack of labor force. Many companies choose to 

buy welding products from China, and therefore, more and 

more Chinese welding factories become subcontractors to 

Finnish contractors. As a result of this trend, Finnish 

companies wish to obtain the latest and most accurate 

information of the status of the Chinese welding industry and 

factories in order to support their business decisions. The 

background of this paper is the HitNet-Global project of 

TEKES. One aim of this project is to understand the real 

situation of the Chinese welding industry exactly. The 

information about Chinese welding industry will be collected 

from Chinese welding institute, Chinese welding factories 

and some of the Chinese universities. The information 

includes the welding productivity, the welding cost, and the 

quality control situation in China. 

After the survey period, many problems were found in the 

welding processes in Chinese welding factories. How to 

balance the low cost and unsatisfactory quality of Chinese 

products nowadays becomes the top significant issue does 

not only exist in the welding industry. A more better and 

reliable regulatory approach or a more proper qualification 

system of Chinese welding factories should be studied in 

future as quickly as possible[12, 15]. 

In conclusion, a mutual understanding of the culture, 

lifestyle and customs between the East and West also play an 

important role in future cooperation. 

2. Overview of Welding Industries in 

China 

The welding industry is one of the most important 

branches in the Chinese manufacturing industry. According 

to a report on the Beijing Essen Welding and Cutting Fair, the 

exhibitors’ number has increased 12.36%, while the 

professional visitors’ number has increased by 45.82% and 

the exhibition space by 33.23% during 2009 and 2010 [1] [2]. 

The increasing trend indicates that more people were 

interested in the welding industry, and more foreign 

companies regard China as their significant partner in 

cooperation and their present and future market.  

This study on the Chinese welding industry is divided into 

two areas: research on welding equipment and new welding 

technologies, and the application of welding methods. 

Research on the first subject area is carried out in 

professional institutes, universities, and large enterprises. The 

examination of the second subject area covers nearly all of 
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the areas of China which is include steel structure 

manufacturing, ship building industry, construction machine 

fabrication, high pressure vessel assembly, and chemical 

metallurgical industry. 

There are all types of welding processing workshops in 

China: small and medium-sized workshops, and large-scale 

welding factories. The private small and middle-sized 

workshops occupy a large market share in China. Many large 

factories are closing their welding workshop and moving their 

welding work to smaller companies, thus focusing only on 

their assembly plant. This kind of cooperation pattern is 

becoming the prevailing trend not only between foreign 

companies and Chinese subcontractors, but also between state-

owned enterprises and small private factories within China. 

In the field of international commercial cooperation, 

Finnish companies also perform a great deal of commercial 

activities in China, but choose different cooperation patterns. 

Some companies choose Chinese welding factories as their 

subcontractors, and the final assembly work of their product 

is finished in Finland. Others choose to build their own or 

joint venture factories in China in which all work from 

welding to machining and assembly is carried out. However, 

the targets of all of the Finnish companies are same: higher 

productivity, lower costs, and reliable quality. 

A Finnish company J, which is specialized in the design, 

manufacture, and service of hydraulic piling equipment, has 

chosen the first cooperation mode and cooperates with a 

specific Finnish agency called Ea (see Figure 1) [3]. 

The agency is in charge of the contact with Chinese 

industry, the quality control, machine part transport, and 

contracts with Chinese suppliers. 

 

Fig. 1. The cooperation model between Finnish and Chinese welding 

industries. 

The other collaboration model – building factories in 

China – requires Finnish companies to understand the 

Chinese welding industry more accurately and in detail. 

However, most of the small enterprises in Finland or Europe 

do not have much experience of collaboration with Chinese 

industry.  

3. Case Studies 

Three aspects of Chinese welding factories will be 

examined: the productivity, the economy and cost, and the 

quality control system. Productivity is determined based on 

the following factors: the number of workers (welders), the 

customers, workers’ qualification, the plant situation, 

equipment and machines, auxiliary materials and gases, the 

environment and climate conditions, and other factors. 

Economy and cost are analyzed based on the wages of staff 

(workers and management teams), the cost of materials (main 

material and auxiliary materials), the cost of processing, the 

cost of logistics, the margin and turnover, and other factors. 

Quality and quality control are determined by the processing 

methods, the welding procedure qualification record 

(WPQR) and welding procedure specification (WPS), human 

and cultural factors, the assessment and training of welders, 

inspection methods, the maintenance and repair of 

equipment, storage conditions, and environmental and 

climate conditions. The final objective is to find out the most 

suitable Chinese subcontractors.  

In this section, all of the information above on six Chinese 

welding factories or workshops in different areas and 

industries will be listed. The information is based on the site 

visits by the author to each factory. 

3.1. Company A 

The main product of this factory is hydraulic support for 

coal mines. This factory is located in Beijing, North China 

[4]. 

 

Fig. 2. Working environment of Company A welding factory (photo by 

author). 

Number of workers: 6 welding workshops, almost 1000 

welders. 

Workers’ qualifications: 1/4 of the welders are senior 

technicians, and 3/4 of them are intermediate technicians. 

Every welder in this factory has a welding technician 

certificate. 

Plants: Welding plant, machining workshop, and cutting 

workshop. 

Manufacturing tools: CO2 MAG and MMA welding. 

Materials: Main material: steel board, steel type: Q550, 

Q460, Q690 (based on GB221-79, the China national 

standards). 

Welding wire: flux-cored welding wire: type 77, 78, 702; 

solid welding wires: JL-80M. 

Environment: No special temperature and humidity control 

method. 

Logistics costs: Highway and railway transportation, 

shipping. 

Processing costs: Water, plant transport, propane gas, 

oxygen gas, and electricity. 

Other costs: Equipment depreciation, warranty service, 
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and rework cost for defective products. 

Turnover: 3 billion RMB yuan in the year 2010. 

Processing steps: Raw material cutting →  cold 

machining (some parts) → heat treatment → riveting and 

welding (spot welding and assembly) → aging process 

(some parts) → seam filling welding → cold machining 

(some parts) → assembly. 

Cultural factors: Zhangjiakou city (Hebei province), 

Huludao city (Liaoning province), and Shijiazhuang city 

(Hebei province), North China. 

Worker training: Security assessment and skill assessment. 

Inspection methods: Personnel from the quality assurance 

office. The following aspects are inspected: appearance of the 

welding seam, size of the part, welding slag, gas stoma, oil 

pollution, and quality of the welding seam. 

Machine maintenance: Everyday basic cleaning and 

weekly professional maintenance. 

Material storage and treatment: Special warehouse and 

pretreatment in order to remove rust. The storage of steel 

board inside will reduces the corrosion. 

Environment and climate: The dry and cold winter 

requires preheating of the materials. Warm method (heating 

system in the workshop) for welders. 

3.2. Company B 

The main business of this factory is machining for steel 

structures. This factory is located in Shijiazhuang city, North 

China [5]. 

 

Fig. 3. Working environment of Company B (photo by author). 

Number of workers: 50 workers, 10 of them are welders. 

Workers’ qualifications: Two of the welders are senior 

technicians, five are technicians. All other workers are senior 

technicians. 

Plants: Two workshops; the total area for welding is 2650 

m2. The courtyard area for storage and truck parking is 1200 

m2. 

Manufacturing tools: MIG (Argon as shielded inert gas) 

welding machine × 1; MAG (CO2 as shielded active gas) 

welding machine× 2 (Chengdu Gaoxin KH-350); AC MMA 

welding machine × 5 (Hebei welding machine factory BX3 

500J and BX1 500). 

Materials: Stainless steel, aluminum, carbon steel, and 

copper. 

Environment: All the welding works are certified by the 

Chinese National Environment Performance Assessment. 

Noise, waste gas and water emissions all meet the standards. 

The temperature and humidity do not influence welding 

works in the North China area. 

Workers’ salary: 2500 to 3000 RMB yuan per month. The 

workers’ wages account for the 1/3 of the total costs of the 

factory. 

Materials costs: According to the market prices. The cost 

of materials is approximately 1/3 of the total costs. The price 

of 5 mm thick steel board was approximately 5000 RMB 

yuan per ton in the year 2011. 

Logistics costs: Logistics, processing and other costs are 

roughly 1/3 of the total costs, and the logistics costs amount 

to approximately 10% of the total costs. Truck, labor and 

petrol costs, highway fees and management fee to the 

government. 

Processing costs: Water (4 to 6 RMB yuan per ton, general 

industrial water price for the year 2011 in North China), 

argon, oxygen, acetylene, carbon dioxide, hydrogen, 

electricity (1 RMB yuan per KWh, general industrial 

electricity price for the year 2011 in North China) and all 

types of welding rods. 

Other costs: Depreciation cost for manufacturing machines 

and cost of equipment loss. For taxes, the middle-sized 

welding and machining factories in North China have a 10% 

margin. The tax costs are approximately 17%, but 12-13% 

will be paid by the customers. The taxes include 1/4 of the 

profit, a channel environment charge, the income tax of 

workers, a disabled worker tax, and an environment 

management tax. 

Turnover: 5 to 6 million RMB yuan per year. 

Processing steps: Engineering drawing reading and review 

→ processing design → manufacturing plan → materials 

preparation →  processing steps (heating treatment) → 

manufacturing (machining and welding) →  inspection 

(every processing steps) → packaging → products ready. 

Cultural factors: Shijiazhuang city, Hebei province (North 

China). 

Worker training: Training in safety and professional skills. 

Inspection methods: The welding size, flatness of welding 

seams, and cracks are the inspected items. The full non-

destructive test (NDT) is conducted only upon the customers’ 

request. 

Machine maintenance: Machine maintenance on Saturdays 

and major machine maintenance annually. 

Material storage and treatment: Steel board and materials: 

indoor environment in the workshop. Welding wire and 

welding rods: special warehouse. The oxygen: isolated 

warehouse. 

Environment and protection: Overalls, special masks, 

welding glasses, and welder gloves. Fan to control the 

temperature in the summer. 

3.3. Company C 

This is one of the largest and most professional 

manufacturers of steel-manufacturing equipment in North 
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China. It is located in the city of Tangshan [6]. 

 

Fig. 4. Working environment of the Company C (photo by author). 

Number of workers: Three welding plants, 20 senior 

welding technicians, 80 welders. 

Workers’ qualifications: Senior welding technicians with 

national boiler and pressure vessel welder certification. 

Plants: 1.4 million mm2, of which 82000 mm2 consists of 

manufacturing workshops. 

Manufacturing tools: MIG (argon as shielded inert gas) 

welding; MAG (CO2 as shielded active gas) welding 

machine (NBC-500 and NB7-500, Tangshan Greatwall 

welding machine factory); AC MMA welding machine; SAW 

machine× 1. 

Materials: K235, Q345, Cr-Mo steel, heat-resistant steel, 

low alloy steel. 

Environment: Pre-heating works for thick steel boards in 

the winter. 

Workers’ salary: 1200 RMB yuan per month, including the 

five insurances and one fund. The technician welders’ wage 

is 2000 RMB yuan per month. 

Materials costs: 60% - 70% of the total costs. 

Logistics costs: 10% of the total costs. 90% of the 

transportation methods are highway transport. 

Processing costs: Welding wire, welding rod, carbon 

dioxide, argon, oxygen, diesel oil, water, and electricity. 5% 

to 10% of the total costs. 

Other costs: The worker’s wage and depreciation cost for 

manufacturing machines and cost of equipment loss is 10% 

of the total costs. The margin is approximately 10%, of 

which 23% is the sales tax. The value-added tax is 17%. 

Turnover: 0.21 billion RMB yuan for the year 2010. The 

average turnover for the past five years is 0.2 billion RMB 

yuan. 

Processing steps: Material re-examination → material 

cutting (CNC flame cutting) → coiling and drilling → 

assembly (spot welding) → seam welding → NDT → 

heat treatment → painting → pressure testing (for boilers 

and containers) → products delivery. 

Cultural factors: Tangshan or Qian’an city, Hebei province 

(North China). 

Worker training: Safety training and certificate check. 

Inspection methods: Material delivery period: ultrasonic, 

chemical component, tensile strength and yield strength tests. 

Welding seam: size checking, ultrasonic, radiation, magnetic 

particle, and penetration detection. 

Machine maintenance: Everyday machine maintenance by 

the maintenance department. 

Material storage and treatment: Steel board: outside 

storage area. Welding wire and welding rods: inside 

warehouse. 

Worker protection: Mask, gloves, flame retardant overalls, 

and workers’ boots. 

3.4. Company D 

Three individual factories: Company D1, Company D2, 

and Company D3. Xuzhou, Jiangsu, eastern and coastal 

areas, construction machinery industry [7]. 

Number of workers: D1: 400 workers; 200 of them are 

welders. D2: The labor productivity is 300 000 RMB yuan 

per one worker per one year. The industry net value added is 

currently 20%. 

Workers’ qualifications: 95% of the workers are post-

secondary technical school students, 70% of them are college 

students. In the key positions, 5% - 10% of the workers are 

undergraduate students. 

Plants: D1: The entire area of the factory is 2666 acres; the 

area of the steel structure workshop is 200 meters×150 

meters. 

Manufacturing tools: D1: MAG (CO2 as shielded active 

gas) welding, MAG inverter welding machine 

(PANASONIC), automation liner welding machine×2, 

welding robot×1. 

D2: MAG (CO2 as shielded active gas) welding, MAG 

inverter welding machine (PANASONIC: KRII 500 or 

LINCOLN welding machine) × 20. Welding wire: MAG 

WELDING CHW-50C6 (Shanghai Atlantic Welding 

Consumables Co., Ltd.). RE: Gas plasma cutting, contour 

cutting, MAG (CO2 as shielded active gas) welding, laser 

welding, and robotic welding. 

Materials: D1: Steel board, steel type: 70 steel. RE: Steel 

board, steel type: medium carbon steel, and Q235. 

Environment: The entire plant basement is covered with a 

whole sealed steel board in order to prevent the leakage of 

petroleum. Thermostat and humidity controlled plants. 

Workers’ salary: D2: the average wage is 60 000 RMB 

yuan per year (workers and middle managers). D1: the 

average wage is 4500–4700 RMB yuan and 1500 RMB yuan 

housing accumulation fund per month for welders. 

Materials costs: 40% of the total costs, the gross profit 

margin of the mechanical industry are currently 

approximately 20%. 

Logistics costs: 1% of the total costs, road transport and 

railway transport. 

Processing costs: Labor costs amount to 20% of the 

processing costs. The total processing costs are roughly 10% 

of the total costs. 

Other costs: The selling expenses are 3% of the sales 

price. Office supplies, a shuttle bus for workers, business 

travel, hospitality, canteen costs, maintenance of other assets, 
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R&D expenses, testing costs, and rework cost; the percentage 

in the total costs is very small. 

Turnover: D2: 2.2 billion RMB yuan last year. D1: 0.98 

billion RMB yuan for 2009, 2 billion RMB yuan for 2010, 

and the prospective turnover for 2011 is 4.5 billion RMB 

yuan. 

Processing steps: D1 and D3: incoming inspection 

(Chemical elements: carbon, manganese, silicon, sulfur and 

other alloying elements. Physical inspection: yield strength, 

tensile strength, and bending strength. Metallographic 

analysis: hardness) → raw material cutting → pretreatment 

(heat treatment) → cold machining (some parts) → heat 

treatment →  riveting and welding (spot welding and 

assembly) → aging process (some parts) → seam filling 

welding → cold machining (some parts) → assembly. D2: 

incoming inspection (Chemical elements: carbon, 

manganese, silicon, sulfur and other alloying elements. 

Physical inspection: yield strength, tensile strength, and 

bending strength. Metallographic analysis: hardness) → 

pretreatment →  cutting →  riveting and welding → 

painting. 

Culture factors: Xuzhou city or other cities in the Jiangsu 

province (eastern and coastal areas). 

Worker training: The regular staff has classes and training 

every year, taught by experts from institutes, professors form 

universities, and engineers from other companies. 

Inspection methods: Ultrasonic testing, magnetic particle 

testing, and turbine testing. The inspection is carried out by 

personnel (200-person team, 10 of them quality engineers) 

from the quality assurance office. 

Machine maintenance: Everyday basic cleaning and 

maintenance, and monthly professional maintenance. 

Material storage: Satisfaction for the national standard 

requirement. 

Worker protection: Protected by special protective gear for 

welding work. 

3.5. Company E 

This is a producer of globally high-end offshore vessels, 

located in Ningbo city, Zhejiang, in the Eastern and coastal 

area [8]. 

 

Fig. 5. Working environment of Company E (photo by author). 

Number of workers: Two welding workshops, 1300-1400 

welders from outsourcing labor force companies. 70–80 

regular staff welders. 

Workers’ qualifications: 1000 welders are intermediate 

technicians. 300 are apprentice welders. 

Plants: Welding workshops for ship body sections and 

small parts. 

Manufacturing tools: Overall, 90% of the welding works 

were finished by MAG (CO2 as shielded active gas) welding 

using a MAG inverter welding machine (OTC: XD 500S; 

PANASONIC: KR II 350; Zhoushan Donghai electrical welder 

manufacturing co., ltd.: MR3151), and 10% of the welding 

works consist of submerged arc welding (Zhoushan Donghai 

electrical welder manufacturing co., ltd.: MZ-1250-2) and MMA 

welding (Zhoushan Donghai electrical welder manufacturing co. 

ltd.: ZXE 1-500). TIG welding and fillet welding are using for 

patches, repair, tube welding or fine welding. 

Materials: Carbon steel board and stainless steel 

(according to the A to E levels). Welding wires: 3Y level 

welding wire, Antai QJ 501 and Jintai 712C. 

Environment: If it rains, welding works is stopped. In 

strong wind, MAG welding is stopped. 

Workers’ salary: The intermediate technician wages are 

3000 RMB yuan per month. 

Materials costs: According to the market price. 

Logistics costs: Highway transport costs and ship transport. 

Processing costs: Water, plant transport, argon, oxygen, 

carbon dioxide, acetylene, machine maintenance costs, 

workshop building repair costs and electricity. 

Other costs: Inventory costs are zero because all the 

warehouse or storage cost is outsourced to storage companies. 

Turnover: 4.2 billion RMB yuan for 2010. Before the 

financial crisis, the turnover was 10 billion RMB yuan per 

year. In 2009, the turnover was approximately 5 billion RMB 

yuan. 

Processing steps: Raw material cutting → small part 

welding or assembly (inside the workshops) → welding or 

assembly of middle-sized parts (partly inside the workshops, 

partly outside) → final assembly on the berth. 

Cultural factors: Nantong city, Jiangsu province (Eastern 

and coastal areas). 

Workers’ training: Security assessment and skill assessment; 

50% of the welders in the factory have welder certification. 

Inspection methods: Incoming material inspection, pre-

welding inspection, welding process inspection, non-

destructive test, and final inspection by the ship register. 

Machine maintenance: Everyday machine cleaning and 

weekly machine maintenance by the specialized personal. 

Material storage: Steel board and welding wire storage in 

a special warehouse. 

Worker protection: All protective equipment such as 

masks or earplugs should be used. 

3.6. Company F 

This is a producer of marine diesel engines, located in 

Shandong province, in the eastern and coastal areas [9]. 
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Fig. 6. Working environment of Company F (photo by author). 

Number of workers: 123 welders. The welder performance 

qualification is based on EN 287 for welding workers and EN 

1418 for welding operators. 

Workers’ qualifications: Qualified by DNV (Det Norske 

Veritas), GL (Germanischer Lloyd), BV (Bureau Veritas), or 

ABS (American Bureau of Shipping). Only Chinese welding 

certification is not accepted for work in company F. 

Plants: One welding workshop, one machining workshop, 

and one assembly workshop. 

Manufacturing tools: Submerged arc welding, MAG (CO2 

as shielded active gas) welding, MMA welding, MIG (argon as 

shielded inert gas) welding, stud welding, and TIG welding. 

Materials: S235 steel board. 

Environment: Well-constructed workshops with constant 

temperature and humidity conditions, and dust exhaust 

machines. 

Workers’ salary: 3000 RMB yuan per month. Overtime 

pay on workdays is 1.5 times the usual pay and on holidays 

and weekends 2 times the usual. 

Materials costs: According to the market price in China. 

Logistics costs: Specific logistics company to manage 

transportation matters. 

Processing costs: The cost of welding seams is carefully 

calculated and divided into processing costs, consumption 

costs, NDT costs, and post-treatment cost. The processing 

costs in company F include shield gas costs (CO2, or 82% 

argon + 12% CO2), propane, welding wire, welding rod, 

welding flux, water and electricity. The total processing costs 

are 20% of the total costs. 

Other costs: UT test: 50 RMB yuan per hour, VT test: 30 

RMB yuan per hour, and MT test: 40 RMB yuan per hour. 

Turnover: 0.6 billion RMB yuan for the entire factory in 

2010. The margin for the welding workshop is 20% to 30%. 

Processing steps: Pre-treatment of materials → material 

cutting → part assembly and welding → painting → 

machining → assembly for the whole product → testing 

→ product delivery. The pWPS is based on EN 15609-1. 

The WPQR is according to ISO 15614-1. The WPS is 

according to EN 15609-1. 

Cultural factors: Shandong province (eastern and coastal 

areas). 

Worker training: There is a welding training school in the 

welding workshop. Its purpose is to introduce new workers to 

the daily welding routines, focusing especially on the 

welding methods used in the factory. 

Inspection methods: UT, VT, or MT tests are conducted 

throughout the welding process. All of the testing activities 

follow the standards EN 473, EN 12062, EN 1714, EN 571-

1, EN 970, and EN 1290. Each welding cell is inspected by 

more than one inspection staff member in order to ensure the 

welding seam quality. 

Machine maintenance: Maintenance and calibration follow 

the standards EN ISO 9001/9002, EN ISO 3834-2, EN ISO 

17662, DVS techn. Bulletin 3009, and DVS techn. Bulletin 

0714. [10, 11] 

Material storage and treatment: The material storage and 

treatment rules cover every welding material. The handling 

and storage of covered welding electrodes, solid and cored 

welding wire, and welding flux have a significant influence 

on the weld quality. 

Worker protection: Overalls, special masks, welding 

glasses, and welder gloves. 

4. Summary of Chinese Welding 

Industries 

The advantages of North China areas are: 1) two large 

harbors, Tianjin and Dalian, for easy export, 2) the worker 

qualifications in this area are easy to ensure, 3) the factories 

near Beijing have a higher business management level, 4) the 

workers’ wage and material costs are at the medium level, 5) 

the workers in North China are known for their loyalty, 6) the 

North China does not have a humid season. The 

disadvantages of North China areas are: 1) the total welding 

management (TWM) is not completely implemented, 2) the 

ND test is inadequate in the production process, 3) the 

pWPS, WPQR, and WPS are usually overlooked, 4) the 

winter in North China is cold which will influence the 

welding quality if no sufficient heating works. 

The advantages of eastern and coastal areas in China are: 

1) many large harbors, such as Qingdao, Shanghai, 

Lianyungang and Ningbo, for easy export, 2) the highest 

level of business management, 3) worker qualifications in 

this area are easy to ensure, 4) a good history of cooperation 

with foreign companies, 5) the workers are known for their 

diligence, 6) the eastern and coastal Chinese areas do not 

have a cold winter, 7) the level of quality control and 

inspection is high. The disadvantages of eastern and coastal 

areas in China are: 1) workers’ wages are the highest, 2) the 

eastern and coastal areas have a heavily humid season. 

5. The Finnish-Chinese Cooperation 

Situation and Improvement 

Suggestions 

Quality control and production management are two 

significant problems in Chinese small-scale welding 
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factories, some medium-sized welding factories, and even 

some of the large and state-owned factories. To solve the two 

problems, advanced and standard production management 

theory, a suitable enterprise management system, and more 

welding production standards should be employed. Overall 

welding quality management, the Plan-Do-Check-Act 

(PDCA) cycle, the 5S methodology, the Six Sigma business 

management strategy, and more formal welding standards 

can help the factories to avoid management or quality 

problems efficiently [13, 14].  

Cooperation with foreign companies can improve the 

enterprise management model, improve the reputation of 

the enterprise, enhance its credit, and increase its 

profitability. In the future, strengthening the cooperation 

between Chinese factories and Finnish or European 

companies will be an important issue that the Chinese 

factories should consider. 

Suggestions for Finnish companies are: a) expanding their 

market in China, b) promoting their enterprise management 

system in China, and c) establishing a welding factory 

certification system in China. The implementation of these 

suggestions will reduce the obstacles of Finnish companies 

which aspire to find a Chinese subcontractor. Moreover, 

Chinese welding factories will feel more at ease in signing a 

contract with a Finnish contractor. 

6. Conclusion 

The production scale and conditions decide whether a 

factory can receive a foreign contract or not. The study shows 

that welding factories located in North China and eastern and 

coastal areas of China are more competitive than those in 

other areas. Large-scale or state-owned factories currently 

have enough domestic and foreign contracts, resulting in a 

lack of aspiration towards cooperation with new foreign 

companies. Choosing small and medium-sized Chinese 

factories as partners in cooperation is the suitable choice for 

Finnish or European companies today. 
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Influencing Welding Production by the Gephi Software 
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Abstract – Welding manufacturing is a commonly used process in a variety of industries and 
countries. Nowadays, in industrially advanced countries, like the US and European countries, 
increasing the robotic and mechanized level of the welding production line and decreasing human 
labor is the trend in order to lower production costs. In the newly industrialized countries, manual 
welding is still widely employed. The increasing quality requirements and costs call for less repair 
work and manufacturing waste from manual welding workshops and factories in the future. To 
understanding how different human, social, and performance factors during manual welding 
production influence the welding quality and cost is especially significant to the companies in the 
newly industrialized countries. 
The Gephi software provides a possible visualization environment to observe the relationships 
among the different factors in welding manufacturing processes. By using the information by 
interviews, field visits, and discussions in the case companies, the Gephi software can reveal the 
relationships among the factors. 
The aim of this study is to find the direct visual image of the relationships among the different factors 
and five welding works. The result provides the foundation for future detailed analyses and it 
contributes to improve the working environment and management strategy in welding industries. 
Copyright © 2015 Praise Worthy Prize S.r.l. - All rights reserved. 
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Welding Production Line 
 

 

I. Introduction 
Manual welding processes are widely used in the 

welding manufacturing industries in the newly 

industrialized countries like China. Traditionally, MMA 

(manual arc welding), MIG\MAG (metal inert gas 

welding\metal active gas welding), and TIG (tungsten 

inert gas welding) have been defined as manual welding 

methods. Considering the development level of the newly 

industrialized countries, other welding processes, like 

semi-mechanized carbon dioxide welding, can also be 

considered as manual welding, because the welder-related 

factors strongly influence the welding work. 

The cost, quality, and productivity are the key factors 

that influence the development of welding enterprises. 

During manual welding processes, many factors can 

influence the cost, quality, and productivity directly, like 

the level of mechanization of the equipment, the welder’s 

skills, and material quality, or indirectly, like human 

factors, social factors, and the work organization. 

All the factors affect the manufacturing processes on 

different levels. Figs. 1, taken by a real industry, clearly 

show that the factors indeed influence the production 

quality. These phenomena can be traced back to the 

different factors influencing the result. 

Understanding and analyzing the level of effect of the 

different factors can help a welding enterprise to make the  

necessary adjustments to its production and to plan a 

proper future strategy. Furthermore, the analysis may 

improve the welding quality, cost, and productivity. 

This study employs the Gephi software to analyze the 

relationship and the function of different factors 

influencing manual welding production in the case study 

country China. Some researchers, like Jaakko et al. and 

Joel et al., used the Gephi software to analyze their topic 

of interest. This study also employs some experiences by 

from the former researchers [2], [3]. 

 

 
 

Figs. 1. Different factors can influence welding production: wrong 

layout arrangement (a), waste during production (i), lack of welders’ 

protective gear (f), wrong use of equipment (b), wrong production 

methods (e), insufficient material protection (g, h), and welding 

imperfections (c), (d) 
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The factors influencing welding production can be 

divided into different groups. Table I presents the 

grouping of the factors in this study. The factor 

classification and findings are based on observation of real 

industry and on the theory of Total Welding Management 

(TWM) [1]. Based on the management theory, the 

different factors can be found by five aspects: Men, 

Machine, Material, Methods, Measurement, and 

Environment, i.e. the 5M1E strategy. 

 
TABLE I 

THE FACTORS INFLUENCING MANUAL WELDING PRODUCTION 

CATAGORY DETAIL CLASSIFICATION 

Men • Single Person 

• Social 

• Orgnization 

Machine • Welding equipment 

• Other equipment 

Material • Parent material 

• Gases 

• Welding consumables 

Methods • Drawing 

• Manufacturing process 

• WPS 

• WPQR 

Measurement • Test equipment 

• Test methods 

Environment • Production environment 

• Storage environment 

 

Table I above provides the main classes of factors. A 

detailed analysis of the factor classes will be conducted in 

the next chapter. For example, the main class Single 

person can be divided into different sub-factors, like the 

welder’s skills, working habits, and work honor. 

Also, some more specific factors typical of the newly 

industrialized countries, like the case study country China, 

cannot be allocated to the classes, like the natural privilege 

from the purchase department. These factors will also be 

listed and discussed in this study because they can be the 

original factor behind unsatisfactory welding quality [8], 

[10], [20], [25]. 

The result of influence can be inferred by the TWM 

strategy. It means that if the manufacturing problem 

factors influence the manufacturing processes, then the 

five welding works cannot be achieved. The five welding 

works in the TWM theory are: 

 Decrease the amount of welding deposited metal○,1; 

 Decrease the function time of the welding arc ○,2, 

 Decrease repair work and substandard products ○,3; 

 Decrease the working labor force ○,4; 

 Decrease waste and delays ○,5. 

The five welding works are directly linked to welding 

quality, cost, and productivity. If the welding enterprise 

does not meet the requirements to reach the five welding 

works, the enterprise will not achieve green and 

sustainable development. All the factors will be discussed 

in detail in the next chapter,and the function of all the 

factors will lead to the influencing of the five welding 

works, which leads to problems with quality, cost, and 

productivity. The symbol ○,n denotes the code number 

for each welding work. 

In later chapters, the code number will be used in order 

to simplify the text. All the information of the factors have 

been collected from real industry by interviews, 

observation, statistical data, and field visits in the case 

study in China from different industries and geographical 

areas. First-hand information from the industry will help 

to increase the quality of analysis to reflect more closely 

real manufacturing. The aim of the study is to use the 

Gephi software and real industrial information to reveal 

the picture in an intuitive way to show: 

1. Which of the five welding works is influenced the 

most by the different factors? 

2. Which factors do influence the most the five welding 

works that obstruct the development of the quality, 

cost, and productivity? 

The answers to the two questions can help researchers 

to further study the new welding management system 

suitable for the newly industrialized countries. The result 

of the analysis and discussion will be provided in a later 

chapter. 

II. Explanation of Factors During     
Welding Manufacturing Processes 

The main classes, provided in Table 1, can be divided 

into different sub-factors. The sub-factors influence the 

five welding works directly resulting in unsatisfactory 

welding quality, increase of waste, and insufficient 

productivity. The sub-factors can vary according to 

different studies and observations, or in different working 

environments and cultures. This case study was carried 

out in China, and the sub-factors identified are based on 

the case study, which means that especially the Chinese 

history, culture, and social aspects influence the study. 

Although differences among countries exist, the case 

study can easily reveal how the different factors influence 

the five welding works, especially in the newly 

industrialized countries with a situation similar to that of 

China. 

Each factor will be assigned a widely existing level 

weight according to investigation, interviews, field visits, 

observations, data collection, and discussions in different 

case study companies. Expressly, if a factor exists in all 

the case study companies, the widely existing level weight 

will be heavy and marked with the sign □,H. It can also be 

shown in an image in the Gephi software; the details will 

be explained in Chapter 3. The six main classes of factors 

are 5M1E [21], [22]. 

Men: in this class, different factors identified in real 

industry and related to human factors will be discussed 

and explained. 

Single person factors: 1) the welders or welding 

operators cannot control the welding speed; 2) the welders 

or welding operators cannot control the welding metal 

deposition rate; 3) the welders or welding operators 

cannot execute the welding instructions; 4) the welders or 

welding operators cannot control the arc function time 
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during large groove seam welding processes; 5) welding 

skills need to be improved; 6) □,H a lack of welding 

technology theory training; 7) □,H a lack of drawing and 

welding symbol training; 8) the work attitude is not 

satisfactory; 9) a lack of work honor; and 10) the 

inspectors do not have sufficient experience.  

Social factors: 11) the purchasing cycle of the welding 

parent material is too long; 12) □ ,H language 

communication barriers in a joint venture or foreign 

companies; 13) difficulties with the purchasing of welding 

parent materials in small factories; and 14) credibility 

problems with suppliers and subcontractors. 

Organization factors: 15) □,H the tightened contract 

cycle time leads to insufficient manufacturing times; 16) 

□ ,H the wrong salary system or limited income of 

welders; 17) project-based manufacturing will lead to the 

lack of experience; 18) a lack of management training; 19) 

no regulations for subcontractors and suppliers; 20) 

leaders give arbitrary orders to welders or welding 

operators without investigation; 21) no platform for 

sharing welding or working experiences or discussion 

meetings; 22) poor communication among departments; 

23) management problems with work pace control; and 

24) the manufacturing team is not stable, which leads to 

the lack of manufacturing experience [18]. 

Machine: in this class, different factors identified in 

real industry and related to machine and equipment factors 

will be discussed and explained [11], [12]. 
Welding equipment factors: 25) a lack of upkeep 

regulations for welding equipment; 26) □,H the designers 

are lacking understanding of equipment production 

capacity; 27) mixing different brands of equipment used 

in one company leads to complex repair work; and 28) the 

mechanization and automation level of welding 

equipment is not sufficient. 

Other equipment factors: 29) no qualified designers for 

welding jigs and fixtures; and 30) a lack of other 

equipment like groove preparing and straightening 

machines. 

Material: in this class, different factors identified in 

real industry and related to parent and consumable 

material factors will be discussed and explained. 
Parent material factors: 31) parent materials do not 

meet the requirements, lack certification, or have faked 

certification; 32) □ ,H the localization of the parent 

material is not sufficient, like the S355 transfer to Q345 is 

not relevant enough; 33) the removal of rust and corrosion 

layer from parent materials is not sufficient and proper; 

34) a lack of inspection regulation for parent material in 

stock; and 35) the selection and inspection of parent 

material in the design stage is insufficient. 

Gas factors: 36) purity problems with gas cylinders. 

Welding consumable factors: 37) □ ,H welding 

consumable waste is significant; 38) the mixed use of 

welding consumables of different brands; 39) a lack of 

regulation on the correct use of welding consumables; 40) 

welding consumables are incorrectly dried and insulated; 

and 41) the recycle of welding flux of SAW (submerged 

arc welding) is insufficient, which leads to waste.  

Methods: in this class, different factors identified in 

real industry and related to design, manufacturing, and 

inspection methods’ factors will be discussed and 

explained. 
Drawing and design factors: 42) □,H the unclear or 

wrong marking of welding symbols and positions; 43) a 

lack of welding related ISO standards; 44) □,H the design 

of welding seams (position, joint type, size, groove, and 

penetration depth) does not rely on the welding design 

manual, but on experience; 45) it is difficult to correct 

outsourced drawings form headquarters in order to meet 

the local factory manufacturing capacity; 46) unclear 

assembly drawings; 47) welding drawings are not 

sufficiently rechecked; 48) welding reachability is not 

considered by designers; 49) designers do not clearly 

understand the welding processes in the workshop; and 

50) unclear signs of technology instructions on the 

drawings. 

Manufacturing process factors: 51) □,H the amount of 

repair work is not calculated; 52) inconsistent fillet 

welding size; 53) □ ,H the welding manufacturing 

capacity is not calculated; 54) the maximum welding seam 

deposited rate is not cited; 55) welding imperfections and 

defects easily occur in full penetration welding seams; 56) 

no reasonable and reliable welding seam manufacturing 

sequences for products; 57) no NDT inspection plans for 

necessary welding seams; 58) incorrect or insufficient 

steps for after welding cleaning work and flux cleaning 

work; 59) the upstream processes of welding accumulate 

mistakes; and 60) incorrect methods of welding 

deformation calibration. 

WPS factors: 61) no welding procedure specification 

(WPS) or welding instructions; and 62) □,H uncertain 

welding parameters are used during manufacturing 

processes. 

WPQR factors: 63) □ ,H no welding procedure 

qualification report (WPQR). 

Measurement: in this class, different factors identified 

in real industry and related to measurement methods and 

equipment factors will be discussed and explained. 
Test equipment factors: 64) □,H a lack of calibration 

and validation of measurement equipment; and 65) a lack 

of related or relevant measurement equipment. 

Test method factors: 66) a lack of policy with regard to 

quality requirement; 67) no clear definition or regulation 

of welding quality requirement; 68) □ ,H scrapped 

products are not calculated; 69) no clear quality 

requirement for cutting processes; 70) □ ,H 

documentation on the repair plan and repair experiences; 

71) □ ,H no clear quality requirement for grinding 

processes; 72) no clear requirement for self-inspection, 

mutual inspection, and specification inspection; 73) a lack 

of inspection, measurement, and quality report 

documentation; 74) no regulation for welding seam repair 

times; 75) welding appearance requirements are not clear; 

and 76) □,H no quality control plan for subcontractors 
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and suppliers. 

Environment: in this class, different factors identified 

in real industry and related to the work environment, 

worker safety, and storage environment factors will be 

discussed and explained. 
Production environment factors: 77) wind prevention 

is not efficient for manual welding production lines; 78) 

the high humidity season in China influences the welding 

quality if the workshop is lacking protection; 79) cold 

winters and warm summers will lead to weld seam quality 

problems (worker attitude and welding quality); 80) □,H 

dust removal equipment is inadequate; 81) personnel 

protective gear is insufficient; 82) □,H the wrong layout 

of the working area influences welding productivity and 

quality; and 83) □,H the wrong welding manufacturing 

related to electricity cables and gas tube arrangements can 

influence welding productivity and quality. 

Storage environment factors: 84) the storage 

environment with high humidity influences the quality of 

welding consumables; 85) □,H outdoor storage for parent 

material will damage surface quality; and 86) no 

regulation concerning storage facilities for welding 

consumables [17], [19]. 

Some other factors cannot be classified into any main 

classes, but they may also influence the five welding 

works. These factors are: 87) □,H Authoritarianism in a 
company: Authoritarianism is a concept in sociology that 

means that the government requires the people to 

absolutely follow the leaders without their own thinking. 

In a company, authoritarian tendencies are widely existing 

in some newly industrialized countries, like the case study 

country. Authoritarianism has certain disadvantages: ○,a 

the leader is overly confident to guide or instruct the 

manufacturing processes; ○ ,b no function for middle 

level managers; ○,c workers voice more complaints if 

guidance or instructions do not correspond to their own 

thoughts; ○,d less or no discussion of innovation and 

development; ○,e poor enterprise atmosphere and work 

environment. The only advantage is that the execution 

efficiency of the company may be relatively high, even 

though the execution (may not be correct) is directed by 

the leader. 

88) □,H Ergonomics development: ergonomics is a 

scientific discipline concerned with the understanding of 

interactions among humans and other elements of a 

system, and the profession that applies theory, principles, 

data and methods to design in order to optimize human 

well-being and overall system performance [3]. The 

ergonomics development of welding manufacturing 

processes is significant and not sufficient in the newly 

industrialized countries currently. The photos in Figures 2 

illustrate the situation of the working manner in the case 

project country. 

Those labor works are definitely influencing not only 

working productivity and quality, but also the workers’ 

health.   

 
 

Figs. 2. Different work situations of poor ergonomics: calibration of 

welding deformation (b), manual welding processes (a) (c), parent 

material moving or turning due to large welding pieces (c) (d) the 

requirement of the ergonomics principle is not met 

 

89) □,H Executive ability: Executive ability means 

systematic processes which include strict discussion, 

questions, unswervingly follow, and specific 

responsibility implementation of methods and aims. The 

lack of executive ability is a widely existing problem in 

the newly industrialized countries like the case project 

country. Poor executive ability will lead to the company 

facing a difficult situation in which production quality, 

manufacturing cost, and productivity are not satisfied. The 

lack of executive ability influences the future 

development and innovation of the enterprise. Low 

executive ability can also restrict the implementation of a 

welding management system [13]-[16].  

90) Zero inventory in China: Zero inventory is a 

manufacturing process management concept. It means 

that means that companies keep the amount of materials or 

parts for certain products in stock near zero in order to 

decrease or avoid expenses from storage. It is a concept of 

lean manufacturing utilized to avoid unnecessary costs. It 

is an accessible method used nowadays in the welding 

industry of developed countries but its function in some 

newly industrialized countries is limited. 

The reason is the increasing cost of in-stock inspection 

of the parent material for welding. The in-stock inspection 

will produce costs because the certification may not meet 

the real quality of the material, or may even be false. The 

factory must carry out inspection for the in-stock process 

of parent materials. The in-stock inspection cost is always 

higher than the decreasing cost from zero inventory.  

Furthermore, repeated complex inspections and 

moving work during the in-stock process can cause an 

increase in the workload which will indirectly influence 

the five welding works. Having identified and explained 

the factors, the relationships of the factors will be listed. 

Fig. 3 shows the basic relationship and linkage of factors 

and the five welding works (example, the machine related 

factors). Fig. 3 makes the linkage among machine aspect 

factors and five welding works. 
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Fig. 3. Relationships between factors and five welding works 

(example: MACHINE) 

 

The linkage is defined based on the TWM theory and 

the experiences of the author. For example, factor 24 

relates to welding works ○,3, ○,4, and○,5. It means that 

if factor 24 occurs, it will influence the three welding 

works negatively. In Fig. 3, only the arrows point from 

factors to welding works. In other situations, i.e. with the 

other factors, the arrows may also point at each other if 

they have a certain relationship regarding the welding 

works.  

All the possible linkages among the factors and five 

welding works were made from 5M1E aspects as the 

original input data of the Gephi software.  

III. Gephi Software Review and Methods 
The Gephi software was developed by the Compiegne 

University of Technology in France [4]. It is used to 

visually analyze a network, connections, and linkages 

among different factors [5]. Gephi uses the input data to 

transform it into a graph image. The process is illustrated 

in Fig. 4. 

As Fig. 4 demonstrates, like the camera transforms a 

landscape into a photo, the Gephi software can help 

people to transform complex data into a directly visual 

image [6]. In this way, complex data can be seen 

graphically and the analyses of the data become more 

effortless. Gephi generates an image that is clear, plump, 

and easy to analyze. 

In Gephi, the Nodes are defined as elements, which in 

this study are the welding work factors and five welding 

works. 

 

 
 

Fig. 4. The process of Gephi to transform data to image 

The Edges are defined as the linkage or connection 

among the nodes or the elements. Gephi supports Excel 

spreadsheets to form the connections between the nodes.  

The spreadsheets can be entered into Gephi as original 

data. The output is the image generated by the software. 

Gephi has different tools to handle data and images. 

One tool is grouping the data by colors in order to classify 

different data into different categories. The aim is to make 

the steps of the analysis clear and easy to discuss and 

examine different category data by groups. Another tool is 

to judge the nodes and edges by the intensity of their color 

according to their weights [7]. The aim is to clarify 

expression during the weight analysis. In this study, the 

grouping tool was used to classify the 89 welding 

processing factors in order to find the different widely 

existing level weights for the five welding works. The 

weight tool is used to judge the significance of one factor 

with regard to its influence on the five welding works. 

The processes of this study after the collection of 

factors are: 

 Draft the Excel spreadsheet by using the information 

collected (factors, welding works, and connections) as 

the original input data for Gephi; 

 Run the Gephi software and produce the preliminary 

image; 

 Use the Gephi tools to clarify and optimize the image; 

 Use the image to discuss and solve the two questions 

proposed in the end of Chapter 1. 

The processes were carried out according to plan, and 

the findings made will be discussed in the next chapter. 

IV. Results and Discussion 
By using the Gephi software to process the 

relationship of the data collected, the following results can 

be drawn: 

1. The □,H factors, i.e. the commonly existing factors, 

do not all significantly influence the five welding 

works. By using the data statistical tool in Gephi, it 

was found that from the factors that influence all the 

five welding works, only 1/3 are □ ,H factors, as 

Figure 5 illustrates. 

 In Figure 5, the nodes represent the different factors 

and five welding works. 

 The five pink colored nodes are five welding works 

because the image shows the out-degree (edges go out 

of the node) of the nodes. The 12 red colored nodes 

have the biggest out-degree which is 5; only 4 of them 

are □,H factors. Other □,H factors are nearly evenly 

distributed in the image, which means that not all the 

commonly existing welding manufacturing problems 

highly influence the five welding works. 

2. The factors number 6, 17, 20, 21, 24, 26, 43, 47, 48, 52, 

62, and 87 are the factors that strongly influence all the 

five welding works. If no improvements in the work 

are made, welding quality is not guaranteed. Among 

the factors, five are men factors, five are method 

factors, one is a machine factor, and one is classified as 
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other. Furthermore, four of them are organization 

factors, and three of them are drawing and design 

factors. From this point of view, the welding enterprise 

in the case project country needs to pay attention to the 

improvement of organization management and 

increase designers’ welding knowledge in order to 

develop the five welding works. 

 The numbers in Figure 6 represent the factor numbers. 

By using the group tool in Gephi, the out-degrees of 

the nodes are depicted with different colors. The 

smaller the nodes are, the smaller out-degree they 

have.  Fig. 6 shows that the 12 biggest nodes have the 

most out-degree of 5, which means that they are all 

connected to the five welding works. 
 

 
 

Figs. 5. The □,H factors distribution image. The size of the letter H 

represents the out-degree level. The larger the H, the higher the 

out-degree 

 

 
 

Fig. 6. The importance level of different factors: the area of the cycle of 

the node represents the out-degree of the node. The larger the node area, 

the higher the out-degree 

3. In the five welding works, the order of influencing 

level from high to low are: ○,3 ○,4 ○,5 ○,1 ○,2. 

Like Figure 7 illustrates: 

 Figure 7 shows the in-degree level of all the nodes. 

The bigger the node is, the higher the in-degree level 

of the node. W1 to W5 means the welding works from 

○,1 to○,5. In Fig. 7, the W3 node is the biggest 

which means that the ○,3 welding work is strongly 

influenced by the welding manufacturing process 

factors. The data statistical tool in the Gephi software 

shows that from the 20 □,H factors, 16 are connected 

to ○ ,3 welding work. It means that barriers to 

decreasing repair work and substandard products are 

widely existing in the welding industry of the case 

study country. 

4. The theory of total welding management states that 

improvement should start from easy work and proceed 

step by step [1]. The analysis of the Gephi software 

made easy to find the welding works influencing 

sequence by the manufacturing process factors. 

Improvement should start from those factors that 

strongly influence the five welding works. Moreover, 

the improvement plan and aim must be achievable. 

Too many simultaneous improvement efforts will not 

lead to good results [1]. All improvement plans should 

be made based on an analysis of factor properties. 
 

 
 

Fig. 7. The in-degree image of all the nodes in the order: 

W3, W4, W5, W1, W2 

V. Conclusion 
This study identified the level of influence of the 

welding manufacturing process factors on the five 

welding works. Different factors have different levels of 

influence on the five welding works. Improvement plans 

should be made based on an analysis in order to reach the 

achievable goals. The conclusions are: 

 In the case study country China, the ○,3 welding 
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works are strongly and widely influenced by the 

welding manufacturing process factors. 

 The organization and design and drawing factors 

influence the most the five welding works obstructing 

the development of the quality, cost, and productivity. 

 Improvements in real industries and companies should 

be introduced step by step according to the different 

levels of influence of the factors. 

This study raised some research topics relevant for 

future investigation. Also, some of the limits and weak 

points of this researches are listed: 

 This study assigned widely existing level weights to 

some factors. It described how widely the factor exists 

in the Chinese welding industry. In future, the 

influencing level weight of the factors should be 

studied. The influencing level weight describes how 

different level factors influence the five welding works. 

It is also important to this research. 

 More data and case companies should be examined in 

the future. The more information collected, the more 

accurately the situation can be described. 

 The study showed that five factors, 37, 41, 68, 76, and 

90, do not influence the five welding works directly 

but still influence the welding quality, cost, and 

productivity. These factors should be studied in future 

in other research areas, like management and human 

factor research areas. 

 Some of the limits: 1) this research needs to collect 

more examples in the future in order to increase the 

number of sample; 2) this work is limited in China, for 

other countries, the local features should be considered; 

3) this work is focused on the factory production, but 

not on the field welding construction works. 
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Abstract: The Chinese welding industry is growing every year. Companies around the world are looking to use Chinese 

enterprises as their cooperation partners. However, the Chinese welding industry also has relatively low quality and weak 

management system. A modern, advanced welding management system appropriate for local socio-economic conditions is 

required to enable Chinese enterprises to enhance further their business development. This article designed and implemented a 

new welding quality management system in China. This new system is called ‘welding production quality control management 

model system in China’ (WQMC). Constructed on the basis of surveys and in-company interviews, the welding management 

system comprises the following different elements and perspectives: a ‘Localized congenital existing problem resolution 

strategies ’ (LCEPRS) database, a ‘human factor designed training system’ (HFDT) training strategy, the theory of modular 

design, ISO 3834 requirements, total welding management (TWM), and lean manufacturing (LEAN) theory. The paper also 

describes the design and implementation of a HFDT strategy in Chinese welding companies. Such training is an effective way 

to increase employees’ awareness of quality and issues associated with quality assurance. The study identified widely existing 

problems in the Chinese welding industry and constructed a LCEPRS database that can be used to mitigate and avoid common 

problems. The work uses the theory of modular design, and TWM as tools for the implementation of the WQMC system. 

Analysis of the WQMC system effects indicates that its adoption has resulted in improved quality and reduced costs. 

Keywords: Welding Quality Management, Training, WPS, ISO 3834, Total Welding Management 

 

1. Introduction 

The current situation in China as in many other developing 

and newly industrialized countries demands the development 

and implementation of a locally-appropriate, modern welding 

quality management and welding personnel training system 

that enables the attainment of an ideal balance of welding 

product quality, welding process costs and sustainable 

development. Such a training and management system will 

help staff to acquire appropriate and efficient working 

attitudes and procedures needed to increase production 

quality. 

The aim of this paper is to construct a localized, 

sustainable, reliable and broadly applicable ‘welding 

production quality control management system model for 

China’ (WQMC) that can be used in small, medium, and 

large enterprises and is suitable for most industries in which 

welding is an inherent part. The system is based on the ISO 

3834 standard and combines personnel training strategies, 

processes adaptations, and the implementation of existing 

problem-solving methods. The items listed below constitute 

the basic concepts and elements of the model, and each 

individual company can use the model to replace or enhance 

their daily work or management strategies: 

� ISO 3834 and the documents with which it is necessary 

to conform to be able to claim conformity to the quality 

requirements. ISO 3834 forms the foundation of the 

model (WQMC) and defines its programmatic 

approach. 

� A localized, human factor and psychology theory based 

welding personnel (welders, welding specialists, 

welding technicians, and welding engineers) training 

system for China. The training system is the origin of 

change and the guarantor of sustainable development of 

welding enterprises, factories and workshops. 

� A long-term guidance and supervision system for 

welding processes. This system demands not only 
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administrators but also staff to continue improving their 

tasks. Fast error correction guarantees the dynamism of 

enterprise development. 

� A series of recommendations for improvements based 

on surveys, case studies, interviews and careful 

observation in over 30 Chinese welding factories or 

workshops. This series of recommendations are 

practical in nature and applicable also to welding 

enterprises in other developing and newly industrialized 

countries.[6, 7, 8, 9, 10, 11] 

Together, the four items above constitute a comprehensive 

improvement model for welding enterprises in China and 

newly industrialized countries. This research is related to the 

research fields of welding technology, quality and knowledge 

management, psychology, and pedagogy and training. 

Every enterprise requires its own management system to 

monitor internal affairs. An enterprise management system can 

be divided based on business functions into eleven parts: 1) 

plan management, 2) production management, 3) procurement 

management, 4) market management, 5) quality management, 

6) logistic management, 7) financial management, 8) project 

management, 9) human resources management, 10) statistic 

management, and 11) information management [1]. Welding 

production enterprises often have the same above-mentioned 

eleven parts. Within any one enterprise, the listed management 

aspects are integrated into a whole management system in 

order to guarantee normal daily operations. 

One management system for one company can include a 

number of different management sub systems. For example, a 

company may utilize the ISO 9001 quality management 

system, ISO 14001 environment management system, OHSAS 

18001 occupational safety & health management system, and 

ISO/IEC 27001 information security management system at 

the same time [2]. For a welding production or manufacturing 

company, the ISO 3834 welding quality management system 

should be integrated into the whole enterprise management 

system in order to ensure relatively high productivity, high 

quality, and low production costs. Within the context of this 

work, the theory of total welding management (TWM), the 

LEAN theory, the human factors designed training system, and 

the localization factors for China can be integrated into the 

management system in the same manner and thus the ‘welding 

production quality control management system model for 

China (WQMC)’ can be generated. 

Fig. 1 illustrates the overall structure of the WQMC 

system, which comprises the following key elements: 

� Normal enterprise management systems (NEMS): ISO 

9001, ISO 14001, OHSAS 18001, ISO/IEC 27001 and 

other related management systems. The function of the 

NEMS is to provide the most basic foundation of the 

WQMC system; 

� ISO 3834 welding quality management system; 

� Human factor designed training system (HFDT); 

� Total welding management (TWM) system, LEAN 

theory, and modular design model; 

� Strategies for resolution of localized congenital existing 

problems (LCEPRS). 

 

Fig. 1. Structure of WQMC and relationship to other management systems. 

Before a company can implement the WQMC system, the 

NEMS should already be built inside company operations. 

While the nature of the NEMS and their implementation is 

clearly of importance, research of NEMS is beyond the scope 

of this study. Normally, if a manufacturing company is 

qualified by a system form NEMS, the 3rd party certification 

body must issue a certification document to the 

manufacturing company. However, ISO 3834 is of immediate 

relevance to the subject of this work and implementation 

steps for integration of ISO 3834 in the WQMC system are 

discussed in chapter 2. 

2. Welding Quality System 

Implementation Based on the Tools 

Using in WQMC System 

The implementation steps of the ISO 3834 quality 

management system (the core of the WQMC system) are: 

� Setting goals. The whole personnel participate in this 

process. During this period, the welding personnel must 

set out the difficulties and focus points for changes to 

the work processes; 

� Placing the welding engineer or welding specialist in 

the right place in the personnel organization structure in 

order to give real power to the welding coordination 

teams to carry out necessary rectification work. 

� Building an organizational structure between different 

departments inside the enterprise to ensure effective co-

operation patterns and guarantee smooth 

communication channels. 

� Communication of the goals. The whole personnel 

participates in a meeting to announce the goals of the 

activities in order to demonstrate the determination of 

the company; 

� Setting of the quality policy. The quality policy should 

be set during the meeting, and the quality policy should 

be announced to customers; 

� Documentation analysis and preparation. The welding 

coordination team do the documentation analysis work. 
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This work involves checking which documents are 

missing and adding the necessary documents; 

� Initiation of the inspection work. The welding 

coordination team, the welders and the inspection 

department launch the inspection work related to every 

aspect of welding quality. Surface treatment, welding 

consumable storage, the welding station, and 

maintenance work are the most crucial areas to check; 

� Orientation of top management. The top managers have 

the responsibility to be familiar with and have 

knowledge of management strategies regarding the 

welding work. The confidence of the team is built by 

the top manager and passed on to all participants in the 

team; 

� Continuous improvement process. A continuous 

improvement system is a requirement of the ISO 3834 

standard. A PDCA cycle plan needs to be made and 

followed in order to ensure increasing productivity, 

increasing quality, and decreasing cost. 

Welding factory in China which wants to implement the 

WQMC system needs to build the ISO 3834 welding quality 

management system as the core of WQMC. This is the first 

step to building the whole WQMC system. The LCEPRS 

strategies at the beginning steps of WQMC before ISO 3834 

implementation and the HFDT strategy during the WQMC 

system building are useful tools to guarantee the 

effectiveness of the WQMC system implementation. 

The modular design methodology is a useful tool in the 

WQMC system. In welding production processes, advanced 

methodology for design and manufacture is needed in order 

to increase quality and productivity, and decrease cost. The 

idea of modular design is to try to use similar design 

approaches or methods to meet different customer 

requirements for almost identical products. The products may 

have differences in dimensional aspects, but the main 

function should be the same. If modular design theory is 

used, a number of changes in the design and manufacture 

departments are usually required: 

a) Revised design of jigs and fixtures for welding; 

b) New arrangement of the layout of the welding 

workshop and its upstream and downstream processes; 

c) Improved modular design awareness among designers; 

d) Changes to the manufacturing habits of welders. 

During the case project research, some commonly existing 

problems were found in the Chinese welding industry that 

clearly influenced quality, productivity and cost. These 

problems to some extent do not occur because of the welding 

industry itself but mainly because of the local Chinese 

culture, human factors and other related reasons. In the 

WQMC system, such problems are called ‘localized 

congenital existing problems (LCEP)’, and the solving 

method is called ‘Localized congenital existing problem 

resolution strategies’ (LCEPRS). 

LCEP should be solved before the ISO 3834 

implementation, or even before the NEMS implementation. 

On the other hand, some LCEPs may be recognized only 

during the implementation of ISO 3834 and later. In the 

WQMC system, the identification and implementation of 

mitigation actions for LCEP, LCEPRS, will be largely 

complete after the survey and interview work, and before the 

implementation of ISO 3834. 

More than 20 LCEPs were identified during the case 

project and on the basis of previous research. The LCEPs 

were noted through the use of surveys, interviews, 

discussions, observations, and the author’s experiences. 

Some LCEPs will be similar to the problems discussed in 

previous chapters, but in the WQMC system, iterative 

improvement is a core concept. Knowledge of repeated 

problems will help enterprises prioritize areas requiring 

improvement. 

The LCEPRS database is ready to update. Along with the 

development of the Chinese industry, and the deep research 

of this topic, more and new LCEPs is also can be found. 

The database will update according to the changing of the 

real situation. Fig. 2 illustrates the problem solving 

approach. 

 

Fig. 2. Solving processes for repeated problems. 

This process is also a concept from PDCA cycle. Problem 

1 can be found in later steps, so the whole system ensure the 

problem will not be skipped and will be solved. 

3. Training System - HFDT 

Training of company staff is required in the WQMC 

system. TWM theory and ISO 3834 also require that business 

entities develop training activities for their personnel (SFS-

EN ISO 3834-2). In the WQMC system, the novelty is to 

build an up-to-date and localized welding personnel training 

strategy for China. In addition to its foundations on welding 

technology and production theory, this strategy employs the 

knowledge of psychology, pedagogy and behavioral science 

in order to establish training modules appropriate for 

contemporary circumstances in China, for welders as well as 

welding specialists, welding technicians, welding engineers, 

design engineers and welding inspectors. To some extent, 

managers and administrators in other roles are also 

considered for participation in the training in order to ensure 

that the same concept of welding and the WQMC system 

exists throughout the enterprise [12]. In this study, the 

training strategy is abbreviated to HFDT (human factor 

designed training system). 
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Training content and lecture formats are discussed in this 

thesis. In the training method, the training modes are 

teaching and lectures, discussions, and audiovisual and case 

study methods. This study recommends adoption of ‘small 

class’ teaching methods in order to achieve better training 

quality. The small group size help to avoid distractions and 

improve focus. The passivity of large group lecture-based 

learning can induce fatigue and boredom in welding 

personnel. Furthermore, having a class with a large number 

of trainees means that it becomes difficult for the trainer to 

monitor and assist each trainee properly and respond to 

individual needs. Consequently, the objectives of the 

lectures are seldom totally met. Furthermore, small class 

teaching methods promote discussion and case study. 

Normally, the number of trainees in a small-group class 

ranges from 5 to 6.  

The content of the training builds and expands on welding 

theory; the following topics, among others, are addressed: 

� Welding symbols and engineering drawing; 

� Welding terms;  

� Welding standards: ISO 3834 series, ISO 5817, ISO 

9606, ISO 13920, ISO 15607, ISO 15609, ISO 15610-

ISO 15614, ISO 4136, ISO 5173, ISO 9015, ISO 9016, 

ISO 4063, ISO 6947, ISO 6520-1, GBT/324, GBT/3375, 

etc.; 

� Welding defects and imperfections; 

� Welding stress and deformations; 

� Welding cracks and their causes; 

� WPS concept and application; 

� Welding inspections and experiments: destruction 

testing (DT) and non-destruction testing (NDT); 

� Welding management strategies; 

� Welding joints and welding structures production; 

� Welding production knowledge for designers. 

Table 1. The HFDT training lecture design content [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25]. 

Topics Content 

Welding symbols and drawings 
Welding drawing and mechanical drawing reading; Welding symbols explanation; GB/T 324 and ISO 2553, welding 

symbol representation on drawings; Link to drawings used in daily work to give further explanation. 

Welding technology terms 
Explanation of different terms used in daily work; Explanation of GB/T 3375, welding terms and Chinese national 

standards; Explanation of ISO 4063 and ISO 6947. 

ISO 3834 and related 

knowledge 

The main structure of ISO 3834; Welding quality management; Different parts of ISO 3834 (part2, part5 are the most 

significant parts); The balance between cost and quality; implementation of ISO 3834; ISO 3834 and WQMC, the core 

of WQMC system. 

ISO 9606 
What is ISO 9606 and EN 287; The test selection principle and criteria; Test requirements and steps; Reading the 

welder designation after the welder test. 

Welding deformation 
Reasons for welding deformation; Relationship between residual stress and welding deformation; Judging welding 

deformation in current practices; Avoiding welding deformation during the processes. 

Welding imperfections and 

defects 

Concepts of welding imperfection and welding defects; The different kinds of welding defects; Explanation of each 

welding defect: the reason and origin of the defect; How to avoid welding defect during the production steps; The 

importance of ISO 5817; VT knowledge for welders and inspectors. 

WPS knowledge and related 

ISO standards 

The idea of WPS, WPQR, pWPS, and welding instructions; Explanation of ISO 15607 and ISO 15609; Explanation of 

ISO 15610 to ISO 15613; Explanation of ISO 15614. 

ISO 5817 
The concept and explanation of ISO 5817; The concept of ISO 6520-1; The different requirements for level B, C, and D 

welding seams; Use ISO 5817 as the judgment document between welders and inspectors. 

Welding cracks and its origins 

The importance of avoiding welding cracks; The origins of cold cracking, hot cracking, reheat cracking, and lamellar 

tearing; Methods to avoid different cracks; Importance of paying attention to the hydrogen and cleaning before 

welding. 

Welding seam DT and NDT to 

inspectors 

Explanation of DT and NDT tests; Show the test specimen photos for DT tests; Short explanation of ISO 4136, ISO 

5173 ISO 9015 (part 1 and 2), and ISO 9016; Short explanation of PT, RT, UT, and MT. 

ISO 13920 The requirement of welding seam tolerance in ISO 13920; The different welding seam tolerance levels in ISO 13920. 

Welding strength knowledge for 

designers 

Short explanation to the designers about welding seam mechanics; The strength of the welding joints; How to check the 

welding handbook to ensure the strength. 

Welding production knowledge 

for designers 

The main steps of welding processes; Explanation of different welding processes (MIG, MAG, SAW, and TIG); 

Importance of paying attention to the welding accessibility during the drawing design. 

Welding management strategy 
Layout of welding workshop; Welding environment issues; Total welding management concepts; LEAN theory; 

WQMC system concepts; PDCA, 5S, 6sigma, and related concepts; Welding consumable and parent material storage. 

New welding technologies and 

new concepts introduction 

Laser welding and hybrid welding; Welding robots and semi-automatic welding processes; New technologies of 

welding machines; Ergonomics during welding works; Advanced shielding gas information. 

 

Clearly, the training content is not permanent and needs to 

change with developments in welding science and 

technology. The skills demanded of the trainer is an 

important research topic in this study. A knowledgeable, 

dutiful and well prepared trainer is required to ensure the 

success of the WQMC system and HFDT strategies. This 

research topic is expanded with reference to knowledge of 

training activities and training psychology. 

The HFDT strategy is a tool which is built inside the 

WQMC system. Training, in this case, is defined as an 

implementation activity by the enterprise in order to promote 

the knowledge and working abilities of employees according 

to a well prepared, detailed plan [3]. The aim of the training 

is to update employees’ knowledge, skills and activities as 

regards the topics emphasized in the training project, and 

encourage the application of this knowledge, skills and 
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activities in their daily work. Furthermore, continuous 

learning requires that the employees understand the whole 

operation, and the steps and structures of the working system, 

which includes the connections between the different tasks, 

different departments, and even outsourced or subcontractor 

activities [4]. Welding training should follow the lead of 

modern manufacturing and incorporate information about 

modern innovations in both welding technology and training 

theory into courses at all levels [5]. The HFDT strategy 

exhibits the same characteristics as given in modern training 

theory. For example, in welding production, the HFDT 

strategy requires that the welders, designers, coordination 

team, managers, inspectors, and the welding upstream 

processes workers become familiar with each other and each 

other’s work in order to fulfill the requirements of the 

continuous learning. 

The welding knowledge training lectures are the most 

significant part in the HFDT strategy. In the case project, the 

training lectures are divided into 15 main topics. Table 1 lists 

the topics and key related content. 

4. Conclusion 

The complete implementation of the WQMC system 

includes several steps. Before the system implementation, the 

enterprise should make the decision to adopt the WQMC 

system, hold mobilization meetings for the employees, prepare 

the NEMS systems, and make a financial plan for the 

activities. 

During the implementation steps of the WQMC system, 

the personnel structure analysis, the survey and interview 

work, the documentation work, the rectification of the 

manufacturing processes, the LCEPRS stage, the HFDT 

stage, the TWM and LEAN theory implementation, the 

modular design methodology implementation and the ISO 

3834 requirements implementation should be all well 

planned and conducted. 

After implementation of the WQMC system, the results 

discussion forums, the PDCA cycle and the future 

improvement plan should be established. Awareness among 

the personnel of the importance of welding quality and how 

welding quality is achieved is the most significant aim of the 

implementation of the WQMC system. 

The flow chart below depicts the main steps in 

implementation of the WQMC system (Fig. 3): The WQMC 

system implemented in three different companies had 

positive results according to company statistics and feedback 

from welders, inspectors, and welding coordinators. The 

results indicate that the WQMC system is suitable for 

Chinese welding enterprises to utilize in their company 

management. The WQMC system will help Chinese welding 

enterprises to improve product quality and productivity, and 

decrease welding manufacturing cost.  

The HFDT strategy helped the Chinese welding 

enterprises to improve the level of knowledge of their staff. 

Welding manufacturing and design personnel can get 

improved training from the implementation of this strategy. 

The design of the training program, the qualifications of the 

trainer and the arrangement of the classroom were seen as 

effective drivers for the training developed in the three 

companies. Based on the results of this research, the HFDT 

strategy is suitable for use in Chinese welding enterprises. 

The LCEPRS database is a concept that can help Chinese 

welding enterprises to improve their daily work not only 

from the production aspects, but also from the human factor, 

culture, and management aspects. The LCEPRS database can 

help Chinese welding enterprises to find and solve their 

inherent problems efficiently and easily based on the case 

project results and data collection. 

 

Fig. 3. Flow chart of WQMC system implementation. 

In this research, only one company had launched the 

‘modular design’ methodology. More examples of this 

approach in the future will help to verify the effects of the 

‘modular design’ methodology. 

Data collection and statistics is not very sufficient because 

some of the data is the confidential information in the 

company. More statistical data would definitely help to 

confirm the results of the WQMC system implementation. 

The data collected from company A and B is sufficient to 

illustrate the positive effect of the WQMC system. 

Based on statistical data from the quality department in the 

enterprise, Figure 62 (a, b) presents results of WQMC system 

implementation in Company B. 

From the data of Figure 4, it can be seen that the total 
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welding defect rate decreased from 9.3% to 5% during one 

year. And the wrong dimension, porosity, and other defects 

decreased from 5.4% to 3.1%, 2.8% to 1.4%, and 1.1% to 

0.5% respectively. 

Figure 5 presents the welding repair rate and the welding 

imperfection rate. 

 

(a) Total welding defects before WQMC implementation.            (b) Total welding defects after WQMC implementation. 

Fig. 4. Total welding defect rate of Company B. 

 

Fig. 5. Welding quality improvement of Company B. 

From Figure 5, it can be seen that the welding repair rate 

decreased from 5% to 3%, and the welding imperfection rate 

from 3.3% to 2% one year after implementation of the 

WQMC system. 

According to the assessments, the basic research results 

are reached. The implementation of WQMC system gives the 

positive result for the companies in the case project. 

The contribution of this paper is the finding, designing 

and building of the new welding manufacturing quality 

control management system implementing in China (name: 

welding production quality control management system in 

China: for short, WQMC system). This research is related 

to the management science, welding technology, and 

training technology and methodology. The new system will 

help the Chinese welding manufacturing enterprises (in 

different geographical areas, in different industrial areas, 

and in different company scales) to control their welding 

production quality in a certain high level, and management 

their welding manufacturing related personnel cooperate 

and work in an effective way by training. This research is 

important and have contribution because that the Chinese 

welding industry and foreign companies now all need the 

increasing quality and high productivity in the welding 

productions in China. Only when the Chinese welding 

factories have and implement a useful quality management 

control system now, that the two sides, China and foreign 

countries, can gain a win-win result in the welding 

production industries. 
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Abstract – Nowadays executive ability improvement research is fundamental in the Chinese 

welding industry for large-scale, state-owned, and joint-venture companies. It is important that the 

quality, cost, and productivity of their products are tightly linked with executive ability. The lack of 

executive ability in large-scale factories or a welding quality management system in middle and 

small-scale factories is a widely existing problem. The lack of powerful and appropriate executive 

ability means not only no increases in the quality and productivity, but also no decreases in the 

manufacturing cost. On the other hand, for small and middle-scale factories, a welding quality 

management system is important. These two topics, executive ability and the quality management 

system, are the most significant and urgent issues to the Chinese welding industry. The paper 

presents the current situation of the relationship of the quality management system and executive 

ability of companies and factories in the Chinese welding industry in different geographical areas. 

The paper first analyzes the existing research circumstance and finally provides countermeasures 

and suggestions to the Chinese welding companies. As a result, this paper presents proposals to 

increase the executive ability and also a way to build a welding quality management system. They 

can be implemented in different scale welding enterprises also for other new industrial countries. 
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I. Introduction 

The Chinese welding industry needs to increase its 

manufacturing quality, to decrease costs, and to boost 

productivity. Improvements are needed in hardware, like 

machine updates, material quality, and the skills of the 

welding personnel. 

One further aspect also in need of improvement is 

software, like welding quality management and welding 

workshop executive ability. 

A proper, suitable, and complete welding management 

system can help to ensure the quality, cost, and 

productivity of welding manufacture from theoretical 

aspects, whereas the increasing executive ability can 

ensure the effective implementation of the management 

system, theory, and regulations. Researchers, like Wang, 

Wei, Chen, and Jia, have presented the situation of 

executive ability improvement activities in China [1]-[4].  

The most significant finding from the researchers is the 

lack of execution at Chinese enterprises, and this 

phenomenon is widely existing. 

The researchers have also provided some proposals to 

reach a higher level of executive ability. Nowadays, for 

the Chinese welding industries, the lack of executive 

ability is a widely existing dilemma. 

Although the welding enterprises have similar features 

as the above researchers have examined, the welding 

manufacturing processes also have their unique features. 

The control of manual welding work requires not only 

good knowledge of executive ability, but also good 

welding knowledge. This paper aims to fill the gap. 

This research has applied various methods taken from a 

literature review and from field visits. By conducting the 

literature review, some existing knowledges of executive 

ability were studied. By using field visits, data and photos 

were collected and the situation of the real Chinese 

welding industry was observed. 

Furthermore, the idea of the new welding management 

system to be used in China was developed during the field 

visits. Finally, the implementation of the research result, a 

new welding quality management system and executive 

ability improvement proposals, were carried out in case 

project companies. 

II. Literature Review on the Executive 

Ability and Quality Management 

The literature review includes the knowledge review of 

the executive ability and the discussion of the new 

welding quality management system implemented in the 

case project enterprises in China. 

II.1. Enterprise Executive Ability 

Executive ability means systematic processes which 

include: 
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 Discussion and questions about and compliance with 

the methods and aims of the company, and their 

responsible implementation; 

 Analysis of the business environment that the 

company is confronted with the assessment of the 

abilities of the organization; 

 Coordination of reward and output, personnel and 

departments, and strategy and staff; 

 An executive ability raising mechanism to adapt to 

challenges from business environment transformation 

and constant change assumptions [1].  

The executive ability of a company can, therefore, be 

explained as the ability of various management levels, 

business units, and staff positions to implement the 

strategy, policies, programs, plans, and institutional 

measures to achieve the business aims developed by 

enterprise operators [2]. 

The degree of executive ability strength will have a 

direct effect on whether the enterprise business objectives 

can be smoothly achieved or not. The development of a 

successful company derives by the methods and strategy 

by 20% and by the executive ability of different 

management level staffs by 60% [3]. Execution is the 

most important part in the welding enterprise management 

system, as explained in Fig. 1. 

From the perspective of organizational system theory, 

the executive ability can be seen as a system and a 

process.  

During the implementation of the process or operation 

of the system, the factors affecting diversification should 

be assured, the linkage among affairs should be studied, 

and the general trend of development should be controlled 

[4]. Furthermore, the different management levels from 

high to low within the system or process may lead to 

information transmission distortion, conflict, and 

obstruction which will influence the executive ability. 

Section 3 will elaborate the discussion on the information 

transfer problem in the Chinese welding industry. 

It is important to review research on several elements 

which will influence the enterprise executive ability. 

The previous studies by Wang and Wei presented six 

factors that influencing the executive ability: 

 i) the strategy of the enterprise,  

ii) embodiments and plan,  

iii) reasonable enterprise organization, 

iv) the personnel and staff indemnification system,  

v) enterprise control system, 

vi) active and positive enterprise culture [1], [2]. 

These elements can be seen as the booster of the growth 

potential of enterprise capability.  

The elements are complementary to ensure the effect of 

the executive ability in a company and to keep it on a 

stable level even when the enterprise is facing uncertain 

business prospects.  

The barrel effect is suitable for describing the 

relationship of these six elements. Each element should be 

adequate and should cooperate tightly.  

Fig. 2 provides an illustration of the relationship of the 

six elements and executive ability. 

The six elements represent the wall of the barrel. If one 

element is lower than others, water, which represents the 

executive ability, will flow out. 

 

 
 

Fig. 1. The relationship of execution ability in a welding company 

 

 
 

Fig. 2. The barrel effect of the six elements 

 

Also, the gaps among each wall cannot be wide, i.e. the 

relationship of each element should be tight in order to 

prevent the leakage of executive ability. 

The executive ability of the enterprise needs the 

support of the overall management system. An enterprise 

management system can be divided into eleven parts 

based on business functions: 

 i) plan management,  

ii) production management,  

iii) procurement management,  

iv) market management,  

v) quality management,  

vi) logistic management,  

vii) financial management,  

viii) project management,  

ix) human resources management,  

x) statistic management,  

xi) information management [5], [20]. 

Welding production enterprises often have the same 

above-mentioned eleven parts. Within any enterprise, the 

listed management aspects are integrated into a whole 

management system in order to guarantee normal daily 

operations. For example, the whole welding quality 

management system within a Chinese welding factory can 
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be the ”welding production quality control management 

model system in China”, in short the WQMC system, 

defined by Xiaochen [6]. 

II.2. Management System for the Welding Industry 

A management system for one company can include a 

number of different sub-systems. For example, a company 

mayutilize the ISO 9001 quality management system, ISO 

14001 environment management system, OHSAS 

18001occupational safety andhealth management system, 

and ISO/IEC 27001 information security management 

system at the same time. 

For a welding production or manufacturing company, 

the ISO3834 welding quality management system should 

beintegrated into the whole enterprise management 

system in order to ensure relatively high productivity, 

high quality, and low production costs. 

If the theory of total welding management (TWM) 

[11], [12], the LEAN theory, the human factors designed 

training system, and the localization factors for China are 

integrated into the management system in the same 

manner, the WQMC can be generated. Fig. 3 illustrates 

the operating idea of the WQMC system [13]-[15]. 

Building a welding quality system aims to create a 

stable welding working environment and secure the 

quality of products. 

It is guarantee of normal operation of the whole 

enterprise. Furthermore, the welding quality system will 

help the welding enterprise to have the ability to achieve 

sustainable development. 

The welding quality system can be seen as the main 

managerial structure of the operation of the company. It is 

supported by the executive ability.  

The welding quality system is the foundation, and 

guiding the direction is the executive ability. If a welding 

enterprise expects an increase in the quality level and 

manufacturing productivity, and a decrease in production 

cost, a necessary requirement is the combination of: 

 A well-structured and designed welding quality 

system, 

 A set of reasonably operated executive abilities. 

In China, a welding quality system and reasonably 

operated executive ability in a welding enterprise are 

normally inadequate or poorly cooperated. The reason is 

partly the enterprise scale and partly the geographical area 

and industry differences [16]-[18]. 

III. Executive Ability and Quality 

Management in the Chinese Welding 

Industry 

In order to find the different improvement proposals for 

different scale Chinese welding enterprises, a knowledge 

of the overall situation is needed.  

According to observations, interviews, field visits, and 

experiences in the Chinese welding industry, the situation 

of the executive ability and quality management systems 

can be divided into two categories: 

 i) large-scale and foreign enterprises,  

ii) middle and small-scale enterprises.  

The executive ability in middle and small-scale 

enterprises is relatively better compared with large-scale 

and foreign enterprises, while for quality management 

systems, the situation is opposite. 

Normally, the middle and small-scale welding factories 

can have high execution of their manufacturing processes 

and operation of their company, but often they cannot find 

a suitable welding quality management system to control 

their enterprise development, whereas the large-scale and 

foreign companies often have a complete enterprise 

management system to control their development, but the 

executive ability which would help them to achieve their 

goals is not reliable.  

The reasons leading to such situation are the different 

enterprise level structure and their attitude to theory and 

knowledge.  

The different enterprise levels in China include 

small-scale and large-scale factories. These different 

situations of the Chinese welding enterprises will be 

elaborated on in the following. 

In a small-scale welding factory in China, the structure 

is relatively simple. The manager is always the owner of 

the company and directly controls the manufacturing 

processes.  

It is easy for the manager to ask the welders, welding 

operators, or welding coordinators to execute the 

company’s strategy and plan. 

The executive ability can thus be easily guaranteed. In 

a large-scale welding factory in China, however, the 

organization always has different levels: for example, top 

level managers, middle level managers, and workers. 

Communication about execution amongthe different 

levels will easily generate errors leading to weakened 

effects.  

Errors will occur especially if a communication barrier 

exists in foreign or joint-venture enterprises. Errors also 

easily happen when the personnel do not have the 

responsibility to recheck the task or assignments. Fig. 4 

illustrates the situation.  

A first level information transmission rarely leads to 

errors, but the more levels, the more error occurrence 

opportunities. 
 

 
 

Fig. 3. Structure of the WQMC welding quality 

management system [6] 
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Fig. 4. Different enterprise level structures 

in different scale enterprises 

 

Furthermore, if the executive ability in the enterprise is 

sufficient, an error in information transmission may 

nevertheless lead to the deflection of the execution result 

or the wrong operation of the enterprise.  

Especially in foreign or jointventure companies, 

misunderstandings due to the language barrier will lead to 

the same result. In this situation, like Fig. 5 shows, the 

problem is not the executive ability, but human factors. 

 

 
 

Fig. 5. Problems with human factors 

 

The normal operation of the enterprise may be hindered 

due to human factors, like the language barrier, or 

misunderstandings, but not the lack of executive ability.  

This situation must be noticed in large-scale enterprises 

and foreign companies operating in China. The 

large-scale, state-owned and foreign enterprises always 

attach importance to the quality and management theories; 

therefore, the management system is built based on 

theories. In middle and small-scale factories in China, 

enterprise leaders always believe in the authority and 

power of themselves. The companies are always led by 

their orders, will, and determination, and not by enterprise 

management theories. This leads to neglect the building of 

management systems in the middle and small-scale 

welding factories in China. In the Chinese welding 

industry, based on the interviews, observations, and field 

visits, most of the factories are faced with the situations 

described above. The situation of the executive ability and 

quality management system is not only dependent upon 

the enterprise scale, but they are also related to different 

geographical areas and different industries. 

From the perspective of geographical areas, the best 

area concerning the executive ability and quality 

management are the welding factories on the Yangzi 

River delta, Pearl River delta, and Bohai Sea regions.  

From the perspective of industries, the best industries 

concerning the executive ability and quality management 

are the welding factories in the boiler and pressure vessel 

manufacture, ship building, and automobile manufacture. 

IV. Improving the Executive Ability in the 

Chinese Welding Industry 

The reasons behind the companies’ lessened executive 

ability are many: The staff may be getting information 

leading them not to clearly understand what the task of 

their daily work is and how to implement their daily work.  

Too many obstructions, like the language barrier, may 

be preventing smooth communication among 

departments, causing errors in information transfer during 

execution. Yet another factor may be that after successful 

execution, the staff is not rewarded for his input, or that 

the staff know that there will be no disadvantages or 

punishment in the case of lacking executive ability [7]. 

From the perspective of practical and organizational 

system theory, the lack of executive ability will lead tothe 

collapse of the internal structure of the organization, 

impaired outside function of the organization, blocking of 

the further development of enterprises, seriously affected 

normal project process speeds, the company 

management’s tendency to “man rule” and not “law rule” 

management, and companies’ weakened ability to 

respond to the customers, partners, and peripheral social 

relations [3], [4], [10], [19]. 

By applying the literature review, observations, 

interviews, and field implementation experiences from the 

industry, some methods to increase executive ability were 

generated. In order for the large-scale or foreign welding 

companies operating in China to increase their executive 

ability, they should: 

1) Define the powers, responsibility, and benefit of their 

management teams. The leaders should become the 

advocates and practitioners of increasing the executive 

ability. Each department should have average power, 

responsibility, and benefits in order to avoid some 

other department, like the quality department, could 

have less power, and another department, like the 

purchasing department, could have less responsibility 

[8]; 

2) Promote the cultural concepts of standardized 

management and rules supreme. Once a problem 

occurs, its core should be found and the problem 

solved by using open communication; 

3) Establish a well-trained management team and 

improve the overall capability of the team. The 

managers should converse over roles and ideas during 

enterprise executive ability strengthening processes. 

The individuals who have good executive ability 
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should be placed in significant positions; 

4) Create a well-designed company management strategy 

and mechanisms that suit future development. Open 

management regulation and smooth internal 

communication channels should be built. Rules and 

regulations should be used to manage the staff, but not 

power. Welding defects only occur because of bad or 

insufficient regulations and rules, and not because of 

personnel. By using this basic concept, rules and 

regulations should be gradually adjusted and welding 

production standardized; 

5) Train a highly efficient middle level management team 

and gradually increase the middle managers’ 

executive ability. The company should emphasize the 

communication ability among the lower levels and 

parallel departments of middle level managers. This is 

to ensure the complete and fluent information flow 

among welding manufacture, welding design, and 

quality control departments; 

6) Shape the enterprise into an organization of strong 

executive power. An effective execution management 

organization and monitoring mechanism within the 

enterprise should be established. Emphasis should be 

placed on teamwork and cooperation in order to ensure 

that each process has auxiliary and service ability to 

basic welding manufacturing processes; 

7) Establish the execution culture system within the 

enterprise. The company should pay attention to 

human factors; 

8) Build a standardized and modular program for basic 

operation processes, like the cutting standardization, 

tack welding and assembly standardization, and 

welding standardization processes. It should be 

ensured that the staff at all levels can clearly 

understand the significance of standardization 

processes; 

9) Make realistic targets, programs, projects, and plans. 

All improvement results should be quantified and 

overproduction prevented; 

Reduce the losses or execution problems caused by the 

language barrier in foreign and joint-venture welding 

enterprises operating in China. 

The lack of efficient welding quality or total welding 

management is the most significant problem in 

companies. The lack of a welding management system 

will mean that no clear regulations and rules can be set, no 

scientific management to control production exists, even a 

good executive ability can lead to negative effects, and no 

welding technology and theory training for the staff exist 

to guide their daily work. The middle and small-scale 

welding companies in China should focus on training and 

implementing welding management and welding quality 

theory and strengthen their welding manufacture ability 

with modern scientific welding knowledge [9], [21], [22], 

[23]. 

V. Result 

By implementing the methods and the new welding 

management system, the welding quality in the case 

project enterprises is increasing. Fig. 6 illustrates the 

improvement in welding quality. Fig. 6 shows that the 

welding repair rate decreased from 5% to 3%, and the 

welding imperfection rate from 3.3% to 2% during one 

year. 

 

 
 

Fig. 6. Welding quality improvement in case enterprises 

VI. Conclusion 

The central finding of this paper are the result of how to 

improve the executive ability of Chinese welding industry 

enterprises and how to build a welding quality control 

system in China for different scale factories. 

The paper first provides a literature review on the 

executive ability and research methodology and then the 

analysis of the current situation. The final part of the paper 

presents the result and proposals for the enterprises by 

listing ten methods for the Chinese welding industry to 

improve their executive ability. 

The methods are generated from the perspective of not 

only welding manufacture itself, but also by the culture, 

human factors, and management strategy. Covering all the 

methods during the execution establishment process will 

help the welding company to increase its quality level and 

productivity.  

In addition to the above discussions, there are other 

constraints on increasing the executive ability. For 

example, a reasonable incentive system, qualified and 

responsible working attitude, and well-functioning 

equipment will also support the stable development of 

executive ability in a welding company. Among them, the 

most significant point is the research on a reasonable 

incentive system. From the perspective of incentives, to 

find the right reason and way to increase the executive 

ability in a welding company is the most basic and 

efficient method. 

How to further enhance the executive ability by using a 

reasonable incentive and salary system in Chinese 

welding enterprises should be the focus of theoretical and 

practical studies in the future. 
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ABSTRACT 

 
Welding manufacturing procedures for offshore and coastal 
construction  are  nowadays  numerous.  For  example,  in  China  the  
offshore construction of oil drilling rigs and the coastal construction of 

dock facilities require a number of welding procedures. In the process 
of welding manufacturing, executive ability should be guaranteed and 
risk management systems should be implemented in order to achieve 
stable quality levels and productivity. This study focuses on how to 
increase executive ability and organize risk management systems in 
welding manufacturing in ocean engineering environments in order to 
generate a macroscopic view of the situation of the research. Presenting 
a review of different technologies and research material, which include 
welding technology, management theory, ocean engineering, and 
human factors, this paper contributes to establish the state of the 
development of executive ability and risk management with welding in 

the offshore and coastal construction industry, which will also 
contribute to the future work of building a total welding management 
system in ocean engineering areas. As a result, the paper proposes an 
idea, method, and steps for offshore construction related industries to 
build their welding risk management systems, and lays the groundwork 
for deeper research on this topic in the future. 
 

KEY WORDS: Welding Management System, Executive Ability, 

Risk Management, Offshore Engineering, Coastal Engineering. 
 

INTRODUCTION 
 
The offshore and coastal engineering industry is one of the mainstream 
industries and a branch of the welding industry. Research on increasing 
the executive ability and risk management level is important to further 
improve the development in building a quality management system 
within the offshore and coastal welding industry. Researchers like 
Liang Sun, Xuejun Cao, Qunchao Shi, and Zhiyuan Peng have carried 
out research on pipeline and offshore platform welding quality 
management, welder certification in the offshore oil industry, and 
welding joint quality control in offshore engineering, respectively (Sun, 
2009; Cao, 2000; Shi, 2011; Peng, 2014; Chen, 2013). The outcomes of 
those studies pave the way for one aspect of managing welding quality 
in offshore engineering. One gap in state-of-the-art research is to find 

the relationships among welding quality, welding risk management, and 
welding executive ability. By synthesizing and integrating the findings 
of previous studies, this paper tries to bridge the research gap on issues 
pertaining to welding executive ability and risk management related 
questions in the offshore and coastal welding industry. The aim of this 
study is to contribute to establishing fundamental procedures for 
offshore and coastal welding enterprises on issues regarding welding 
quality management, building of the executive ability, and the 
establishment of a risk management system. The research procedure 
will be the following: understanding the background and gap, 
information collection, review work, field visit, and conducting the 
analysis. 
 

WELDING ENGINEERING IN OFFSHORE AND COASTAL 
INDUSTRY 
 
In the offshore and coastal industry, welding manufacturing processes 
are used to make, join, or repair some of its constructions and products, 

such as:  

 The construction of the petroleum pipeline; 

 The construction of drilling rigs; 

 The building of ships, icebreakers, marine projects, and 

containers; 

 The construction of oil and gas facilities, platforms, and port 

structures; 

 Arctic materials, buildings, constructions, and facilities 

(Tang, 2009; Zhang, 2012; Gong, 2000; Chen, 2001). 
 
Figure 1 illustrates the current situation and general view of the 
offshore and coastal industry. 

 
 

 



 
 

Figure 1. Examples of offshore and coastal industry structural product. 
 
In Figure 1, photo A shows the berth assembly processes of the hull of 
a ship; photo B shows offshore wind power constructions; photo C 
depicts a typical example of an offshore platform; and photo D 
illustrates several components in the building process of a diesel engine 
for a ship. Table 1 gives out the categorization of different welding 
techniques used in the offshore and costal industry. The main two 
branches are onshore dry welding techniques and underwater welding 
techniques. 
 
Table 1. Categories of different welding techniques in the offshore and 

costal industry 

 

Onshore Dry Welding Prefabricated Onshore Welding 

Maritime Assembly Dry Welding  

Underwater Welding Wet Welding 

Semi-dry Welding 

Dry Normal-pressure Welding 

Dry High-pressure Welding 

Laser Welding 

Friction Welding 

Explosive Welding 

 
During the manufacturing processes of the aforementioned products, 
the welding seams serve as the linkages, joints, and force transmitting 
channels. However, due to the environment and the operating 

conditions prevalent in the offshore and coastal industry, welding 
defects and imperfections are prominent. Some of the weld defects or 
imperfections especially in offshore and costal industries are porosity, 
slug inclusions, misalignment, lack of penetration, and lack of fusions. 
Among them, the most common defects are porosities and lack of 
fusions. 
 
These defects and imperfections arise during welding manufacturing as 
a result of the uncertainty caused by environmental factors such as: 

 Tidal waves; 

 Ocean current velocity; 

 Geological factors; 

 Wind velocity; 

 Water depth (Sun, 2009; Chen, 2014). 
 
The above-mentioned factors will influence the welding seam quality 
during the service period. The tidal waves and wind velocity lead to 
fatigue strength problems, ocean current velocity leads to corrosion 
problems and fatigue strength problems, and water depth leads to extra 
pressure on the welding seams. Geological factors are unpredictable 
and require the ability to avoid serious damages from the welding 
seams. 
On the other hand, safety and quality in offshore and coastal 
engineering regarding structural constructions, human lives, and 
property demand critical attention. Strict production and manufacturing 
management systems and a high level executive ability are 

prerequisites for guaranteeing the quality of welding production. The 
production and manufacturing management system includes 5M1E 
(Man, Machine, Method, Material, Measurement, and Environment) 
aspects as an integrated management control. The high level executive 
ability relies on the control and study of executive ability questions and 
problems by the enterprises.  

 
 

Figure 2. The relationship between the environment and management 
 

Figure 2 illustrates the relationship among different factors. Firstly, the 
environmental factors in the costal and offshore industry will influence 
the welding seam properties and result in various problems. By using 
different control methods, as shown in Figure 2, to enhance the 
manufacturing ability, the problems will decrease or can be totally 
avoided, which is the reason why welding management in the offshore 
and costal industry is significant. Lastly, in order to study how the 
various welding processes lead to problems and risks in ocean 
productions and constructions, the risk management issues related to 
welding should be examined. 
 

EXECUTION DURING WELDING MANUFACTURING 
 
The executive ability of a welding company can be expressed as the 
ability of various management levels, business units (especially for 
manufacturing, processing and planning, design, procurement, and 
quality departments), and staff positions (especially for welders, 
welding operators, and welding coordinators) to implement the 
strategy, policies, projects, plans, and institutional measures to achieve 
the business aims and targets developed by enterprise operators. In the 
welding company, the various management levels can be seen as three 

different welding management levels demonstrated in the ISO 3834 
standard (SFS-EN ISO 3834-2, 2006). The degree of executive ability 
strength for different departments related to welding manufacturing 
processes will have a direct effect and connection on whether the 
welding enterprise business objectives can be smoothly achieved. For a 
company that uses welding as the main production method, its strategy 



by 20% and the executive ability of different management level staffs 
by 60% account for the development of its success (Yang, 2015) 
 
From a general point of view, executive ability in a manufacturing 
enterprise that uses welding as the main production method, not only 
for the offshore and costal industry, can be divided into several 
systematic processes:  

 Careful discussion and questions about and compliance with the 
technology and management methods and aims or targets of the 
welding company, and their responsible implementation for 
every department, team, and person. The ISO 3834 standard 

requires that the welding company allocate every task related to 
welding quality to the people responsible according to the ISO 
14731 standard (SFS-EN ISO 14731, 2006);  

 Careful analysis of the business and social environments that 

the welding company is confronted with, especially focusing on 
the local human factors. Like the tools within the WQMC 
system developed by Xiaochen (2015), the human factor 
designed training (HFDT) system is one example which 
considers local human factors when generating a training 
program in the Chinese welding industry;  

 A thorough assessment of the technology and management 

abilities related to the execution of the whole organization, 
which includes the structure and elements of the organization;  

 Correct coordination of the work attitude and result, reward and 

output, personnel and departments, and strategy and staff;  

 An executive ability mechanism in a welding enterprise to 

adapt to challenges from different business environment 
transformations and constant change assumptions.  

 
The executive ability of the welding enterprise also needs the support 
of the overall management system. Normally, the management system 
within one enterprise can be divided into eleven parts based on the 
company’s own functions and features: i) planning management 
activities, ii) production and manufacturing management activities, iii) 
procurement and subcontractor management activities, iv) market 

management activities, v) quality management activities, vi) logistic 
management activities, vii) financial and accounting management 
activities, viii) project management activities, ix) human resources 
management activities, x) statistic management activities, and xi) 
information management activities (Yang, 2015; Xiong, 2008,).  
 
Welding production enterprises often have the aforementioned parts. 
Within any enterprise, the listed management activities and aspects are 
integrated into a whole management system in order to guarantee 
normal daily operations. An integrated management system in the 
company helps to improve activities to the level of executive ability. 

 

THE RISK MANAGEMENT DURING WELDING 

MANUFACTURING  
 
Executive ability, as discussed earlier, is used to guarantee the 

reliability of the production and manufacturing quality of the welding 
enterprise in a normal situation. When structural welded products have 
no risk of personal injury or environmental damage, it is allowed that 
the company does not build further steps in its management system, 
like the risk management system. This is because of the effective 
functions of the welding quality management system and a certain level 
of executive ability. For welded products in the offshore and coastal 
engineering industry, the possibility of an accident may entail severe 
personal injuries, property losses, or environmental damage which are 
much greater than those with normal welding products. Therefore, the 
level of analysis and research on risk management pertaining to welded 

products, especially with the manufacturing processes of the offshore 

and coastal engineering industry, is essential.  
 
Risk management research has introduced two definitions of risk. One 
defines risk as the index to measure the danger level, and the other 
defines risk as an objective reflection of the uncertainty of an unwilling 
happening (Zhou, 2015). Risk can also be seen as the relationship 
between safety and danger, as depicted in Figure 3.  
 

 
 

Figure 3: The relationship between safety and danger in risk 
management 
 
In Figure 3, safety and danger are mutually related. This means that if 
one product has a higher level of safety, at the same time it has the 
lowest level of danger. For example, if number 1 is used to represent 
absolute safety, number 0 represents absolute danger. The relationship 
between safety (S) and danger (R) is arithmetically shown below: 
 

                                                                       (1) 

 

Considering the formula, no matter what the true value is, R or S will 
be  between numbers  0  and 1.  It  can thus  be established that  danger  is  
objectively real and safety is relatively present. There is no absolute 
danger, nor absolute safety. By research and analysis on risk 

management, the aim and goal is to make S in the formula unlimited, 
approaching number 1, and, at the same time, to let R in the formula be 
unlimited, approaching number 0. Therefore, despite the analysis, risk 
cannot be 100% eradicated due to the uncertainty of danger, but risk 
elimination can be guaranteed by managing and controlling the risk. 
Thus, the uncertainty of danger can be relatively reduced continuously.  
 
Risk management is a branch of learning that studies the occurrence of 
risk and controls over the uncertainty of danger. The aim and goal of 
risk management is to reach maximum safety guaranteed by the lowest 
cost investment, especially in a company. The risk management theory 

includes different steps called risk identification, risk measurement, and 
risk assessment. The three steps provide an array of methods and 
techniques to accomplish the identification, measurement, and 
assessment or risks. The risk management system for welding 
enterprises, especially for the offshore and coastal industry, can be 
designed by the optimized combination of different methods and 



techniques. 
 
Risk identification in welding industry is the method used to 
systematically generalize and completely recognize the uncertainty of 
danger and risk in the welding products and during the welding 
manufacturing procedures by using scientific analysis. Among them, 
the most important thing is to determine the source of the hazard. 

Hazard source is the origin or state of affairs that may cause personal 
injury, a health hazard, occupational disease, environmental damage, 
and property losses. Two examples of these are welding seam failures 
in the offshore and costal industry leading to personal injury and oil 
spills from offshore drilling rigs or pressure vessels causing damage to 
the ocean environment. This paper uses expert experiences to conduct 
risk identification for the welded structures in the offshore and coastal 
industry. The method of expert experiences means to evaluate the 
danger and harmfulness of the object intuitively by distinguishing the 
standards, laws, and inspection forms, and by using the experiences and 
judgment, or relying on the observation and analysis ability of the 
experts (Zhou, 2015). 

 
The main steps for risk measurement and risk assessment are: 

1. Identification and analysis of danger and hazard factors. 
Finding the related factors that can lead to danger or harmful 
results in the welding processes of the offshore and costal 
industry; 

2. Division of the assessment unit. In order to make an easy 
evaluation, offshore or coastal welding procedures should be 
divided into several single units according to different 
manufacturing or service steps; 

3. Selection of the assessment methods. If a quantitative 

assessment method can be launched, it must be used. For 
example, if a welding seam in an offshore rig fails, the 
number of persons working on the rig injured or influenced 
can be quantified. 

4. Qualitative and quantitative assessment of a holistic analysis. 
The analysis methods are numerous. The main risk analysis 
methods are divided into two groups: the qualitative and 
quantitative risk analysis methods. The qualitative risk 
analysis methods include the Matrix, Preliminary Hazard 
Analysis, Fault Tree Analysis, and Bow Tie Analysis (BTA). 
The quantitative risk analysis methods include the Risk Level 

Analysis, MOND method, QRA (Quantitative Risk Analysis), 
and Monte Carlo Simulation (Zhou, 2015); 

5. Putting forward the safety measure proposals. The risk 
management measure of offshore and costal welding 
production should be proposed from the aspects of welding 
materials, welding quality management, welding 
manufacturing procedures, on-site welding quality control, 
personnel qualification and certification, welding drawing 
inspection, working plan, and welding processes; 

6. Acknowledgement of the result of risk identification and 
assessment, and composing the risk analysis report.   

 

In the next chapter, the risk management method for the offshore and 
costal welding production and industry will be discussed. 
 

RISK MANAGEMENT AND INCREASING EXECUTION IN 
WELDING MANUFACTURING 
 
Based on the literature considered, observations in companies, 
interviews with welding related personnel, and field implementation 
experiences from the industry, the procedures to increase the executive 
ability of the enterprise were generated. Therefore, in order for offshore 
and costal welding companies to increase their executive ability, using 

the experiences from China as a case study, they should:  
 Define the powers and responsibilities of the company’s 

management teams. First of all, the company leaders should 
become the advocates and practitioners of increasing the 
executive ability. Secondly, each department should have an 
average level of power, responsibility, and benefits. This is 
done to avoid the situation that some department may have 

more power than others, and some department may have less 
responsibility in internal co-operation; 

 Promote human factors and cultural concepts of standardized 
management methods and rules. Once a problem occurs 
during a welding production process, its core reason should 
be found and the problem solved by using transparent 
communication between each department in an open and 
harmonious internal environment; 

 Build a well-trained management team within the company 
and improve the overall skills and capability of the team. The 
managers should discuss the roles and ideas during enterprise 
executive ability strengthening processes. The individuals 

with good executive ability should be placed in significant 
positions, especially at the middle management level. This 
applies to all the welding coordinators; 

 Create a well-designed company management strategy and 
mechanisms that suit future sustainable development. Also, 
transparent management regulation and smooth internal 
communication channels between different departments 
should be built. Rules and regulations, but not power, should 
be used to manage the staff. Welding defects only occur 
because of wrong or insufficient regulations, and not because 
of personnel. By using this basic concept, rules and 

regulations should be gradually adjusted and welding 
production standardized; 

 Use a highly efficient middle level management team and 
gradually increase the middle managers’ executive ability by 
continuous training. The company should emphasize the 
communication ability and capability among the lower levels 
and parallel departments of middle level managers. This is to 
ensure the complete and smooth information flow among 
welding design, welding manufacturing, and quality control 
departments; 

 Shape the enterprise into an organization of strong executive 

power. An effective execution management organization and 
monitoring mechanism within the welding enterprise should 
be established. Emphasis should be placed on teamwork and 
co-operation in order to ensure that each procedure has 
auxiliary and service ability in basic welding manufacturing 
processes; 

 Establish an execution culture within the enterprise. The 
company should pay attention to human factors and training 
in order to reach a higher level of executive ability for all the 
teams; 

 Build a standardized and modular program for basic 
operation processes, like cutting standardization, tack 

welding and assembly standardization, inspection 
standardization, and welding standardization processes. It 
should be ensured that the staff at all levels clearly 
understand the importance and significance of standardization 
processes; 

 Make realistic aims, targets, programs, projects, and plans for 
each team. All improvement results should be quantified and 
overproduction prevented (Yang, 2015; Li, 2009). 

 
These steps are used to establish and increase the executive ability and 
atmosphere in the welding company. It will help the enterprise to 



develop and strengthen its executive ability level. 
 
When the executive ability has been established, and at the same time 
the welding quality control system is implemented, it should be 
controlled in addition to the risk management system for the welding 
manufacturing procedures in the offshore and costal industry. Welding 
production risk management should also incorporate risk identification, 

risk measurement, and risk assessment.  
 
Briefly, the possible hazard sources predominant in the offshore and 
coastal welding industries consist of dynamic load structures with 
welding imperfections or defects (porosity, cracks, or lack of fusion) 
within the weld seam, welded structures operating in low-temperature 
service environments (prone to brittle fracture), offshore and costal 
welded structures in contact with seawater (susceptible to corrosion 
cracking), welding imperfections and defects within the longitudinal 
weld seams of the hull and other pressure vessels (Zhu, 2013; Jiao, 
2007; Chen, 2015). 
 

Regarding  these  issues,  the  Bow  Tie  Analysis  (BTA)  is  used  in  this  
paper to conduct risk measurement and risk assessment in the offshore 
and coastal welding industry. The BTA is a simple method to describe 
and analyze one risk  path from reasons to  results.  By using the  BTA 
method,  it  is  easy  to  set  control  methods  in  the  risk  path  in  order  to  
avoid the possibility of a hazard. 
 

 
 
Fig.4 the BTA diagram of offshore and coastal industry welding risk 
management 
 
Figure  4  gives  out  the  result  of  the  BTA  method  in  the  offshore  and  
coastal industry welding risk management analysis. It illustrates the risk 
path and how to prevent, eliminate or alleviate the undesired result, or 
the barriers to the desired result. 
 

SUMMARY 
 
The main objective of this paper was to find new integrated ways to 
help offshore and costal welding industry companies to increase their 
manufacturing executive ability and apply risk management during 
their production, by utilizing literature, field visits, and observation 
methods.  
 
The first part of the paper gives out the state of the art of the offshore 
and costal welding industry, and the difficulties in the industry. 
Procedures on how to make improvements in the executive ability and 
how to evaluate risk and risk management steps in a welding company 

in the offshore and costal industry were analyzed in subsequent 
chapters. The paper further gives out suggestions and proposals in 
aspects such as executive ability and risk management, as a strategic 

mechanism to help welding companies in the offshore and coastal 
industry to make improvements by adopting scientifically proven 
methods. 
 
Future research related to this paper has been well noted. For example, 
a study on how a reasonable incentive system can be established and 
implemented in the industry is significant because it can make a higher 

level executive ability more stable. From the aspects of risk 
management, the service period of the offshore and coastal structures 
can also lead to weld failure. How this occurs can also be a subject of 
future research. Finally, conducting case studies in conjunction with 
these future research topics as suggested will also give good support 
through experimental data to prove the validity of the theories. 
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