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 Poka-Yoke and failure mode and effect analysis (FMEA) are methodologies that 
facilitate process improvement and manufacturing capabilities. Poka-Yoke conceptually 

fits into the process FMEA (PFMEA). Two integration concepts are proposed by using 

FMEA and PFMEA. The first concept focuses on the elimination of the cause of 
defects that is directly linked to the occurrence of the error that creates the defects. The 

second concept is attributed to the segregation of rejects, which focuses on the 

effectiveness of the detection system. The control and action taken by an organization 
will evolve into a foolproof process by integrating Poka-Yoke into the PFMEA. Such 

an error-free process will drive an organization toward the manufacture of defect-free 

products. The format of Poka-Yoke PFMEA can guide users who are unfamiliar with 
the best actions and controls. The integration concepts can be further expanded to cover 

risks or accidents, particularly in terms of hazard identification, risk assessment, and 

control. The integration of lean concepts will significantly influence quality 
improvement and process optimization. This improvement will eventually affect 

manufacturing cost because lean concepts always focus on waste control, optimization, 
pull push concepts, and 5S. Lean concepts eliminate the rejects and optimize the overall 

manufacturing cost. 
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INTRODUCTION 

 

 Quality is one of the most important aspects or requirements that must be fulfilled in the manufacturing 

industry. Errors can cause considerable damage or give rise to defects that may affect an organization in term of 

cost or expenses. Some manufacturers might lose their credibility, customers, and even their entire business 

because of damages or defects in their products. Hence, manufacturers seek robust processes that can increase 

productivity and profitability. The search for robust processes resulted in the introduction and development of 

the manufacturing concept.  

 Humans cannot be entirely removed from the manufacturing industry despite being contributors to defects 

and losses in productivity. Manufactures are focusing on reducing and even eliminating human intervention 

processes by adopting automation. Manufacturers prefer to use machines because unlike humans, the machines 

are designed to deliver expectations without mistakes.  

 The origins of failures are normally related to human error (Moubray, 1999). Some failures can be 

controlled and afford an opportunity for us to learn from them (Juran, 2000). There are seven mechanisms for 

identifying failures which were including failure analysis methods which one of them is FMEA (Moore, 1997). 

FMEA has been extensively used to analyze the reliability of products and manufacturing processes and is the 

most efficient low-risk technique for preventing problems and identifying solutions (Palady, 1997). Based on 

above statement in reference (Moubray, 1999), it does directly agreed with what Shingo’s statement on the 

cause of failures that related to human thus by making it as a mistake proof (Poka-Yoke) it will eliminate the 

human errors.  Palady (1997) showed that the FMEA is the most efficient low risk technique to prevent problem 

with a correct solution which the Poka yoke should be the best solution. 

 An expert in quality control clearly distinguished a mistake from a defect. Mistakes are inevitably 

committed by people who cannot be expected to concentrate all the time or to understand the instructions they 

are given completely. Defects result from enabling a mistake to reach the customer and are entirely avoidable.  

 The goal of poke-yoke is to contrive the process so that mistakes can be prevented or immediately detected 

and corrected (Shingo, 1986). 
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 Lean concepts can be implemented successfully across all industries. The adoption of a few principles for 

certain processes is sufficient for an organization that implements lean concepts. This adaptation will not affect 

the performance of the company (Puvanasvaran et. al, 2011). The solutions to potential problems can be by 

implementing FMEA. However, the solutions cannot guarantee complete problem elimination unless such 

solutions are enforced to eliminate errors (foolproof or Poka-Yoke). The integration of poke-yoke concept into 

FMEA will significantly improve robust problem analysis and solution processes. 

 Irregularities detected during the implementation of FMEA create considerable confusion and 

ineffectiveness, which defeats the purpose of FMEA, that is, to eliminate defects to ensure customer satisfaction. 

Corrective action failed to eliminate rejects. Rules or guidelines for the formulation of effective action plans 

were lacking. The directive or correct direction always confused the user despite the clearly identified traditional 

outline. These conditions were observed based on real-life experiences on the implementation of Process FMEA 

(PFMEA) in various companies or organizations in Malaysia.  

 Negative customer feedback can be generally attributed to the failure to eliminate rejects, which 

consequently reach the end customer. Such failure is due to the fact that the detection system is not foolproof, 

which prevents the elimination of defects. Moreover, the inability to address the causes of failures will results in 

defects that workers may overlook because of a high frequency of occurrence. When product quality is 

improved, the results will not immediately reach the customer because of the lead time related to storage and 

delivery. The improved quality is normally observed after three months to four months. After this time, the 

complaints significantly decrease. Corrective actions and the creation of awareness aid in reducing customer 

complaints.  

 A significant improvement in quality, process, cost, and product generation technology was observed when 

the Poka-Yoke was successfully integrated with the FMEA. Results show that the percentage of scrap was 

reduced by 50% and the customer complaint generated from the four main processes was decreased from 10 

cases to one. The cost of scraps attributed to rejection was reduced to approximately RM100000.00. These 

findings show that the process was foolproof and that the failures were significantly reduced or eliminated.  

 

Integration Framework: 

 Poka-Yoke and FMEA are methodologies that can improve processes and enhance manufacturing 

capabilities. Both methodologies are required for six sigma activities to achieve the best improvement results. 

Most people tend to ignore the importance of Poka-Yoke when implementing the FMEA and ignore the FMEA 

when implementing the Poka-Yoke concept for improvement.  

 Integration (from the Latin integer, meaning whole or entire) generally refers to combined parts that work 

together or form a whole. Integration is commonly used in information technology during product development. 

Product development is a process in which components or subsystems are produced separately and then 

combined to identify any problems in their interactions.  

 The key measure of integration in the production process to be resolved in industrial engineering integrated 

innovation are how to effectively integrate resources, how to improve resource use efficiency and how to reduce 

the cost of access to resources (Jun-yi, 2010). The integration proposed is focus on internal integration concepts 

due to internal resources usage along this study. If the integration concept is adapt in the early to middle stage of 

the product development cycle, the product quality improvement and higher customer satisfaction can be 

included. FMEA is a live document and should always be modified in the light of new information or changes 

(Shahin, 2004). The integration in lean principles and techniques is not a new invention. Those integration have 

promote the competitive ability of manufacturing enterprises greatly (Hu, 2000). 

 Figure 1 explains how the concept of Poka-Yoke can be integrated into the FMEA without interfering with 

the original concept of the latter. The integration of Poka-Yoke focuses on the occurrence and detection of 

potential failures, which affect the creation of defects or mistakes. These concepts drive the organization toward 

improved processes and high-quality products that can prevent the creation of defects through error elimination. 

 Poka-Yoke assists people and processes to work properly. Poka-Yoke refers to techniques that prevent 

mistakes. These techniques can eliminate defects from products and processes while improving quality and 

reliability. Poka-Yoke can be regarded as an extension of FMEA that can be used to enhance improvements and 

process designs from six-sigma define, measure, analyze, improve, and control (DMAIC) projects. The use of 

the simple ideas and methods of Poka-Yoke in product and design processes can eliminate both human and 

mechanical errors at a low cost.  

 FMEA aids in the prediction and prevention of problems through proper control or detection methods, 

whereas mistake-proofing emphasizes the detection and correction of mistakes before they become defects. 

Both FMEA and Poka-Yoke result in zero defects, which may have otherwise been delivered to either the end 

customer or the next-in-line customer. FMEA and Poka-Yoke are closely correlated with each other because of 

their similar goal of improving and controlling the implementation of DMAIC (Augusto, et al. 2012). Hence, 

this work focuses on these two concepts.  
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Fig. 1: Framework on the Integration concept. 

 

First integration concept: 
 The causes of defects include worker errors, and defects result from the failure to address such errors. Thus, 

mistakes will not become defects if worker errors are discovered and eliminated immediately. Defects arise 

because errors are made; the two have a cause-and-effect relationship. However, errors will not become defects 

if feedback and action are implemented in the error stage (Shingo, 1986). Thus, the first concept emphasizes the 

elimination of the cause or the direct link to the occurrence of the error that creates the defects. Figure 2 shows 

where the first concept of Poka-Yoke can fit into the FMEA in reality. 

 According to the FMEA manual, “occurrence is the likelihood that a specific cause/mechanism failure will 

occur. Preventing or controlling the causes/mechanisms of failure through design or process change is the only 

way of reducing the occurrence, which can affect the ranking.” Thus, the requirements and purpose of the first 

concept meet the requirements of occurrence and prevention. The “current process controls” are the descriptions 

of the controls that either prevent the failure mode or cause/mechanism of failure from occurring or detect the 

failure mode or cause/mechanism of failure, should it occur. 

 If the concept of “eliminating the occurrence” is integrated into the FMEA, the occurrence ranking will be 

very low. Thus, the concept will prevent defect creation. The most suitable number of occurrences is “1” when 

Poka-Yoke is implemented. This value indicates that failure is unlikely to occur. Accordingly, the first concept 

of Poka-Yoke is suitable to the occurrence level. The concept of preventing the defect from occurring is 

implemented by triggering the line or the machine to stop when the root cause of the occurrence is detected. The 

examples of Poka-Yoke implementation in the prevention of occurrence are as follows: 

 The punching pin triggered at 10,000 strokes is countered before it subsides and before it produces a burr. 

In this case, no burr will occur because of the proper concept of Poka-Yoke in triggering the pin lifespan. 

 The sensor will trigger the bearing housing if the ball bearing moves out of the cage on the punch die set. 

The bearing wear off can result in poor punching. Thus, the cause is eliminated before it creates a defect through 

the early detection of wear off. 

 The occurrence ranking in the FMEA ranges from 1 to 10. The organization should agree on consistent 

evaluation criteria, ranking system, and modification for individual process analysis. Occurrence should be 

estimated by using the table of occurrence category as a guideline. The ranking value of 1 is reserved for 

“Remote: failure is unlikely” based on QS9000 ver.3 manual, 2001. If the root cause of the occurrence is 

addressed, the occurrence of a mistake or defect will become almost impossible. 

 

Second integration concept: 

 The second concept of Poka-Yoke is concerned about the segregation of reject. How does the reject or 

defect can be well and clearly segregated and eliminated from overflow to the end users? The device is needed 

to clearly detect, segregate, or distinguish the defect. In FMEA, the second concept refers to the detection 

concept. An enhanced detection system provides a low ranking value. Detection is the rank associated with the 

best detection control listed below. If we assume that a failure has occurred, the capabilities of all “current 

process controls” must be assessed to prevent the shipment of the part with failure mode or defect. Detection 

ranking must not be automatically presumed to be low because the occurrence is low (e.g., when control charts 

are used).The capability of the process controls must be assessed to detect low-frequency failure modes or 

prevent them from going further in the process. 
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 The second concept of Poka-Yoke focuses on the effectiveness of the detection system. The second concept 

fits into the detection column, as shown in Figure 3. The foolproof detection system will prevent the occurrence 

of a defect or detect the error that creates the defect. If errors are detected, zero defects can be guaranteed. 

 Detection in FMEA refers to the rank associated with the best detection control listed in the current process 

control column. Detection refers to a relative ranking within the scope of the individual FMEA. The planned 

process control has to be generally improved to achieve a lower ranking. 

 Implementation of the Poka-Yoke concept on a foolproof detection system will prevent errors or defects 

from slipping through the process and from being received by the customer. Examples of Poka-Yoke detection 

systems are as follows: 

 A camera vision system is installed on the line to detect bottles that are out of specification. The system 

segregates such bottles to the reject bin. 

 The heater controller gives a signal to detect under or overheating, which can result in under-formation 

during the thermal forming process. 

 FMEA is a systematic approach for identifying all potential risks or causes that is commonly practiced and 

enforced in the automotive industries. FMEA and Poka-Yoke ensure good controls and prevent defects in a 

process as part of the six sigma program. FMEA and Poka-Yoke also prevent errors and improve error 

elimination. However, FMEA is limited by irregularities in its implementation. 

 

Implementing of PFMEA:  
 Identifying the individual processes and flow of the organization as a whole has become a necessity. 

Through this identification, the management and employees acquire more opportunities to improve the process 

(Puvanasvaran, 2008). The new spreadsheet of FMEA was generated based on the Poka-Yoke concept by 

realizing the above mentioned factors. The flow of FMEA implementation was applied. All processes were 

recorded in the spreadsheet. Every process input for each process step was reviewed by identifying every 

potential failure and its effects on the process output and customers. The severity of each potential effect was 

categorized based on the severity table. The severity of each potential effect was categorized based on the effect 

or gravity of the problem relative to the user or customers and to the manufacturer. The occurrence of the 

potential failures was then identified. The occurrence factor significantly depends on the history of occurrence. 

If the potential failure has used a Poka-Yoke concept, which helps prevent the occurrence of mistakes or 

failures, the occurrence table suggests that the rank should automatically be “1.” 

 Detection ranking depends on the effectiveness of the process input or output detection. The highest 

detection that can clearly identify and segregate the defects or rejects falls under rank number “1”. In this 

definition, detection ranking correlates to a foolproof detection process or detection with a Poka-Yoke 

capability. Based on the classification of detection, detection ranking will be identified in the spreadsheet. The 

Poka-Yoke concept is integrated in both the occurrence and detection to inform the user if the concepts are 

implemented. The additional column on concepts is integrated in the spreadsheet. Each column of the 

spreadsheet clearly defines the items that need to be specified for ease of use, especially for the new engineers. 

 

 
 

Fig. 2: First concept of Poka Yoke that fit inside FMEA. 
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Fig. 3: Second concept of Poka Yoke that can fit inside the FMEA. 

 

Effectiveness of the New Poka-Yoke PFMEA:  
 The effectiveness of the implementation of the new Poka-Yoke PFMEA is discussed in this section. The 

methods considered the in-process line rejection rate, end customers complaint, survey, and cost of rejection. 

The four processes were identified as shown in Figure 4. The in-process line rejection was recorded before the 

implementation of the Poka-Yoke PFMEA. The record can be used as a benchmark for judging or comparing 

the effectiveness of the new integration concept of Poka-Yoke PFMEA. 

 The four main processes were selected and applied through the flow of FMEA implementation. The process 

flow and process steps were clearly identified. The process input and output were also classified. The corrective 

action was implemented by using the Poka-Yoke concept as a guide. The results of the implementation based on 

internal rejection were recorded for three months. At the same time, feedback from end customers was analyzed. 

The data were then established for review and understanding. Further action and improvement were taken to 

enhance the Poka-Yoke concept. 

 The concept of the Poka-Yoke PFMEA was explained to engineers in a classroom seminar. A combination 

of new and senior engineers was involved in the discussion of this new approach for them to understand the 

concepts behind FMEA and Poka-Yoke. Poka-Yoke FMEA was implemented after the seminar. Finally, the 

engineers were asked to answer a survey questionnaire to recognize their comments and areas of concern. The 

cost of rejection based on the internal reject improvement was obtained through these activities. The gross 

calculation identifies the amount of cost saving that can be achieved through this improvement. 

 

Result: 

Internal Detection: 

 The performances of the implementation of the Poka-Yoke PFMEA were based on internal reject detection, 

customer complaint, cost impact, and engineer survey or feedback. The internal or in-process rejection rate was 

recorded from March 2012. The improvement program was implemented by following the new FMEA format. 

Efforts were exerted to obtain foolproof solutions that do not entail a high cost. The action was gradually 

completed according to the plan and time line given by the team members. Based on the accomplished 

improvement action and direction by the new FMEA, the reject rate was reduced. 

 The gathered data prove that the improvements are significant, although the defects or rejects were not 

completely eliminated. The reason behind this deficient elimination is that some actions are not foolproof. The 

heating process improvement provided a very significant result, in which the reject was reduced from 0.14% to 

0.06%. 

 The data from March 12 to April 12 can be considered benchmark. Slight improvements started to occur 

from May 12, which gradually decreased rejects in the consecutive month. The reject percentage versus the 

output indicates a more than 50% improvement from the base line data for March 12 or April 12. 

 The amount of rejects in the punching process gradually decreased from 0.85% to 0.39% on October 12. 

Some actions were not implemented with a foolproof solution because of different constraints, including cost. 

Improvement can still be achieved, especially in terms of the punch jamming issue. The foolproof solution 

considerably reduced the cause of punch jamming from 152 cases on March 12 to 52 cases on October 12. 
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These operations are good examples of cause elimination or can be considered foolproof preventive 

improvement actions. 

 

 
 

Fig. 4: Four selected main processes of CP Company. 

 

Cost Saving: 

 Significant reduction was observed in terms of scrap cost, which decreased from an average value of above 

RM200K to approximately RM100K. The number of reels is a poor reference to benchmark the improvement 

because such number depends on the production output schedule or planning. However, the percentage of 

rejection against the output denotes the level of gained improvement. Figure 5 shows significant improvement 

of approximately 50% reject reduction on the four main processes from March to October. This improvement is 

seen only in terms of the cost of rejected parts. Other improvements were also observed but were not computed. 

These improvements include those on productivity, cost of processing the rejects, and resource costs attributed 

to the rejects. 

 Results show a significant improvement on the quality, process, cost, and technology of product 

manufacturing when the Poka-Yoke is integrated with the FMEA. Results also show that the percentage of 

scraps was reduced by 50%, and customer complaints generated from the four main processes was reduced from 

10 cases to one. The cost of scraps attributed to rejection decreased to approximately RM100,000.00. Based on 

this reduced value, the process tended to be foolproof, and failures were considerably reduced or eliminated. 

Most engineers agreed that the implementation helps motivate the team toward achieving the objectives of the 

FMEA, as required by TS16949. 

 

Customer Complaint Reduction: 

 Customer complaints often incur high cost, particularly if such complaint is related to the function of a 

product that may affect the safety of the user. An example of this condition is a complaint from a Toyota 

customer about the failure of the airbag system to function properly. Malfunction of such product may cause 

loss of life. Toyota had to recall this product from the market. Such recall incurred the company a very high cost 

that totaled a few million US dollars. When a customer complains, the affected manufacturing normally includes 

the recall cost, sorting cost, replacement cost, attending cost (visit to customer), and the image cost. Image cost 

is the most critical cost because it may result in the loss of customers. A company might have to shut down 

when it loses a substantial number of customers. 

 Based on the amount of scrap and customer returns, the cost of quality is affected by the improvement made 

because of defects. The cost of quality can be measured based on the reduction of defects on the line and from 

the cost created by customer complaints. The effects of cost on improvement activities are observed if the action 

taken is sufficiently effective to eliminate the defect. The Poka-Yoke concept is thus effective when 

implemented for improvement activities. 

 

Validation of Integration Methods: 

 Over 20 engineers were surveyed, and their answers were reviewed to understand their understanding of the 

new Poka-Yoke FMEA and how the approach can help them improve processes. Results of survey show that all 
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engineers agreed that Poka-Yoke induces positive responses from workers. The concepts of the new approach 

are convinced the engineers on the effectiveness of the implementation. 

Q1: What do you understand about FMEA? 

Q2: What is the application of FMEA? 

Q3: Do you think that FMEA is a good tool and a systematic approach for solving a problem? 

Q4: Is Poka-Yoke a good concept in solving a problem? 

Q5: Do you think that if Poka-Yoke concepts are integrated into the FMEA, they will help direct the user toward 

the correct and accurate improvements? 

Q6: If you have a choice to use the FMEA, would you use the Poka-Yoke concept as your direction toward the 

better process improvement? 

 The engineers agreed on the integration of the Poka-Yoke concept into the FMEA to improve FMEA 

implementation is more effective and meets its own purpose. The engineers also agreed that the Poka-Yoke 

concept guides them directly toward the correct improvement activity. The feedback and comments of the 

engineers indicate that they agreed that the Poka-Yoke concept will drive them toward the best solution and 

make the implementation more straight forward and easy to follow in all levels, including the new engineers.  

 One of the manufacturing or management target is to archive high productivity and minimize the defect 

concurrently. Lean process management leads organization and its employees to adapt or orient themselves 

toward the targets and should also be sync into it (Puvanasvaran et al, 2010). Based on that, the sustainability of 

integration concepts can be achieved if they have enough training effectiveness and skill achievements. 

Management should be done the cross functional to ensure these factors are continuously given to fresh 

engineers. 

 

 
 

Fig. 5: The percentage of rejection from the 4 processes. 

 

Conclusion: 

 The proper implementation of Poka-Yoke PFMEA provides a very positive outcome in terms of reducing 

line defects and customer complaints while improving productivity. These positive outcomes enable the 

company to save manufacturing costs and expenses. Every reject is a cost, and every cost contains a profit and 

has implications on the future of a company. Some improvements do not require large costs for implementation. 

The integration of the Poka-Yoke concept guides engineers toward the direction they should take to identify 

each and every potential failure that might be generated from the process input. This integration contributes to 

the improvement toward achieving FMEA objectives without interfering with the original concept and purpose 

of the FMEA, which include the reduction of the irregularities of implementation, especially in terms of the 

action control for prevention and detection. The action that follows the direction toward a foolproof solution can 

ensure that the objectives of FMEA to eliminate the overflow of rejects that can reach customers and to guide 

the user despite being unfamiliar with the concept can be met.  
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