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Abstract— Manufacturing defects considerably have a 

greater role in shaping up a product’s market growth, 

development and survival. The defects, therefore, need to 

be given utmost attention and critically analyzed.  

Manufacturing industries generally employ traditional 

quality control tool, the fishbone or cause-effect diagram 

to analyze defects. The analysis mostly stresses on 

factors responsible for the intended effects, because of 

which the unintended and unanticipated effects remain 

unknown and hence not analyzed. Also from the analysis, 

the reverse affect of any effect on a cause of the system is 

also not known. Hence this paper makes an attempt to 

overcome these issues by using the dynamic tool System 

Dynamics (SD). The manufacturing defects in 

refrigerator liner have been taken for the analysis. Cause 

effect diagram and causal loop diagram of SD were 

created. Relations between the causes and their effect 

were established. Path dependent closed loop feedbacks 

were drawn in causal loop diagrams. Using the 

feedbacks, unintended effects are identified which are 

otherwise not detectable with fish bone diagram.    

Keywords— Causal loop diagram, cause-effect 

diagram, manufacturing defects, system dynamics. 

 

I.  INTRODUCTION 

Manufacturing industries producing similar types of 

products are always at competition among 

themselves. The competition is basically on product 

quality, features and functions with regard to lesser 

number of defects. The defects obtained during 

various phases of a production process are 

important as there is a direct impact on the final 

product.  Hence the defects need immediate 

addressing and removal otherwise these would 

impact product’s survival in the market. Because of 

these issues, manufacturing organizations now have 

become extremely vigilant about process 

conformance. The stress is also on continuous 

improvement of the manufacturing processes so that 

an augmented defect minimal rate can be achieved 

[1]. The Quality Assurance cell of most of the 

manufacturing organizations make use of cause and 

effect diagram or Ishikawa diagram to analyze 

defects.  The analysis establishes relationship 

between various causes and their effects. The 

diagram mostly explains the causes responsible for 

the intended effects. But how do unintended and 

unanticipated effects be known to affect the 

product? These effects are the undesirable ones 

which like the desired effects can also affect 

product’s growth and survival. Further, the fishbone 

diagram does not tell whether an effect rouses any 

cause and impact the system. All these behaviors of 

a manufacturing system could have been well 

understood with a dynamic study of the system [9]. 

 To anticipate the above kind of dynamic behaviors 

in a manufacturing system, System Dynamics (SD) 

models have been found to be useful. SD models 

use causal loop diagram which relate not only to 

causes and their effects but also generate feedbacks. 

Thus the SD models thereby provide three 

dimensions to the analysis. The analysis reveals the 

various reinforcing or balancing loops (i.e., positive 

and negative feedbacks) which explain the system’s 

behavior [8], [18]. This is so because system’s 

behavior is a function of feedback loops and by 

studying these feedbacks, system’s behavior with 

time could be predicted and measures could be 

taken to reduce the side effects [19], [20].  Hence in 

this paper an effort has been made to analyze 

manufacturing defects using cause-effect diagram 

and SD models and make a comparative study. For 

the purpose, manufacturing defects in refrigerator 
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liners have been considered.   The refrigerator 

manufacturing plant considered for the study 

analyzes its defective liners using the fishbone 

diagram. As a result, the quality analysts of the 

plant were not able to figure out any unanticipated 

effects and how the system would behave under 

such uncertainties. 

 

II. LITERATURE REVIEW 

The cause-effect diagram or fishbone diagram, also 

called as Ishikawa diagram named after its 

developer is an approach to find out the causes of 

defects produced in a product [2].  The analysis 

performed with this tool collates data and ideas, 

related to the product, evolved during a brain 

storming session among the various parties 

involved.  The parties associated with the product 

may be design, research and development, 

manufacturing, quality engineering etc. The tool 

identifies and puts in order causes of a problem 

along with their reasons of occurrence. The causes 

and their reasons are laid out in an easily 

understandable branched out format resembling the 

fish skeleton. The causes are defined with the 

problem and the sub causes, decided during brain 

storming, branch out from each cause in a 

succeeding way. Fig. 1 below explains a typical 

cause–effect diagram for causes of crack on a metal 

surface caused during machining. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. A Cause –effect diagram 

Fig. 2.  

The above cause-effect diagram give details about 

the various causes and their intended effects on a 

product. But the diagram does not clarify whether 

any effect has a reverse influence on a cause. It also 

does give any information about the unintended 

effects of a cause.      

To overcome the above disadvantages of cause–

effect analysis, an in-depth study of a dynamic tool, 

namely System Dynamics (SD) is done.  American 

scientist Jay Wright Forrester first gave the concept 

of System Dynamics while working at the Sloan 

School of Management at MIT as a faculty of 

management. He developed the first model of 

system dynamics while solving a case for the 

household appliance plant of General Electric 

Corporation (Forrester, 1995). He, being an 

electrical engineer, put his concept of feedback 

control systems and digital computations to find a 

solution for the plant’s oscillation problem [5], [7]. 

He developed mathematical models with 

differential equations to replicate various industrial 

problems. Gradually, this application of feedback 

loops in problem solving were applied not only to 

industrial management problems but in non-

technical areas like urban, environment, social, and 

business sectors as well [4], [16]. Thus with the 

feedback theory of system dynamics, a revolution 

has indeed taken place in problem solving 

approaches.  

With the help of SD models, a system’s behavior 

has now become easier to understand. An SD model 

aims at simplifying the dynamics associated with a 

system’s behavior by generating feedback loops. 

The loops generated helps to ascertain the nature of 

system during uncertainties [22]. Knowing these 

behaviors, the system could be analyzed and 

controlled and thereby any undue circumstances are 

avoided [17].   

To understand the dynamic complexities involved 

in a problem, the analyst prepares mental models 

which are later converted into causal loop diagrams 

(CLD) of system dynamics. Mental models are just 

figurative models which cannot be mathematically 

modeled [13].  Hence these are transformed into 

CLD which can be mathematically modeled and 

exactly matches the former [21]. CLD not only 

identifies causes and effects associated with a 

problem but also reconnects an effect with its cause. 

So, unlike fishbone diagram, CLD is a footstep 

ahead as it also establishes feedbacks [6]. A 

feedback explains how an effect can also stimulate a 

cause thereby enabling easy interpretation of 

complex systems and their dynamic behaviors 

[12].The cause effect diagram being an open loop 

feedback is capable of straightforward analysis but 

closed loop structure could provide more beyond an 
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analysis stressing more on complicacies underlying 

a problem [3]. Fig. 2 below shows a CLD model. 

income
expenditure

+

+

 

Fig. 3. A Causal loop diagram 

Fig. 4.  

The above is an example of income and expenditure 

model. It describes that as income of an individual 

increase, there is a direct increase in his 

expenditures also. Again, taking the reverse into 

consideration, it is understood from the model that 

higher the expenses, the income was definitely 

more. Also from the model, it is true that lesser the 

income less is the expenditures and vice versa. 

So, in this paper a proactive attempt is being made 

to analyze manufacturing defects using cause-effect 

diagram and CLD models and compare the two. 

 

III. ANALYSIS 

The prime objective of the study is to analyze 

manufacturing defects using the above discussed 

tools and highlight the comparisons.  Manufacturing 

defects of refrigerator liners produced by 

thermoforming process is the domain selected for 

the study. The defect data is obtained from a 

refrigerator manufacturing company which 

manufactures household refrigerators. Liner 

production by thermoforming process involves 

critical process parameters like temperature of 

heating and forming, vacuum pressure etc. The 

exact setting of these parameters are extremely 

essential for the liner else a defect would be induced 

and the rejection rate soared up. A liner is rejected 

against a checklist defined by the manufacturer.  

This checklist accepts or rejects a liner based on 

conformance. The measurement system for the 

rejections has been validated in a publication by the 

authors [10]. Any non-conformance to the checklist 

means there is formation of wrinkles, lump, bumps 

and dents, scratches etc.  These defects commonly 

occur due to incorrect setting of heating, forming 

and cooling temperatures, heating time etc. 

The analysis consists of: 

A) Cause-Effect diagram  

B) Causal loop diagram 

A. Cause-Effect diagram 

The Quality Assurance team at the refrigerator 

manufacturing company currently uses cause-effect 

diagram to analyze the liner defects. For the 

analysis liner production data of three months have 

been collected. The defect data has been established 

for any non compliance to the checklist   and cause 

effect diagram was drawn to analyze these defects. 

The analysis is elaborated in a publication by the 

authors [11]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Cause-Effect analysis of liner 

The cause effect analysis performed above shows 

various causes with the intended effects.   

The liner defects were mainly caused by prolonged 

heating of the thermoforming sheet, heating at a 

very high temperature and longer time, non uniform 

cooling and heat transfer etc. The forming defects 

were due to presence of impurities in sheet material, 

incorrect vacuum and mold temperature maintained, 

faster blowing etc. The diagram reveals that on 

heating the sheet for a longer time, wrinkles are 

formed on the liner. However from the diagram, the 

influence of these wrinkles on heating time or 

temperature, forming defects on time of blow, mold 

temperature etc. is unknown. 

B. Causal loop diagram  

To overcome the above limitations of cause effect 

diagram and enhance it further, causal loop diagram 

analysis is used. For each defects of wrinkles 

formed, forming, trimming, thinning etc. a causal 

loop diagram is prepared and analyzed. The 

software used for the purpose is Vensim (R) PLE 

software from Ventana Systems Inc. Causal loop 
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diagrams (CLD) drawn in Vensim connect all 

causes of liner rejections with the corresponding 

effects. The diagrams have enhanced the analysis of 

problem definition with organized model and 

problem simulation with data [14]. In the present 

context, the modeling of wrinkle formation on liners 

is described in Fig. 4.  Wrinkles are formed due to 

thermoforming process parameters being incorrectly 

set. Temperature of heater, heating time for 

thermoforming etc. are responsible for wrinkles on 

liner. This tracking done using Vensim, helps on the 

lookout for various causes and sub causes of the 

problem with interrelationships with their 

corresponding effects [15].   
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Fig. 6. CLD of wrinkle formation on liner 

The CLD model for wrinkles formed on a liner 

explains how thermoforming process parameters 

influence wrinkle formation. The parameter rate of 

heat loss explains that faster the heat loss from the 

thermoformed sheet wrinkles is formed on the 

sheet. On the other hand, if there is more number of 

rejections due to wrinkles on liner, then one of the 

causes could be that the heat loss rate was faster. 

This is the feedback effect obtained from the model. 

The feedback provides information that if there is 

more number of wrinkles formed on a liner, then it 

must be presumed that the thermoforming process 

parameters (related to wrinkles) have been 

incorrectly set. Further, more the number of liners 

with wrinkles, higher would be the liner rejection 

rate. This is explained in an SD model as shown in 

Fig. 5. 

Thermoforming
process parameters

Wrinkle formation
on sheet

+

+

Rejected Liner
+

+

  

Fig. 7. SD model of liner rejections 

All other causes of liner rejection have been 

analyzed using cause-effect diagram and causal 

loop diagram and compared. Similar results were 

obtained from the comparative analysis. 

IV. CONCLUSION 

The refrigerator manufacturing company    applied 

cause–effect diagram for analyzing the defective 

refrigerator liners. The analysis identified and 

related the various causes of a defect along with the 

effect. For instance, the defect wrinkle formation on 

liners was caused as certain parameters like heater 

temperature, heating time were maintained at a 

higher value against low cooling time and 

temperature. That is to say the diagram could only 

explain the causes of defects and their effects on the 

thermoformed liner. However, being an open 

looped analysis, it has failed to identify whether the 

effect had a reverse affect on its various causes or 

not.  

Therefore, in order to overcome the above lacunae 

of cause effect diagram the causal loop diagram of 

SD model are applied. The causal loop diagram 

identifies not only the cause and effect but draws 

feedbacks as well. The feedbacks provide info on 

the various thermoforming parameters and how 

their incorrectly set values result into liners with 

defects. For instance, higher the degree of 

inaccuracy in setting of the parameters more is the 

rate of rejection due to formation of wrinkles, 

thinning of sheet, forming defects and so on. 

Another indication from the feedbacks is that higher 

the rate of rejection more is the number of times 

incorrect values to parameters were set. For 

example, more number of wrinkles formation 

indicates that thermoforming process parameters 

like heater temperature and time were incorrectly 

set many a times. However, such reverse analysis 

would not be possible to obtain with the open 

looped cause effect diagram. 

Thus it can be concluded that from the feedbacks of 

causal loop diagram, the impact of effect on causes 

could be established. Further the analysis would 

also lead to determination of dynamic behavior and 

related characteristics of the thermoforming 

parameters such as heater temperature, heating time 

etc. involved with the thermoforming process. The 

analysis would also help the operations analyst to 

formulate models in the form of mathematical 

equations so as to have an understanding of the 

system’s behavior and behavioral changes under 

uncertain and unpredictable situations. The analysis 

would further enable to take corrective actions viz. 

redesigning of various processes etc. so that system 

objectives are met and casualties are avoided.   
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