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Abstract : Even after such advancement and evolution in the 

field of manufacturing unit, it is still lacking in delivery 

quality product as per customer requirement and this can be 

due to rigidity to change, uncertainties in the system and 

fluctuation in the desired value. Process is a pre-defined 

work in which the raw material is converting into a finished 

goods. Due to variation in the process input parameters, 

there is an effect on the output product which reduce its 

effectiveness and reliability. Therefore, it is very important 

to reduce or control the variation in the process 

characteristic to sustain the product in a such demanded 

market. The research is done to analyze each process of a 

capacitor manufacturing unit using Process flow chart, 

Failure Mode Effect Analysis and Process control plan to 

identify the various processes that are at risk, its effect on 

the output product and developing a control plan for an 

effective performance and maintaining the quality of work. 

Keywords: Process Flow Chart, Failure Mode Effect 

Analysis, Process Control Plan, Risk Priority Number.  

 

 

Introduction : With wide range of applications, capacitor is 

coupled in many electronic equipment from small to large also 

called as power capacitor. The main aim of capacitor is to 

have standard capacitance value with which it can bear the 

high current and voltage frequency in the any electrical 

equipment. Different processes play significant contribution in 

the production of capacitors like winding, baking, spraying, 

welding and each process have individual importance for 

acquiring a quality capacitor. Most of the manufacturers are 

implementing various technologies to get the best quality 

capacitor which leads to a high investment. Various 

regulations have to be considered while manufacturing 

capacitor as a safety for environment, spraying and coating is 

a value-added process which use zinc, zinc-tin and powder for 

which the remaining waste goes to environment. 

Manufacturing a good capacitor is not that much important 

rather manufacturing it with healthy environment. Nowadays, 

continuous improvement tool is getting popular in many 

manufacturing units to analyze their working conditions and 

to sustain their product in the market. The aim of the research 

is to analyze each process characteristics of capacitor 

manufacturing which is to identify the risk, effect on the 

output product and developing a control plan for reducing and 

controlling the effect of variation of process parameters on the 

final product. Hence, Control Plan is a method for 

documenting the functional elements of quality control that 

are to be implemented in order to assure that quality standards 

are met for a particular product or service. It can be utilized 

for maintaining the working conditions and also a scope for 

more improvements in the near future. Furthermore, a Quality 

Control Plan is a critically important document for any 

manufacturing unit. It is a description of the activities, tools 

and procedures, needed to control process that delivers a 

service or product. Finally, the overall objective is to 

minimize and control variation that will be beneficial for the 

enhancement of the product.  

Literature review 

Detailed study has been done on FMEA with RPN to identify 

the risk or variation in the process and its effect on the product 

but integrated control plan study is rarely found for a process 

industry. In 1990, B. G. Dale and P. Shaw did a questionnaire 

survey on the use of failure mode and effects analysis 

(FMEA) in the United Kingdom motor industry from 78 

organization in which they concluded that in many 

organization are seeking to make more use of this technique to 

facilitate their process of quality improvement. In 1991, 

Bejamin C.Wei present a unified approach in performing 

FMECA applicable to a large plant design and has establish 

the steps necessary to perform a failure mode, effects and 

criticality analysis on any item at any level. Later in 1992 

warren Gilchrist proposed that FMEA is a major tool for 

quality improvement, it seeks to prevent faults in product and 

processes at the design stage and it provides a structured 

approach to analysis. Later in 1995, Sheng-Hsien(Gray) Teng 

proposed that Failure mode effect analysis as an integrated 

approach for product design and process control. The aim of 

performing FMEA is to develop an effective quality control 

system, to improve the current production processes, and to 

ensure high quality and reliability of the products. The 

integration of FMEA process to product design and process 

control is absolutely critical to the success of FMEA. In 1998, 

S. A. Abbasi and Faisal I. Khan did a review on the risk 

analysis in a chemical process industry in which they address 

FMEA as technique for identify the failures and its effect. In 

2006, Daniel Le Saux implemented the process control plans 

and FMEA in a semiconductor manufacturing environment in 

which they concluded that various significant improvement 

can be achieved in a controlled, proactive manner when 

process control plans and a dynamic FMEA are developed and 

maintained. Later in the same year J.Maiti  did research on 

risk and proposed an effective use of resource can be achieved 

by using risk based maintenance decision to guide where and 

when to perform maintenance. According to Automotive 

Industry Action Group(AIAG), Process control are an 

automotive and aerospace quality tool and considered an 

output of the Advance Product Quality Planning (APQP) 

process. In 2009, Benjamin Kemper did the modelling of 

process flow using various symbols and diagram and address 

that process diagram, originally used as a design tool in 

information technology, nowdays visualize process flow 

document process performance which display relevant process 

with process characteristics. In 2010, S.Q.(shane) Xie et al. 
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explains that the process flow chart/diagram is able to 

effectively represent the type of process knowledge that 

carriers flow information and generates a visual view of each 

process of the system. Subsequently in 2104, T.sahoo et al did 

the  implementation of FMEA approach which  shows its 

contribution in reducing the maintenance cost, indeed it 

defines the requirements of dependability in precise manner. It 

also identifies critical functions for the system and several 

maintenance policies for the system and its components. More 

recent in 2015, N Rachieru et all did the risk analysis of a 

CNC lathe using FMEA to deal with the risk factors and 

identify the most serious failure modes for corrective actions. 

Most of the research is done using FMEA with RPN for 

process variation/risk assessment but, I have applied an 

integrated framework as shown in fig 1 as PFD, PFMEA and 

PCP to each components of a capacitor manufacturing unit to 

determine the critical process and its risk in the near future 

and has developed a control plan. 

 
Fig .1 Integrated Framework 

Case study 

This capacitor manufacturing unit is renowned for delivering 

the effective and safest capacitor in such high competition 

market to its customer. To continue their quality and 

substantiality in the market, they are approaching continuous 

improvement with Advance Product Quality Planning process 

in their manufacturing unit of capacitor. So, an in-depth 

analysis on process and product characteristics is performed to 

identify the failure cause and its effect on the output product 

and finally control factors are obtained. 

 

Methodology  

 

Process flow chart 

A process flow chat (PFC) is defined as a formal graphic 

representation of a process sequence, work or manufacturing 

process, organization structure (Lakin et al., 1996). It 

represents symbols which are used to represent each 

operation, data, flow direction, equipment etc. (Aguilar -saven 

2003). The flow chart consists of product and process 

characteristics with standard specification of each process 

parameters. It is used as the initial chart for analyzing the 

variation in the product and process quality. Various symbols 

used in process flow chart are shown in the table no. 1 and 

process flow chart/diagram of current research work is also 

shown in table no.2 

Table no. 1 

Symb

ols  

       

Descr

iption  

Oper

ation 

Inspe

ction 

Transp

ortation 

Opera

tion 

&Insp

ection 

De

lay 

Sto

rag

e 

Deci

sion 

Mak

ing 

 

Process Failure Mode Effect Analysis 

Failure Mode Effect Analysis (FMEA) is a systematic method 

of seeking out the potential causes of failure before they 

become a reality. Hence, it becomes mandatory to be applied 

during the development stage of product service (warren 

Gilchrist 1992). The first step in FMEA is to identify all the 

possible failure modes of the product and system, then the 

potential effect of the failure modes on the product and 

process with the cause of the failure mode. Critical analysis is 

performed on the identified failure modes by taking the 

following risk factors  

1- Occurrence (Probability of failure) 

2- Severity (Severity of the failure) 

3- Detection (Probability of the non-detecting the 

failure)  

The ranking of failure mode for critical actions is determined 

in terms of risk priority number (RPN) (N Rachieru et 

al.,2015), where RPN is the product of O*S*D. After the 

evaluation of RPN of each process, ranking is done in 

decreasing order to get the maximum RPN process. FMEA 

uses a scale from 1 to 10 for evaluating the risk factors as 

shown in table no.3 and table no.4 shown the FMEA of 

capacitor manufacturing system. 

 

Process Control Plan 

A process control plan (PCP) is a summary of the methods 

and systems used to control parts and processes according to 

customer requirements. It addresses product and process 

characteristics and requirements for control also aims at 

minimizing the variations. The entire control strategy for a 

system, subsystem, component or a part is summarized 

(Daniel Le Saux 2006). It is the final stage in which analysis 

of PFD and PFMEA data is done for controlling the variation 

of each process of a system or subsystem and also determines 

the methods and measurements for controlling the variation 

when and by whom. Following are the main factors in process 

control plan/chart and for the capacitor production unit, it is 

shown in table no.5 

 

1- Process and product attributes: important characteristics or 

variables   

2- Machine, Tool or Device: equipment used to perform the 

task 

3- Control Characteristics: process parameters being controlled  

4- Method: procedure/medium required to control the current 

process parameters  

5- Frequency: how often the process control take place 

6- Reaction plan: activity that will take place if the process 

control fails 

Classification: quality, safety and regulations as per norms 

 

Process 

Specification 

Process Flow Chart 

Process 

FMEA 

Process Control Plan 

Corrective Work 

Instruction

2
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Table no.2 

Operation 

sequences 

Operation 

description 

Incoming 

source of 

variation 

       Significant 

product 

characteristics 

(output) 

Significant 

process 

characteristics 

(input) 

comments  

or notes  

Winding  Winding of 

the inner and 

outer film to 

wrap on 

mandrill 

Maintenance 

and tool 

       Film capacitor 

with length and 

width, wave cut 

and diameter  

Main film turn, 

pressure roller 

tension, stagger, 

burn off foil 

No quick 

action on 

breakdown  

Pressing  To remove 

holes and gap 

between films 

of capacitor 

Cold pressing         Pressed 

capacitor to 

make strong 

bond  

Temperature, 

pressure, 

counting, time, 

jig, pads 

More 

number of 

bins for 

flow  

Masking  Capacitors 

masked in 

different rolls 

Maintenance, 

winding, 

equipment 

       Capacitor rolled 

in bulk for spray 

operation 

Roll diameter, 

ohms design and 

tape  

Poor 

material 

handling  

Spraying  Spraying of 

zinc and zinc-

tin on roll 

through gun 

Masking, 

winding, 

machine 

parameters 

       Material 

deposited on side 

edge of each 

capacitor 

Pressure, 

deposition area, 

wire feeding 

speed, voltage 

Less 

resource 

and recycle 

the waste 

Demasking  To demask the 

masked 

capacitors in 

units 

Operator 

variation, 

masking and 

spraying 

       Unrolled 

capacitor for the 

further 

operations 

Hand process 

either manually 

or automatic  

Variation 

in time due 

to odd/bad 

masking 

Deburring  Smoothen the 

side edges of 

capacitor 

Spraying         Removal of 

excessive spray 

material  

Time and speed 

(RPM) 

Waiting 

due to less 

material 

Baking  To remove 

errors and 

defects 

Environment         Heated capacitor 

to remove errors 

and defects 

Temperature and 

time  

High 

changeover 

time 

Short 

clearance, 

welding 

Rectification 

of gap and 

welding of 

lead on side 

Spraying and 

operator 

variation  

       lead terminal on 

side edge of 

capacitor and 

tapping on rod 

A.C/D.C voltage, 

length, pressure, 

weld area and 

pitch 

Excessive 

and poor 

material 

handling 

Pre-

heating, 

wax, paint 

coating 

Heating and 

protection 

from the 

atmosphere 

Operator 

variation and 

material 

       Coated capacitor 

to withstand the 

ambient 

conditions 

Time, 

temperature, 

vacuum, coat 

thickness  

Waiting 

due to 

material 

variation  

Marking  Labelling of 

specification 

and lot 

number 

Operator and 

maintenance  

       Indication of 

value for specific 

function  

Marking code, 

machine speed 

and lot number 

Delay due 

to break 

down 

Post 

Curring 

Heating of 

capacitor  

None         Defect and error 

proof 

Time and 

temperature  

None  

Visual 

Inspection 

Naked eye 

inspection  

Operator         Acceptance or 

rejection  

Undip, joint, 

bubble, welding 

Less no. of 

observation 

Disjoint  To disjoint 

units from rod 

None         Disjointed units Machine speed  None  

Testing  Effectiveness 

of each unit  

Powder 

coating, VI 

       Reliable 

capacitor to 

function  

H.V, I.R testing, 

S.C VDC/AC, 

CAP.value@1khz 

Rework  

Lead cut 

form 

Cutting in 

length and 

shape 

Visual 

inspection 

       capacitor in 

different cut 

form on demand 

Lead cutting 

length, pitch, 

burr/scratch 

None  

Final 

inspection  

Final quality 

check  

Material         Acceptance high 

rejection high  

Defects, AQL, 

RE, Dimensions 

Poor 

handling   

Packaging  Packing of 

units in box to 

None         Capacitors in 

box or packet to 

Packing type, 

customer name, 

None  

2 
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customers delivery  piece/polybag 

 

 

Table No.3 

 

Conclusion  

Failures are part of system in any manufacturing unit which 

affect the sustainability of their product, which cannot be 

fully eliminated from the system but can be minimized or 

controlled so that it has less effect on product 

characteristics. The present work is an analysis of process 

characteristics of capacitor manufacturing industry for 

determining the failures occurring in the system and its 

effect on the output product using PFC, FMEA and PCP. 

The FMEA chart with RPN identifies that spraying is the 

most risk bearing process followed by winding and welding 

which caters for careful investigation for these components 

in all the areas. A quality process plan is also developed to 

reduce or control the process variation. These results will be 

help to increase the effectiveness and quality of the output 

capacitor with balanced working environment.  
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Table no.4 

Operation 

sequences 

Process 

function 

Product 

characteristics 

Potential 

failure 

mode 

Potential 

effect of 

failure 

Potential 

cause of 

failure  

O S D RPN Ranking  

Winding  Winding of the 

inner and outer 

film to wrap 

on mandrill 

Film capacitor with 

length and width, 

wave cut and 

diameter  

Oversize 

 

 

Undersize  

Capacitance 

decreases   

 

No 

functioning  

Positive 

value of 

stagger 

Negative 

stagger 

3 

 

 

2 

9 

 

 

8 

2 

 

 

2 

54 

 

 

32 

2 

 

 

5 

Pressing  To remove 

holes and gap 

between films 

Pressed capacitor to 

make strong bond  

 

  None  

 

    None  

 

     None  

 

0 

 

0 

 

0 

 

0 

 

Linguist

ic terms 

Scale/Ra

nk 

Occurren

ce of 

Failures  

Severity Detectio

n 

Very 

low 

1/2 Unlikely  Minimal 

interferen

ce 

Easily  

Low 3/4 Relatively 

few 

Significan

t 

degradati

on  

Moderat

e  

Moderat

e 

5/6 Occasional  Minor 

damage 

Hidden  

High 7/8 Repeated  Equipmen

t damage 

Difficult  

Very 

high 

9/10 Unavoidab

le  

Destructi

ve failure 

Very 

difficult  



               International Journal of Scientific Engineering and Technology                                    ISSN : 2277-1581 

              Volume No. 6, Special Issue 3. PP : 200-205                                                                                               22-23 Dec. 2017 

 

DOI : 10.5958/2277-1581.2017.00109.7                  APGRES@2017 Page 204 

 

of capacitor 

Masking  Capacitors 

masked in 

different rolls 

Capacitor rolled in 

bulk for spray 

operation 

Gap in 

between 

ohm 

masking 

Excessive 

material in 

gap leads 

wastage 

Machine 

design and 

operator 

effort 

 

7 

 

2 

 

2 

 

28 

 

6 

Spraying  Spraying of 

zinc and zinc-

tin on roll 

through gun 

Material deposited 

on side edge of each 

capacitor 

Inaccurate 

Deposition 

100% 

Deposition 

is not 

achieved  

Insufficient 

air pressure 

and current  

 

3 

 

7 

 

3 

 

63 

 

1 

Demasking  To demask the 

masked 

capacitors in 

units 

Unrolled capacitor 

for the further 

operations 

Excessive 

work  

More effort 

and loss of 

deposited 

material 

Due to 

masking 

process 

and design 

 

5 

 

2 

 

2 

 

20 

 

8 

Deburring  Smoothen the 

side edges of 

capacitor 

Removal of 

excessive spray 

material  

 

None  

  

None  

 

None  

 

0 

 

0 

 

0 

 

0 

 

Baking  To remove 

errors and 

defects 

Heated capacitor to 

remove errors and 

defects 

Temp 

variation  

Weaken the 

bond 

between 

films 

Due to 

machine 

unit 

 

2 

 

8 

 

1 

 

16 

 

10 

Short 

clearance, 

welding 

Rectification 

of gap and 

welding of 

lead on side 

lead terminal on 

side edge of 

capacitor and 

tapping on rod 

Welding 

variation 

 

No standard 

pitch 

between 

terminals 

Current 

and less 

pressure 

 

3 

 

8 

 

2 

 

48 

 

3 

Preheating, 

wax, paint 

coating 

Heating and 

protection 

from the 

atmosphere 

Coated capacitor to 

withstand the 

ambient conditions 

Undip and 

temperature 

variation 

Partial 

coating and 

less 

protective 

Due to 

sudden 

current cut 

off 

 

2 

 

5 

 

4 

 

40 

 

4 

Marking  Labelling of 

lot and number 

specification 

Indication of value 

for specific function  

Missing of 

labels  

No 

indication of 

specification 

of capacitor 

Machine 

design and 

operator 

skills 

 

4 

 

 

2 

 

2 

 

16 

 

10 

Post Curing Removal of 

moisture  

Defect and error 

proof 

None  None  None  0 0 0 0  

Visual 

Inspection 

Naked eye 

inspection  

Acceptance or 

rejection  

Operator 

performance  

Acceptance 

of rejected 

capacitors 

Acceptance 

sampling 

and skills 

 

2 

 

3 

 

3 

 

 

18 

 

9 

Disjoint  To disjoint 

units from rod 

Disjointed units None  None  None  0 0 0 0  

Testing  Effectiveness 

of each 

capacitor 

Reliability of 

capacitor to function  

Untested 

capacitor 

Less 

effectiveness 

of capacitor 

Testing 

unit in 

machine 

design  

 

2 

 

4 

 

3 

 

24 

 

7 

Lead cut 

form 

Cutting in 

length and 

shape 

capacitor in 

different cut form 

on demand 

Burr 

formation 

on lead 

No 

functioning 

of capacitor  

Excessive 

powder 

material 

and cutter 

in machine  

 

 

1 

 

 

8 

 

 

5 

 

 

40 

 

 

4 

Final 

inspection  

Final quality 

check  

Quality 

effectiveness of 

capacitor 

Hold and 

reprocessing  

If rejected 

full lot 

becomes 

scrap 

Incoming 

material 

and 

acceptance 

sampling 

 

3 

 

2 

 

3 

 

18 

 

9 

Packaging  Packing of 

units in box to 

customers 

Capacitors in box or 

packet to delivery  

 

     None  

 

    None  

 

   None  

 

0 

 

0 

 

0 

 

 

0 

 

 

7-  

Table no.5 

 

Elements 

Machine

/ tools  

Product 

attributes 

Process 

attributes 

 

Clas

s  

Specificatio

n tolerance 

Evaluation 

technique 

Sampl

e Freq    

 

Control 

method  

Reaction 

plan 

Winding   Stagger  Insulation 

Resistance, 

length and 

width 

Number of 

turns in 

stagger  

Q Stagger and 

number of 

turns for 

tension  

Micrometer, 

I.R 

measuring 

device and 

2/lot Statistica

l quality 

control/ 

Inspectio

Meet job 

setter of 

that 

process  
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Vernier 

scale 

n sheet 

Masking   Rollers 

and tapes 

None  Machine 

design  

none Gap 

between 

each 

capacitor  

Visual 

inspection 

1/roll Manually 

operated  

Stop the 

machine 

Spraying  Electric 

arc gun  

Zinc and 

zinc-tin 

deposition 

Spray gun 

air pressure 

S&R Gun 

pressure  

and current  

Pressure 

Gauge, D 

Amp/Volt 

meter 

 

1/roll 

Fine 

surface 

of side 

edges 

Stop the 

machine 

and 

inform 

incharge 

Demask Manually

, 

automati

c device 

   None  Standard 

time and 

environme

nt  

S Incoming 

material and 

dust 

Visual 

inspection  

5-10 

/roll 

Good 

masking 

and mask 

Contact         

supervisor 

Baking  Oven 

machine 

Current 

leakage  

      

      None  

S&Q Bake time 

and 

temperature 

Timer and 

thermocoupl

e 

 

1/lot 

Producti

on Book 

Stop 

machine  

Short 

Clearanc

e, welding 

Automati

c 

welding, 

lead 

wire, 

rods and 

tapes 

Terminals 

polarity and 

strong bond  

Current and 

pressure 

variation  

Q Welding 

joint and 

pitch of 

capacitor 

Micrometer 

and testing 

device  

 

5-10 

/lot 

Visual 

inspectio

n/machin

e 

maintena

nce 

Meet line 

supervisor 

Preheatin

g and 

Coating  

Powder 

and 

tissue 

pads 

Powder 

deposition  

Current 

variation  

S&R Sudden 

current shut 

off 

Maintenance

, inspection 

 

1/lot  

Regular 

current 

supply  

Stop the 

machine 

Marking  Marking 

powder  

Labels and 

code number 

Machine 

design  

Q&S Missing of 

labels and 

code 

Visual 

inspection 

and skills 

 

1/unit 

Maintena

nce of 

machine  

Report to    

Maintenan

ce section   

Visual 

Inspectio

n 

Measurin

g gauge 

and tools 

Quality  Sampling 

and 

observation  

Q Operator 

performance 

Visual 

inspection, 

measuring 

gauge 

 

1/unit 

Operator 

skills and    

Ability  

Double 

inspection 

by skill 

operator 

Testing  Testing 

machine  

Effectiveness, 

I.R and delta 

Testing and 

measuring 

unit 

Q Measuring 

of parameter  

Visual and 

inspection 

sheet 

1/lot Check 

the 

device 

and 

rework 

Stop the 

machine 

and 

inform 

incharge 

Lead cut 

form 

Cutter 

and 

gauge 

Terminal 

shape or size 

Cutting 

tool 

Q Uncut or 

burr on 

capacitor 

Cutter and 

micrometer 

1/lot Visual 

inspectio

n 

Check 

cutter and 

rework 

Final 

inspectio

n  

Inspectio

n devices 

and 

gauges 

Electrical 

paraments  

 

None  

Q Hold, 

reprocessing 

or rejection 

Acceptance 

and rejection 

Sampling  

 

1/lot Visual 

inspectio

n and 

measurin

g gauge  

Recheck 

or meet 

supervisor  

 

 

 


