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Abstract: 
. 

    A company's economic condition and stability would determine its success and existence in a 

market.  Companies must consider various factors such as productivity, quality, cost, quality attributes, 

service, and profit in order to stay competitive and survive. The efficiency of industrial production lines is 

crucial as it results in improved production and utilization of available resources. Manpower utilization and 

machine efficiency are two factors that contribute to production line efficiency. Manpower utilization and 

machine efficiency are two factors that contribute to production line efficiency. This research used the Theory 
of Constraints concept and the Plan-Do-Check-Act Cycle to identify bottlenecks in the powder coating 

production line. As a result, the goal of this study was to eliminate the limiting factors involved in the 

production line operation. To ensure that the objective is achieved, many analyses have been performed 

employing given methodologies to solve the challenge and come up with process optimization. 
. 

Keywords: Kaizen, Method Study, Optimization, Root Cause Analysis, Work Measurement 
. 

 

Introduction 
. 

    Powder coating is one of the leading and most innovative sectors of paints and coatings among protective 

materials. It began in the 1950s as electrical insulation and has since grown and expanded to be utilized 

for aesthetic purposes. Powder coating is a process in which powder, pigments, extenders, fillers, and flow 

additives are coated and mixed and then this mixed dry powder is sprayed on the surface for electrostatic 

coating for specific properties. This is an advanced method of applying a protective and attractive finish to a 

wide variety of materials and products. The powder's charged powder particles adhere to grounded surfaces 

until they are heated and fused into a smooth coating in a curing oven. As a result, the finish is consistent, 

long-lasting, high-quality, and appealing. 

 

    This research study is carried out in India’s one of the leading machine tool manufacturers, Cosmos Impex 

Pvt. Ltd. This paper aims to discover how the powder coating production line is optimized. This study employs 

a variety of quality tools and techniques to improve plant efficiency. Quality tools and techniques are used in 

the powder coating process to increase production efficiency. The Theory of Constraints is used to identify 

potential bottlenecks in the manufacturing line. The PDCA cycle is used to solve the problem after it has been 

identified. The identified limiting factors were then investigated further using Root Cause Analysis, and 

proposals for Corrective and Preventive Action were presented to management. Time and Motion Analysis 

and Kaizen implementation are also in the works. 
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Literature Review 

1. S. K. Subramaniam et al. (2008), this paper states that the factors contributing to production line efficiency 

are manpower utilization and machine efficiency. Measuring the machine efficiency and manpower 

utilization should be on line and accurate. This study explains that the relevant and valuable production 

data helps the management efficiently monitor the process flow. The production data should be very well 

interpreted and fully utilized to optimize available resources within the industrial sector. This will reduce 

wastage and increase the production yield. 

2. Eduardo Z. Rustico Jr et al., this study emphasizes the manpower utilization in the production line, to 

increase its capacity and provides a proposed production plan and production layout. Different techniques 

such as work sampling and time study were used. This resulted in the identification of the constraints and 

workstation re-layout to address the critical path in each workstation. 

3. J. V. Kovach et al. (2001), this research identified the lean and quality improvement methods that 

practitioners have successfully implemented within their organizations. They have also examined the 

perceived effectiveness and the challenges/reasons for failure associated with these techniques. 

4. Manjunath Shettar et al. (2015), the main objective of this paper is to provide a background on kaizen and 

present an overview of kaizen concepts that are used to transform a company into a high-performing lean 

enterprise. A case study was conducted in the automotive parts manufacturing industry. 

5. Zeynep Tuğçe Şimşita et al. (2014), this study provides a review of the TOC evolution literature by its 

five eras; the optimized product technology era, the goal era, the haystack syndrome era, it’s not luck era, 

and the critical chain era. Their search at the historical background and basic concepts of TOC aims to see 

how this philosophy evolves through time and how the main point of TOC research changed. 

6. Noraishah Mohammad Noor et al. (2004), described the implementation of the Lean Production System 

(LPS) for process optimization in Automotive Manufacturing Industries. the purpose of this study is to 

eliminate waste that involve during the Parking Brake Assembly line running. To ensure the objective that 

has been targeted is achieved, several analyses have been conducted by using the specified method to 

overcome the problem and come out with the process optimization. 

7. Yrlanda de Oliveira dos Santos et al. (2020), this work aims to identify the production bottlenecks of the 

manual insertion process of the components - BMI of a factory in the Industrial Pole of Manaus, to apply 

the theory of restrictions - TOC and the Overall Equipment Efficiency index - OEE of the equipment. 

8. Prof. Saad Shaikh et al. (2015), this case study deals with the 5S implementation in industry, 

Implementation of 5S can result in considerable improvements in environmental performance besides 

improved housekeeping and health and safety. 

9. Satish Pal, and MS Milton (2017), in this review paper the PDCA approach throw some light on this topic 

which helps us to understand how the PDCA cycle can be implemented and what kind of benefits can be 

achieved by adopting it. PDCA is a problem-solving technique that helps to improve the reliability and 

quality of production. 

10. Değer Demir et al., in this study, they had considered the parallel machine production scheduling problem 

of a Powder Coating company. A mathematical model with firm-specific constraints such as order splitting 

and machine availability is developed. The objective is to minimize the total weighted completion time of 

jobs. They proposed two heuristic solution algorithms: A Genetic Algorithm and a Rule-Based Algorithm. 

For smaller instances, each algorithm is compared with the optimum. On the other hand, for larger 

instances, they compare the performances of the proposed algorithms with each other. 

11. Joan Burtner et al., in this paper, followed the DMAIC process, the team used process maps, cause and 

effect matrices, failure modes and effects analysis, and control charts to evaluate the process and 

recommend changes. Appropriate statistical techniques were used to analyze the data. 
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Project Rationale 

 

      In this competitive market, the growth of each sector must be maximized for the companies to be more 

profitable. One of these is the Paint and Coatings sector. Most of the firms indulged in metal fabrication have 

handled the fabricating part of a project and outsourced powder coating to a vendor or subcontractor. However, 

there are several compelling reasons for having the service performed in-house: 

› Accurate project cost estimate. 

› Accurate project timeline. 

› Quality assurance and control. 

 

      All expenses will be known upfront, giving you a better understanding of what you are getting for your 

money. There is also better communication throughout the process, with no phone tag from the customer to 

the manufacturer to the coater. 

 

      Furthermore, in-house powder coating enables project managers to supervise the entire project from start 

to finish, and quality control leads to successful projects. Firms estimate costs and production timelines for 

the process in hours and days, not weeks. However, when a third-party powder coater is involved, these 

schedules are significantly slowed. As a result, they have no control over the timeline, which introduces 

uncertainty into the equation. That can be a difficult pill to swallow for companies that stake their reputation 

on customer service. Hence, companies that have an in-house coating, have better cost control and can provide 

an estimate they are confident in. 

 

      Finally, given the market's prospective growth, this study will provide you with information on the powder 

coating process along with the identification and optimization of the possible bottlenecks at the production 

level of a powder coating plant, along with corrective and preventive approach proposals and an automated 

production analysis/tracking system. 

 

Problem Statement 

 

      Due to substantial downtime concerns on the powder coating production line, the plant was running at a 

low efficiency relative to its designed output capacity. There were other production limiting problems, as well 

as the lack of a production data monitoring system. 

 

Problem Objective 

 

This study aims to: 

› Identify the potential bottlenecks. 

› Elimination of the constraints by implementing the given methodologies. 

› Provide the Corrective Action and Preventive Action (CAPA) plan proposals. 

› Provide recommendations to increase the manpower and updated man allocation and motion map. 

› Development of the Digital Production Monitoring System. 

 
Methodology 

      In this research, the Theory of Constraints and the PDCA cycle are implemented to identify the grounds 

where there is a chance of improvement in the process. . To identify and investigate the bottlenecks, an 

understanding of the plant layout, theoretical output calculation, and the entire adopted process flow is 

necessary. 

 

 Theory of Constraints 

      The Theory of Constraints is a methodology for process improvement that emphasizes the significance of 

identifying the "system constraint" or bottleneck. The Theory of Constraints (TOC) becomes an important 

theory that focuses on the weakest link in the chain. TOC views processes as they are links of the same chain 

instead of thinking they are independent of each other. At the same time, the theory focuses on the weakest 

points which are bottlenecks for the entire company, and tries to determine the relationship between these 

bottlenecks.  
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      The main aim of every company is to increase profit. According to this point of view, constraints are the 

main obstacles to achieving companies’ aims. So, if companies can handle and manage constraints in their 

systems, they will have a continuous improvement management system and will be able to achieve higher 

profits. 

 

The Five Focusing Steps are used to identify and eliminate the constraint in the production line. 

 

1. Identify the Constraint 

 

      In this step, the entire plant and its adopted process are reviewed to identify the constraint. A simple 

but often effective technique is to walk through the manufacturing process looking for indications of the 

constraints.  

 

      After review, it was found that the plant was not operating to its fullest. The design operating capacity 

of the plant is to coat 9 to 9.7 machine sets per day. Instead, the plant currently could only able complete 

2.5 to 3 machine sets having an efficiency of 27% - 30% approximately.  

2. Exploit the Constraint 

 

      The constraint's output governs or limits the organization's overall output. As a result, it is critical to 

extract as much as possible from it. In setting up the study for the same, both quantitative and qualitative 

approaches were used to understand the powder coating production line.  

 

      Information and data relevant to the study were gathered through personal interviews with all 

production workers and by implementing the Plan-Do-Check-Act (PDCA) Cycle technique it was noticed 

that the major limiting factors were the Pre-Treatment Line (PT Line) and the Paint Booths. 

 

3. Subordinate and Synchronize to the Constraints 

 

      Any non-constraint can produce more than the constraint itself. Left unchecked, this results in puffed-

up WIP inventory and elongated lead times. Hence, it is crucial to either avoid producing more than the 

constraint can handle or outsource the other practicable option. Subordinate maintenance to the constraint 

by ensuring that maintenance calls are always prioritized the constraint. 

 

      If the actions are taken in this step “Break” the constraint jump ahead to Step Five. Otherwise, continue 

to Step Four. In this case, it was recommended to move further to the next step. 

 

4. Elevate the Performance of the Constraint 

 

      In this step, more substantial changes are implemented to “Break” the constraint. These changes may 

necessitate a significant investment of time and/or money by adding equipment and/or hiring more staff. 

The goal is to ensure that the effectiveness of all such investments is assessed. 

 

   In the study, the major limiting factors, PT Line and the Paint Booth (1) required substantial investments 

by increasing the manpower and procuring an additional 1 or 2 powder coating guns. There was a shortage 

of manpower for cleaning the components and their loading/unloading job.  

 

   Also, the current operational manpower is asymmetrical throughout the plant. Furthermore, it was 

observed the work volume of Paint Booth 1 (White Coating) was more than that of another booth. For 

coating, the predetermined average time was 7 minutes per load bar but instead the actual average time 

taken is 15-18 minutes per load bar approximately.] The deliverable for this step improves performance 

significantly enough to break the constraint. 

 

5. Repeat the Process 

      The goal of this step is to ensure that the Five Focusing Steps are not implemented as a one-time 

improvement project. Instead, they should be implemented as a process of continuous improvement. 

There can be two possibilities as follows: 
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› Constraint Broken: 

      If the constraint has been broken (the normal case), recognize that there is a new constraint. The new 

priority is to identify and eliminate the new constraint (restart at Step One). 

 

› Constraint Broken 

      If the constraint has not been broken, recognize that more work is required and that a new approach is 

required, including verifying that the constraint has been correctly identified (restart at Step One). 

 

      Here, the constraint was partially broken and further moving of the constraint depends on the 

management’s call for the acceptance of the submitted preventive approach proposals. 

 

      This paper proposes that productivity can be improved by implementing the PDCA cycle. Hence, in this 

study improvement is done as the PDCA cycle is implemented in the process and finding the critical factors 

which affect the production rate. By improving those factors, production can be improved. 
 

 Plan-Do-Check-Act Cycle 

 

      The four-step iterative management approach that preaches continuous improvement is referred to as the 

PDCA cycle. The Deming cycle or four-step problem-solving process which is used in this approach is as 

under: 

 

1. Plan: Identify the limiting constraints 

2. Do: Data collection for time and motion studies. 

3. Check: Evaluate performance by analyzing data acquired from both studies. 

4. Act: Properly or completely implementing the suggested solution and determining what 

modifications are necessary to further improve the process. 

1. Plan Phase 

 

      In this phase, for the identification of the limiting factors, each section was thoroughly studied and 

checked. The appendices illustrate the current production plant layout and its workstations with the process 

step map and the technical specification. 

 

» Powder Coating Plant Layout: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.1: Plant Layout] 

 

» Technical Specifications: 
 

› Pre-Treatment Line (NANO Process): 

¬ Basket Dimension: 3000(W)  1600 (D)  2200(H) mm 

¬ Tank Dimension: 3200(W)  1800(D)  2300(H) mm 
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Tank 

No. 
Operation Chemical 

Concentration 

(%) 
pH 

Temperature 

(C) 

Dip Time 

(min) 

1 
Neutral De-Rusting 

(NDR) 
C-IC NC N 7 6-7 50-60 10 

2 
Knock Off Degreasing 

(KOD) 

C-AK-1523R 

C-AK-1523S 
5 9-12 40-45 3-5 

3 Degreasing 
C-AK-1523R 

C-AK-1523S 
5 9-12 40-45 3-5 

4 Water Rinse-1 (RO) NA NA 7-9 Ambient 1-2 

5 Water Rinse-2 (DM) NA NA 7-8 Ambient 1-2 

6 NANO 
M-NT 2011 

M-AD 700 
3 4.5-5.5 Ambient 2 

7 Water Rinse-3 (DM) NA NA 7-5 Ambient 1-2 

8 Water Rinse-4 (DM) 
NA NA 7-6 Ambient 1-2 

Conductivity: < 100 

 

[Table 1.1: 8 Tank Details] 

 

In tanks 1, 2, and 3, in the heating system, burners with heat exchangers having a common control panel are 

provided. 

Gas consumption: 14-15 Kg/hr 

¬ Transporter: 

 

Overall dimension of the system: 30600(L)  5000(W)  6200(H) mm 

Weight carrying capacity: 1000 Kg 

Vertical travel: 2.7 m 

Horizontal travel: 27.4 m (approx.) 

Controls: PLC based 

 

¬ Water Dry-Off Oven (WDO): 

 

Type: Batch-type gas-fired convection oven 

No. of baskets considered inside WDO at a time: 2 

Door opening: Pneumatically operated auto-sliding doors 

Heat source: LPG 

Fuel consumption: 10-11 Kg/hr 

Operating temperature: 100C 

Maximum design temperature: 120C 

 

 

› Powder Coating Pressurized Booth: 

 

Type: Conveyorized, enclosed, pressurized manual powder coating booth with multi-cyclone and filter 

recovery unit. 

Overall dimension; 5000(L)  7500(W)  4700(H)  mm 

Entry-Exit opening: Auto sliding doors controlled by centralized PLC control. 
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› Powder Curing Oven: 

 

Type: Ground Mounted Type 

Conveyor passes through oven: Straight Pass 

Overall dimension: 11.6 (L)  2.5(W)  5.7(H) m 

Location of Heater Box: At the top of the oven 

Maximum design air temperature: 250C 

Working temperature: 200C - 220C 

Fuel type: LPG 

Insulation thickness: 150 mm 

 

› Overhead Conveyor Belt: 

 

Type: Power and free conveyor 

Conveyor length: 180 m 

Payload bar capacity: 200 Kg (max) 

Speed: 2.5 m/min (variable) 

No. of drive unit: 1 (caterpillar type) 

Control Panel: PLC and VFD based 

Drive motor: 1 KW 

Track ground support: Provided from the ground or where ever possible at the site. 

No. of stoppers: 9 (auto) 

Auto lubrication system provide 

 

» Powder Coating Process Step Flowchart: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.2: Process Step Flowchart] 

 

› Procedure: 

 

¬ Firstly, the batch code of the incoming parts is checked and sequenced accordingly. If required dusting 

is performed. 

¬ Loading of the parts in the basket. 

¬ Once the loading operation is completed, the transporter lifts the basket to a sufficient height and 

proceeds toward Tank 1 in order to commence the Pre-Treatment Process. 

¬ In Pre-Treatment Process, the basket is sequentially dipped into consecutive tanks starting from Tank 

1 (NDR) to Tank 8 (WR-4 DM) for a requisite time. 

¬ Following the completion of the chemical pretreatment process, the parts are dried in a low-

temperature Water Dry-Off Oven for the next 10-12 mins.  
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¬ Masking is placed on the substrate prior to the powder application stage if the component design 

requires certain areas to remain uncoated. They are then ready for coating. 

¬ Parts are loaded on the load bar and then proceed toward the paint booth. 

¬  As per requirement, the parts are coated in either white or black in the respective paint booth. 

¬ To obtain the desired coating, the powder-coated parts are conveyed into a curing oven and heated to 

temperatures that range from 200C to 220 °C for at least 21 minutes so that the powder melts to form 

a film.  

¬ The material is set aside to cool down. 

¬ After cooling down, the color checking is done visually and the DFT (Dry Film Thickness) meter is 

used to check the powder coating thickness. 

¬ The parts that pass the inspection are wrapped with a cling film-like plastic cover while the others go 

to rework or the scrap bin. 
. 

» Output Calculation: 

 

¬ No. of working hours = 16 hr/day (2 Shifts of 8 hrs. assumed) 

¬ No. of jigs/machine = 14 Nos. (Calculated as per the data sheet shared with us) 

¬ Expected production = 9 Machine sets/day. i.e., 4.5 machines/shift of 8 hrs. 

¬ No. of jigs to be processed for 9 machine sets = 914 = 126 jigs 
. 

¬ Total time considered for powder coating operation = 14 min/jig with 2 operators per booth. 

¬ Effective cycle time for powder coating = 7 min/jig. (Since the coating operation will be done in 2 

booths). 

¬ So, No. of jigs per hr. = 60/7 = 8.5 jigs 

¬ No. of jigs per day = 8.5 (jigs/hr)  16 hrs. (2 shifts of 8 hrs.) = 136 jigs/day 

¬ Therefore, total machine sets / day = 136/14 = 9.7 machine sets 

 
2. Do Phase 

 

      This is the second phase of the PDCA cycle, as after knowing the plant layout along with its technical 

specifications, adopted process flow, and predetermined output calculation, in this phase it is essential to 

do the time and motion study. 

     Proper implementation of time and motion study allows for improving processes and optimization of 

performance. Better working methods increase worker efficiency while decreasing fatigue. 

 

» Motion Study 

 

      Motion analysis is a systematic method of determining the best way to do the work by analyzing the 

motions made by the worker or machine. In this study, the mapping process is used to analyze the 

workflow in the Powder Coating production line. The mapping process makes it simple to visualize the 

operator's movement and the operation sequence. 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.3: Material Flow] 
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[Fig 1.4: Current Operator Flow] 

 

» Time Study 

 

      Time study is an organized technique of directly observing and measuring a specific process with a 

timing device to determine the time taken for a qualified worker to complete the task at a set level of 

performance. 

 

      The significance of time study, in this case, is that it allows management to analyze the performance 

of the production system so that future production planning and machine requirements can be planned 

accordingly. 

 

      A simple but often effective technique is to divide the plant into different zones and then target each 

zone individually for the time study. Determine their beginning and endpoints. In this case, the whole 

Powder Coating Plant has been divided into 3 zones as shown in the following visual layout. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.5: Zonal Distribution] 

 

      Now, with the help of a timing device and an observation board, the time for each zone is recorded. 

For PT Line, the time taken by a basket from dipping it in Tank 1 to taking it out from the WDO is recorded 

in hours. While the average time taken by a load bar to enter and depart the booth and oven is recorded in 

minutes for both the Paint Booths and the Curing Oven. 
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Pre-Treatment Line 

Date 
Basket No. 

1 2 3 4 5 6 7 8 9 10 

13/06/22 2.09 2.57 1.28 1.44 2.08 1.50 - - - - 

14/06/22 1.17 1.29 1.43 2.09 1.44 1.27 2.05 2.44 2.19 1.40 

15/06/22 2.05 2.07 1.35 1.00 1.41 1.18 1.12 1.09 - - 

16/06/22 1.51 1.34 1.16 1.02 1.35 2.12 - - - - 

17/06/22 2.15 1.15 1.34 1.21 2.03 - - - - - 

18/06/22 1.45 1.53 1.31 1.34 2.15 - - - - - 

 

[Table 1.2: Time Study of Pre-Treatment Line] 

(Unit of time: Hour/s) 

 

Paint Booth 1 

Date Load Bar Qty. Average Timeout (Min) No. of parts coated 

13/06/22 28 12.78 141 

14/06/22 24 12.58 188 

15/06/22 33 11.56 234 

16/06/22 21 16.19 122 

17/06/22 24 14.08 178 

18/06/22 9 21.20 37 

 

[Table 1.3: Time Study of Paint Booth 1] 

(Unit of time: Minutes) 

 

Paint Booth 2 

Date Load Bar Qty. Average Timeout (Min) No. of parts coated 

13/06/22 24 14.08 182 

14/06/22 20 17.68 105 

15/06/22 23 17.82 178 

16/06/22 21 18.61 168 

17/06/22 8 15.00 31 

18/06/22 8 17.25 138 

 

[Table 1.4: Time Study of Paint Booth 2] 

(Unit of time: Minutes) 

 

Curing Oven 

Date Load Bar Qty. Part Quantity Average Actual Time (Min) 

13/06/22 47 253 8.5 

14/06/22 50 185 8.4 

15/06/22 52 359 8.2 

16/06/22 40 178 8.1 

17/06/22 46 210 8.4 

 

 [Table 1.5: Time Study of Curing Oven] 

(Unit of time: Minutes)
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3. Check Phase 

      This is the third phase of the PDCA cycle in which the collected data from both studies are analyzed. 
. 

» Motion Study 

      Reviewing the current Motion Process Map, it shows that the plant was facing a lack of manpower 

issue. Following this, there was an uneven distribution of the workload amongst operators. Some of the 

operators didn’t have set prioritized jobs, they are having a lot of movements within the plant from one 

station to another due to there being sudden stops in some ongoing operations. The resulting output is less 

than if the line could be balanced. 

 

Adding manpower cannot solve the entire problem, there was uneven workload distribution at some 

workstations that were also problematic in terms of workflow. Establishing properly synchronized 

manpower distribution and priorities is necessary to complete everything that needs to be done. 

Prioritization is important because it allows one to give attention to their assigned tasks.  

 

      To reach the plant's optimum working efficiency, an additional 6 operators are required for the 

production line. In accordance with the new count, the corresponding operator movement map is proposed 

to management. 

 

» Time Study 

      Over succeeding the time study, the collected data must be plotted on the graph to visualize variation 

or observe relationships between variables to identify the bottlenecks and drive solutions accordingly for 

the same.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.6: Graph of Pre-Treatment Line] 

(Unit of time: Hour/s) 

 

 

[Fig 1.7: Paint Booth 1]                                                     [Fig 1.8: Paint Booth 2] 

            (Unit of time: Minutes)                                                      (Unit of time: Minutes) 

http://www.jetir.org/


© 2023 JETIR January 2023, Volume 10, Issue 1                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2301180 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b597 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.9: Curing Oven] 

(Unit of time: Minutes) 

 

› The graph shows that the trajectories are unpredictable, mainly due to frequent machine breakdowns, 

uneven work volume distribution, and preventive maintenance concerns.  

› The average duration of opening and shutting the oven door is around 8.32 minutes, which is close to 

the pre-set time of 8 minutes. 

› In conclusion, it is evident that the curing oven is not a problematic section to investigate. 

› According to the Theory of Constraints, the priority should now be directed to the other two areas 

impacting the plant's efficiency, – i.e., the Pre-Treatment Line and the Paint Booths. 

› Further investigation is carried out using Root Cause Analysis. 

 

» Root Cause Analysis: 

 

      This quality management tool works by defining a quality-related problem on the right side of the 

diagram and branching off individual root causes and sub-causes to the left. A Fishbone diagram’s causes 

and sub-causes are grouped into four main groups, including Material, Man, Method, and Machine. These 

categories can help us identify the probable source of the problem. 

 

 

 

 

 

 

 

 

 

 

[Fig 1.10: Cause-Effect Diagram of PT Line] 

 

 

 

 
 
 
 
 
 
 
 

[Fig 1.11: Cause-Effect Diagram of Paint Booth] 

 

http://www.jetir.org/


© 2023 JETIR January 2023, Volume 10, Issue 1                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2301180 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b598 
 

 
 

 

 

[CAPA document for Paint Booth] 

COSMOS IMPEX PVT. LTD. 
 

CORRECTIVE AND PREVENTIVE ACTION PLAN 
 

Page 1 of 1 
 

 

Date: 20/06/2022 Department: Powder Coating 

Principal Investigator: Achal Kandoi Section: Paint Booth 

 

Deficiency Identified: 

 

› Shortage of manpower and coating gun. 

› Loading plan. 

Compliance Root Cause 

Effect Diagram Number: 
1.2 

Response to Deficiency: Installation of 1 addition powder coating gun and changes in loading plan. 

Corrective Action Plan: 

(Action taken to correct 

specific deficiency 

identified) 

 

 

 

 

 

 

› The number of components to be white powder-coated is more than the number of 

parts to be black powder-coated. In addition, powder coating one large component 

takes longer than powder coating child parts. As a result, there are regular traffic 

concerns, and some of the load bars must pass through Paint Booth 2 empty since 

there are no available parts to be black coated.  

› As a solution to this problem, we may practice the following loading approach in 

order to avoid passing any empty load bars and utilize both booths at the same 

time. 

› The time it takes for one LH/RH Guard to get white powder-coated is around 15-20 

minutes.  
› In the back, we may load the next two load bars with the child parts that need to be 

black coated, which will take approximately 7-10 minutes each.  

› As a result, at the completion of the operations, we will have three load bars ready 

to move on to the curing step in the order of Black-White-Black. 

 

Preventative Action Plan: 

(Action taken to prevent the 

reoccurrence of this problem 

in the future) 

› It is advised that one extra powder coating gun be procured and installed in Paint 

Booth 1 because the majority of the parts of all sizes have to be white powder 

coated.  

› As a result, the time required for the operation may be reduced by 40% -45%. 

Approved by: 
Mr. Amit Patel 
(COSMOS Tech Park Head) 

Signature and Date:  
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4. Act Phase 

 

      This is the final stage of the PDCA cycle. The records from the "do" and "check" phases helped to 

identify issues with the process. These issues result in outcomes that are evidently less than optimal. Here, 

in this phase, the following corrective and preventive improvement approach proposals were made to the 

management. 

  

      Preventive maintenance is critical to keeping the machine running smoothly throughout the 

manufacturing process. The maintenance activity on machines needs extra attention by the management 

along with the responsible personnel to ensure optimum usage of machinery which will eliminate 

unwanted wastages due to machine stoppages. 

 

 

» Proposed Manpower and Motion Map: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.12: Proposed Operator Flow] 

 

» KAIZEN Implementation 

 

      Kaizen is a method of creating continuous improvement that is based on the idea that small, ongoing 

positive changes can yield significant results. 

 

      During the ongoing study, another problem was observed in the movement of the load bars. The 

overhead conveyor system has 12 - 14 Auto Stops and 2 Junction Pushers. The load bar is hung on each 

jig using a rod anchor and a coil of wounded metal wires. Some child components used to get unhooked 

due to the sudden movement of the load bar from the auto stops and junction pushers.  

 

      If the components fall off the hook before the powder application, simply a dent will result, while if 

they fall between the powder coating and the curing oven, the coated powder layer will be removed due 

to impact. There are also possibilities of danger to the operators nearby. 

 

      As a solution, the following Kaizen is carried out to address these issues. 

 

      The load bars had holes on the top surface, and two M10 Shoulder Eyebolts are fitted to the endpoint 

holes. This shoulder design reduces bending stresses on the shank and allows the eye bolt to be used for 

angular lifting if the shoulder is properly seated in the load. Here the eyebolt is fitted using the washer 

plate and nut. 
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Results and Discussion 
. 

      Time and Motion analysis plays an important role in a company or industry to improving production 

efficiency. Based on the data analysis, corrective and preventive action proposals were made to the company.  

 

      The company has already commenced the hiring process. An additional 5 operators were hired by the 

company. A maintenance drive of the Pre-Treatment Line was also carried out. Following this, there was an 

increase in output. The suggested Powder coating loading scheme was tested. A three-day time study was 

conducted, with the following results. 
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» Pre-Treatment Line 

 

Pre-Treatment Line 

Date 
Basket No. 

1 2 3 4 5 6 7 8 9 10 

21/06/22 1.05 1.50 1.40 1.44 1.23 1.50 1.21 1.28 1.10 1.20 

22/06/22 1.17 1.29 1.51 1.34 1.16 1.27 1.30 1.26 1.35 1.40 

23/06/22 1.56 1.24 1.35 1.00 1.41 1.18 1.12 1.09 1.56 1.34 
. 

[Table 1.6: Time Study of Pre-Treatment Line] 

(Unit of time: Hour/s) 

[Fig 1.13: Graph of Pre-Treatment Line] 

(Unit of time: Hour/s) 

 

» Paint Booth 

 

Paint Booth 1 

Date Load Bar Qty. Average Timeout (Min) No. of parts coated 

21/06/22 35 11.34 189 

22/06/22 39 10.78 200 

23/06/22 33 12.23 234 

 

[Table 1.7: Time Study of Paint Booth 1] 

(Unit of time: Minutes) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.14: Graph of Paint Booth 1] 

 (Unit of time: Minutes) 
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[Table 1.8: Time Study of Paint Booth 2] 

(Unit of time: Minutes) 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Fig 1.15: Graph of Paint Booth 2] 

(Unit of time: Minutes) 

 

      It was observed that the plant's production efficiency increased by an additional 26% - 28%. The new 

outcome is 5–5.5 sets per day, achieving approximately 55% - 57% of overall efficiency. There is still potential 

for development, however owing to time restrictions, the author would be unable to carry out any additional 

improvement process. 

 

 

Conclusion 
. 

      This research is being conducted to see how production can be improved and to guide me in investigating 

how the Theory of Constraints, the PDCA cycle, as well as the Kaizen, Time and Motion study, can be used 

in the production line to eliminate defects in the process. One can only get success if this process could be 

adopted in the process as the culture of the organization. This fact-based result was generated by implementing 

it and is widely accepted. This process should be monitored and seek further improvement of the process. 

 

      Ultimately, given all the growth in the market, the need to improve the processes, and the evident 

additional manpower, it is recommended to record the relevant and valuable production data that will help the 

management efficiently monitor the production line and make necessary improvements accordingly.  

  

Paint Booth 2 

Date Load Bar Qty. Average Timeout (Min) No. of parts coated 

21/06/22 38 12.18 211 

22/06/22 42 13.34 178 

23/06/22 40 13.76 213 
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