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Hess, Timothy R.  Improving Upon the Paint Process at Company ABC 

Abstract 

When a manufacturer produces a product, one of the important aspects of a product is the final 

coating.  The final coating is the most noticed aspect of a product that can draw a potential 

customer in or that can lose a customer.   

 The organization referenced in this study was like many manufacturers in that they 

understood the importance of a quality coating and were aware of what the ramifications would 

be should the coating fail.  While this organization strived to produce quality parts and address 

paint issues before the product left the building, the finishing process at the organization was 

filled with inefficiencies that led to production delays and rework.  In the midst of these 

production delays, the organization was also looking to double their production capacity. 

 The purpose of this study was to rectify the inefficiencies of the organization’s coating 

process and to design a process that would be able to support the growth of the organization.  

These objectives were accomplished through determining the amount of product that the 

organization wanted to produce in the future, determining the paint process to be utilized, and 

drawing up a plan on how the paint process can be improved upon and expanded.     
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Chapter I: Introduction 

In 1907, two brothers and a friend in a rural Wisconsin town formed a partnership to 

form Company ABC; name has been withheld to protect confidentiality.  Characterized as 

inventors, the three worked out of a small shop and were pioneers in developing equipment in a 

handful of different industries.   The three business partners sold the organization in 1954 and the 

organization was purchased by the current owner in 1974.  

In the 63 years since the three founders sold the organization, some aspects of the 

organization that have remained the same while others have changed.  Company ABC still has 

involvement with three of the product lines that the founders have pioneered while some of the 

other product lines have been discontinued.  Even though some product lines have been 

discontinued, the organization has developed additional product lines and has expanded from one 

location in rural Wisconsin to multiple locations across the United States. 

One of the newer product lines that Company ABC produces is based out of a location 

that is a few miles away from the corporate office in rural Wisconsin.   Built in 1974, the facility 

was originally designed to produce variants of the equipment that the founders had originally 

pioneered.  When Company ABC acquired two of their competitors in 2004 that produced the 

same products, Company ABC shifted the manufacturing of these products to the manufacturing 

facilities of their acquired competitors.  With the change in production locations, the facility near 

the corporate office began to function solely as a supplier for a heavy equipment manufacturer.  

The organization received partially completed vehicles from the heavy equipment manufacturer 

and would convert the vehicles before they were shipped to the customer.  In working with the 

supplier for a number of years, Company ABC began to run into issues with the supplier.  In 
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2011, Company ABC released their own products to the market, began to produce their own 

heavy equipment, and discontinued the relationship with the supplier. 

After seven years of producing heavy equipment, the organization had experienced 

significant growth in this business unit.  As the heavy equipment product line had grown, the 

organization made changes to account for growth.  While the organization had experienced 

growth, an Achilles heel for the organization was its paint process. 

The first issue with Company ABC’s paint process was not with the paint process itself, 

but with the cleaning operation that occurred immediately before the painting process.  Parts 

were cleaned prior to being painted to promote better adhesion between the paint and the part.  

While this cleaning process generally accomplished the goal of preparing the parts for paint, 

there was inconsistency in amount of cleaned parts provided to the paint department.  There were 

some days that the cleaning process would provide few parts for the painters while providing too 

many parts for the painters on other days.  In the event that this operation would provide more 

parts than what the paint department could paint, parts would have to be re-washed if the parts 

sat for more than eight hours without being coated.  

The second problem with the paint process pertained to the paint process itself.  When the 

building was constructed in 1974, two large rooms were created off the side of the building 

where painting was to occur.  These rooms had heat, ventilation and lighting; but these features 

could not be precisely adjusted as is typically required for a paint booth.  One of these rooms 

received a paint booth insert in 2013 and the: heating, ventilation, and lighting issues were 

corrected for that paint booth; but the issues remained in the second paint booth.  Because there 

was limited adjustment to these three features in the second paint booth, the organization was 

having issues with paint overspray and inconsistent amounts of paint being applied to parts; both 
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of which led to rework.  A second problem with the paint booth was the size of the paint booths. 

Company ABC’s newest product line at this business unit was a product line that was rapidly 

evolving with customer demands and with customer demands came a piece of heavy equipment 

that did not fit in either of the paint booths.  In order to paint this product, painters had to paint 

the product with one of the paint booth doors open; which was especially problematic in the 

summer when bugs were attracted to one of the colors of paint.  The third issue with the paint 

process was the amount of paint that was wasted.  While some paint was wasted through 

overspray, a significant amount of paint was wasted through how the paint was dispensed.  When 

a painter had to obtain paint to perform painting in a given paint booth, painters often had to 

guess how much paint they would need to paint the parts in the paint booth.  Running out of 

paint could have led to rework, so painters would often obtain more paint than required.  If this 

extra paint was not consumed, the paint was disposed of at a significant cost to the organization.  

Once parts were completed there were also issues with how the painted parts would dry. 

Painted parts could not dry in the paint booth because doing so would disrupt production; so 

painted parts were often placed outside of the paint booth to dry.  The areas outside of the paint 

booth were production areas with forklift traffic and other production that could damage wet 

paint.  When paint dried in uncontrolled areas, paint fumes were also present.  After some of 

these parts were dry, the parts had to go back into the paint booth where painters would perform 

bodywork on fiberglass parts so that the parts had a superior finish once complete.  When 

bodywork occurred in the paint booth, parts could not be painted which further exemplified 

production delays and backed up the process all the way to paint pretreatment. 
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Statement of the Problem 

The paint pretreatment and paint processes at Company ABC were inefficient in regards 

to: the volume of parts being washed and painted, paint utilization, drying time for painted parts, 

and activities other than painting that were performed in the paint booths.  As a result of these 

issues, an estimated $24,000 worth of paint was thrown away each year and production delays 

were prevalent in process from start to finish.  

Purpose of the Study 

 The purpose of this study was to review the existing paint process at Company ABC and 

create a plan to address the weaknesses of the existing process as well as sustain a forecasted 

increased production demand of 100%.  The study entailed researching the different methods that 

were commercially available on the market for paint and paint pretreatment to make sure that the 

organization was not missing anything in regards to paint technology for the future process.  In 

addition to researching the different aspects of the coating process, the existing process at the 

organization was examined to right-size equipment and to ensure a continuous flow of parts.  

Through the combination of the principles learned from these two steps, a paint process was 

chosen.  The last focus of the study involved creating a plan that incorporated the findings of the 

study while addressing the inefficiencies of the existing paint process.  In having a plan on how 

to address the weaknesses of the existing paint process and to account for the projected growth, 

Company ABC will be able to rectify the issues on a timelier basis.  

Assumptions of the Study 

 Company ABC has experienced growth and is still experiencing growth. As a result of 

this, the improved paint system should be designed to accommodate expanded production 

demands.  With that being said, one assumption of this study was that the improvements to the 
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paint system would allow for the organization to gradually increase production by 100% 

compared to what the organization can paint at the present time.  The second assumption of this 

study was that the executive team at Company ABC would be in favor of implementing the plan 

to correct the deficiencies of the current process. 

Definition of Terms 

 In this study, there will be multiple terms that pertain to the paint process in an industrial 

environment.  A list of terms is below that will assist the reader in understanding the different 

components of a paint pretreatment system and the paint system itself.  

 Enterprise resource planning system. A highly integrated and enterprise wide 

information system that covers all the functional areas or departments in an organization (Joy, 

2012). 

Paint cart. A rolling device that supports a specific part to be painted and is not designed 

to be used with different configurations of parts. 

Paint pre-treatment. A process that occurs prior to the paint process where parts to be 

painted are removed of oil and other debris that could prevent paint adhesion. 

Paint rack. A rolling device that supports the parts to be painted. Parts are suspended 

from the top of the device with hooks and additional parts are then connected to each other with 

hooks. These devices allow for parts of different configurations to be painted at a time. 

Powder coating.  A polymer based paint process that combines: curatives, pigments, 

leveling agents, flow modifiers and other components.  These compounds are combined together 

to form a powder that is then applied to parts.  This differs from other types of paints that could 

be classified as liquids (Powder Coating Institute, n.d.). 
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Spray booth. A power-ventilated structure provided to enclose or accommodate a 

spraying operation to confine and limit the escape of spray, vapor, and residue, and to safely 

conduct or direct them to an exhaust system (Occupational Safety and Health Administration 

[OSHA], 1974). 

Solvent-based coating. A liquid-based covering with liquefying agents that are meant to 

evaporate via a chemical reaction with oxygen.  Typically, moving air surrounding a solvent-

based coating will help to speed up the reaction, reducing drying times (U.S. Coatings, n.d.). 

Takt time. The process of matching production speeds with customer demands; 

calculated by dividing available production time per day by customer demand per day (Elbert, 

2014). 

Water-based coating. A liquid-based covering where organic paint solvents have been 

replaced with water (Stoye & Freitag, 2007). 

Limitations of the Study 

 The focus of this study was to create a plan for Company ABC to improve upon their 

existing paint processes and in doing so; there were a few different limitations.  The first 

limitation was that this project did not include capital expenditures to purchase and install new 

paint equipment within the facility.  The second limitation was that this project did not include 

an analysis of whether a conveyor system should be utilized instead of paint racks. 

Methodology 

 This study analyzed the obstacles that Company ABC faced when it came to supplying 

painted parts to other departments within the manufacturing facility.  To begin this study, the 

enterprise resource planning system at Company ABC was utilized to review previous jobs for 

multiple purposes.  The first purpose of reviewing the previous jobs was to determine the vehicle 
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and attachment combination that took the most time to build so that the takt time for the 

improved overall paint process would be based on the vehicle that took the most time to 

assemble.  The second purpose of reviewing the previous jobs was to determine the amount of 

parts that proceeded through the paint process on a given piece of heavy equipment in order to 

calculate the takt time for the parts that need to move through the pretreatment and paint booths. 

With the intent of the organization to expand by 100% in the next two years, takt times had to 

account for the increased production load that Company ABC will face.  The previous jobs were 

also reviewed to determine how much time was spent performing some of the bodywork 

functions so that designated bodywork area could be created instead of this work being 

performed in the paint booth.  As Company ABC also produces a large amount of parts through 

repair orders, the enterprise resource planning system at Company ABC was also utilized to 

review how many of these additional parts progressed through the paint process during a given 

month.  

Once the takt times were determined for the wash and paint processes and the hours 

calculated for some of the bodywork, the second component of this study was to determine the 

type of paint process the organization desired to utilize in the future to paint product.  This 

portion of the study analyzed: the type of paint that the organization was utilizing at the time, 

different types of industrial paints that were available on the market, and the principle of using a 

cure oven to increase the drying time of parts.  To assist with this portion of the study, three 

different paint vendors were given the target takt times that Company ABC wanted to achieve 

with an improved paint process and were consulted to see if they would recommend a certain 

type of paint over another based on the target takt time.  The three paint vendors were also given 

the sizes of the largest objects that would move through the paint process.  Based on the 
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recommendations of these three paint vendors and the consistency between the three paint 

vendors, Company ABC selected the type of paint process and cure oven that they wanted to 

utilize in the future.    

 With the desired paint process selected, the next portion of this study was to review the 

paint pretreatment process.  To support Company ABC in this review, two different pretreatment 

vendors were brought in to analyze if there should be a change with the cleaning process to 

better coincide with the desired type of paint and if there was a certain type of pretreatment 

system that should be applied based on the takt time for the wash process.  The two wash 

chemical vendors were also given the size of the largest part that would progress through the 

wash process.  The type of pretreatment was then selected based off of what the vendors had 

recommended.  The last part of the study was to map out the future paint process from paint 

pretreatment to the cure oven as part of a building expansion plan. 

Summary 

 This chapter introduced the history behind Company ABC and how the problems with 

the paint process came about.  After introducing the problem, this chapter also discussed: the 

purpose of the study, the assumptions that were present when this problem was approached, 

terms that were prevalent in the paper, limitations of the study, and the methods that would be 

employed to address the problem.  Chapter II will discuss the different paint and pretreatment 

options as well as some of the key lean principles that were applied to this project. 
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Chapter II: Literature Review 

Company ABC had an inefficient paint process.  The organization threw away thousands 

of dollars’ worth of paint each year, parts took extended periods of time to dry, the configuration 

of the paint booths lead to rework, and certain colors could not be painted on an off-shift during 

the summertime as bugs were attracted to the paint.  The purpose of this literature review was to 

review the different types of paint processes and paint pretreatment methods that are commonly 

used in an industrial setting.  Combined with some of the principles of lean, groundwork was 

established on how the paint process could be improved upon.  

Solvent-Based Coatings 

 Solvent-based coatings are coatings that contain liquefying agents that are designed to 

evaporate in the presence of oxygen (U.S. Coatings, n.d.).  They are the oldest coatings in 

existence with some of the original oil-based coatings in China dating back over 2,000 years 

(Stoye & Freitag, 2007).  While oil was the prominent solvent in paint for thousands of years, 

things began to change in the late 19th and early 20th century when the industrial revolution 

created improved manufacturing technology that led to an increased demand for paints 

(American Coatings Association, 2018). 

As manufacturing technology improved through the Industrial Revolution, new paints 

with increased drying rates had to be developed.  In order to create enough paint to sustain 

production demands, alterative binders to oil had to be developed with the first natural 

alternative binder of nitrocellulose being developed in the early 1900s (Stoye & Freitag, 2007).  

Synthetic binders were developed soon after with phenolic resins being developed in the 1920s 

and alkyd resins being developed in the 1930s (Stoye & Freitag, 2007).  With the changes in 
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binders, a change in solvent mixtures also took place during the 1920s so that paints could have 

improved drying times and optimized properties of the paint. 

Since the early 20th century, binders and paint resins in solvent based coatings have 

become more numerous and the binders and resins are formulated to a customer’s exact needs to 

be applied in a variety of conditions.  While solvent-based coatings remain common in industry 

today, solvent-based coatings are not without their issues.  Solvent-based coatings often emit 

volatile organic compounds as the paint cures.  Volatile organic compounds are chemicals that 

can lead to short term and long term health effects and can be detrimental to the environment 

(United States Environmental Protection Agency, 2017).  As a result of this, the United States 

Environmental Protection Agency has developed stringent regulations for the emission of 

volatile organic compounds into the environment.  In response to the increasing regulations, low-

solvent/high-solids paints are becoming prominent amongst the solvent-based paints.   

High-solids coatings. High-Solids coatings are solvent-based coatings where the solids 

content of the paint is greater than 60% (Stoye & Freitag, 2007).  Created in response to 

increasing environmental regulations for solvent-based paints, high-solids paints have the 

advantages of reduced time and energy to apply the coating as the viscosity of the paint is thicker 

(Jones, Nichols, & Pappas, 2006).  As a high-solid coating is still a solvent-based coating, high-

solids coatings can still be applied through the methods that other solvent-based coatings have 

utilized. 

While there are benefits to utilize coatings that have high-solids and low-solvents instead 

of other coatings, high-solids coatings are not without their faults.  Due to a decreased solvent 

content in the paint, high-solids paints can take a longer amount of time to cure.  As the cure 

time is increased with high-solids coatings, there is a risk that the paint may run or sag on 
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vertically hung parts regardless of whether or not heat is applied to the paint (Jones et al., 2006). 

High-Solids coatings are what Company ABC currently utilizes.  

Water-Based Coatings 

 Developed in the 1950s, water-based coatings were initially developed to replace organic 

solvents that are traditionally utilized in paints; creating a paint that is both nontoxic and 

noncombustible.  Organizations that utilize water-based paints are not subject to the stringent 

requirements for hazardous materials that solvent-based paints must undergo (Stoye & Freitag, 

2007).  There can also be insurance savings for organizations that utilize water-based coatings as 

water-based coatings are nonflammable; leading to a decreased fire risk (Stoye & Freitag, 2007).   

 In water-based coatings, water displaces the role that solvents have occupied in other 

liquid coatings.  However as water is an element that is commonly found in nature, water-based 

paints have a greater tendency to be affected by temperature and by the humidity (Jones et al., 

2006).  As the relative humidity in the air increases so do drying times for the paint.  Once the 

relative humidity in the air approaches 100%, there will not be any net evaporation of the water 

in the paint (Jones et al., 2006).  A second issue with water-based coatings is the increased 

tendency of pin holing or popping compared to solvent-based coatings.  When comparing water-

based coatings to solvent-based coatings, the solids content in the water-based coating is often 

lower than the solids content of solvent-based coatings (Jones et al., 2006).  In order to have a 

finish with a similar amount of solids between the two coatings, water-based coatings often have 

to be applied in thicker layers.  When a water-based coating is applied in thicker layers and is 

cured in an oven, the outer layers of the coating tend to cure faster than the inner layers of the 

coating (Jones et al., 2006).  Once the water in the lower levels of the coatings starts to cure, the 

water vapor has a difficult time breaking through the cured coating; thus leaving bubbles or 
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pinholes in the finish (Jones et al., 2006).  Bubbles and pinholes can be minimized by applying 

the coating in thinner coats (Jones et al., 2006). 

Powder Coating 

 First becoming prominent in the 1960s, powder coating offers a different approach to the 

standard paint process.  While other paints could be classified as liquids, the powder coating 

process gets its name from how the paint is applied to the part.  Paint is applied to a part via a dry 

powder and unlike other paints on the market; the desired finish of the part is not achieved 

through the paint alone.  The final finish that is both decorative and protective is not achieved 

until the coated part goes through a baking cycle, which is necessary to complete curing and 

fusion (Liberto, 2003).  

As a powder coated finish requires baking before the coating reaches its full strength, the 

composition of the powders utilized in the process is significantly different than the composition 

of paints utilized in other processes.  Instead of being comprised of resins that are soluble or are 

capable of being mixed with a solvent or with water, powder coatings powders must be solid at 

both ambient and slightly elevated temperatures (Liberto, 2003).  The paints must also melt into 

a low viscosity so that there is an even distribution of paint (Liberto, 2003).  

When it comes to powder coating, there are three different classes of powders; 

thermoplastic, thermoset, and radiation cured.  Thermoplastic powders are powders that have the 

same properties before and after they are heated (Liberto, 2003).  These resins are tough, but the 

resin is hard to break down into a powder form and spray onto a part; so they have to be applied 

in thicker films (Jones et al., 2006).  Thermoset resins differ from thermoplastic resins in that 

they are based on a lower molecular weight and when a thermoset resin is melted, the resin takes 

on a different form that will not re-melt when heat is applied (Liberto, 2003).  Thermoset resins 
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can be composed of a variety of different chemicals and the composition of the thermoset resin 

can be custom formulated to a customer’s exact requirements.  Radiation cured powders are 

powders that have a reduced cure time compared to some of the other powders on the market.  

When utilizing radiation cured powders, the powders must be subjected to heat for melting and 

flowing over the part (Liberto, 2003).  However the paint can be cured at a faster rate than other 

types of powders utilized in the powder coating process and as a result of this; the footprint of 

the powder curing line can be condensed (Liberto, 2003). 

Paint Pretreatment 

 Prior to performing any type of painting, the object to be painted needs to go through a 

paint pre-treatment process.  The intent of a paint pretreatment process is to remove residual: 

dirt, oils, and metallic scale that may have become prevalent on the part through processing the 

part and through material transit.  Paint pretreatment is often performed through chemical means; 

though blasting media is sometimes utilized as well. 

Chemical paint pretreatment. When chemicals are used to prepare components for 

painting, they are used as part of a process known as conversion coating.  In the conversion 

coating process, a reactive chemical is applied to the object to be painted.  When this chemical is 

applied as part of the pretreatment process, a chemical reaction occurs where, “a portion of the 

base metal is converted into one of the components of the resultant protective film, which is 

much less reactive to subsequent corrosion than the original metal surface” (Narayanan, 2005).  

In addition to providing a surface that is less reactive to corrosion, the coatings, “also serve as 

absorptive bases for improving the adhesion to paints and other organic finishes” (Narayanan, 

2005). 
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To achieve an optimum conversion coating, there are a few different chemical 

formulations that can be utilized.  One of older methods and well-established methods is the 

phosphate conversion coating process and this application method dates back as far as 1869 

(Narayanan, 2005).  In the phosphate conversion coating process, a diluted phosphoric acid 

solution is applied to a part, a chemical reaction takes place in which the surface of the part and 

the material take on the properties of the chemical (Hickman, 2011).  When it comes to 

phosphate-based conversion coatings that are used for paint pre-treatment, two of the most 

common phosphate formulations are zinc-phosphate and iron-phosphate conversion coatings.  Of 

the two types of phosphate coatings, zinc-phosphate is often viewed as the superior of the two 

coatings for steel and aluminum (Liberto, 2003).  While zinc-phosphate deposits a superior 

coating, parts that are coated with a zinc-phosphate cleaner often have to be cleaned with some 

sort of a pre-cleaner (Giles, 2011).  Iron-phosphate based cleaners on the other hand may be used 

for cleaning as well as coating (Giles, 2011).  Zinc and iron phosphates can be applied through 

dipping or through spraying the coating on parts (Liberto, 2003). 

Zirconium-based pretreatment. While phosphate-based chemicals are an excellent 

paint pretreatment chemical, these chemicals are not without their flaws.  As a byproduct of the 

chemical reactions that occur in the phosphate conversion coating process, sludge is created and 

this sludge is considered hazardous waste (Silvernail, Stalker, & Lingenfelter, 2013).  In addition 

to the sludge that is created, the wastewater that is associated with this process contains 

phosphorus.  While phosphorus is common element that is found in water and is beneficial to 

promote plant growth, too much phosphorus can be problematic (U.S. Environmental Protection 

Agency, 2017).  High phosphorus content in water can lead to the increased growth of algae.  

High algae levels lead to a decreased level of oxygen in the water, which can lead to increased 
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illnesses in fish and fish kills (U.S. Environmental Protection Agency, 2017).  When algae 

content is high, there is also a risk that humans can become sick through coming in contact with 

the water or consuming algae-filled water (U.S. Environmental Protection Agency, 2017). 

In an effort to minimize the amount of phosphorus in the water, environmental 

regulations on discharging phosphorus have become more stringent (Dunham & Chalk, n.d.).  As 

phosphate discharge regulations have become more stringent, chemical manufacturers have 

begun to develop pretreatment coatings that are more environmentally friendly than phosphate-

based pretreatment methods.  A pretreatment chemical that is becoming quite prevalent in the 

market is zirconium- base cleaners.  First utilized as part of a pretreatment method in 1996, 

development of zirconium-based cleaners has grown over the years and the first zirconium-based 

cleaner was used on mild steel in 2002 (Dunham & Chalk, n.d.). 

When it comes to the application of zirconium-based cleaners, the application methods of 

the cleaners are similar to phosphate-based cleaners in that they can be applied through spray or 

immersion (Silvernail et al., 2013).  While the two types of cleaners can be applied through 

similar techniques, there are some differences in the exact application methods of zirconium-

based cleaners.  While both cleaners require a cleaning step before the final conversion coating is 

applied, one of most notable differences between zirconium-based cleaners and phosphate-based 

cleaners is that zirconium-based cleaners are applied at lower temperatures of 95-105 degrees 

(Dunham & Chalk, n.d.).  Zirconium-based cleaners also differ from phosphate-based cleaners in 

the number of steps that are required if the chemical is being processed on a coating line.  

Whereas some of the phosphate conversion coating methods could be accomplished in as little as 

two steps, with a cleaner/conversion coating and a rinse; zirconium-based coatings require at 

least three steps with five steps being ideal (Dunham & Chalk, n.d.)  
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Lean Manufacturing 

 In the manufacturing world today, one of the buzz words of the industry is lean 

manufacturing.  Lean manufacturing can be defined as a manufacturing process in which the 

core idea is to maximize customer value while minimizing waste (Lean Enterprise Institute, Inc., 

n.d.).  Lean concepts have been prevalent for centuries, but the lean movement began to 

experience significant growth in the manufacturing sector in the early 20th century with Henry 

Ford (Elbert, 2014).  As customer demand grew for Ford’s Model T, Henry Ford increased 

factory throughput through the use of assembly lines and standardized components (Lean 

Enterprise Institute, Inc., n.d.).  In an effort to reduce unnecessary movement, “Ford lined up 

fabrication steps in process sequence whenever possible using special-purpose machines and 

go/no gauges fabricate and assemble the components going into the vehicle” (Lean Enterprise 

Institute, Inc., n.d.).  Through the use of go/no-go gauges, component defects would be noticed 

before the components moved onto the next operation to be installed.  While Ford’s concepts 

were revolutionary for the time, the concepts that Ford had applied did not allow for the product 

variety that customers were looking for when purchasing a vehicle (Lean Enterprise Institute, 

Inc., n.d.).   In an effort to keep up with customer demands and different customer perceptions, 

U.S. automobile manufacturers in the 1920s and 1930s began to move away from the lean 

principles that Ford had introduced. 

 While some of the lean principles began to fade in the U.S. automotive industry, the 

concept of lean grew substantially in Japan in the years following World War II.  The concept of 

lean grew through a few key individuals and one of these individuals was W. Edwards Deming. 

Deming had served as a statistician at various locations including the U.S. Department of 

Agriculture and the U.S. Bureau of the Census (American Society of Quality, n.d.).  Deming was 
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heavily influenced by the principles of statistical quality control that he learned through Walter 

Shewhart and often incorporated these principles into the different environments in which he 

worked.  So when Deming was sent to the Japan in 1946 by the Economic and Scientific Section 

of the War Department, Deming made contact with Japanese statisticians and convinced an 

individual named Kenichi Koyanagi that statistical methods could help rebuild Japanese industry 

(American Society of Quality, n.d.).  Koyanagi was one of the founders of the Union of Japanese 

Scientists and Engineers (JUSE) and after presenting Deming’s idea to other members of the 

team, Deming was invited to teach statistical methods to members of Japanese industry 

(American Society of Quality, n.d.).  Between Deming’s teachings in 1950 and the teachings of 

Joseph M. Juran in 1954, leaders in Japanese industry embraced contemporary ideas of quality 

management that contributed to Japan becoming a world manufacturing leader. 

 As the quality movement grew in Japan, two industrial engineers at Toyota devised a 

manufacturing system that changed the world.  Kiichiro Toyoda and Taiichi Ohno initiated this 

manufacturing revolution through the concepts of Jidoka and Just-In-Time manufacturing. 

Jidoka is the concept that quality must be built into the product and that a problematic machine 

automatically stops if defective parts are being produced and/or if the machine is malfunctioning 

(Toyota Motor Corporation, n.d.).  Only parts that meet the quality standards will be passed onto 

the next operation (Toyota Motor Corporation, n.d.).  The second concept that was developed at 

Toyota Motor Company in the 1950s was the concept of Just-In-Time manufacturing; the idea of 

producing required quality parts when they are needed and in the correct quantities (Toyota 

Motor Corporation, n.d.).  This goal is often achieved through the complete elimination of waste, 

inconsistencies, and unreasonable requirements on the production line (Toyota Motor 

Corporation, n.d.).  Of these two core concepts came the sub-concepts of: the seven areas of 
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waste, 5S, and value-stream management (Elbert, 2014).  The methodologies of Toyota 

gradually grew throughout Japan, but the greatest growth came as a result of the oil crisis of 

1973 (Monden, 2011).  Methods of the Toyota Production system finally became prevalent in the 

United States in the 1990s following the publication of the book The Machine That Changed The 

World and from this point on, the ideas of the Toyota Production System and others began to be 

referred to as lean methodologies (Amos, 1998).    

Takt time. In lean manufacturing, one of the goals is to produce products just-in-time so 

that overproduction and excess inventory can be avoided.  In order to accomplish this goal, a 

concept known as takt time is applied.  Takt is a German word for a precise interval of time, 

rhythm, cycle, or repetition (Bertoncelj & Kavcic, 2012).   

In order to calculate takt time, one must divide customer demand over the available 

working time per shift.  The customers in this equation can be external customers that are 

purchasing a product or other departments that require components downstream.  The total 

available production time is calculated by taking the total working hours and subtracting breaks 

and lunch periods from the total amount of time (Bertoncelj & Kavcic, 2012).  

When determining the takt time, there are few considerations that should be taken into 

account.  Motwani and Mohamed (2002) recommend that the following items are reviewed: 

product variety; the operations that are required to process the product; the duration that it will 

take to process each product in each workstation; the amount of acceptable and defective parts 

that are permissible at each workstation; the amount of workers required for the production line.  

In addition to these factors, it is critical to remember that takt time is not a static thing.  Customer 

demands can change and to prevent further issues down the road, the maximum customer 

demand should be determined to calculate the minimum takt time (Bertoncelj & Kavcic, 2012).  
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Summary 

 Painting is a technology that has been for thousands of years with oil-based paints being 

one of the oldest paints in existence.  As the years have progressed, the chemistry behind the 

paint has changed as well with the paint progressing from oil-based paints to solvent-based 

paints.  As a result of increased environmental regulations, solvent- based paints have had to 

change in formulation and alternatives to solvent-based paints have become more prominent. 

Chapter II also discussed the importance of paint pretreatment and how the paint pretreatment 

process evolved just as the types of paints have evolved.   

 In addition to discussing paint pretreatment and paint options, Chapter II also discussed: 

the lean movement, takt time, and how production operations should be balanced so that 

products are produced to match customer demands.  In the next chapters, Company ABC will: 

determine the takt times for the process, select a given paint process, and design a paint process 

to meet the takt time of the internal customers. 
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Chapter III: Methodology 

The purpose of this study was to analyze the current paint process at Company ABC to 

best determine how to improve upon and resolve the inefficiencies of the paint process.  Chapter 

III placed an emphasis on addressing the inefficiencies that were caused by and resulted 

production delays.  

Chapter II discussed the different types of paint and pretreatment options that are 

currently on the market as well as the advantages and disadvantages of each process.  In addition 

to discussing the different types of types of paint and paint pretreatment options, Chapter II also 

discussed some of the principles of lean and more specifically, the principle of takt time.  This 

chapter employed the concepts from Chapter II and aided Company ABC to create a more 

efficient paint process to sustain projected growth of 100%.  Data to accomplish this goal was 

collected through Company ABC’s enterprise resource planning system and through the 

guidance of three different paint vendors and two paint pretreatment vendors.      

Data Collection Procedures 

In order to obtain data to improve the paint process, a multi-faceted approach was utilized 

in regards to data collection.  The first phase of the data collection process was to determine the 

vehicle and attachment combination that took the longest time to assemble so that the future 

paint process would be sized based on that vehicle and attachment combination.  Company ABC 

is a high variety and low volume manufacturer that produces different end products with 

different assembly times.  To account for the differences in assembly times, the organization 

created a table with the average times for how long it took to build the different product offerings 

from start to finish through the use of their enterprise resource planning system.  The different 

assembly times were documented in a table similar to the table in Appendix A and were 
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reviewed to determine the longest assembly time.  This table was also utilized to determine the 

amount of time that was spent doing some of the bodywork to assist in developing a designated 

area where bodywork would be completed.  

Once the end product and attachment combination with the longest assembly time was 

determined, the next step was to determine the amount of parts that would be painted in a month.  

This involved utilizing the organization’s enterprise resource planning system to determine how 

many components on the final product required painting.  This number was then multiplied by 

the number of number of vehicles and attachment combinations that the organization desired to 

produce per month under the scenario of 100% growth.  The enterprise resource planning system 

was also utilized to determine the amount of painted repair parts that the organization would be 

expected to produce per month.  The numerator of the takt time equation was calculated by 

determining the available working hours for painting product and the number of shifts that 

Company ABC wanted to have the future paint process operating.  Through information in the 

enterprise resource planning system and the available working hours determined, the takt time 

for the different parts of the paint process was calculated in minutes.   An example of the table 

where the information was documented is shown in Figure 1. 

 Parts Available time (minutes) Takt time (minutes per 
part) 

Parts to be washed    

Parts to be primed    

Parts to paint black    

Parts to paint color    

 
Figure 1.  Sample takt time calculation expressed in minutes per part. 
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In addition to calculating the takt time in minutes per part, the takt time was also 

calculated in parts per day in case that number would have been more beneficial for the paint 

pretreatment and paint suppliers.  An example of the sheet where the information was 

documented is shown in Figure 2.  

 Parts Available time (days) Takt time (parts per 
day) 

Parts to be washed    

Parts to be primed    

Parts to paint black    

Parts to paint color    

 
Figure 2. Example takt time calculation expressed in parts per day. 

With the takt time determined, the next step was to select a given type of paint and paint 

pretreatment process that would fulfill the takt time.  To aid the organization in deciding on a 

paint process, three different paint suppliers were consulted and were given the target takt times 

as well as the largest object that Company ABC painted in order to offer their recommendation 

on the type of paint process to be utilized.  Once each of the paint suppliers offered their 

recommendation on the type of paint process to be utilized, the organization made a final 

selection on a paint process.  With the final paint process selected, the next step was to determine 

if there should be a change with Company ABC’s pretreatment method.  This was accomplished 

through contacting two different pretreatment suppliers and providing the pretreatment suppliers 

with: the future takt time for the wash process, information on the paint process that Company 

ABC intended to utilize going forward, and the size of the largest part that Company ABC 

painted.  After given this information, each paint pretreatment supplier offered feedback on a 

pretreatment process and Company ABC decided on a future paint pretreatment process. 
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Once the paint and paint pretreatment processes were decided on, the next step was to 

determine the time that was spent on bodywork.  While some of the bodywork was accounted for 

in the assembly labor hours spreadsheet under a certain operation code, painters clocked into a 

paint code to account for the remaining bodywork.  As utilizing the paint code made it difficult 

to determine the exact time that was spent on performing the bodywork, the remaining bodywork 

time was determined by talking with the lead painter on how long it takes on average to perform 

bodywork on certain items.  Once this was determined, this information and the information that 

was provided by the various vendors were utilized to map out the future paint process as part of a 

larger facility expansion.  This was accomplished through the use of the organization’s two-

dimensional modeling software.  

Data Analysis 

Correctly sizing the paint process was done through the analysis of historical data that 

was kept within the organization’s enterprise resource planning system, Epicor Vantage.  Within 

Vantage, there is a function known as job operation hours analysis tracker that records the 

amount of time that people were clocked into a given operation under each job.  Using 

information from past jobs, the organization created an assembly labor hours spreadsheet and 

this spreadsheet contained the average times on how long it took to produce different end 

products and attachments at each operation.  An example of this spreadsheet as shown in 

Appendix A was reviewed to determine the end product and attachment combination that took 

the most hours to assemble so that the bottleneck of the future production process would be the 

final assembly operation.  This was accomplished through reviewing the operation code of 6270, 

chassis prep.  Operation code 6040 caulk/adhesive application was also used to determine the 

amount of time that was spent doing some of the bodywork as bodywork was currently being 
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performed in the paint booths and had been a bottleneck for the current paint process.  The 

remaining bodywork time was determined by consulting the lead painter for an estimate as the 

painters clocked into an operation code that did not coincide with bodywork. 

After determining the end product and attachment combination that had the greatest final 

assembly time, the next step was to determine how many parts and assemblies had to be painted 

on a completed unit.  Under the job operation hours analysis tracker function, job numbers from 

the assembly labor hours spreadsheet were entered into the job number field and a list was 

generated with the quantities of parts processed in a given operation as shown in the example in 

Appendix B.  When reviewing this information in job operation hours analysis tracker, an 

emphasis was placed on a few key operations.  These operations included: 6020 wash only; 6051 

wash/ prime only; 6055 wash /prime/ paint black; 6056 paint chassis color; 6060 aluminum 

wash/ prime/ paint black; 6065 aluminum wash/prime/paint chassis color.   

As the job numbers from completed chassis were entered into the job number field in the 

Epicor Vantage software, the information from the eight previous jobs was recorded into a table 

similar to the one shown in Appendix C.  Identical information was also generated for the two 

different attachments that were a part of the completed chassis and this information was added 

into the table with each respective job.  While the columns contained information on identical 

products, the number of parts painted on a given piece of equipment varied by one or two 

components in Vantage.  To deal with these differences, the mode was calculated for each row 

after all of the information was populated.  Prior to initiating this research, the leadership team at 

Company ABC stated that they wanted to grow the organization by 100%.  As the organization 

produced six vehicle and attachment combinations per month, the mode values were multiplied 

by 12 for the number of completed equipment and attachment combinations that Company ABC 



31 
 

wanted to produce per month in the future and those numbers were later used for the takt time 

equation.  The numbers to account for the 100% growth were added to the column with that title 

in Appendix C. 

While Company ABC is a new equipment manufacturer, a significant part of their 

business is selling repair parts for damaged equipment in the field.   Equipment operators in the 

field break a multitude of components and many of the repair parts in the field require paint.  To 

determine how many repair parts that require paint were processed in a month, a report was 

generated in Vantage through the job historical review analysis function and an example of this 

is shown in Appendix D.   The filters on this report were set for a one month time interval where 

the organization experienced the greatest number of parts orders and the following operations 

were selected as shown in the example in Appendix E:  6020 wash only; 6051 wash/ prime only; 

6055 wash /prime/ paint black; 6056 paint chassis color; 6060 aluminum wash/ prime/ paint 

black; 6065 aluminum wash/prime/paint chassis color.  After this report was generated, the 

report was exported to Microsoft Excel so that the data from the report could be sorted.  This 

report listed every part and every job that required paint during the time period and as a result of 

this, the report would have also double counted parts that were produced for a given piece of 

equipment if the report was not sorted.  The values from this report were then added into a 

designated column as shown in the example of Appendix C.  

To complete the takt time equation, the numerator/ available working hours had to be 

calculated.  The amount of working days in a month fluctuated between 20 and 23 working days 

and the intent of Company ABC was to have people onsite for eight and a half hours with the 

new paint process so that there would not be any overtime.  With the eight and a half hour period 

established, time was then deducted from the period to account for breaks.  Company ABC had 
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welding processes that fed parts into the paint process across two shifts and had assembly 

processes occurring across two shifts; which consumed the painted parts.  So in order to balance 

out production, two shifts were utilized for the takt time equation; which meant that the available 

time minus breaks was multiplied by two in order to account for the two shifts that the paint 

process would be in operation.  The amount of available minutes in a day was then multiplied by 

20 through 23 to account for the potential amount of minutes in a month.  However because there 

are most often 22 working days in the month, 22 working days was multiplied by the calculated 

minutes per day to obtain an available minutes available in a month for painting.  This numerator 

was then used as part of calculating the takt time for the: washing, priming, painting black, and 

painting color processes to determine how many minutes a component could spend in a given 

process.  The takt time for the amount of parts an operation had to process was also calculated in 

parts per day in case that number would have been more helpful for paint suppliers.    

Once the takt time was determined, the next step was to consult paint suppliers and paint 

pretreatment suppliers to aid in selecting desirable processes based on the takt times.  The list of 

potential suppliers was determined by visiting with suppliers at the fall 2017 Fabtech show in 

Chicago.  While there were dozens of paint suppliers at this show, many of these suppliers only 

specialized in producing one type of paint.  To minimize bias in selecting one paint process over 

another, only prominent paint suppliers that specialized in both liquid and powder coatings were 

consulted.  Consulting these paint suppliers served two purposes and the first purpose was to 

gain an understanding of what equipment might work for the situation that Company ABC was 

faced with.  The consultations also served a second purpose of analyzing consistency between 

the different paint suppliers in their recommendations on the type of paint that Company ABC 

should utilize going forward based on the takt time.  Consistency between the opinions of the 
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suppliers played a crucial role in assisting the organization in making their final decision over a 

paint type.  Once the paint process was determined, the next of the study involved consulting two 

pretreatment suppliers to determine the optimum pretreatment type based on the type of paint 

that was selected.  With the paint and paint pretreatment decided on, the lead painter was 

consulted to obtain the remaining bodywork time and the final paint process was mapped out. 

Limitations 

In conducting this study, there were a few different limitations.  When calculating the takt 

times on how long it takes for each part to be painted, one limitation was that the takt time was 

an average time for the parts moving through the paint booth.  Parts at the organization were 

painted on racks and as the organization painted parts on racks, the amount of components hung 

on the paint racks varied.  Painters clocked into the different jobs for the components that were 

on the paint rack and clocked out of all of the jobs when all of the parts were completed.  As a 

result of this, the time it took to paint a given part could have varied depending on the amount of 

other parts on the rack.  The second limitation to the study was that the new paint system could 

not be fully implemented in the time allotted for this research nor with Company ABC’s 

available space during the allotted time.  

Summary 

This Chapter focused on the different research methods that were utilized to assist 

Company ABC in developing an improved paint process.  The research began with utilizing 

Company ABC’s enterprise resource planning system, Epicor Vantage, as well as a Microsoft 

Excel spreadsheet that Company ABC had created to track the average assembly hours that it 

took to perform different assembly functions.  In using the Microsoft Excel spreadsheet and a 

few different functions in the Epicor Vantage software, a representative amount of new and 
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repair parts that Company ABC would produce in a month was determined.  This chapter also 

discussed how the available working hours of the takt time equation was calculated. 

In addition to discussing the methodology on how the future takt time was determined, 

Chapter III also discussed how paint suppliers were consulted to see if there was a certain 

recommended paint process based on the takt time.  In working with multiple suppliers that 

could provide powder and liquid coatings, consistency between the suppliers helped to ensure 

that Company ABC would select a paint process that would satisfy their target production 

demands.  Multiple paint pretreatment suppliers were also consulted to select a paint 

pretreatment that would coincide with selected type of paint.  

Chapter IV will discuss the results of the takt time calculations as well as the feedback 

that the paint suppliers offered in regards to the type of paint that Company ABC should utilize 

to achieve the target takt time.  Chapter IV will also discuss the type of paint pretreatment that 

Company ABC selected.  Based off of all of this feedback, Chapter IV will also map out what 

the desired paint process will look like. 
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Chapter IV: Results 

The purpose of this study was to determine on how to best improve upon the paint 

process at Company ABC in a way that would address the inefficiencies of Company ABC’s 

existing process as well as lay the groundwork for the 100% growth of the organization.   

In Chapter III, the methodologies of how the paint process would be improved upon were 

discussed.  These methodologies included the utilization of an assembly labor hours spreadsheet 

that Company ABC had created as well as the utilization of the organization’s enterprise 

resource planning system, Epicor Vantage.  In Chapter IV, data was gathered from these two 

sources and paint pretreatment and paint suppliers were contacted to offer their recommendations 

based on the data.  Based on the recommendations of the suppliers and bodywork information 

from the lead painter, the future paint process was then mapped out.   

Data Analysis Methods 

Chapter III discussed the various tools that were employed to gather data to improve 

upon the paint process at Company ABC.  The first tool that was employed was the assembly 

labor hours spreadsheet that Company ABC had created through the use of the job operation 

hours analysis tracker function within Company ABC’s enterprise resource planning system, 

Epicor Vantage.  When reviewing this spreadsheet, operation code 6270, chassis prep was 

utilized to determine the vehicle with the longest assembly time so that the paint process would 

be sized based on the vehicle that took the longest time to assemble.  Operation code 6040 

caulk/adhesive application was also analyzed to determine the amount of time that was spent 

performing some of the bodywork processes as the bodywork was performed in the paint booth 

and had created a bottleneck for the painting operation.  The data from the job operation hours 

analysis spreadsheet in regards to the two operation codes is located in Appendix F. 
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 In reviewing the data from Appendix F, the vehicle and attachment combination that took 

the longest time to assemble was Product 5.  With the vehicle and attachment combination with 

the longest assembly time determined, eight previous job numbers used to produce Product 5 

were obtained and were entered into the search field in the job operation hours analysis tracker in 

Epicor Vantage.  When reviewing the results of this search in Epicor Vantage, an emphasis was 

placed on the following operations: 6020 wash only; 6051 wash/ prime only; 6055 wash /prime/ 

paint black; 6056 paint chassis color; 6060 aluminum wash/ prime/ paint black; 6065 aluminum 

wash/prime/paint chassis color.  As the data was entered into job operation hours analysis 

tracker, the number of items present on each of the operations of the job as shown in Appendix B 

was entered into the takt time calculation sheet shown in Appendix G.  To address the 

fluctuations in values from column to column, the mode values were then calculated for each 

row and were then added to the mode column in Appendix G.  The mode values were then 

multiplied by twelve to account for the 100% growth that the organization wanted to achieve as 

the organization produced six vehicle and attachment combinations per month.    

 After this information was added into Appendix G, the next step was to determine the 

amount of repair parts that Company ABC produced per month by creating a report through the 

job historical review analysis function in Vantage.  As shown in Appendix D, the filters on this 

report were set for a one-month time interval where the organization experienced the greatest 

number of parts orders.  The same operations were selected as when utilizing the job operation 

hours analysis function and the information from the report in Vantage was exported to 

Microsoft Excel where the information could be sorted so that information on production parts 

could be removed from the spreadsheet.  With the report sorted, the number of repair parts for 
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each of the operation codes was also added to a designated column in the takt time spreadsheet 

of Appendix G.  

Once all of the information was entered into Appendix G, the takt time calculations were 

then performed.  The first step of performing the takt time calculation was to group the 

information together from the table in Appendix G.  This information was grouped together by 

the following steps: parts to be washed, parts to be primed, parts to paint black, and parts to paint 

color.  When it came to painting parts at Company ABC, all of the parts had to be washed prior 

to being painted; so the target amount of parts to be painted in a month was added to the first cell 

of Table 3.  All of the parts that were painted required primer, so the operation codes that 

required primer or paint in Appendix G were analyzed and the parts that required these steps 

were entered into the second row of Table 3.  The parts from operation codes 6055 and 6060 

required that parts would be painted black, so the values from these two operation codes were 

combined together and the sum of the two values was added to the third row of Table 3.  The last 

row of the table contained information of the parts that were painted a color other than black and 

this value was calculated by adding up the total parts for operation codes 6056 and 6065.   

Once the amount of parts was added to Table 3, the available minutes were calculated to 

complete the takt time equation.  The intent of the new paint process was to have people onsite 

for eight and a half hours and in the eight and a half hour period; painters took a half hour lunch 

and a ten minute break.  This meant that there was seven hours and fifty minutes or 470 minutes 

that the painters were available per shift.  An additional 20 minutes was deducted from this 

amount for restroom breaks; which brought the total down to 450 available minutes per shift that 

painters were available to paint.  The 450 available minutes was then multiplied by two for the 

two shifts that the organization wanted to have operating in the paint department per day; which 
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brought the total to 900 available minutes in a day.  The 900 minutes was then multiplied by the 

22 working days in a month for an available 19,800 minutes in a month.  This numerator was 

then used as part of calculating the takt time for the: washing, priming, painting black, and 

painting color processes to determine how many minutes a component could spend in a given 

process.  The results of this calculation were then documented in the last column of Table 1. 

Table 1 

Takt Time Expressed in Minutes per Part 

 Parts Available time (minutes) Takt time (minutes 

per part) 

Parts to be washed 4080 19800 4.85 

Parts to be primed 4032 19800 4.91 

Parts to paint black 2955 19800 6.70 

Parts to paint color 870 19800 22.76 

 In an effort to assist the paint suppliers in assisting the organization with selecting a paint 

process, the same process was also utilized to calculate the takt time of parts in a day by using 

the amount of days as determined in Chapter III.  The takt time expressed in days is present in 

Table 2. 
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Table 2 

Takt Time Expressed in Parts per Day 

 Parts Available time (days) Takt time (parts per 

day) 

Parts to be washed 4080 22 200.00 

Parts to be primed 4032 22 197.64 

Parts to paint black 2955 22 144.77 

Parts to paint color 870 22 42.73 

Feedback from the Paint and Paint Pretreatment Suppliers 

After calculating the takt time in minutes per part as well as in parts per day, the next step 

was to contact paint suppliers to determine if there was a certain type of paint that the 

organization should utilize based on target takt times.  The list of potential paint suppliers was 

determined through visiting the fall 2017 Fabtech show in Chicago and the suppliers that were 

contacted were suppliers that specialized in both powder and liquid coatings.  After visiting the 

facility as well as being given the size of the largest object to paint, each of the paint suppliers 

felt that Company ABC should continue to use a liquid-based coating system.  There were a few 

different reasons for this and these reasons were not based on the takt time alone.  The first paint 

supplier that was consulted had concerns about the organization switching to a powder-based 

system because the powder in powder-based systems is often reclaimed.  While this is an 

environmentally friendly trait of powder-based paint, an issue that the first supplier was 

concerned with was that the paint pigments would not be an exact match from vehicle to vehicle.  

The first paint supplier also had concerns that it would be difficult to match liquid coating to the 

powder coating if the powder coated part had to be touched up.  All of the paint suppliers 
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recommended that Company ABC utilize a liquid-based paint going forward because of the 

nature of the product that Company ABC manufactures.  In producing heavy pieces of pieces of 

equipment, Company ABC has to paint parts that are thin as well as parts that thick.  As 

described in Chapter II, powder coating involves covering the object with the formulated powder 

and then baking the object at a few hundred degrees.  As the material thickness increases, so 

does the time it takes for a part to heat up enough to cure the powder.  Because of the thicker 

parts that Company ABC has to paint and the curing temperatures that are required for the 

powder coating process, the paint suppliers were concerned that the curing of the thicker parts 

would cause the curing process to be a bottleneck for the rest of the paint process.  Company 

ABC had cured liquid-coated parts in the past at temperatures around 150-180 degrees 

Fahrenheit while curing powder-coated parts required curing parts at around 400 degrees 

Fahrenheit (Jones et al., 2006).  Because of these concerns with curing the thicker material, 

Company ABC selected the liquid coating process for the future paint process. 

Once it was decided that Company ABC was going to proceed with utilizing a liquid-

based paint, the next step was to determine if there was a pretreatment process that should be 

utilized for the organization to sustain the required takt times.  Two pretreatment suppliers were 

contacted and as with the paint suppliers, the two pretreatment suppliers were given the takt 

times for the pretreatment process that Company ABC would have to sustain for a production 

load of twelve vehicles and attachment per month.  The paint pretreatment suppliers were also 

briefed on the fact that Company ABC had decided to proceed with applying liquid-based 

coatings and were also supplied with the sizes of the largest objects that Company ABC was 

going to paint.  After being provided with this information, the two pretreatment suppliers did 

not offer a specific recommendation in utilizing a phosphate based cleaner or the newer 
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zirconium based cleaner.   Both types of cleaners would prove to be sufficient in preparing the 

parts for the liquid based coating.  Based off of this information, it was the choice of Company 

ABC to decide what type of pretreatment that the organization wanted to utilize going forward.  

Company ABC had utilized a phosphate based paint pretreatment as part of the existing paint 

process, but the regulations on phosphate based cleaners were increasing.  As both types of 

pretreatment methods were satisfactory and because of the increasing regulations on the 

phosphate based cleaners, Company ABC decided to utilize a zirconium based pretreatment with 

the newer paint system. 

 With the paint pretreatment and paint processes decided on, the next step was to 

determine the total amount of time that was spent performing bodywork.  Painters clocked into 

operation code 6040 caulk/adhesive application to perform some of the bodywork, but painters 

also clocked into operation code 6055 wash /prime/ paint black when performing bodywork.  As 

the 6055 operation code contained data on both the time to perform bodywork and time to paint 

components black, data to determine how much time was spent performing bodywork was 

collected by consulting the lead painter.  Company ABC routinely performed bodywork on two 

different types of fiberglass components with one fiberglass component taking two and a half 

hours to sand and the other fiberglass component taking five to six hours to sand.  Each vehicle 

and attachment combination would have four of the components that took two and a half hours to 

sand and one component that took five to six hours to sand.  Out of the 33.2 hours that were 

spent on the 6040 caulk/adhesive application code, an estimated five to six hours of that time 

was spent performing bodywork while the remaining time was spend gluing the components 

together in a different area.   With all of the data collected and the type of paint pretreatment and 
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paint decided on, the next step was to map out the future paint process as part of a larger facility 

expansion.   

Mapping Out the Larger Paint Process 

In mapping out the larger paint process, the objective of the process was to create a plan 

that would account for increased growth with a liquid based paint process as well as a zirconium 

based pretreatment process.  In addition to designing the paint process around these two 

variables, the improved system also dealt with the issues of: the paint booths meeting code and 

being sized to accommodate the largest object Company ABC painted, the paint booth having 

finite adjustments and the proper airflow, minimizing paint waste, objects drying in a proper 

drying area, and bodywork being performed in a designated area.  The drawing of the new paint 

process is located in Appendix H. 

When reviewing the mapped out paint process, the paint process starts by parts entering 

one of the wash booths as drawn on the left-hand side of Appendix H.   The drawing of the 

pretreatment process included two zirconium pretreatment booths with one booth planned as 

being an automated wash booth.  Company ABC had applied their current iron phosphate paint 

pretreatment through the use of a pressure washer and while the applied coating was durable, the 

current pretreatment process sometimes had issues with supplying enough parts to the paint 

department and there were concerns that the wash process would not keep up with the 100% 

growth of the business.  Washing parts through the use of a pressure washer was also a manual 

process where there was an increased risk that the pretreatment coating could be affected by how 

the operators applied the coating to the part.  As a remedy to these potential issues, the plan was 

to utilize an automated four stage washer that contains multiple wash and rinse zones to clean the 

part.  The different spray zones would have spray nozzles that apply the coating from multiple 



43 
 

angles to clean the part and the system also included a designated drying area at the end of the 

process.  While this automated setup would be great for many parts, Company ABC produced 

components for the final assembly process that are quite large and sending these parts down the 

automated line would significantly increase the size of the automated washer.  As the amount of 

large subassemblies was limited to: attachments, the frame of the vehicle and a couple of other 

items on paint carts; it was the recommendation of the pretreatment chemical suppliers to install 

a second wash booth where zirconium pretreatment would be applied through the manual use of 

a pressure washer to clean the larger items.  This wash booth has a similar footprint as the 

automated wash booth, but was sized wider so that operators would not be splashed by overspray 

cleaning parts and would be five feet longer than the longest part that Company ABC would 

want to wash in this booth.  

When moving to the right when looking at the image and out of the wash booths, one will 

notice open space on the drawing between the wash and paint booths.  This open space was built 

into the drawing for two different purposes.  The first purpose of this open space was to allow 

extra room for a potential conveyor to exit out of the automated wash booth should Company 

ABC decide to utilize an overhead conveyor in the automated wash process.  This space to the 

right of the non-automated wash booth was also left open should the organization decide to 

create a drying area for parts that come out of the non-automated wash booth.  To the right of the 

wash booths and the open area are the two spray booths.  Company ABC’s intent was to utilize 

the smaller spray booth for the majority of the painting while the larger spray booth would be 

used to paint the larger components on a vehicle as well as for extra capacity should the need 

arise.  The smaller paint booth will be utilized primarily as a spray booth while the larger paint 

booth will have the ability to be used for painting as well as for curing parts.  Between the two 



44 
 

paint booths is a mixing room where the liquid paint will supply the two paint booths.  One of 

the issues with the paint system that Company ABC had was the $24,000 of paint that was 

thrown away annually at Company ABC because painters had to guess on the amount of paint 

that they required and often took extra paint so that they would not run out of paint.  To remedy 

this issue, the paint mixing room will be outfitted with a paint proportioning system that 

automatically mixes the paint so that the correct chemical makeup can be achieved and that 

allows the painters to draw paint from larger supply drums. 

When moving to the right out of the paint booths on the drawing, one will notice an area 

above the smaller paint booth for cab bodywork and fiberglass finishing.  As the cab bodywork 

and fiberglass finishing were major bottlenecks for the paint process, a designated area was 

created for these two processes.  Based on the time it took the paint department to perform body 

and fiberglass finishing, the cab bodywork and fiberglass finishing area would be staffed for an 

estimated 264 hours in a month.  After converting the 19,800 available minutes into hours, the 

19,800 minutes would work out to be 330 hours; which means that this department would require 

at least one full time person and an additional person who would work in this area part time.  To 

the right of the cab bodywork and fiberglass finishing area is the cure oven.  The cure oven will 

primarily be used for curing parts that come out of the smaller paint booth; though the cure oven 

is sized the same as the larger spray booth so that the objects that fit in the large spray booth 

could also be cured in the dedicated cure oven.  The cure oven is also spaced far enough away 

from the larger spray booth so that the largest object that Company ABC produces could swing 

the corner to proceed into the cure oven.  Towards the top of the drawing is the location where 

parts will exit the cure oven into an area where parts can be staged for material handling.  In 
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having the cure oven exit into a staging area, the forklift traffic by drying parts with the current 

paint process will be eliminated.  

Summary 

 Chapter IV discussed how data was collected through the assembly labor hours 

spreadsheet as well as how the information from this spreadsheet interfaced with the enterprise 

resource planning system.  Through these two functions, the takt time for the overall process was 

determined in both minutes as well as parts per day.  With the takt times calculated, suppliers 

were consulted for their recommendations on future paint pretreatment and paint processes.  The 

last portion of Chapter IV involved mapping out the improved paint process based on the 

guidance of the suppliers and to address inefficiencies. 

 Chapter V will discuss what the next steps are for Company ABC as well as wrap up this 

report. 
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Chapter V: Limitations, Conclusions and Recommendations 

Company ABC had a paint process that was problematic and inefficient.  The 

inefficiencies of the process began in the paint pretreatment area where the amount of parts 

washed in a day was inconsistent and more parts were sometimes washed in a day than what the 

painters could paint.  Upon exiting the wash process, cleaned parts then proceeded to paint 

booths if bodywork was not being performed in the paint booth.  If there was bodywork being 

performed in the paint booth, the parts would have to sit even longer before being painted and 

may have had to be rewashed.  Once the parts were washed and could enter the paint booths, the 

parts proceeded into booths where the paint utilization was poor and the air flow was improper; 

which led to rework.  The completed product then progressed out of a paint booth to an open 

area with forklift traffic where the paint dried.  The purpose of this study was to formulate a plan 

on how to rectify these issues as well as create a continuous process that would sustain the 100% 

growth of the business unit.  This chapter will discuss: the limitations of the study, conclusions 

that were obtained, as well as the next steps are for the organization. 

Limitations 

While the study mapped out a future plan for Company ABC’s paint process, the study 

was not without its limitations.  The first limitation of the study was that the study did not 

include any capital expenditures to purchase equipment.  Because capital expenditures were not 

submitted as part of this project, there is not a definitive date at this point where parts will be 

produced through the new paint process.  The second limitation of this study was that this study 

did not include an analysis on whether or not it would make sense to use a conveyor system 

instead of paint racks.  Conveyor systems are pieces of equipment that have to be customized to: 

a given customer’s facility, the product that the customer produces, and the other equipment that 
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a customer would like to utilize as part of the pretreatment and painting processes.  While a 

conveyor system may be beneficial to Company ABC’s paint process, there is more work that 

has to be done in terms of deciding whether or not a conveyor would be the best solution for 

Company ABC. 

Conclusions 

 In the 44 years that Company ABC has been operating out of the business unit in the 

study, the organization had utilized a liquid based paint.  While the organization had utilized the 

a liquid based paint in this 44 year time span, the paint process at Company ABC had not 

significantly changed nor had there been any studies performed to determine if there should be a 

fundamental change with how the organization was painting product.  This study was the first 

study of its kind for Company ABC and as a result, there were a few conclusions that were 

obtained from the study. 

 One of the major focuses of the study was the lean concept of takt time; producing what 

is needed when it is needed.  Takt times had been an issue at Company ABC throughout the 

whole paint process from pretreatment to where the parts were physically painted; which led to 

parts waiting to be completed in the next operation.  In addition to the parts spending quite a bit 

of time in the holding process, there were also inefficiencies in regards to paint utilization.  As 

powder paint was an option that had the potential to reduce some of the issues associated with 

liquid based paint and as there were issues with the takt times with the different aspects of the 

paint process, a significant focus of the study was to determine if there was a paint process that 

Company ABC should utilize based on the target takt times.  After calculating the takt times for 

the different aspects of the paint process and approaching different paint suppliers, one 

conclusion that was obtained from the study was that the takt time played less of a focus on 
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selecting one given type of paint over the other.  Rather, it was the thickness of the material that 

dictated which type of paint process should be utilized.  Thicker materials take more time to 

reach the target cure temperature and because power paints require a higher curing temperature, 

the suppliers recommended that Company ABC continue to utilize a liquid based paint. 

 The second conclusion that was obtained from the study was that there was not a 

significant correlation between takt time, the type of paint that the pretreatment would work 

with, and the type of pretreatment process that was chosen.  Upon determining the type of paint 

that Company ABC was going to utilize, different pretreatment suppliers were given the target 

takt times of the pretreatment process and were also briefed on the fact that Company ABC was 

going to utilize a liquid-based coating system in the future.  Once presented with this 

information, the pretreatment suppliers were confident in that Company ABC could utilize either 

a phosphate based pretreatment or the newer zirconium based pretreatment.  Company ABC had 

conducted testing with the zirconium based pretreatment in the past to determine if it had the 

potential to replace the phosphate based cleaner should that need arise.  Product testing of the 

samples coated with the zirconium based cleaner led to positive results in terms of paint 

adhesion, but the takt time of the future pretreatment process had not been determined when the 

testing occurred.  As Company ABC had tested the zirconium based pretreatment in the past and 

as the zirconium based pretreatment will work with the target takt time, it should make the 

transition easier to go from a phosphate based cleaner to a zirconium based cleaner.         

Recommendations 

 Company ABC is an organization that has experienced significant growth in the last 

seven years of producing their own heavy equipment product line.  Company ABC has made 

various changes throughout the last seven years to account for this growth, but the paint process 
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is a component of the manufacturing process that has not significantly changed in the last seven 

years or even the last 44 years that the facility has been in operation.  The current paint process at 

Company ABC is filled with inefficiencies and with current employee staffing of 20 hours per 

day and the occasional Saturday; the is limited growth potential for the current paint process 

where doubling production of the business unit would not be feasible. 

 If the organization has the desire to grow and resolve the inefficiencies of the existing 

paint process, it is recommended that Company ABC incorporate the principles that were learned 

during the study to improve upon the paint process.  Through the guidance of paint pretreatment 

and paint suppliers that were prominent in the pretreatment and coatings industries, a plan was 

created on how the paint process can be improved upon to address the inefficiencies of the 

current system.  This study also led to the creation of a map of the future paint process in 

Company ABC’s two-dimensional modeling software as part of a greater facility expansion.     

While the study lead to the creation of a plan for what the overall paint pretreatment and 

paint processes will look like, the plan at this point is only on paper.  Prior to any capital 

expenditures being submitted on new equipment for the paint and paint-pretreatment process, 

there are multiple steps that the organization should take.  The first step would be for Company 

ABC to tour other facilities to see what other organizations have incorporated into their paint 

processes to make sure that Company ABC is not missing anything in terms of potential 

equipment that the organization would want to incorporate into the future paint process.  In 

touring the other facilities, it would also be beneficial to sit down with representatives that had to 

make similar decisions to what Company ABC will have to make when improving upon the 

paint process.  By meeting with these representatives, Company ABC will gain a better 
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understanding on what went right as well as what could have been improved upon when 

designing the process. 

After touring the different facilities with paint equipment, the next step that would be 

beneficial for Company ABC would be to obtain pricing on the zirconium based pretreatment as 

well as on the paint from the different suppliers that were consulted during the study.  When 

meeting with the different paint suppliers, some of the suppliers offered liquid based coatings 

that could serve as both a primer and a topcoat while other paint suppliers recommended the use 

of a separate primer and topcoat.  Prices on the current paint that Company ABC is utilizing as 

well as the paint usage could then be obtained from Epicor Vantage enterprise resource planning 

system to compare how the prices of the primer and topcoat paint compare to the prices of the 

separate primer and topcoat.  While this analysis is occurring in Epicor Vantage, it would be of 

value for Company ABC to obtain samples that have been pretreated by the chemicals offered by 

the two different pretreatment suppliers offered as well as coated with the materials that the three 

paint suppliers offered.  The painted samples from each of the suppliers should be sent out for 

testing to see how they perform against Company ABC’s current paint process and based on both 

the price and performance of the materials; supplier selection would occur.    

Once the paint pretreatment and paint suppliers have been selected, the next step the 

organization should take is to meet with new equipment suppliers to figure out the new 

equipment that will be used as part of the paint process.  While a plan was created that laid out 

the size constraints for the new equipment, the plan did not disclose the different new equipment 

options that are available on the market.  Each piece of equipment that will be utilized as part of 

the improved paint process will likely be custom so to ensure that Company ABC is utilizing 

state of the art equipment as part of the new paint process, different equipment manufacturers 
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should be consulted to create specifications for the new equipment.  The paint pretreatment 

chemical and paint suppliers that have been selected can assist with this objective as the 

consulted pretreatment and paint suppliers indicated that they have multiple equipment suppliers 

that they work with to improve upon paint processes.  As the equipment specifications are being 

defined, it would also be an appropriate time to review how the process could potentially be 

automated to streamline the process.  Once different equipment manufacturers have visited the 

facility and have offered their guidance as well as quotes on the equipment that Company ABC 

should be utilizing, the next step will be to review the quotes and for the organization to decide 

upon the equipment suppliers that will be utilized in the future.  The last step of the future paint 

process expansion will be to: obtain quotes on the expansion of the building that the future paint 

process will be tied into, writing up the capital request, and then submitting the whole concept to 

the board of directors. 
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Appendix A: Assembly Labor Hours Spreadsheet with Operations 6040 and 6270 Shown 

 6040 Labor Hours 6270 Labor Hours 

Product 1   

Product 2   

Product 3   

Product 4   

Product 5   

Product 6   

Product 7   

Product 8   

Product 9   

Product 10   

Product 11   
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Appendix B: Job Operation Hours Analysis Tracker 
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Appendix C: Example Takt Time Calculation Sheet 
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Appendix D: Job Historical Review Analysis 
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Appendix E: Job Historical Review Analysis Filters 
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Appendix F: Completed Assembly Labor Hours Spreadsheet with Operations 6040 and 

6270 Shown 

 
 6040 Labor Hours 6270 Labor Hours 

Product 1 0 254.8 

Product 2 31.29 338.9 

Product 3 32 421.3 

Product 4 32.88 551.0 

Product 5 33.21 671.1 

Product 6 30.85 520.6 

Product 7 0 316.9 

Product 8 0 284.2 

Product 9 0 24.9 

Product 10 0 199.2 

Product 11 0 135.0 
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Appendix G: Takt Time Calculation Sheet 
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Appendix H: Company ABC’s Future Paint Process 
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