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ABSTRACT

USING SIMULATION AS A TOOL TO IMPROVE A MULTI-PRODUCT

PAINT PROCESS

Paul-Victor Heitz

May 21, 2010

DENIOS manufactures steel structures for the storage, handling and containment of
chemicals. The company has recently relocated into a larger manufacturing facility. This move
will allow the manufacturing capacity of the company to grow for the three types of products:
pallets, lockers and containers made by the company. However, the current painting capabilities
of the company’s paint department cannot grow as easily as the rest of the areas of the
manufacturing process. This paper discusses ways the company can decrease the cycle times of
products being sent through the paint department. By applying color blocking to arrival rates of
some of the products, applying concepts of factory physics and Little’s Law to reduce work in
process and optimizing the batching process, the company can reduce the cycle time of the

products.
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CHAPTER 1. INTRODUCTION

1.1. Background

DENIOS is a company that manufactures steel structures for the storage, handling and
containment of chemicals. The company recently moved into an 80,000 square foot
manufacturing facility which is a larger facility was at its than previous location. This move will
allow the manufacturing capacity of the company to grow.

A vast majority of the products manufactured are welded hot rolled steel components and
must be routed through the company’s paint department to be painted in order to provide a nice
finished look and prevent corrosion. The company currently utilizes a 24 by 60 foot paint booth
that is sized large enough to accommodate the largest sized units the company offers.

There are three main types of products that are manufactured and arrive to the paint
processing area of the shop. The first are containers which are large storage systems the company
produces. Containers are buildings or cabinets that are storage enclosures to store, mix, dispense,
or process chemicals in a safe, secure environment providing secondary spill containment. See

Figure 1 for an example of a container product.



Figure 1 Example of Container Product

The second product type is lockers which are midsized storage units. DENIOS's lockers
are designed for enclosed storage of small numbers of drums or IBC totes indoors or outside of
customer’s facilities, separating personnel from hazardous materials while providing safe, secure
storage. Like containers they provide secondary spill containment. See Figure 2 for an example

of a locker product.



Figure 2 Example of Locker Product

The last of the product types are described as pallets. They are formed steel sump
designed to provide secondary containment for spill and leaks. See Figure 3 for an example of a

pallet product.



Figure 3 Example of Pallet Product

The mix of products that arrive to the paint area consists of mostly the pallet products. A
smaller percentage is the lockers and the smallest number of arrivals is containers. Products
arrive to the paint area from the three production areas of the shop. Since container products are
large, they occupy most of the floor space of the paint booth by themselves. Because of size and
promised ship dates, containers take a high priority to get painted. This product has a
polysiloxane coating and comes in one of three colors: blue, white or tan. Pallets and lockers are
set aside until there are enough of the same types to be grouped together to be placed into the
paint booth at the same time. Pallets are only offered in the blue color and painted with a
polyurethane coating. Lockers are available in either blue or white and have a polysiloxane
coating.

When a group of products are selected to be painted they first go through a pre-paint
process before being placed into the booth to be coated. All surfaces are prepared to be coated by
wiping them down with a cleaning product to remove dirt, weld dust and leak test residue out of
the sumps. Also, weld spatter is scrapped and removed. Then, when necessary seams are

caulked, unpainted surfaces are taped off.



After the pre-paint process the product is transported into the paint booth. Paint lines are
prepared and the amount of paint needed to paint the batch is mixed. Once the paint is ready the
items are coated with paint. When completed items are transported out of the paint booth to the

finishing department to allow drying of the paint and final assembly.

1.2. Problem Statement

According to the Operations Manager, the paint department is the bottleneck of the
manufacturing process. (Woosley 2009) This means that the paint department’s capacity limits
the total output of the company’s entire production process.

Due to the recent move into the larger facility the shop floor space for the assembly of
products is allowed to grow relatively easily. However, the paint booth size and capacity cannot
grow without large capital investments to purchase larger painting capabilities or outsourcing
some of the painting somewhere else. Without the ability to grow in capacity, the bottleneck in
the paint area will be amplified. By understanding the current process and improving upon it the
company can make the most out of the current space on the shop floor and increase the

throughput of the production line.

1.3. Remaining Outline

In the remainder of this text a number of goals will be accomplished. First, a literature
review of articles will give insight into points of current knowledge dealing with topics that might
aid in ways to improve the paint process. Next, the hypothesis and the current problem model
situation is laid out. Then, the model will be run to generate current numbers for the process.
After, improvements are made to the model. Once the new model is ran then they can be

compared to the current model numbers to analyze the improvements to the paint process.



CHAPTER 2. LITERATURE REVIEW

2.1. Introduction

There are many pertinent topics that will be covered in the review of literature, which are:
color blocking, factory physics principles and optimization techniques. Each of these topics will
help create a better understanding of DENIOS’s paint process and help steer in ways to improve

it.

2.2. Paint Line Color Change Reduction

In an automobile manufacturing system the painting is an important part of the entire
process. However, not every vehicle is painted the same color. In a typical automotive
company the sequence of cars in a production line are based mostly on line balancing and
material management. In the article “Paint Line Color Change Reduction in Automobile
Assembly Through Simulation” (Han, et al. 2003) addresses that since those factors are so
important the painting station is looked at less.

Since work load balancing is considered so important, the creation of color blocks (the
creation consecutively-sequenced cars of the same color) is less important. This leads to more
color changes. Each time the color is changed the plant must cleanse the painting apparatus in
order to move to the next car. As a result, there is a cost associated to each color change due to

the paint that is wasted in the process and the solvent that is used during the change.



To optimize the problem the authors minimized the total number of color changed based
on the ordering of the automobiles and the colors they are to be painted. In other words, they
wanted larger color blocks in the process. Discrete event simulation is the tool used in the paper

to analyze the issue to select an algorithm.

2.3. How Factory Physics Helps Simulation

Factory physics provides laws that that describe the behaviors of systems. The article
“How Factory Physics Helps Simulation” (Standridge 2004) shows ways that the applications of
specific factory physics laws to the activities of a simulation project.

The first law discussed is the conservation of material law. It states that in a stable
system, over a long period of time that the rate that exits the system will equal the rate entering
the system plus any yield loss inside the system. It is expressed in Equation 3:

Rate,,; = Rate;, + Rate;,qs 3)
This law is useful to verify whether or not a system is valid. Also, it can verify that the
conversions between batch sizes between each component were done correctly.

The next topic looked at is the station cycle time definition. This states that the average
cycle time at a station can be obtained by adding the average time spent at each component of the
operation such as transport, time in queue, setup time, processing time, et cetera.

Little’s Law is a topic covered. It is stated as the throughput equals the work in process
divided by the cycle time and shown in Equation (4):

TH=WIP/.. @
Cycle time and WIP are common simulation performance measurements. Little’s Law.can be
used as verification in a simulation model.

Other tools looked at in the article are variability buffering which is the law that sates

variability will be buffered by some combination of inventory, capacity and lead time. Practical



worst case definition is the maximum randomness that an entity is likely to be at any workstation.
This definition makes assumptions about distribution of arrival times. Conducting experiments to
a model based on variability can be used to ensure conclusions are not overly dependent on
distribution assumptions made.

Utilization Law says that if the utilization of a station increases, the average WIP and
cycle time increase in a nonlinear fashion. It is important to model a situation with regard to the
mean standard deviation of the distribution in use. Otherwise, it may lead to the imprecise
estimates of cycle time and WIP.

The last topic discussed is constant work in process or ConWIP laws. This is the
maximum amount of WIP allowed at a workstation as a pre-specified parameter or that the WIP
level is treated as very near to a constant.

All of these factory physics laws assist in performing simulation projects by validating

and verifying models, defining performance, and finding alternatives for evolution.

2.4. Little’s Law and Cycle Time

In the paper “Using Little’s Law to Estimate Cycle Time and Cost” (Rust 2008) the
author uses one of the factory physics topics, Little’s Law, in order to display the prediction of
operating conditions and associated cost effects of them. Also, Simple examples are used to back
up her cases.

Little’s Law, as stated previously in Equation 4, is defines the throughput of a system as
the long term average of the work in process divided by the cycle time. Thus, there are two
variables that can alter the through put and four different scenarios that can occur:

1. Throughput decreases and the WIP increases
2. Throughput increases and the WIP increases

3. Throughput increases and the WIP decreases



4. Throughput decreases and the WIP decreases

The fist scenario in the article is an example of a sub optimal example due to possible poor
operation policies. Scenario 2 is an instance where capacity limits are improved such as in
adding capacity to a bottle neck because with the increase in capacity Vthe queue levels improve.
The third situation predicts that the cycle time will decrease because there was an excess in
capacity that was available or improved operating polices were used. The last scenario can help
increase cycle time in a factory where work in process and throughput have high variability. This

can be done by having better policies in work balance in station queues to lower variability.

The author goes on to discuss the often asked question about what the cost is with a change in
cycle time. The benefit to increasing the cycle time is that there is a value to customer
responsiveness and manufacturing simplicity. However, it is difficult to put a dollar amount on
this. Often there are draw backs in costs that are incurred when increasing throughput. Some of
these may be associated with capital cost for new equipment, probability of lower cycle time
product orders being filled before those with longer times, more material handling, and more
storage requirements due to higher inventories. It is important to weigh costs before making

changes to make sure it will be beneficial.

2.5. Optimization Approaches for Batch Processes

Scheduling is a key component in fabrication productivity when it comes to batch
processes. Objectives like cycle time and throughput must be optimized to remain competitive in
the marketplace. The article titled “Simulations-Based and Solver-Based Optimization
Approaches for Batch Processes In Semiconductor Manufacturing” (Klemmt, et al. 2008)

discusses how these factors are addressed in a semi conductor fabrication process. In the problem



described in the article looks to optimize the scheduling of a special oven machine group using

different strategies.

The first method in uses mathematical mixed integer programming to optimize the
problem. Parameters such as number of machines, lot size, and max number of batches are
defined. Next, the constraints of the problem are developed in order to formulate the basis of the
model. Based on the constraints that are formed different objective functions can be formed to
optimized different aspects of the problem such as cycle time, queuing time, and minimization of

the sums of batch start times.

The next section of the article discusses a way to solve practical more complex models
using heuristic optimization methods using simulation. The simulation model is presented and
the programs heuristic search algorithm evaluates the objective function that was entered. It then
manipulates the control variables. It then runs the simulation again with the changed conditions

and evaluates them as it runs in order to come up with heuristically comes up with a result.

model. A rolling forecast can be utilized in order to break up long time periods into sections.
This way with varying product production needs, batch sizes can be optimized even more

effectively.

10
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CHAPTER 3. MODELING THE SITUATION

3.1. Goals

The object is to take the cycle time information gathered from the current paint process
using the Arena simulation program and to improve the process and maximize as much as
possible the cycle time as much as possible. The goal is to find ways of doing this by
concentrating on changing the way processes are executed and not looking at options that involve
solutions that require large fiscal investments by the company. This way the company can learn
how much more can be manufactured before measures have to be taken to increase the

manufacturing capabilities of the paint process utilizing the existing paint booth capabilities.

3.2. Modeling of the Problem Situation

Computer simulation programs area a great tool to use in order model complex problems
and help draw valid conclusions. In order to model the paint department process Arena
simulation software is used. The program utilizes modules to represent logic in the system. Then
they are connected to show the flow of the entities through the system. Once the system is built
and ran statistical data can be drawn and analyzed. Figure 4 illustrates an overall model of the

paint process.

11
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Figure 4 Overall Model of Paint Process

The three product lines arrive to the paint area. This is modeled using three separate

Create Modules. This way there can be three different arrival rates based on the three different

product types. Arrival rates were determined by looking at the 2009 schedule and placing the

number of days in between arrivals into a text file for each of the three product types. These files

were imported into Arena’s Input Analyzer to establish arrival rates for the model by using the fit

all features in order to obtain the distribution with the lowest square error value. The expressions

from output in Figure 5 were placed into the Create Modules of the three products.
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From the Create Modules the color of the paint that is to be applied to the entity is

assigned. For the pallets the entities move directly to an Assign Module that assigns the color

blue. Lockers are either painted blue or white. A Decide Module, shown in Figure 6, is placed

before two Assign Modules where 75% of the entities passing through it are directed to the blue

Assign Module and the rest are sent to the white Assign Module. Containers are painted blue,
p

white or tan and this is also determined with a Decide Module shown in Figure 7. In this module

60% are sent to be assigned the blue color, 20% are sent to white and all others are sent to tan.

Figure 6 Locker Paint Color Decision
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Figure 7 Container Paint Color Decision

After the colors have been decided the pallets and lockers are sent to Batch Modules to
group the products so they can be sent into the paint booth at the same time. Pallets batch sizes

are set at 10 and lockers are 4. This is shown in Figure 8.

Figure 8 Pallet and Locker Batching

Next, the processes of prepping and painting are modeled. There is a single painting
resource that is created in the Arena model in order to process the product lines one at a time.
The resource represents the crew of two people in the paint area. There are three parallel sets of
modules that represent the painting process and contain the different process times for the
products shown in Figure 9. The first module in the line is a Seize Module to obtain the painting
resource. The Seize Module for the container queue has a higher priority than the other two lines.
From there the batch or entity moves to a Delay Module to represent the amount of time taken to

prepare the products to be painted.

14



There is an absence of empirical data for these processes. The activity times are based on
what is “most likely” to happen with some variation associated with it and therefore use a
triangular distribution (Kelton, Sadowski and Swets 2010). The numbers in the equations based
on the Operations Manager’s expected times in the process where the middle number in the
equation is the expected time and the first and third number is the times that bounded time that
the process can be no less than or greater than (Woosley 2009). Equation 1 is the expression used
as the time a batch of pallets or lockers are prepped in hours. Equation 2 is the expression used
for containers as the prep time in hours.
TRIA(1,2,2.5) (1)
TRIA(3,4,5) (2)
After being prepared for paint, the next module is another Delay Module to represent the
amount of time the items are spent being painted. Equations 1 and 2 are used again as process
times. Equation 1 is the expression used as the time a batch of pallets or lockers are painted in
hours. Equation 2 is the expression used for containers as the paint time in hours. After leaving

the Delay Modules the painting resource is released.

Eaies Fain WD —vom Pt P
: Painters or Frep Lockers %or Release Painer
1} _otkers Pa ot Lacton: ocker Pmmm
t

Reisase Fainger
Selxe Painters Prep Comtainer
"
= sor . Parr: Comaingr fom —

Figure 9 Model of the Painting Process
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After the painting is done batches leaving the locker and pallet process are separated.
Then, they are disposed of and leave the model. Painted containers leave straight away. The

model of this is shown in Figure 10.

i
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Figure 10 Model of Batches Separating and Disposal

When the model is run, it is set up for 3 replications. The replication length is set to
simulate a full working year which is 255 days and there are 8 hours run per day. There is a

warm-up period-of 5 days in order to run off the effects of the empty model in its initial condition.



CHAPTER 4. SIMULATION MODEL DEVELOPMENT

4.1. Current Model Outputs

After running the Arena model for the current DENIOS paint process data can be drawn
from the report generated. The full report can be found in the appendix.

The main output to look at for this model is the cycle time. This is the average time that
an entity will spend in the model for the time it is enters to the time is exits. For this model it
equals the amount of time the entity spends waiting in a queue plus the time spent being
processed. Table 1 below shows the time that each of the product type spends in the system

broken down by its assigned color.

Table 1 DENIOS Current Paint Process Cycle Time Breakdown

Product Queue Wait Process Total Cycle

Type Color Time Time Time
Pallet Blue 1.82 0.45 2.28
Locker Blue 3.69 0.46 4.15
Locker White 7.91 0.47 8.38
Container Blue 0.54 1.00 1.55
Container White 0.46 1.01 1.47
Container Tan 0.60 0.99 1.59
Time Units: Days

There are a few values in Table 1 that jump out as higher than the others. The locker

product group as a whole spends much more time in the system than the other two products.

17



Also, white lockers spend over a week in the system. Lower numbers of entities coupled with
having to batch these products are leading to higher amounts of time inside the system.
Remember to note that there are fewer numbers of container products than both lockers and
pallets but they have a high priority when being seized by the painters. This eliminates large

amounts of time waiting in a queue.

4.2. Locker and Pallet Line Merge

When it comes to the locker line, the lockers are batched together. However, there are
not as many lockers entering the system as the pallet line. This means that lockers wait longer in
a queue in order for them to acquire the number needed to form a full batch. The effects of this
long waits can be seen in the cycle times being much longer for lockers than either of the two

other lines in the current system simulation.

In order to decrease the cycle times, Little’s Law one of the four scenarios from the
article written by Rust can be used. The idea is to decrease the work in process by having shorter
queue lengths in the formulation of the blue locker batch. To execute this, the blue lockers and
pallets can be processed at the same time. This will take some work with the paint supplier to

find a suitable paint that will meet all the design specifications for both products.

To reflect this change the original simulation is altered slightly. The branch that once
went from the Assign Module to the locker Batch Module is redirected to the Batch Module that
batched the blue pallets. This Batch Module will not watch blue lockers and pallets together.
Due to space restrictions inside the paint booth, the batch size is reduced by two to eight units in
order to accommodate the larger locker products. The section of the simulation module that was

altered is shown in Figure 11.

18



Figure 11 Combining Blue Pallets and Lockers

Also, in order to separately keep track of the number of lockers and pallets that exits the
system in the Dispose Modules, a Decide Module is added after the blue pallet and locker batches
are separated. The module decides which product type the entity is and directs it towards the

appropriate Dispose Module. This is shown in Figure 12.

and Lcoker
Batch

==

. Locker Batch

Figure 12 Decide Module to Decide Product Type
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4.3. Adding Additional Paint Resources

Another situation in the paint process that can utilize Little’s Law is the staging between
the pre-paint process and the painting process. Currently there is one resource of a group of
workers that prepares the products for paint and then the same group is seized to paint the units.
If the company was able to add a few more workers to the paint department there could be
another resource added in order to be able to prepare products for paint and be in the act of
painting at the same time. Doing so would promote flow in the paint process and reduce the
queue lengths. This is will decrease the work in process causing the cycle time for any of the

product lines.

To model this first the there needs to be a resource added to the model. In the original
model there was a single paint resource. Now, in the modified model there is a pre-paint resource
that is to be added. This way there will be the ability for both stages of the paint area to be

working at once.

The sequence of modules for the paint process also needs to be altered. First, the initial
Seize Module needs to be changed to select the new pre-paint resource. This resource is then
released after the Delay Module for the paint preparation process. This sequence will complete
the pre-paint process. Next, an additional Seize Module is added to grab the paint resource. This
moves onto a Delay Module that has to be added for the paint to be mixed and paint lines to be
prepared. Before this process was incorporated into the pre-paint process but since the idea is to
have the paint lines in use during this time it is shifted to when the lines are free. A triangular
distribution with an expected time of 20 minutes and a minimum and maximum of 15 and 25
minutes respectively is used in this module’s delay time. After the paint process module the last
thing to do is release the paint resource. This new paint sequence is illustrated in Figure 13 and

needs to be applied in all three instances in the model where painting occurs.
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Figure 13 Modified Paint Process with Paint Additional Resources

4.4. Locker Color Blocking

Another issue involved with lockers is the two different colors that are applied to the
units. The ratio used in the simulation is that there are three blue lockers to every white locker.
Again, there concerns with batching these lockers because white lockers will have to wait longer
than blue lockers in order to form batched. Currently white lockers are in the system twice as

long as the blue ones.

In order to reduce the time that white locker the concept of color blocking from the article
“Paint Line Color Change Reduction in Automobile Assembly Through Simulation” was utilized.
The idea is that if production can find a way to produce the lockers in such a way that they are
released at the same time and have the same color then the waiting time in the queue to be

batched will be reduced.

In order to reflect this, a change in the model where lockers are created was made. This

change is in Figure 14.
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Figure 14 Color Blocking for Lockers

The Create Module for the lockers was altered so that two entities entered the model at
the same time. Also, in order to preserve the current product mix in all three product lines, the

arrival rate in the Create Module is halved.

Added before the Decide Module, is a Batch Module, which batches the lockers together
in the same size as they arrive together. This is done so that the Decide Module does not split up
the lockers as it passes through it and will maintain the color block. Once the direction of the
lockers is chosen, the batch is split and the color is assigned just as it had been in the original

model.

4.5. Batch Sizes

Batch sizing is a way that DENIOS can find batch sizes that will help improve the cycle
times of their products through the paint department. The Arena program being utilized in this
project comes with an application call the Process Analyzer that is capable of creating different
scenarios of a simulation model and easily changing variables or controls in the model and giving
the resulting responses allowing the user to easily make reliable decisions. This differs from the
optimization techniques outlined in the article discussed in the literature review because those

methods are solved using algorithms that will solve the problem.
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In order to prepare the simulation model for allowing different batch sizes and still
maintaining realistic process times, the Delay Modules that represent work being done to the
products needs to be altered. In the first model the process times for the pallets and lockers we
based on a batch of a certain size but with varying sizes the process times for processing the batch
needs to be able to reflect this. To do this the modules use to prepare the blue pallets and lockers
is altered to an équation that is the variable for the batch sized being used multiplied by the
distribution of how long it takes to process one unit in units of minutes. This is equation is shown

in Equation 5.

. Blue Pallet and Locker Batch » TRIA(17,22,30) %)

Similarly, the process time for the white lockers being painted is the variable multiplied

by the distribution of how long it takes to process one unit in units of minutes.

White Locker Batch*TRIA( 17, 22, 30) (6)

In the new modified paint process there are two batches that need to be analyzed, which
will be the controls of the input analyzer, the blue pallet and locker batch and the white pallet
batch size. The batch sizes that can be chosen for the blue paint products were to be looked at for
batches of between 8 and 2 units. White lockers are going to be entered as between two and four.
The best batch size is expected to be smaller due to lower arrival rates white lockers. The
responses of each scenario are the total times that each product spends in the system. Each
combination of batch size is used and the original model is included as a base line to see how

much of an improvement there is.

When the analyzer is ran the responses of each scenario is generated and conclusions can

be draw. Table 2 displays the resulting scenarios of the different batch sizes.
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Based on the results it appears that having the white locker line with a batch size of two
will yield the quickest cycle times for that product. Looking at the blue pallets and lockers a
batch size of three and five units in a batch yields around just over a one day cycle time. Though
it doesn’t appear to have much of a difference than four and five units, a batch size of three units

has the lowest cycle time.

Table 2 Process Analyzer Results for Different Batch Sizes

Batch Size Total Time
Blue White Blue Blue White Blue White Tan
Pallet/Locker | Locker | Pallet Locker Locker | Container | Container | Container
Original Model — — 2.28 4.15 8.38 1.55 1.47 1.59
Base Case 8 2 1.56 i.45 0.76 1.30 1.20 1.34
Case 1 7 2 1.40 1.26 0.84 1.30 1.42 1.18
Case 2 6 2 1.36 1.38 0.83 1.36 1.36 1.26
Case 3 5 2 1.16 1.08 0.79 1.27 1.26 122
Case 4 4 2 1.12 1.16 0.89 1.38 125 123
Case 5 3 2 1.10 1.15 093 1.36 1.32 1.39
Case 6 2 2 1.51 1.48 1.43 1.53 148 1.57
Case 7 8 3 1.61 3.88 3.39 1.29 1.27 1.30
Case 8 7 3 1.58 3.57 3.19 1.38 1.28 1.28
Case 9 6 3 136 290 332 1.25 1.28 1.27
Case 10 5 3 1.20 3.66 2.79 1.25 1.31 131
Case 11 4 3 - 1.19 3.70 331 1.38 1.43 1.28
Case 12 3 3 1.15 3.44 3.66 1.36 1.32 1.38
Case 13 2 3 1.47 334 4.04 1.50 141 1.51
Case 14 8 4 1.56 3.56 1.83 1.38 1.20 1.27
Case 15 7 4 1.51 4.00 3.64 1.27 1.40 1.40
Case 16 6 4 1.39 436 3.18 1.44 1.34 1.29
Case 17 5 4 1.26 3.68 3.19 1.35 1.22 1.43
Case 18 4 4 1.22 4.55 422 142 1.43 1.35
Case 19 3 4 1.25 3.84 8.35 1.51 1.39 1.33
Case 20 2 4 133 443 5.23 1.53 1.52 1.43
Time
Units: Days
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4.6. New Model Output

After taking all the new concepts learned in the previous four sections and applying them
to the simulation model for the paint process and DENIOS, an overview of the modified model is

shown in Figure 15.

Figure 15 Overview of the Modified DENIOS Paint Process

The run parameters for the simulation are the same as before. When the model is run, it
is set up for 3 replications. The replication length is set to simulate a full working year which is
255 days and there are 8 hours run per day. There is a warm-up period of 5 days in order to run
off the effects of the empty model in its initial condition.

When the model is run the cycle time results of this new model are show in Table 3.
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Table 3 Modified Paint Process Results

Product Queue Wait Process Total Cycle

Type Color Time Time Time
Pallet Blue 0.53 0.33 0.86
Locker Blue 0.62 0.32 0.94
Locker White 0.36 0.23 0.60
Container Blue 0.25 1.04 1.29
Container White 0.26 1.04 1.30
Container Tan 0.29 1.05 1.33
Time Units: Days
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CHAPTER 5. CONCLUSIONS AND FURTHER RESEARCH

5.1. Conclusions

Looking at the results of the new model and results of the current process DENIOS is

using to paint its products it can be seen that the changes can help. Table 4 shows how much of a

change is made.

Table 4 Cycle Time Comparisons of Two Models

New
Current Model
Product Total Cycle | Total Cycle %
Type Color Time Time Improvement
Pallet Blue 2.28 0.86 62
Locker Blue 4.15 0.94 77
Locker White 8.38 0.60 93
Container | Blue 1.55 1.29 17
Container | White 1.47 1.30 11
Container Tan 1.59 1.33 16

Due to the effects of the process changes there are staggering positive effects in the cycle
times for both the pallet and locker lines. The time that units have to spend waiting to be

processed decreased drastically.

There was minimal change in the cycle times of the container products. These models
were always moved through the system with minimal waiting times. The changes to the

simulation model helped these products minimally by reducing the chances that the paint
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resources would be in use processing pallets and lockers and thus reducing the chances of having

to wait in a queue to be processed.

It is recommended that for DENIOS to decrease its cycle time for the products being

processed in this paint area it execute the following steps:

1. When scheduling lockers it is best to release lockers into production in such a way that
they arrive to the paint department in pairs of two. This way the method of color
blocking can reduce waiting times for white lockers.

2. To aid in the reduction of waiting times for blue lockers, the company should find a way
to purchase a blue coating that will be sufficient to be used on both pallets and blue
lockers. This way they can be selected for processing in the same batch and reduce
waiting times.

3. The company should consider the addition of man power in the paint department in order
to have resources working to prepare units for paint and to be painting units
simultaneously.

4. The company should reduce the number of pallets and lockers that it batches to be
processed. The mindset that the paint booth must be filled to capacity to be in use is

inefficient.

Implementing these changes will go a long way for the company. Fvirst, the work in
process in the paint department will be reduced. This means that less floor space will be taken up
to store units waiting to be processed. The company will serve the customers better by being able
to offer shorter lead times on delivery. Better delivery forecasts can be made due to shorter lead

times keeping the customers satisfied and the company can have an edge over its competitors.

5.2. Further Research
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The reason for the research in this paper was driven by the potential for DENIOS to grow
its production capabilities in the future. Since it is difficult to tell what the future holds the
company must remain active in analyzing its processes. The product mix being and increasing
number of units sent through the paint department can easily change due to customer demands or
business models changing. These changes can affect the resuits of the research found here and
cycle times can change and batch sizes that were found to be good solutions will become
outdated. Keeping up with these changes will ensure that the company maintains short cycle

times in the paint department.
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APPENDIX

Arena Output for Current Paint Process

4:49:00P M Catgéurz Overview April 17,2010
Vakms Across PWCARONS

[Denios Current Painting Process

Replicaions: 3 Time Units:  Days
Key Performance Indicators

Sv stem Average
Number Out 1121

Model Filename : C:\Users\PWD ocuments W of L4EBD0- Thesis\Current ModehPaint Process Cun  Page 1 of B
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4:49:00P M

Category Overview

Aprit17, 2010

Vakres ACIDST AN e preations

IDenios Current Painting Process

Replications: 3 Time Units:  Days
[E ntity
Time
VA Time Minimum Maximum Minimum Maximum
Fograge Half Width Average Aorerage Value Value
Blue Paint Container 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Locker 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Pallet Q.00 0.00 000 0.00 0.00 0.00
Tan Paint C ontainer 0.00 0.00 o000 0.00 0.00 0.00
_White Paint Container 0.00 0.00 000 0.00 0.00 0.00
White Paint Locker 000 0.00 o000 0.00 0.00 0.00
NVA Time Minimum hMaximum Minimum Maximum
Awrage Half Width Average Awerage Value ‘value
Blue Paint Container 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Locker 0.00 0.00 ano 0.00 0.00 0.00
Blue Paint Pallet 0.00 0.00 00o 0.00 0.00 000
Tan Paint C ontainer 0.00 0.00 000 0.00 0.00 0.00
W hite Paint Container 0.00 0.00 000 0.00 0.00 0.00
White Paint Locker 0.00 0.00 000 0.00 0.00 0.00
W ait Time Minimum Maximum Minimum Maximum
Posrage Half Width Average Average Value Value
Blue Paint Confainer 0.54209 0.25 04316 0.68271 0.00 32662
Blue Paint Locker 3.6887 022 36219 3.7893 0.00 176372
Blue Paint Pallet 18291 0.46 1.7010 2.0386 0.00 87058
Tan Paint C ontainer 0.5978 0.70 0.2907 0.8393 0.00 30937
White Paint Container 0.4614 0.21 0.3788 0.5450 0.00 27917
White Paint Lodker 79145 2897 6.5678 8.8576 0.00 28834
Transfer Time Minimum Maximum Minimum Maximum
Awerage Halt Width Average Awverage Value Value
Blue Paint Container 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Locker 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Pallet 0.00 0.00 0po 0.00 0.00 0.00
Tan Paint C ontainer 0.00 0.00 apa 0.00 0.00 0.00
W hite Paint Container 0.00 0.00 000 0.00 0.00 0.00
White Paint Locker 0.00 0.0Q 000 0.00 0.00 0.00
Model Filename : C:\Uses\PWD ocuments W of LNEGAD- Thesis\Current ModeNPaint Process Cun  Page 2 of <]
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4:49:00P M

Category Overview

April 17, 2010

Vakwes AC S AN Hephoatwns

[Denios Current Painting Process

Replications: 3 Time Units:  Days
[Ertiy
Time
Other Time Minimum Maximum Minimurm Maximum
Awerage Half Width Ayerage Ayerage Value Value
Blue P aint Container 1.0044 0.01 049975 1.0089 0.8381 1.41948
Biue Paint Locker 0.4589 0.02 04507 0.4563 0.2888 05943
Blue Paint Pallet 0.45490 0.01 048507 0.4681 0.3174 05752
Tan Paint C ontainer 0.9929 0.03 09815 1.0062 0.8148 1.1262
W hite Paint Container 1.0050 0.06 0.9842 1.0339 0.8423 11332
W hite Paint Locker 0.4671 0.03 0.4558 0.4828 0.3121 055495
Total Time Minirmum Waximum hinimum Maximum
Aerage Halt Width Forerage Aoerage Value Value
Blue Paint Container 18472 0.26 1.4291 1.6360 0.8381 43131
Blue Paint Locker 4.1437 0.23 40817 4.2556 0.3628 18.1460
Blue Paint Pallet 22791 047 24517 29946 0.3333 92265
Tan Paint C ontainer 15907 069 12817 1.8207 0.8566 41362
W hite Paint Container 1.4664 0.23 1.3630 1.5420 0.8583 36759
W hite Paint Locker 83816 3.00 7.0236 9.3404 0.3121 293075
Other
Model Filename : C:\Uses\PVAD ocuments W of LNEGSD- Thess\Current ModeRPaint Process Cun  Page 3 of 6
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4:45:00P M Category Overview April 17, 2010

Takes A ss AN ﬁspﬁ?wns

[Denios Current Painting Process

Replications: 3 Time Units:  Days
|E ntity
Other
Number | Minimum Maximum
umberin foerage Half Width Average Auerage
Blue Paint Container 41.3333 12.25 38.0000 47 .0000
Blue Paint Locker 155.00 16.29 148.00 162.00
Blue Paint Pallet 854.00 66.71 g35.00 988.00
Container 743333 15.18 69.0000 81.0000
Locker 168.67 30.46 159.00 187.00
Pallet 876.67 51.58 850.00 899.00
Tan Paint C ontainer 13.0000 7.45 10.0000 16.0000
W hite Paint Container 20.0000 13.15 14.0000 240000
W hite Paint Locker 55.6667 33.82 45.0000 71.0000
1000.00

3m.om M Bus Pani Conbinm

H Bus Pan! Lochan

500,00 Bus Pani Pale

B coniam
B Lache
+I.0m : :l-;ll“ Conlanm
@ YWhis Pan Conlane
2m.om B Yhis Panl Lacha:
0.0m
Number Out Minimum haximum
Foerage Half Width Awerage Foerage
Blue Paint Container 42.0000 10.83 39.0000 47 .0000
Blue Paint Locker 156.67 1897 150.00 165.00
Blue Paint Pallet 25433 68.77 a35.00 990.00
C ontainer 74.3333 15.18 68.0000 81.0000
Locker 168.67 39.46 159.00 187.00
Pallet 87667 61.58 850.00 889.00
Tan Paint C ontainer 13.0000 7.45 10.0000 16.0000
W hite Paint Container 20.0000 13.15 14.0000 24.0000
W hite Paint Locker 55.0000 3286 45.0000 70.0000

hodel Filename : C:\Users\PVAD ocuments W of LUEGQ0- Thesis\Current ModeNPaint Process Cun  Page < of 6
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4:48:00P M Category Overview April 17, 2010

fakes ACmss plcations
|Denios Current Painting Process i
Replications: 3 Time Units:  Days
[Entity
Other
wiP Minimerm Maximum Minimum Maximurn
Awrage Half Width Average Average Value ‘alue
Biue Pairt Container 0.2544 0.11 0.2115 0.2064 0.00 40000
Blue Paint Locker 22103 0.18 2.1528 22023 0.00 10,0000
Biue Paint P allet 8.3348 197 77179 9.2266 0.00 480000
Container 0.00 0.00 000 0.00 0.00 410000
Locker 0.00 0.00 Q0o 0.00 0.00 10000
Pallet 0.00 0.00 000 0.00 0.00 10000
Tan Paint C ontainer 0.08487245 008 0.05126040 0.1165 0.00 30000
White Paint Container 0.1172 008 0.08367837 0.1480 0.00 20000
White Paint Lodker 15573 043 1.4805 1.75648 0.00 60000
Queue
Time
W aiting Time Minirmum Maximurm Minimum Maximum
Aoerage Half Width Awerage Forerage Value Value
Batch Blue Lockers.Queue 3.0226 0.37 28777 3.1740 0.00 178372
Batch Pallet. Queue 1.2004 0.7 1.2376 1.3668 0.00 5.1692
Batch White Lockers.Queue 7.0882 241 59827 7.7873 0.00 288349
Seize Painters for 0.5389 0.24 0.4463 0.6425 0.00 32662
Containers.Queue
Seize Painters for 0.7084 008 06673 0.7382 0.00 48543
Lockers.Queue
Seize Painters for 0.5344 053 0.3661 0.7718 0.00 60452
Pallets. Queue
Other
Number W aiting Minirmum Maximum Minimum Maximum
Awerage Half Width Horerage Average Value Value
Batch Blue Lockers.Queue 1.5045 0.01 15012 1.5084 0.00 40000
Batch Pallet. Queue 45207 025 44590 46355 0.00 100000
Batch White Lockers.Queue 12812 039 1.4710 1.4634 0.00 40000
Pre Paint Prep Pallets.Queue 0.00 0.00 000 0.00 0.00 0.00
Seize Painters for 0.1573 0.07 0.1235 0.4773 0.00 40000
Containers.Queue
Seize Painters for 0.1187 0.03 0.1068 0.1313 0.00 30000
Lockers Queue
Seize Painters for 0.1673 0.18 0.1245 0.2717 0.00 40000
Pallets. Queue

Model Fitename : C:\Uses\PVD ecuments V) of LVEGSD- Thesis\Current ModehPaint Process Cun  Page 5 of 6
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4:48:00PM Category Overview April 17, 2010
Vales Across phCations
[Denios Current Painting Process k
—
Replications: 3 Time Units:  Days
ﬁies ource
Us age
Instantaneous Utilization Minimum Maximum Minimum Maxirmum
Awrage Half width Average Auwerage Value ‘ilue
P aint 05383 0.05 05238 08513 0.00 10000
Number Busy Minimum MBximum Iinimum haximum
Aoerage Half Width Aurerage Farerage Value Value
Paint 05363 005 05238 0.5613 0.00 10000
Number Scheduled Minimum Maximum Minimum haximum
faerage Half Wyidth Aorerage Foerage \lue ‘alue
P aint 1.0000 0.00 1.0000 1.0000 1.0000 10000
Scheduled Utilization Minimum Maximum
Auerage Half Width Average Average
P aint 05353 0.05 0.5238 0.5813
Total Number Seized Minimum hMaximum
Aomrage Hailf Width Aoserage Auerage
Paint 204.00 13.83 188.00 210.00
Model Filename : C:AUsers\PVAD ocuments WU of LNEGED- Thesis\Current ModehPaint Process Cun  Page 6 of 5]
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Arena Output for Modified Paint Process

12:08:33AM Category Overview April 23, 2010

Vakies ACIDSs AN Hepications

[Denios Current Painting Process

Replications: 3 Time Units:  Days
Key Performance Indicators

System Average
Number Out 1,195

Model Filename: C:\Users\PVD ocuments \J of LUEBDO- Thesis\Modified ModehP aint Modified Mc  Page 1 of 8
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12:08:33AM Category Overview April 23, 2010
Vakies ACIDSS AN MEPNGSt0NS
[Denios Current Painting Process '
Replications: 3 Time Units:  Days
[Entity
Time
VA Time Minimum Maximum Minimum Maximum
Faerage Half Width Auerage Awerage ‘alye Vilue
Biue Paint Container 0.5008 0.02 0.4033 0.5059 0.3822 08113
Blue Paint Locker 0.13387 0.00 01377 0.1410 0.1091 01818
Blue P aint P allet 0.1437 0.00 0.1429 0.14456 0.1081 0184
Tan Paint C ontainer 0.4961 0.04 0.4797 0.5045 0.38349 05972
White Paint Cortainer 0.4805 0.05 04742 0.5127 0.3899 05083
White Paint Locker 0.0972 0.01 0.0056 0.1000 007116127 01203
HVA Time Minimum Maximum Minimum Maximum
Auerage Halt Width Aorerage Average ‘alue value
Blue Paint Container 0.5388 003 05272 0.5485 0.4255 06557
Blue Paint Locker 0.1846 0.00 0,189 0.1849 0.1481 02280
Blue P aint Pallet 0.1864 0.00 0.1852 0.1875 0.1438 02369
Tan Paint Container 054908 0.04 0.53499 0.5695 0.4232 05467
W hite Paint Container 0.5520 001 0.5498 0.5551 0.49557 06534
YW hite Paint Locker 01372 0.01 0.1355 0.1393 0.1118 01838
W ait Time Minirum haximum Minimum Maximum
Aurage Half Width Average Average Value \Vilue
Blue Paint Container 0.2486 0.18 0.1714 0.3142 0.00 15427
Blue P aint Looker 06159 015 0.5634 0.6833 000 32557
Blue P aint Pallet 05272 0.14 0.4634 0.5738 0.00 50053
Tan Paint C ontainer 0.2878 008 0.2648 0.3266 0.00 14224
White Paint Container 0.2623 009 0.2205 0.3008 0.00 20673
W hite Paint Lodcer 0.3618 013 03108 0.41494 0.00 29264
Transfer Time Minirmum fBximum Minimum hMaxirmum
Aierage Half Width Poerage Average \ilue Value
Blue Paint Container 0.00 0.00 o0a 0.00 0.00 0.00
Blue P aint Locker 0.00 000 000 0.00 0.00 0.00
Blue P airt Pallet 0.00 0.00 000 000 0.00 0.00
Tan Paint C ontainer 0.00 0.00 000 0.00 0.00 0.00
W hite Paint Container 0.00 0.00 000 0.00 0.00 0.00
White Paint Locker 0.00 0.00 og0o 0.00 000 0.00
Model Filename . C:AUsers\PWD ocuments U of LNEGOO- Thesis\Modified ModehP aint Modified Mc  Page 2 of 8
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12:08:33AM

Category Overview

April 23, 2010

Vaties ACIOSS A e PNCITONRT

[Denios Current Painting Process

J

Replicatons: 3 Time Units:  Days
[Entity
Time
Other Time Minimum Maximum Minimum haximum
foerage Half Width Ayerage Average Vilue Vialue

Blue Paint Container 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Locker 0.00 0.00 000 0.00 0.00 0.00
Blue Paint Pallet 0.00 0.00 000 0.00 0.00 0.00
Tan Paint C ontainer 0.00 0.00 000 0.00 0.00 0.00
W hite P aint Container 0.00 0.00 000 0.00 0.00 0.00
White Paint Lodker 0.00 0.00 o000 0.00 0.00 0.00

Total Time Minimum Maximum Minimum Maximum

Awerage Half Width Foerage Aorerage Value Value
Blue Paint Container 1.2882 0.17 1.2180 1.3660 0.6891 25328
Blue Paint Locker 0.9401 0.15 0.8892 4.0051 0.2825 36042
Blue Paint Pallet 08573 0.14 07924 0.9048 0.2708 54135
Tan Paint C ontainer 13337 0.03 1.3218 1.3911 0.9230 25995
W hite Paint Container 1.3048 0.14 1.2650 1.3685 092345 31338
W hite Paint Locker 0.5952 013 05419 0.6500 0.1994 31950
Other
Model Filename: C:\UsersWPVD ocuments WJ of LNEBSD- Thesis\Modified ModeNP aint Modified Mc  Page 3 of 8
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12:08:33AM Category Overview April 23, 2010
Vales Across PRCETO RS
[Denios CurrentP ainting Process
ek
Replications: 3 Time Units:  Days
[Entity
Other
Number In Minirmum Maximum
Awerage Half Width mge mlzge
Blue Paint Container 51.0000 19.40 46.0000 60.0000
Blue Paint Locker 17233 5064 148.00 196.00
Blue Paint Pallet 123467 164.29 1164.00 1295.00
Container 836667 16.16 77.0000 90.0000
Locker 278.00 82.10 240,00 300.00
Pallet 926.00 116.50 876.00 969.00
Tan Paint C ontainer 17.0000 B6.57 14.0000 19.0000
W hite Paint Container 15.6667 872 12.0000 19.0000
White Paint Locker 84.0000 29.81 72.0000 95.0000
1400.00
1200.0m
H Sus Pani Conbine
1000.000 B Bus Pani Locka
O Bus Pan! Palsl
sm.om B Conlamm
@ Locke
600.0m W Paml
B "sn Pani Conleme:
{00.0m B Vil Panl Conlane
B Vi Panl Locks:
2m.0m
0.0m
Number Out Minimum Maximum
Foerage Half Width Fuerage Fwerage
Blue Paint Container 51.0000 19.40 45.0000 60.0000
Blue Paint Locker 17233 59.64 148.00 196.00
Blue Paint Pallet 1234.33 164.05 1164.00 1295.00
Container 83.6667 16.16 77.0000 90,0000
Locker 278.00 82.10 240.00 300.00
Pallet a26.00 116.50 876.00 969.00
Tan Paint C ontainer 17.0000 B6.57 14.0000 19.0000
W hite Paint Container 15.6667 872 12.0000 19.0000
White Paint Locker 84.0000 2981 72.0000 85.0000

Model Filename : C:\Users\PWD ocumenks W of LYEGQ0- Thesis\Modified ModelP aint Modified Mc

41

Page

g of 8




12:08:33AM Category Overview April 23,2010
Vakues Across AN Repications
IDenios Current Painting Process
-
Replications: 3 Time Units:  Days
[Entity
Other
wip Minirmum Maximum Minimum Mtaxirmum
Aoerage Halt Width Aoerage Aorerage Vilue Value
Blue Paint Container 0.2640 013 0.2200 0.3254 0.00 50000
Blue Paint Locker 06185 0.31 0.4987 0.7458 0.00 110000
Blue Paint Pallet 3.8309 0.71 36438 4.2170 0.00 340000
Container 0.00 0.00 000 0.00 0.00 10000
Locker Q.00 0.00 000 0.00 0.00 30000
P allet 0.00 0.00 000 0.00 0.00 10000
Tan Paint C ontainer 0.0907 003 0.07494360 0.1005 0.00 20000
White Paint Container 0.08188084 0.05 0.06072073 0.0973 0.00 20000
White Paint Lodcer 0.1e85 0.06 01719 0.2184 0.00 60000
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12:08:33AM Category Overview April 23, 2010
Takes Across AT Rephcations
[Denios Current Painting Process I
-
Replications: 3 Time Units:  Days
[Queue
Time
W aiting Time Minirmum Maximum Minimum Maximum
Aorage Half Width Poserage Average Value Value
Batch Blue Pallets and 0.2359 0.00 0.2342 0.2377 000 3937
Lockers . Queue
Batch Lockers.Queue 0.00 0.00 000 0.00 0.00 0.00
Batch White Lockers.Queue 000 0.00 000 0.00 0.00 0.00
Seize Painters for Container 0.04838951 005 0.02157718 006274857 0.00 06597
Paint.Queue
Seize Painters for 0.2450 0.06 0.1937 0.2427 0.00 19971
Containers.Queue
Seize Painters for Pallets and 0.1595 005 0.1340 0.1768 0.00 14796
Locker.Queue
Seize Painters far White 0.1898 0.01 0.1876 0.1918 0.00 11848
Locker Queue
Seize Painters for White 0.1721 0.13 0.1210 0.2268 0.00 24693
Lockers Queue
Seize Prepaint for Pallets and 0.1432 0.10 0.1015 0.1792 0.00 25156
Lockers Queue
Other
Number W aiting Minirmum taximum Minimum Maxirmum
Aoerage Half Width Awverage Aorerage \alye “alue
Batch Blue Pallets and 0.9966 0.10 0.9554 1.0386 0.00 30000
Lockers.Queue
Batch Lodkers.Queue 0.00 0.00 000 0.00 000 20000
Batch White Lockers.Queue 0.00 0.00 000 0.00 0.00 20000
Pre Paint Prep Pallets.Queue 000 0.00 000 0.00 0.00 0.00
Seize Painters for Container 0.01571948 0.02 0.00864577 002258040 0.00 20000
Paint.Queue
Seize Painters for 0.07237732 0.03 0.05964816 008735589 0.00 40000
Containers.Queue
Seize Painters for Pallets and 0.2291 008 0.1878 0.2447 0.00 60000
Locker.Queue
Seize Painters for White 0.02124372 0.04 0.01842370 002429599 000 20000
Locker Queue
Seize Painters for White 0.01901951 0.01 0.01542007 002540149 0.00 20000
Lockers.Queue
Seize Prepaint for Pallets and 0.2012 0.13 0.1414 0.24937 0.00 60000
Lockers.Queue
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12:08:33AM Category Overview April 23, 2010
Vakes ACMDSS AN ﬂep}mtmns
lDenios CurrentP aintin Process
__
Replications: 3 Time Units:  Days
[Resource
Us age
Instantanecus Utilzation Minimum Maximum Minimum Maximum
Aerage Halt Width Pwerage Porerage Value Value
Paint 0.4555 0.05 0.44903 0.483 0.00 10000
Prepaint 0.3820 006 0.3652 0.4082 0.00 10000
Number Busy Minimum Maximum Minimum Maximurm
Awrrage Half Width Porerage Porerage Value Value
Paint 0.4565 0.05 0.4403 0.4783 0.00 10000
Prepaint 0.3820 0.08 0.3852 0.4082 0.00 10000
Number Scheduied Minimum haximum Minimum Maximum
Aerage Half Width Forerage Average Value Value
Paint 1.0000 000 1.0000 1.0000 1.0000 10000
Prepaint 1.0000 0.00 1.0000 1.0000 1.0000 10000
Scheduled Utilization Minimum Maximum
Ffeerage Half Width Porerage Porerage
Paint 0.4655 005 0.44903 0.4783
Prepaint 0.3820 0.06 0.3652 0.4082
b.ic0
0.0
0440
PR
]
0.ix -:..';Ill
0.4
o.im
0.xa
0.330
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12:08:33AM Category Overview April 23, 2010

Vakes ACTOSs AN e pacations

[Denios Current Painting Process

Replications: 3 Time Units:  Days
IResource
Us age
Total Number Seized Minimum Maximum
Mﬁge Half Wwidth MEQQ Mmge
Paint 453.00 5599 448.00 489.00
Prepaint 453.33 55.35 440.00 489.00
163.3530
163.30
463.250
463.200 Hren
463.150 S Papmnl
$63.100
163.050
53.0m
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