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ABSTRACT 

With the current global economy there is increased competition between 

manufacturing firms. The fight to make products faster, less expensive, and of higher 

quality has led to the development of a manufacturing process called lean manufacturing. 

This study will present general information on lean manufacturing and initiate 

these principles in a manufacturing setting. The study was completed on a welded frame 

at a metal fabrication facility which was identified for a redesign to improve 

manufacturability. Lean concepts have been used at Company XYZ previously and were 

used on this product. The concepts used included part identification, organization, and 

design for manufacturability. This study may be useful for engineers a source for 

information regarding utilization of modem fabrication tools to create a lean 

manufacturing environment. 
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Chapter One: Problems and Objectives 

Introduction 

This project was completed at Company XYZ located in western Wisconsin. The 

product addressed has approximately a ten year history of being produced at the 

company. However, orders were intermittent and the part was fabricated in a job shop 

setting which meant that piece part organizational, flow, and identification was at a 

minimum. This led to confusion and disorganization on the shop floor that led to regular 

in-process rejects. The study primarily focuses on examining the design to better utilize 

current technology and identify modifications that could be made to reduce weld time 

and lead time. Other lean efforts were developed in tandem and there is be an overview 

of these as well. 

The part being manufactured is referred to as the welded frame. The welded frame 

is 25 feet long, 10 feet tall, 7 feet wide and weighs approximately 9000 pounds. The 

welded frame is primarily made from tubular steel and operations required to 

manufacture it include saw cutting, tube cutting, laser cutting, flame cutting, machining, 

and the final process of weld. Production quantities are at roughly fifty units per year. 

Overview ofthe Thesis 

Figuring out how to make products less expensive and faster is the focus of many 

manufacturing engineers. This study attempts reduce manufacturing costs on a welded 

frame. 

This study presents information on lean manufacturing and design for 

manufacturability tools. A literary review covers current information on lean 
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manufacturing and design for manufacturability. This study covers the implementation of 

some of these tools in ajob shop environment on a welded frame. It also discusses the 

results and gives suggestions for individuals looking to use these tools in a similar 

environment. 

Statement ofthe Problem 

The production of the welded frame was intermittent and disorganized. Due to an 

agreement with the customer to increase the quantities ordered and the accompanying 

request for price reductions, the welded frame was targeted by Company XYZ for a 

design for manufacturability (DFM) review. DFM was completed and implemented in 

conjunction with the other main principles oflean. The purpose for the DFM was to 

update the design to better utilize today's equipment capabilities, and it specifically 

targeted a new piece of equipment, a 3D tube laser used for cutting tubular steel. 

The job shop production environment and resulting lack of organization created 

rework, lowered productivity, increased lead time, and caused missed delivery dates. This 

led to the customer maintaining a large inventory of welded frames resulting in increased 

costs and damage to parts in storage. In addition, quality defects that become apparent in 

assembly by the customer did not come to light until several months after the 

manufacturer had built the frame. This led to a large number of defective frames being 

built before the mistake was corrected. 

Objective ofthe Study 

The objective of this study is to use DFM and lean manufacturing in an effort to 

reduce the weld time on the welded frame and decrease the lead time. The specific goals 

of this study are to reduce weld time from 160 hours to 120 hours and reduce the lead 
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time from 6 to 8 weeks to 4 weeks. Potential benefits, which are not measurable but 

important to note, include reducing rework and improving employee morale. 

Significance ofthe Study 

Reducing weld and lead times will be beneficial for both Company XYZ and its 

customer. Reducing weld times will improve profits for Company XYZ. Reducing lead 

times will help increase inventory turns for Company XYZ as well as the customer. The 

results that will be more difficult to quantify are improving employee moral and reducing 

disruptions through the shop floor. Upon successful completion, this project will be 

expanded to other welded frames being produced for the customer. 

Limitations ofthe Study 

I.	 The study does not go into full detail of lean, but cover general concepts and 

detail how concepts are used. 

2.	 The study is intended to show the progress made implementing lean and 

utilizing DFM concepts when completing a redesign for fabricated parts. 

3.	 The study does not go into a detailed analysis ofthe structural concerns 

associated with the DFM concepts that are utilized. All changes are being 

made with structural integrity in mind approval by the customer's engineers. 

Changes are not recommended without a complete engineering study. 

4.	 This study is also being completed with limited capital expenditure. It is being 

completed by utilizing the current fixturing. 

Assumptions 

1. Employees will perform work with the intention improving the process. 
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2. The process is relatively stable and changes in weld time will be a result of the 

changes made. 

3.	 Any improvements recorded will be due to the changes that have been made 

and not due to external factors. 

4.	 The same welders will work on the welded frame throughout this project. The 

welders will have developed in-depth knowledge of the welded frame. 

Definition ofTerms 

Fabrication. This tern1 is used to describe the process of making a metal 

part. In this paper, the fabrication department refers to the department where 

sawing, laser cutting, and forming are performed. 

Finite Element Analysis. Finite element analysis (FEA) is a process for 

calculating the stress and strength on the part. It is used to validate designs and 

determine whether or not the part is structurally sound. 

Statistical process control. Statistical process control (SPC) is a quality 

management tool used to determine if a process is in control and capable of 

producing parts per specification. 

Fitup. This is an industry term which refers to the process of tacking 

together a weldment. 

Piece Part. A piece part is an individual piece of steel before it gets 

welded into a weldment. 

Tack time. The time it takes to tack weld pieces together. 
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Total quality management. Total quality management (TQM) is a quality 

management system developed to improve part quality through a manufacturing 

plant. TQM utilizes continuous improvement and employee empowerment. 

Weld time. Weld time is the entire time it takes to complete a welded part. 

Unless otherwise noted, weld time includes the tack time. 

Weldment. This is the term for a group of parts that are welded together. 
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Chapter Two: Literary Review 

His/Dry ofLean Manufacturing 

The purpose of this literary review was to gain an understanding of the basics of 

lean manufacturing. Lean manufacturing has become very popular among manufacturers 

and is often touted as the process that will allow US manufacturing to remain competitive 

with global competition. This literary review describes the major events in history that 

have lead up to the development of lean manufacturing and covers its major concepts. 

Prior to the 1800's items were produced in a craft fashion. Every part was crafted 

and built individually without any specific similarities. If a piece on your musket broke, a 

new piece would have to be custom fabricated, as there were no interchangeable parts. 

This changed in the early 1800's when Eli Whitney manufactured an order often 

thousand rifles for the US government using the concept interchangeable parts. This was 

the first time that parts were made that were similar enough that they could be exchanged 

for each other. The development of interchangeable parts was monumental and the basis 

of modem manufacturing. 

Another development in history that influenced manufacturing was scientific 

management. Scientific management was developed by Frederick Taylor (Taylor, 1911). 

Taylor developed a system for defining and standardizing work to increase productivity. 

Taylor is credited for having developed the time and motion study. Taylor's principles 

advocated that a process should be created and then the worker trained to perform the 
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work. Workers perfonned work repetitiously, and reduced the time it took to complete 

tasks. Taylor advocated for repetitious work that didn't require the worker to think. 

In 1910 Henry Ford developed the first assembly line to build the Model T (0000, 

1988). Henry Ford's idea was continuous flow through the assembly plant. He recognized 

the benefits of keeping the cars moving and the workers and parts stationary. Moving the 

car through the plant removed the need to supply a worker with all parts required to build 

the car and instead allowed for one station to put on the same parts on the car every time. 

In manufacturing the Model T, Ford was able to substantially reduce the manufacturing 

time by creating the moving assembly line. 

Another set of individuals who influenced manufacturing, specifically lean 

manufacturing, are W. Edwards Deming and Joseph Juran. Quality is a critical part of 

lean manufacturing, and these two were instrumental in developing quality management 

and measurement methods after World War II (Deming, 1982). Japan's manufacturers 

had a "quality crisis" after the war, as Japanese products were known to be of very low 

quality. Deming and Juran traveled to Japan after World War II and taught the Japanese 

quality tools such as total quality management and statistical process control. 

While Henry Ford created the moving assembly line, it was Toyota who refined 

and improved the process. After World War II the Japanese needed to revitalize 

manufacturing in Japan. There was demand for small quantities of a large variety of 

vehicles. Taiichi 0000 of Toyota studied Ford's manufacturing system, and realized that 

he could not use the large quantity production model (0000, 1988). 0000 modified 

Henry Ford's 1910 idea of the moving assembly line to meet the need for a smaller 

volume and higher mix of product. Toyota created what is called the Toyota Production 
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System. Toyota spent the next 40 years modifying the production system and continues to 

do so today. It is interesting to note that even though Toyota had been having great 

success using this production system, it wasn't until the seventies, when the oil crisis hit, 

that other Japanese finns took note the Toyota Production System. 

In 1990, James Womack, Daniel Jones, and Daniel Roos wrote the book "The 

Machine That Changed the World" and coined the tenn lean manufacturing. This book 

revolutionized manufacturing throughout the world. Previous books had outlined the 

concepts of Just-In-Time (JIT) manufacturing and the Toyota Production System, but it 

was Womack's book that popularized and spread the idea and implementation of lean 

manufacturing throughout the manufacturing world. The following will outline basics 

tools and ideas used in lean manufacturing. 

Key Concepts ofLean manufacturing 

The general concept behind lean manufacturing is to reduce waste and the lead 

time. Lead is the time it takes from to get a product from order entry to shipping. The two 

concepts, waste and lead time, complement each other. Waste is "any human activity 

which absorbs resources but creates no value" (Jones, 1996 pg. 1). Therefore, time is one 

of these wastes. A benefit of reduced lead time is that it improves customer feedback and 

allows for the producer to immediately address quality issues and concerns. A decreased 

lead time reduces the time it takes a company to satisfY the customers' changing needs 

and wants. 

Seven Wastes in Production 
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Taiichi Ohno, of Toyota, identified seven wastes in production (Ortiz, 2006 pg. 

27-32). These seven wastes are targeted by lean manufacturing for elimination. The seven 

wastes are described below. 

Overproduction. Producing more product than needed, faster than it is required, 

and earlier than it is required is overproduction. This is the most common waste in 

production. 

Wait Time. Wait time is time that operators and machines are idle. This may be 

due manufacturing lines out of synchronization, equipment breakdowns, lack of parts or 

any other number of reasons. 

Tramportation. The movement of parts or material is considered transportation. 

Overprocessing. Overprocessing occurs when an operator makes a part "better" 

than needed. A lack of clear expectations can contribute to this waste. 

Inventory. Inventory is the amount of product/material that the company has on 

hand and cannot sell because it is raw material, partially finished, or waiting to ship. 

Motion. Motion is a different waste than transportation. Transportation tracks the 

movement of the product and motion tracks the movement of a worker. Wasted motion 

can be extra steps taken by and operator or unnecessary arm movement to poor processes 

or a poor layout. 

Five Specifications ola Lean System 

In "Lean Thinking" by Womack and Jones (Jones, 1996), there are five 

specifications in a lean system 

I.	 Specify value: The producer must always let the customer define value. 

It is critical to manufacture what the customer needs, when they need it, 
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and at a price that the customer wants or is willing to pay. Keeping the 

mindset that the customer is always first is best described in the book 

"The Toyota Product Development System", "As Kousuke Shiramizu, 

Lexus quality guru and executive vice president explains, "Engineers 

who have never set foot in Beverly Hills, have no business designing a 

Lexus. Nor has anybody who has never experienced driving on the 

Autobahn firsthand." (Liker, 2006 pg. 29). Clearly this shows Toyota's 

idea of dedication to producing a product that the customer wants. 

2.	 Identify the Value Stream: The value stream is all of the actions 

required to bring a product from a concept to a finished product in the 

customers' hands. Look at all steps involved in making the product to 

identify unnecessary steps. Eliminate these unnecessary steps. 

3.	 Flow: It is important to remove the mindset of production in batches. It 

is more efficient and accurate to work continuously from start to finish 

on a product. If batches can not be eliminated, reduce the batch size and 

setup times. 

4.	 Pull: Let the customers determine when you make the product. Only 

make product as it is needed. Customers can be those who buy a 

finished product, or they can be the next step in the process. In a pull 

system parts are produced when called for by the next step. This 

reduces inventory and allows for quality issues to be addressed 

immediately. Traditional manufacturing companies have typically used 

a push system. In a push system parts are produced and stored until 
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needed. While this can decrease the time required to make each part by 

dividing the setup time among a large group of parts, it also allows for a 

large quantity of bad parts to be built and not found until the parts are 

needed. This results in high rework costs, negating the benefits of the 

reduced setup cost per part. Unfortunately. while Ford had developed a 

lean assembly line, he used a push system for supplying parts to the 

assembly line. Large batches of parts were produced and waited to be 

assembled. 

5.	 Perfection: Continuously improve the process. Strive for perfection, but 

realize it will never be achieved. There are always more improvements 

that can be made. However striving towards perfection will create a 

culture of improvement. 

In order to accomplish the goals of lean manufacturing many tools have been 

developed. Listed below are several of the important tools used in lean manufacturing. 

This is not a complete list, but the tools which were used or considered for use in this 

project. 

Jikoda 

Jikoda is the ability to stop production due to a problem. Production may be 

stopped automatically by a machine or by on operator (Levinson, 2002). The idea here is 

that a quality issues should be fixed right away, at the source of the problem. Traditional 

manufacturing systems, which emphasize production over quality, allow the defect to 

work its way down the system. This allows the defect to "grow" and end up being a more 

expensive tix. At the same time because the defect is caught so far down stream, often the 
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root cause is not identified and corrected. Jikoda utilizes the machine operator to identify 

quality concerns and correct them right away. It is critical that the operator has the 

authority and responsibility to stop the process and fix the error. 

Standardized Work 

This is the concept of developing efficient work processes and human 

movements. This can include time and motion studies which typically performed by an 

industrial engineer. Work instructions can also be created so that all products are 

produced in the same manner. It is important to note that this is a continuous proj ect, and 

there are always improvements that could be made on the process. Standardized work "is 

the best way to get the job done in the amount of time available and how to get the job 

done right the first time, every time." (Jones, 1996 pg. 113). 

Kaizen 

A Kaizen event is a meeting with management, supervisors, and operators with 

the function to map a current process, and change it to be more efficient. Most important 

is that the employees are involved. Again, no one knows the job better than the employee 

who performs it. Given the skills and opportunity, they can make vast improvements in 

processes. When implementing lean. it is critical to have a champion who will lead the 

process and create a positive atmosphere. "Establish a kaizen champion who is 100 

percent dedicated to planning and executing kaizen events. The kaizen champion drives 

the lean initiative in the company and keeps management accountable for providing the 

support needed" (Ortiz, 2006 pg. 25). An earlier form of employee involvement was 

quality circles. Quality circles were similar to kaizen events and involved getting a group 

of employees together (the main difference being that their primary concern was quality). 
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"Quality circles frequently have to report on their activities and present improvement 

proposals to management for approval. Finally, quality circle members are charged with 

implementing corrective actions, monitoring results, and reporting these results to 

management once they have been verified" (Duncan. 1988 pg. 39). While quality circles 

are credited with some success, they are largely considered to have failed due to the fact 

that employees had to check constantly with management. Management wanted 

employees to be active in improving quality, but would not give up enough control to let 

them effectively do so. 

5S 

A very important tool used in lean manufacturing is 5S. 5S is a system for 

improving work environments with its main goal to create a clean and organized work 

environment (Galsworth, 1997). It is performed at the floor level at the work station or 

work cell. 5S is comprised of sort, set, shine, standardize, and sustain. 

Sort: Clean the area and remove all items that aren't needed or used very 

often in production. The first step is to red tag all items that aren't 

needed, and then remove them after giving everyone a chance to voice 

their opinion before doing so. 

Set: Assign a spot for all items. Make them easy to find and visible. Put 

the items that are used often closest to the operator. 

Shine: Clean the work area. 

Standardize: Make a standard to be followed by all employees 

Sustain: Follow the previous four items. Often this is the most difficult 

and requires auditing and management commitment. 
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Completing 58 helps identify the value stream and eliminate unnecessary actions 

performed employees in addition to creating a clean workspace. 

Continuous Improvement and Employee Involvement 

Another important concept of lean manufacturing is continuous improvement and 

employee involvement. Employees completing a task are a strong source for 

improvement ideas. Getting employees involved with the decision making process 

empowers them and will give the employee pride and a sense of ownership with 

decisions made. Therefore, employee involvement increases the chance that change will 

be successful. All sources regarding lean manufacturing agree on the fact that employee 

involvement is critical. A worker responding to a question about why he had never told 

anyone about a process improvement he knew about said "They never ask me" (Duncan, 

1988 pg. 71). In addition Duncan (1988) states "American management must learn to ask 

its employees for help" (pg. 71). Companies need to learn to get all employees motivated 

and involved in improvement. Employee involvement not only requires interaction with 

floor workers, but increased communication between departments. Having the design 

department work with quality and production from the onset of the design stage allows 

changes to be made at the beginning of the process before they become expensive 

production and quality concerns. 

Just-In-Time 

Just-in-time (lIT) is an integral part of lean manufacturing. The concept of JIT is 

to reduce costs by reducing inventory levels in process. In addition to the immediate cost 

savings due to lower inventories, JIT reduces quality costs and improves customer 

satisfaction. It quickly identifies defects and their source. because the parts are used 
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shortly after productions. This limits the number of bad defective parts that are built. 

Reducing the costs of quality defects can easily be measured. but increased customer 

satisfaction is more difficult. In describing the results of implementing lean 

manufacturing at a factory, Womack and Jones state "the number of defects reported by 

customers fell from 8 per machine in 1991 to .8 per machine in 1995" (Jones, 1996 pg. 

115). 

Design for Manufacturability 

Design for manufacturability (DFM) is not commonly associated with lean 

manufacturing. However it is an important part of this project, and is in line with the lean 

concept of reducing the time required to manufacture a part. The basic concept behind 

DFM is to design a part that can easily be manufactured. Designing a part that can easily 

be welded, machined, or assembled will greatly reduce the cost of goods. "Reducing 

manufacturing costs is the fastest and surest way to achieve a measurable increase in 

profits" (Mascitelli, 2004 pg. 7). DFM uses the basic concepts of standardization and 

employee involvement to design products that can be built with as little time and effort as 

possible. 

In summary, the importance of lean manufacturing in the global economy has 

become evident. US manufacturers cannot compete with a large number of offshore 

manufacturers due to the difference in labor costs. Lean manufacturing benefits 

companies by giving them the tools to delivery quality parts on time when the customer 

needs them. Reducing lead time allows US companies to respond to changing customer 

needs and remain competitive. Many leading companies have implemented lean 

manufacturing and have seen positive results. 
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Chapter Three: Research Methods 

Overview ofProblems and Objectives 

As mentioned earlier this frame has been targeted to incorporate DFM concepts to 

better utilize current manufacturing tools and processes. Company XYZ also wanted to 

use lean manufacturing concepts in production of the welded frame. The objective 

included reducing the lead time and weld time. 

Research Design 

The welded frame had already been identified by management for DFM. The current 

process was identified through observation and discussions with the welders working on 

the welded frame. Lead time, weld time, and any other numerical data was collected from 

the labor and cost tracking program used by Company XYZ. 

Analyzing the data collected allowed the author to determine if the changes made 

were successful. 

Population 

The population of the study was a group of eight welders who work on the welded 

frame. In addition, laser operators, inspectors, expeditors, and management all had an 

impact on the welded frame. The welders spent approximately half of their time working 

on the welded frame and the rest working on similar work for the same customer. The 

laser operators, inspectors, expeditors, and management spent a small fraction of their 

time on the welded frame. The author spent a large majority of his time working on the 

welded frame. 

Data Collection Procedure 
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Welders are required to log into each job that they are working on during the 

workday. Each welded frame is run on an individual work order and the weld time is 

tracked through the computer system, Visual Manufacturing. Lead time will also be 

measured to determine the success of this study. Lead time is the time period from order 

placement to product shipping. Company XYZ typically calculates lead time by using the 

total hours required to manufacture the part. However, it is important to note that lead 

time can be affected by external factors, such as work load throughout the shop. Lead 

time is typically set by customer service and product and is judged by the previous time 

required to make the part. 

Data Analysis 

As previously mentioned, management at Company XYZ and the customer had 

already made an agreement to increase production quantities in an effort to reduce costs 

and improve quality. The agreement also included allowing Company XYZ to examine 

the welded frame to incorporate DFM concepts in an effort to help reduce the weld time. 

The two main goals that were established to measure the success of this project are a 

reduced weld time and decreased lead time. 

Weld time: This will be the largest indicator of success. Welders log into 

a work order which is run with each welded frame. Variations from one 

run to the next are common; therefore averages and an overall trend will 

be used to determine the success of the project. 

Lead time: The second main goal is a reduced lead time. The 

improvements should reduce the lead time on the frame. 
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After analyzing the current process used to manufacture the welded frame, it was 

decided to use the tools DFM, visual manufacturing cues, kaizen, and employee 

involvement and participation. 

Concepts Developed 

A large majority oftime on this project was spent incorporating DFM ideas on the 

welded frame. There are four concepts that were developed in order to improve the 

welding of the frame. The author labeled the four concepts lincoln log, tab/slot, pinning, 

and etching. These concepts were used in an effort to make the frame mistake proof and 

reduce the time spent tacking up the frame. The four concepts are detailed below. 

Lincoln log: The design feature which has been labeled Lincoln log uses a 3D laser 

which can cut profiles into tubular steel. This feature creates an interlocking joint which 

allows only specific pieces to be assembled to each other. The following figure shows 

how the concept works and a typical joint in which it is useful. 

Christian Gausman 2009 

Figure 3.1. Example of Lincoln log feature 
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Tab/slot: This concept utilizes the 2D and 3D laser. One component has a tab 

which fits into the slot of a mating component. The tabs are commonly offset in order to 

prevent incorrect fitup. The figures below show typical tab/slot joints. 

Christian Gausman 2009 

Feature 3.2. Example of tab/slot feature: exploded view 

Christian Gausman 2009 

Feature 3.3. Example of tab/slot feature: assembled 
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Etching: Etching is used to mark out the locations of pieces. It is typically used to 

locate pieces where accuracy in locating is not critical. Lasers are used to make shallow 

cuts on surface of the steel part. Mating pieces are then located by setting lining them up 

with the etching. The following figures show two examples of how etching is used to 

locate parts that previously had been marked out by hand. The etched marks are pointed 

out by the anow. 

Christian Gausman 2009 

Figure 3.4. Example of etching feature 
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Christian Gausman 2009 

Figure 3.5 Example of etching feature 

Pinning: Pinning was developed to accurately locate parts which could not be located 

by the lincoln log or tab/slot designs. It is used where two flat surfaces mate up to each 

other. A small machined pin is pounded into the base plate using a hammer. The mating 

piece is then slit over the pin into location. The figures below show an example pinning 
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Christian Gausman 2009 

Figure 3.6. Example of pinning feature: exploded view 
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Christian Gausman 2009 

Figure 3.7. Example of pinning feature: assembled view 
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Chapter Four: Results 

Introduction 

The purpose of this study was to reduce the lead time and weld time of the welded 

frame. This chapter presents the results of this study, discusses the tools used, how the 

tools where used, and the results of using each individual tool. 

Presentation ofthe Findings 

DFM 

As mentioned earlier, the tools used include DFM, kaizen, employee involvement, 

and visual manufacturing cues. The DFM tools that were developed are lincoln log, 

tab/slot, etching, and pinning. 

Lincoln log The lincoln log concept showed a lot of promise in the initial stages 

of design. It eliminated the ability of pieces to be fitup incorrectly, and the interlocking 

design created ajoint with little slop. Unfortunately, there were few areas on the welded 

frame where the lincoln log design could be utilized. However, it is believed that the 

concept will be very useful in future projects. 

Tab/slot: The tab/slot feature was used extensively through the welded frame. 

Keeping the tab and slot near the center of the tube minimizes the effect on the joint's 

strength and essentially kept the DFM joint the same as the original design. An issue with 

the tab/slot design was tolerancing. Trying to account for the variations in tube size and 

laser quality while still creating a tight fit proved difficult. There are numerous locations 

wh re the tab/slot features were removed because the original fixturing did a better job 

locating the parts. 
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Etching. Etching proved to be a very useful tool in locating parts. It was utilized 

where accuracy was not critical and the etched marks are placed in locations where they 

were easily covered up by welds. 

Pinning. Pinning was a moderately successful concept. While it accurately located 

parts the resulting hole in the plates had to be filled with weld and ground flush. This 

worked against the goal ofreducing weld time. Subsequently, a large number of the pins 

have been removed and replaced with etching where possible. 

Kaizen 

A kaizen event was setup to generate on ideas for DFM and a separate event 

setup to make organizational improvements on the floor. Both events involved members 

of management, engineering, and welders who worked on the welded frame. Follow up 

meetings were held to evaluate prior changes and make new improvements. The figure 

below is a list of the results from the DFM kaizen event. The template for this form 

comes from The Lean Design Guidebook (Mascitelli, 2006 pg. 283). 

Ratings (1-5) 

Promising Lean Design 

Tools Impact (I) Ease (E) Priority (I X E) 

Tab/slot 4 3 12 

Pinning 3 4 12 

Etching 5 5 25 

Lincoln log 5 2 10 

Chart 4.1. Kalzen results 

The kaizen events were useful in getting input from different people that worked 

on the welded frame. The kaizen events brought to light issues and gave the author an 
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idea of what changes could be made to get the largest benefits. In addition the kaizen 

events also helped create a team environment in making the improvements. 

Visual Manufacturing Cues 

In order to make the manufacturing of the welded frame more organized three 

changes w re made. These included part identification, building carts, and creating 

manufacturing status boards. 

Part Identification. In order to make the tubular parts more easily identified part 

numbers were etched on the parts when they were cut on the laser. The etched part 

numbers were located in positions that were not visible externally on the final weldment 

due to concerns with paint coverage. The customer's specification was a low viscosity 

paint that "ran" from the etched marks. Etching part numbers on the tubes was extremely 

useful. A large number of parts were mirror images of each other, and the etched part 

numbers eliminated confusion. They proved to be a useful tool with minimal additional 

cost. 

Carts: At the beginning of this project all of the piece parts were largely moved 

on pallets. This led to a large number of pallets being scattered throughout the shop. Carts 

were created for different work orders and sets of carts were color coded. Two sets of 

carts were created. One set was blue on the other one white. Below is a figure that shows 

the carts that were built. 
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Figure 4.1. Example of carts 

Clearly labeled carts were an impressive improvement. As a result employees 

knew that all the parts needed should be on a cart and the color of the cart told them 

which parts were required for the current work. 

Manufacturing Status Boards. Through an examination of the length 0 time it 

took to manufacture the welded frame, it became apparent that quite often the process 

was held up by a few parts that had to be cut in fabrication department. Because there 

was no system for the operators in fab to track the progress of the welded frame, they 

were often unaware that they were holding up production. In order to remedy this, 

manufacturing boards were created that showed the operators what parts had yet to be 

cut. This is shown in the figure below. 
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Figure 4.2. Example of manufacturing status board 

The status boards were very successful; they allowed the operators to immediately 

see what parts were left to be cut for the welded frame. The average time in the 

fabrication department was reduced from 2 weeks to 1 week. 

Just-In-Time 
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lIT was not directly implemented on this project. However, the reduction in lead 

time provided some benefits on the shop floor. The parts were less likely to be lost or 

misplaced with the shorter time in process. 

Continuous Improvement and Employee Involvement 

Continuous improvement was integral to the project process at Company XYZ. 

There was not enough time to accomplish everything at one time, so this project ran 

continuously. The welded frame still undergoes improvement activities. In addition, input 

from many employees was gathered and used to make improvements to the 

manufacturing process of the welded frame. 

Overall Results 

This project is considered moderately successful. It used a combination of D M, 

kaizen events, part identification, carts, manufacturing status boards to impact overall 

lead time and weld time. 

Weld time 

The weld time was the most critical metric in this study. All of the DFM changes 

were made in an attempt to reduce weld time. The 2007 the average weld time per 

welded frame was 158 hours. The 2008 average weld time at the end of this study is at 

147 hours. However, the last five frames manufactured have averaged 108 hours per 

frame. The last five frames measured were completed after all the changes had b en 

made and several frames built to adjust to the changes. The chart below shows the weld 

hours since March of 2008, which is when the changes began to be implemented. The 

weld times measured have large variations, but the overall trend line is decreasing. In 

addition, the chart shows that the variation in weld time is decreasing. Reducing the weld 
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time by 50 hours calculates to a 30% reduction. Breaking out the exact causes for the 

reduction is a little more difficult because of all the changes were made simultaneously. 

The consensus of the author and employees is that the DFM changes are responsible for a 

smaller portion of the reduction, and the visual manufacturing cues are responsible for the 

rest. 
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Graph 4.1. Weld time 

Lead time 

Lead time was reduced from five to six weeks to four weeks. As a result of this 

study, the production manager at Company XYZ is now comfortable running the welded 
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frame at a four week lead time. Several deliveries have been made on time after 

completing this project. 

The author will attempt to complete similar project based on the result of this 

project. The biggest change would be to try to work with the customer to design setup 

reducing features in the product at the beginnings stages of design. 

FEA Analysis 

Finite Element Analysis is not a lean manufacturing tool, but it is important to 

check that the DFM changes will not reduce the integrity of the part. Substantial FEA 

analysis was completed on the design changes that were made to the welded frame. After 

completion it was shown that there were minimal changes to the strength of the joint. To 

analyze the fatigue due to cyclic loading, test pieces were made and tested by the 

customer. After the equivalent of one year worth of use, there were no signs of fatigue. 

After the FEA was complete the majority of the DFM features that were of concern were 

removed. This was not due to due to structural issues, but it was determined that fixturing 

was a better solution on the joints. 
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Chapter Five: Recommendations 

This chapter makes recommendations for anyone who is looking to attempting a 

project similar to the one in this study. It contains the limitations and conclusions of the 

study along ith recommendations. 

Limitations 

The limitations listed in chapter one are restated below for reference. 

1.	 The study does not go into full detail oflean. There are a wide variety oflean 

manufacturing tools that may be used to increase productivity and improve 

quality. Tools such as total productive maintenance, value stream mapping, 

and six sigma are not discussed in this study. 

2.	 The study is intended to show progress made implementing DFM and lean, 

and it is not intended to show a fully developed lean process. 

3.	 The study does not go into full detail of FEA. 

4.	 The study was completed with limited capital expenditure. 

Conclusions 

The implementation of the DFM concepts was moderately successful. The lean 

manufacturing concepts implemented were very successful. Key improvements were 

made were made with respect to organizational flow, material transfer, and visual queues. 

The DFM concepts yielded mixed results, while the lean manufacturing changes had a 

larger impact. 

Recommendations: 
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If a company were to undertake a similar DFM/lean manufacturing projects there 

are several recommendations: 

1.	 On-site project champion: This product is manufactured in a separate facility 

than where the author is located. This led to communication issues and the 

lack of an onsite project champion did cause some difficulties implementing 

the changes. Working through tolerances issues, print concerns, and other 

issues were amplified due to the logistical issues. It is recommended that any 

future projects include an on-site project champion. 

2.	 DFM in beginning design stages: Making the design changes to a current 

design and the associated FEA analysis consumed a large amount of time. If 

completing a similar project and utilizing the DFM concepts, it is 

recommended that this be done in the beginning stages of design. Modifying 

an existing design can limit the benefiting features that can be incorporated 

due to fitup issues with the parts that are assembled onto the frame at the 

customer's facility. It is also recommended that a company complete DFM 

projects on a small scale prior to rolling out to a larger product line. Testing 

the concepts on a small scale will allow everyone to get use to the concepts. 

This allows the company to work through the fitup issues and get a good 

handle on how to best utilize the concepts after completion. In addition, a new 

product that has no production history could be easier to implement the DFM 

concepts. There would be no comments such as "this is how we do it" made 

during the DFM meetings. 
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3.	 Lean training: It is recommended that floor employees have some lean 

training to increase their knowledge of the concepts utilized in lean 

manufacturing. Lean manufacturing is a continuous process and ever 

evolving. Training operators with the basics of lean manufacturing \Vi.ll 

encourage their involvement and encourage ideas and input from the floor. 

4.	 Design/or non-structural parts: Tab/slot design for parts that are not of 

structural concern will eliminate a good portion of strength and wear 

calculations. In addition, low quantity run parts will also have a larger benefit 

than parts that are continuously run. Parts with lower quantities typically do 

not have existing fixtures and fully mature production methods. 
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