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Background and Overview

The Company – Spectral Response Inc.  (SRI)

Spectral Response, Inc. is an Electronic Manufacturing Service (EMS) company located in Duluth, Georgia.  Its core competency is the assembly of electronic circuit boards for various industries and markets.  The company is 22 years old and is owned by its employees under an Employee Stock Ownership Plan (ESOP).  SRI currently employs 160 employees and serves approximately 12 customers.  Most of these customers are located in the Atlanta area, and a few are located outside the United States.

In addition to electronic assembly, the company provides the following services:
· Material Procurement


· Design for Manufacturing (DFM)

· Test Verification

· Design for Test (DFT) 

· Box Build and Order Fulfillment

· Inventory Management

· Non-Warranty Service Depot

Customers provide Spectral Response with a Bill of Material (BOM) along with drawings with specifications. SRI manufactures the product and ships it to the end customers without their knowledge of SRI being the manufacturer of the product.  This allows SRI customers to focus on design, marketing and sales, and not have to deal with the manufacturing segment of the business.   SRI operates as a “Build to Order” company, which means that all products manufactured are sold prior to procuring any inventories.

SRI provides service to the following markets:
· Telecommunications

· Military

· Consumer

· Medical

· Industrial Electronics 

In early 2007, the company adopted Lean Manufacturing practices with help from Georgia Tech Enterprise Innovation Institute.  Several continuous improvement projects have been implemented and the biggest change was Cell based manufacturing.  In May of 2008, Spectral Response was nominated by Gwinnett Technical College and won The Manufacturer of the Year Award for the small business category in the State of Georgia. 

My position is Director of Operations, and I am responsible for Inventory, Manufacturing, Quality Assurance, Process Engineering, Test Engineering and Continuous Improvement.  We currently have one full time Continuous Improvement manager who reports to me. 

Define Phase

Charter

The following charter was created while attending the LSS training class at Georgia State.  Kevin Melendy, the President of our company assisted with choosing this project, and it was determined that improving efficiency in our manufacturing area would provide the greatest benefit for our customers. 

Voice of Business (VOB) / Voice of Customer (VOC)

Spectral Response customers continuously demand lower prices, and these concessions allow SRI to maintain their business; however, bottom line profits decline with these concessions. A meeting was held with Mr. Melendy on December 15, 2008 to get his input or Voice of the Business.  Improving Efficiency in Manufacturing was decided upon.  The Voice of the Customer is lower price, and the Voice of the Business is Improve Manufacturing Efficiency.

Big Y

The big Y for this project is manufacturing efficiency, which currently is a measurement of product produced over hours worked.  It is believed the following Charter or Goal (Y) can be met by utilizing the Lean Six Sigma (DMAIC) methodologies.

Project Charter Definition
Champion – David Shockley


Continuous Improvement Mgr – Todd Owens
Team Members – Laurie Steward, Tim Ray, Dan Orndoff, Brad Dwyer, Todd Owens, Yumi Chappel, Jerome Tang,  David Shockley
Problem Statement: Direct labor cost as a percent of revenue has risen to higher levels over the past few years.  This is measured each month, and the goal of 8.5% is exceeded on a regular basis.  The plant efficiency metric shows a downward trend also. Both of these metrics indicate a decrease in performance.

Figure 1
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Figure 2
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Goal / Objective:

The objective is to improve plant efficiency by 10%.  The team needs to identify measurements and identify ways to increase output per direct labor hour worked.  This may include a critique of the current metrics and make sure they are correct.  After collecting any data, the team should analyze their results to determine what (if any) improvements can be put in place.  

The team is authorized to dedicate the required time to define, measure, analyze, improve and control the processes that affect this charter.  A Kaizen event or Rapid Improvement Event may be performed.  The time frame to identify improvements is 30 days, and to implement improvement is 60 days from the start of this event.

Schedule:

Charter Definition



December 21, 2008

Start of Project



January 1, 2009

Identify Improvements by 


February 1, 2009

Implement Improvements NLT

March 1, 2009

Deliverables: 

An analysis to identify why the trend in labor cost is going up in relation to products produced. A review of all processes between receiving and shipping is required.  Required changes or improvements that will provide a 10% increase in product produced per hour of labor worked is required.  (Product Produced / Hours Required)

Benefits:  
A 10% improvement in direct labor cost will result in annual savings of $350,000.  
SIPOC  Figure 3
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Measure Phase
Available Data – Efficiency Metric

SRI measures and records the number of direct labor hours worked each day, week and month.  Products produced are printed circuit board assemblies, which vary in size.  The number of components per board varies greatly from one assembly to another; therefore, measuring components installed on circuit boards is the gauge for measuring production performance.  The current efficiency metric divides the number of components processed by the number of hours employees work for a time frame.  This is calculated once a month.  The current trend shows a decline in output for this 36 month time period.

Figure 4
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Labor Hours Worked (x)

Each plot represents the total number of direct labor hours worked per month for the past 36 months.  This data population includes data from January 2006 through December 2008.  The variation, or number of hours worked, varies from number of employees on payroll, and number of overtime hours worked. The mean, or average number of hours worked per month is 20,000.  The highest number of hours worked in this population is 24,413 and the lowest number is 10,999.

Figure 5
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Number of Employees in Manufacturing

This chart represents the number of employees working in manufacturing for the same time frame above.  The highest month was February 2007 at 162 employees, and the lowest month was April 2008 at 90 employees.  The delta between the lowest and highest months is 72 employees, and the average number of employees for this population was 125
Figure 6
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Labor Hour distribution by department.

Since one of the input variables (x) is labor hours worked, we broke down the number of hours worked by department which is depicted in the graph below.  It can be seen from this Pareto diagram how the labor hours are distributed. Sixty percent of the labor hours are distributed amongst Cell Manufacturing and Surface Mount assembly.

Figure 7
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Components (or product) produced per month (x)

This data population covers the same 36 months of previous output.  The lowest data point was April 2008 at 4 Million components processed and the highest month was December 2008 at 10.9 Million.  The delta between the lowest and highest is 6.9 Million.  The average (mean) for this population is 7.3 Million.

Figure 8
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Manufacturing Flow diagram

The manufacturing process begins at the receiving dock where raw materials are received and ends in shipping where finished goods leave.  The following flow chart depicts the product flow between departments listed above.

Figure 9
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Quality Metrics

Manufacturing defect findings are recorded in a central quality database.  With in the manufacturing process, there are several key areas where products are inspected and/or electrically tested for functionality.  The first department is the Surface Mount Technology (SMT) room.  Boards are inspected by an automated vision system, and any defect findings are repaired and recorded.  As the product flows through the plant, the finished product is electrically tested at a custom built functional tester (FCT).  The last inspection step occurs just before the finished product is packed, and this is done manually by manufacturing cell operators.  Any findings are recorded as Final Quality Assurance or FQA.  The chart below includes quality yields for each process for years 2006, 2007, and 2008.

Figure 10
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Analyze Phase




The Team

In January, we held a Rapid Improvement Event (R.I.E.).  Todd Owens and I strategically picked our team members with a goal of putting a team together that represented various areas of our company.  The Team members consisted of the following individuals:
· Jerome Tang – Electronic assembler from our second shift who works in one of our manufacturing cells.  Jerome was chosen from our second shift and would provide input from that work shift. 

· Yumi Chappel – Electronic assembler from our first shift who works in one of our manufacturing cells. Yumi was chosen to provide input from our first shift. 

· Dan Orndoff – Accounting manager who oversees all finances.  Dan is familiar with cost accounting.

· Laurie Steward – Human Resource manager. 

· Brad Dwyer – Program manager.  Brad was chosen to represent the Voice of the Customer. Even though Brad has only worked for the company for a very short time, we decided he is capable of bringing a new insight to our team. 

· Tim Ray – Documentation Control.

· Todd Owens – Continuous Improvement manager.  Todd facilitates most R.I.E. activities and is very familiar with Kaizen events.

· David Shockley – Kaizen Leader

Figure 11
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The first thing the team did was review the charter.  Once this was fully understood by all members, we then took a look at the existing measurements.  This included a review of the current efficiency metric.  Since this metric consists of two variables, hours worked and components produced, we dove into those data sets.  The team could easily see the downward trend in efficiency.  Once everyone understood how the hours worked and components produced were reported, we moved on to analyzing other data populations.  After studying the various spreadsheets from the charter, the team then created an improvement goal.  The data showed an average efficiency measurement of 358 components per hour worked (CPHW), and everyone agreed that we would strive to find a 10 % improvement.  The challenge for the team was to locate the critical X’s and find a 10% improvement to Y.  The goal was set at 393 CPHW.

“Finding the critical X’s”

We broke up in pairs and spent the morning and afternoon surveying the manufacturing floor for critical X’s.  Two person teams visited all departments in manufacturing and observed activities.  Employees were asked to explain their task and identify non-value add processes.  The teams reconvened to share information gathered.  Since the manufacturing personnel begin their shift at 7:00 a.m., the team decided to come in early the next morning to monitor activity at the beginning of the shift.  The team called this “looking for the low hanging fruit.”

After the surveys and observations were complete, we met to categorize our findings.  Post It notes were used to group similar observations and were then put into categories. 
Figure 12
 [image: image11.jpg]Ll [l O
y opl i o

e

CeLL

L
)
B,

W





Perform process analysis and root causes

Figure 13
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Prioritize root causes

On the second day, the team brainstormed and voted on the top five causes for waste or non-value added processes that had been observed or found.  The top five categories were as follows:
1. Documentation – Excessive amounts of documents were being printed, but not used. 

2. “No sense of urgency” – Daily schedules (output) were not being met, and it did not appear that employees exhibited a desire to meet their daily quota.

3. Test Equipment Failures – Repairs to test equipment took too long. 

4. Engineering support – support personnel were not always available when problems arose.

5. Barcode Scanning – equipment outdated and scanning barcodes were timely and sometimes impossible.

Since the manufacturing floor is where most of the hours are worked, the manufacturing cells were observed extensively. Spectral Response currently has nine manufacturing cells and each cell produces different types of products.  Each manufacturing cell is assigned a schedule each day that lets them know what product is needed for that day.  In addition, each cell has a quota that is defined for that day.  As the product is produced, each cell records the quantity produced each hour.  The team had access to this data and we analyzed it by putting it in a graphical form.  You can see from the next two graphs that cell output was lowest in the first hour of each day, and it was somewhat consistent.

Figure 14
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By using Minitab, the following Histogram was created.  The histogram shows the variation differences for each hour worked.  It can easily be seen that the first hour of each shift (sampled 5 times) had the most variation.  The standard deviation for the first hour of work varies by 18.84, which has the most inconsistency.  The hour that had the least amount of variation is hour 6.  The standard deviation is 4.93.
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Figure 15
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Analyze Gate Review

A recap showed that our critical X’s included how time was being spent (value add verses non-value add), and the output (quantity of products produced) per hour.  All departments were observed and manufacturing cells one through nine were determined to have the largest opportunities for improvement.  The R.I.E. team agreed with the data findings, and we moved on to the Improvement phase. 

Improvement Phase

Documentation

The team categorized “Too much documentation” as one of the largest non-valued added causes.  Each team member witnessed opportunities for improvement, and a table was created that list every document required in each process of manufacturing.   By putting each document in a table and listing it by department, we were able to see just how much non-value add documentation was actually embedded in the current manufacturing process.  We immediately made improvements by eliminating documents that were no longer adding value.  See the table below that list the various documentation requirements for each department in manufacturing.

Figure 16
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Several were discontinued the very next day and work instructions were changed.  There were a lot of happy employees the next morning.  

During the Analyze phase, it was clear to the team that most of the employees work in manufacturing cells one through nine. Therefore, this is where the majority of the labor hours worked is being recorded.  The data showed that cell output was low during the first hour of each shift.  The team focused on the first hour of production and came up with several improvements to bring up the first hour of production.

Meetings

Production supervisors had brief “10 minute” meetings with their employees.  Everyone gathers around and they discuss daily schedules, quality from the previous day, and various other topics.  These meetings had been going on for years and years, and it was part of the culture.  Quite often they would last more than ten minutes, and in some cases they would last for 30 minutes.  While this was normal, we quickly saw there was minimal value add coming from them, and the first hour of production was being affected.  At the end of the meeting, the supervisors would proceed to a conference room to meet with each other, the production manager and production scheduler.  This was another meeting that would last anywhere from twenty minutes to one hour.  More emphasis is now being put on the necessity for meetings and to keep them to a minimum of ten minutes.  This was difficult, and continues to be a challenge for these supervisors who had been attending the meetings for many years.  

5S

Another factor affecting the output during the first hour of production was tools and organization.  We put some 5S practices in place for several areas.  Because we run two shifts, tools and bench equipment get moved around often.  Employees let us know that time was wasted at the start of a shift due to looking for tools, and equipment.  See an example of 5S we put in place to help improve this problem.  To set an example, one of our team members applied 5S to his office desk for others to see.

Figure 17
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Install Assignment Boards

Feedback from some of the hourly employees revealed that employees did not know where to report when they clocked in.  Employees are moved around from cell to cell often, so the first few minutes of the shift was spent waiting for their supervisor to let them know which cell or department they would be working in that day or evening.  The team suggested an assignment board be put beside the time clock so that employees could immediately see where they were to report as soon as they arrived for work.  Since most employees arrive a few minutes prior to shift start, they knew where they were to report.  This assignment board helped reduce the need for employees to wait on a supervisor to let them know.  This improvement was received favorably by the hourly workforce and we saw immediate improvement with cell production.  We tried this for our second shift and it went so well that we are now implementing it for all shifts and to include all departments in manufacturing.  

Figure 18
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Change work schedules for support engineering 

In addition to the assignment boards, employees suggested that support personnel change their work hours to coincide with normal manufacturing hours.  Since test equipment failure was one of the top indicators affecting cell output, we had the engineers change their work schedules.  Support engineers now report to work at the same time and they take their breaks and lunches at the same time.  This eliminated the problems of having to wait on an engineer to provide assistance, because they “were on break or at lunch.”

Display work schedules (goals) and product produced (actual)
In each of the manufacturing cells one through nine, we installed small white marker boards for them to write their hourly output compared to the production schedule.  We now ask the cell operator to display their actual output compared to their schedule.  By posting this information each hour, we can easily see when a cell is falling behind or is on schedule.  Outputs are easily monitored by supervisors.

Culture

Changing the culture at Spectral Response has been one of the ongoing challenges for our Lean initiative.  We have had various training classes taught to the workforce, but not everyone buys in to the change.  “Sense of Urgency” was listed as the number two cause affecting production output during the R.I.E.  The team observed this and suggested the following changes:
· Define the role of a supervisor.  We knew that schedules were not being met, and rarely did cells meet their daily quota.  There was a “no sense of urgency”  mentality to complete their shift quota.  Our H.R. Manager, Laurie Steward, was on our team and she worked to generate training material for supervisors.  Laurie and I scheduled a weekly training class for supervisors to attend every Thursday afternoon.  Each class lasts about 30 minutes, and the training is to talk about our culture, and the need for changing.   In the past, it was not viewed as a serious issue if quotas were not met.  There was a common explanation as to why quotas were not being met.  The shift in the way we think now includes meeting your daily quota.

· Spectral Response has operated in this way for many years.  Supervisors are now being required to change the way they manage their employees, which has revealed the need for additional training for supervisors.  The supervisors are being asked to change the behavior of their employees, and for some this was uncomfortable because the bad practices were no longer acceptable.  It took a while for some supervisors to distinguish the difference between non-value add and value add.  Laurie created role plays to train our employees how to have a difficult conversation with an employee.  She conducted the first role play in February
· The senior management team is committed to providing the necessary training for its workforce to combat the culture change requirement.  Many of the employees and supervisors have been with the company for over 15 years, so it has been a challenge to change the culture quickly.  

Performance Reports

One of the last items for the Improvement phase is reporting employee performance.  As the team analyzed the workforce, it was noted that more technicians were employed today than three years ago when efficiency was better.  Spectral Response technicians are used to repair defective circuit boards that fail electrical testing.  Due to the complexities of the many products produced, it is difficult to develop repair times (standards).  Going forward, we will generate performance reports that depict the number of boards repaired by each technician.  This will enable supervision and allow management to monitor labor cost for repairs.  

Control Phase

How to sustain the improvements?  

Training

Through training the management and supervisory team we are able to sustain improvements.  Changing the culture is ongoing, and our H.R. manager is having training sessions every Thursday.  Role playing exercises are part of this training so that supervisors can become comfortable having difficult conversations when necessary.  Changing habits is not easy.

Communications - Display Results

We now post daily output in each of the manufacturing cells.  This is done by one cell operator each hour.  The quota for each product has been defined and actual results are compared to the quota.  

Figure 19
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Audit

Continuous Improvement projects will be audited by senior management and the C.I. leader.  ISO9001 requires that process improvements be validated and corrective action be initiated when positive results are not shown.  This is also included in our annual process improvement review.  

Dash Board

The Director of Operations monitors several key metrics each day, week and month.  The top six metrics are as follows.

· Customer Satisfaction (returns)

· Plant Efficiency

· Cell Efficiency

· Quality

· New Orders

· Orders Shipped
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Quality Report

370
ReportDate:  23.Mar-2009 Process Area:  FOA-Final OAFQA | ReportType:  Month
Customer: an Report Period: 021012009 to 0212812009
Line: AL
Boards Summary: DPMO fnspection Summary: Top 5 Defects:
Total Boards Pracessed: 9,847 | Total Boards Processed: 9847 # o6 Part Missing
Boards Inspected: 9,847 | Actual Boards Inspected: 9,847 # 5 Label - Missing
Total Boards Passed: 9,772 | Total Sampled Opportunities: 4557742 | #3 4 Solder Ball
Total Boards Failed: 75 Total Defects Reported: a7 # o4 Mech - Hardware Build-Up
First Pass Yield: 99.23% | Overall DPMO: 10 # 4 Mech - Missing





Financial Benefits
The charter for this project indicated an improvement goal of 10% for plant efficiency, which is measured by dividing components produced by the number of direct labor hours it took to produce it.  This charter, or goal, was defined in December 2008 (three months ago) and an improvement has occurred over the past three months. The average for these three months is 432 components per hour worked (BIG Y).  The goal was 393, so the actual improvement to date is 20.6%.
Figure 21
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Financial Gain
[image: image23.png]Cormponents

Components  Labor Hours  Produced Per §1345
Produced  Worked Hour Hourly Labor Convert to one
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Potential Direct Labor Cost Savings per month if SRI sustains 417 cphw = $83,106




Appendix A – Article by Georgia Tech
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Prepared by: David Shockley
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