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Executive Summary

The primary objective of this study was to conduct a systems evaluation of the Sign Production Center in
order to provide multi-phased recommendations to improve sign manufacturing operations. A MoDOT
key performance criterion is to reduce the Center’s cycle time from order entry to delivery from 5.2
weeks to 2 weeks for stock signs and from 14.6 weeks to 4 weeks for custom signs.

To obtain the 2 week stock sign and 4 week custom sign delivery goals; and meet MoDOT’s increasing
sign volume using existing practices would cost approximately $2.75 Million. MoDOT would require
additional:

e Manufacturing / inventory space (approximately 20,000 sg. ft). for $2,000,000,

e FTE/overtime (approximately 5 FTE) for $250,000 annually

e Production equipment approximately $500,000.

However, since the need for MoDOT is to significantly improve sign delivery and meet the growing
demand for signs without increasing people or costs, this study offers “Twenty Solutions” that if
implemented will enable the performance objectives to be satisfied with minimal capital investment.

Using state-of-the-practice tools from the Industrial and Systems Engineering profession a comprehensive
system-wide analysis of the sign procurement to production to delivery process was conducted. Current
lead time performance measures were developed to provide a base line for the study (5.2 weeks for stock
signs and 14.6 weeks for custom signs). A “Lean Manufacturing Assessment” was conducted to compare
the sign shop to industry norms. The score for the Sign Shop was 36 out of 121 (average for industry is
55). A detailed “Value Stream Analysis” was conducted that focused on the sources of variability and
locations of process bottlenecks that were impeding overall system performance. Areas identified for
improvements were found at both district and shop levels. Issues at the district level included: ordering
process, inventory management, rush orders, information visibility, and data coding / flow. Issues at the
shop level included: demand forecasting, production planning, rush orders, work force availability,
product flow, space utilization, inventory control, crew skill, and shipping processes.

Key conclusions and recommendations (all 20 solutions are shown on the following table):

e Improving the ordering and scheduling procedures in the shop and the districts (solutions #4, 5,
12, 14, 15, 16, 20) requires no capital investment and results in over 50% of the savings. Some
IT systems programming may be required.

e Improving the manpower utilization and with an improvement in Value Stream length on the
production floor (solutions # 1, 2, 8, 9) will greatly improve overall cost effectiveness,
increased productivity, reduced overtime, system inventory reduction, increased resource
utilization and lead time performance for approximately 30% of the savings.

e Implementation of all 20 solutions using a 4 phased implementation schedule is recommended
so that results will start to be realized within 4 weeks.



Summary Table of Proposed Solutions

[Benefit/Cost
# | Proposed Solutions Scope Type of change]  Ratio
1 | Worker leave forecast for all sign shop staff | Sign Shop| Organization 7.5
Schedule production plan in advance based
on orders received to anticipate manpower
2 and raw materials needed Sign Shop| Organization 4.33
Utilize different pre-packing and strapping
3 configurations Sign Shop| Production 3.5
4 | Redistribute order entry duties Sign Shop| Organization 3.0
Create schedule supporting batching and
5 reduced setup time. Sign Shop| Organization 2.75
6 | Discuss supplier's quality control measures | Sign Shop| Production 2.5
Reschedule / Renegotiate shipping for more
7 frequent, shorter trips Sign Shop| Production 2.33
Implement pull system on the production
8 floor. Sign Shop| Production 2.0
Improve shop floor layout for material flow,
9 access and visibility. Sign Shop| Production 1.86
Design smaller carts/crates for direct packing
10 and delivery Sign Shop| Production 0.78
Change drying techniques to improve
11 efficiency Sign Shop| Production 0.75
Simplify the order entry process by linking
12 Sign Track to FMS system Sign Shop| Organization 0.67
Access to district inventories to improve
13 forecasting. Districts | IT 3.67
14 | Define rush orders Districts | System 3.25
15 | Implement district quarterly forecast system | Districts | System 2.6
Broadcast short-term  sign  production
16 schedule to all districts Districts | System 1.75
17 | Track and reuse temporary signs Districts | IT/System 1.0
Improve FMS system to improve information
18 visibility and accuracy Districts | IT 0.71
Due dates for orders during inventory
19 updates Districts | System 0.68
Standardize signs number throughout the
20 system. Districts | IT/System 0.33
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1.0 Introduction

MoDOT’s Traffic Operations group desires to evaluate the Sign Production Center to determine
what improvements could be made to promote cost effective and timely sign manufacturing. The
Sign Production Center employs 11 people who are responsible for producing all maintenance
sign needs within MoDOT (approximately 180,000 annually).

This research project is part of a broader effort to improve operations at the Sign Production
Center. A concurrent project is underway to automate the existing data entry process via the
implementation of SignCAD’s SignTrack software This project will interface with it via the
development of supporting inventory policies and procedures. This project specifically assesses
the current capabilities of the MoDOT’s Sign Production Center and provides an analysis of how
processes could be improved to provide better service to MoDOT at a lower cost. The
manufacturing systems engineering analysis identifies the disparity between current
manufacturing practices and state-of-the-art manufacturing practices. A prioritized list of
improvement opportunities is developed for consideration by the MoDOT Sign Production
Center.

2.0 Study Objectives

The primary objective of this study is a systems evaluation of the Sign Production Center so as to
provide multi-phased recommendations to improve sign manufacturing operations. The study
will specifically answer the following questions:
1. How effective are the current processes used at the sign production center?
2. What improvements could be made to the sign production center that will impact
overall cost effectiveness and delivery timing?

A MoDOT key performance criterion is to reduce the Center’s cycle time from order entry to
delivery to 2 weeks (from 5.2 weeks a 160% improvement) for stock signs and 4 weeks (from
14.6 weeks a 265% improvement) for custom signs, while not increasing the current FTE count
or cost.

3.0 Study Approach and Procedures

The primary objective of this study is a systems evaluation of the Sign Production Center so as to
provide multi-phased recommendations to improve sign manufacturing operations.

The general approach taken is:
1) Determination of the sign shop performance objectives and assessment of the current
system with respect to these performance objectives
2) Analysis of the production system to determine what is limiting performance and
development of solutions to improve performance
3) Generation of solutions and evaluation of system performance changes due to
implemented solutions



The research team consists of Dr. James Noble as Principle investigator, with co-PI’s: Dr. Cerry
Klein and Mr. Charles Nemmers, P.E. Drs. Noble and Klein have teamed to lead the
manufacturing systems engineering study and overall analysis on the project. Mr. Nemmers has
provided administrative oversight and quality evaluation for the project.

1. Analysis of the MoDOT Sign Production Center was initiated by determining the
appropriate performance objectives for the center, and then the center’s current operation
was assessed with respect to these performance objectives. MoDOT personnel were
interviewed and supplied access to current performance data.

2. Tasks focused on the reengineering of information flows, data entry associated with
order entry, order tracking and inventory management, and inventory policies and
procedures. The Center was studied in detail via the construction of information flow
diagrams and value stream (VS) maps to capture specifics on current operations. MoDOT
personnel assisted in the definition of the current information flow requirements and
procedures.

e Effort was made to collaborate with a recently contracted MoDOT software vendor,
SignCAD, in their work to automate the Sign Production Center information flow.
Due to the fact that SignCAD completed the job flow diagrams and prototype screens
developed prior to the start of this project, the emphasis of this project was on the
development of improved inventory control policies and procedures needed to obtain
the full benefit of the SignCAD implementation.

3. Tasks focused on the assessment of Center operations from both a procedural and
process perspective, followed by development of solutions prioritized to improve center
performance based on best practices and technologies. MoDOT personnel assisted in the
definition of current operational procedures.

e VS maps formed the basis for a detailed resource utilization analysis, constraint
analysis (with respect to both procedural and process bottlenecks) and variability
analysis (with respect to both process and flow variability) to determine current center
performance.

e Solutions were developed to reduce overall cycle time for the production process,
reduce overall system inventory levels while maintaining desired service levels,
improve resource utilization and lower costs. This is achieved via the adoption of
“best manufacturing practices” such as: 1) continuous, one-piece flow, 2) 5S (i.e.
Lean Manufacturing housekeeping) 3) standard work, 4) inventory reduction, 5)
mistake-proofing, 6) quick changeover, 7) total productive maintenance, 8) visual
management, and 9) workspace layout.

e Throughout the project solutions generated to address include operational changes
(e.g. setups, quality, production control, inventory systems, etc.) and structural
changes (e.g., facility restructuring, appropriate technology, pull systems, MIS
changes, etc.).

4. As MoDOT implements recommended solutions, the results will be evaluated to
ensure that the desired performance improvements are achieved. MoDOT personnel will
be needed in the assessment and implementation of proposed solution approaches.



4.0 Results and Discussion

4.1 Analysis of Sign Production Center performance measurement system

Initial evaluation of the Sign Shops performance measurement system revealed that the
following data was being collected to support performance assessment: Weekly production
quantity (Silk screen, White on Green, Structural signs), Man-hours worked, Signs on Order,
Signs on Hand, Blank Inventory).

Utilizing a performance measurement system evaluation process developed by Tangen (2004)
the current performance measurement system was evaluated. Overall, the current system scored
2.1 out of 7.0 with respect to the degree that the current system fulfills the requirements of a
performance measurement system. The rationale behind this overall level of fulfillment is
primarily based on the fact that the data collected is not supporting the analysis of overall
operations sufficiently well so as to provide the ability to utilize it for operations improvement.
Further comments with respect to specific performance measurement system requirements can
be found in Table 1. Additional evaluation of the specific data currently collected can be found
in the Appendix.

Next, since the desire of MoDOT management is to assess shop performance based on a lead
time of 2 weeks for stock signs and 4 weeks for custom signs, an analysis based on a sample of
all 2004 sign requisitions was conducted. Requisitions from five of ten districts were sampled (a
total of 172 requisitions) to determine the lead time from requisition/order date to sign ticket
completion (this approach only provided an estimate of overall lead time as the time from job
ticket completion to district receipt of the sign was not available from the data). Table 2 provides
the results from this analysis. The results of the analysis show that the average time for stock
signs to be completed was 26 days (including weekends) or 3.7 weeks and for custom signs the
lead time ranged from 41.3 to 86.2 days or 5.6 to 12.3 weeks, with an overall average requisition
time of 10.4 weeks. Figure 1 below gives the distribution for all 401 shipments contained in the
requisition sample taken. From this it is possible to see for a given number of days what
percentage of all shipments had occurred. (note: further analysis of the lead time performance by
ticket type can be found in the Appendix).

One desired use of this data was to set lead time estimates for the current SignTrack
implementation in order to provide a performance benchmark. It was suggested that a Six Sigma
approach be utilized, however, based on the large standard deviations for the current lead time
performance a + 3 Sigma performance level would not be meaningful. Rather it is recommended
that a performance benchmark be initially set at the average, then as the sign shop improvements
that are recommended latter in this report are implemented the average and variation of the
benchmark performance should decrease to the point that a Six Sigma performance level could
be adopted.



Table 1 — Performance Measurement System Analysis

Requirements to be fulfilled by Degree of Comments
existing Performance Fulfillment
Measurement sttem (Ave=2.1/17.)

General (7128 = 25%)
1. Provides accurate information 1234567 lagging and incomplete
2. Supports objectives 1234567 objectives needs to be stated
clearly throughout organization
3. Guards against sub- 1234567 no system perspective
optimization
4. Limited number of measures 1234567 few - but need better focus

Types of Performance Measures

(7/21 = 33%)

1. Traditional criteria 1234567 budget / production analysis

2. Non-financial criteria 1234567 inventory tracked - but accuracy is
suspect

3. Causal relationship 1234567 no linkages between measures criteria

and objectives

Stakeholders Involved

(5/14 = 36%)

1. Internal needs considered 1234567 not addressing desired performance
measure, but some local measures
2. External needs considered 1234567 no customer oriented measures
Hierarchical Levels in System (6/21 = 29%)
1. Top-levels covered 1234567 none
2. Mid-levels covered 1234567 aggregate production - needs focus
3. Lower-levels covered 1234567 not sufficient detail
Time Horizon (4/14 = 29%)
1. Short-term objectives covered 1234567 few covered
2. Long-term objectives covered 1234567 none covered

Information Architecture

(8/21 = 38%)

Note: Sign Track will significantly
impact this part of the assessment

1. Information easily accessible 1234567 limited number individuals
2. Information accessible by 1234567 focus on supervisors, not shop floor
correct people or management
3. Computerized information 1234567 DOS program
Other (1/7 = 15%)
1. Processes for system evolution 1234567 not considered yet




Table 2 — 2004 Lead time performance for requisition completion by ticket type

2004 Lead time Coefficient

performance (# days) by Standard of

ticket type Average | Deviation | Variation MIN MAX Total #
Stock days 26.0 43.3 1.67 0 302 63
SBF days 16.6 9.9 0.60 3 43 21
SO0 days 78.5 46.1 0.59 7 248 188
Structural days 86.2 71.1 0.82 4 282 36
Non-Stock days 60.3 42.1 0.70 2 294 83
Rush days 25.4 42.6 1.68 0 204 43
Graphic days 41.3 33.3 0.81 2 171 109
All Shipments — All tickets 73.1 54.7 0.75 0 302 401
Overall Requisition days

(non-rush) 82.3 66.5 0.81 0 302 172

Leadtime for All Shipments

350

300 +

250

200

Days

150

100

50

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 341 361 381 40]

Shipment

Figure 1 — 2004 Lead Time Distribution for All Shipments (days — for 401 samples)




4.2 Detailed process analysis (Value Stream Analysis)

This task entailed the development of detailed value stream maps for each of the three main sign
product families (Silk Screen, White on Green and Structural). The maps represent the flow of an
average sign requisition (148 signs = 138 Silk Screen + 8 White on Green + 2 Structural) from
the District order to District receipt of the finished sign. The maps contain the information flow,
material flow, processing times, and inventory levels for all aspects of the requisition Value
Stream. Table 3 summarizes the various time components of the different value streams. Figures
2-4 are the Current-State Value Stream maps for each product family.

Table 3 - Current Value Stream Analysis (per requisition)

Silk Screen Minutes Days

Office Processing Time 3364 7.0
Office Total Time 8644 18.0
Shop Floor Processing Time 491 1.0
Shop Floor Total Time 2411 5.1
Shop Floor Processing Time (including Screen Template) 616 1.3
Shop Floor Total Time (including Screen Template) 3016 6.3
Overall Silk Screen Time 11055 23.0
Overall Silk Screen Time (including Screen Template) 11660 24.3
White on Green Minutes | Days

Office Processing Time 3364 7.0
Office Total Time 8644 18.0
Shop Floor Processing Time 100 0.2
Shop Floor Total Time 2020 4.2
Overall White on Green Time 10664 22.2
Structural Minutes | Days

Office Processing Time 3364 7.0
Office Total Time 8644 18.0
Shop Floor Processing Time 2019 4.2
Shop Floor Total Time 4899 10.2
Overall Structural Time 13543 28.2
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4.3 Assessment of current production processes compared to state-of-the-art
manufacturing practices.

A Lean Manufacturing assessment of the sign shop was performed to determine how it compares
to state-of-the-art manufacturing facilities throughout the U.S. Table 4 presents the result of this
assessment which is based on the “Rapid Plant Assessment” approach developed by Goodson,
2002. The Sign Shop scored a 36 out of a possible 121 (the national average is a score of 50).
The score was based on the fact that the shop scored around average for factors related to
customer satisfaction, safety, teamwork and equipment, but scored poorly for factors related to
visual management, scheduling, inventory and integration. Further description of the factors used
in the assessment can be found in the Appendix, together with the “20 Yes/No Questions” that
also contribute to the overall plant assessment. It should be noted that the Sign Shop had 6 out of
20 yes answers, which is slightly above average for an overall rating of 36. This reflects the
positive foundation for change which exists at the Sign Shop.

The next aspect of the sign shop assessment was to conduct a variability analysis of the Value
Stream. Figures 5 to 7 and Tables 5 to 7 present the results of this analysis. In each Value
Stream map the source of variability is noted. The Tables further describe the variability, note
the location of the variability source and finally note the cause of the variability that needs to be
addressed. Causes of variability listed in order of occurrence are: manpower availability, #
orders, crew skill, production planning, and sign size, #different types of signs (setup), #finished
signs, #different Districts’ orders, supplier, and contract agent. The results of the variability
analysis are key drivers of where system improvements should be targeted. This is most reliably
shown when looking at the difference between the actual lead times for custom signs (41.3 to
86.2 days) and the Value Stream map lead times (22.1 to 24.3 days). This difference is the direct
result of the causes of variability listed above.
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Table 4 — Overall Lean Manufacturing Assessment Results

Rapid Plant Assessment - Ratings

Ratin gs p Below A Above Excel Best in
' oor Ave verage Ave xcels Class
—>
No Measurel Score 1 | 3 | 5 | 7 | 9 | 11 |score
1 Customer Satisfaction X X 4
Safety, environment,
2 cleanliness, & order X X 4
Visual Management

3 Deployment X 1

4 Scheduling system X 3
Product flow, space use &

5 : X 3
material movement means

6 Inventory & WIP Levels X 3

People teamwork, skill
7 level, & motivation X >
3 Equment_& tooling state X X 4
& maintenance
9 Ability to Manage X 3
Complexity & Variability
10 Supply Chain Integration X 3
Quality System
1 Deployment X 3
Totals| 1 7.5 2.5 36

Score of 36 out of 121, average for companies is 55 (Ref: R.E. Goodson, “Read a Plant Fast”,
Harvard Business Review, p. 105-113, May 2002).
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Table 5 - Cycle Time Variability for Silk Screen Signs

Description of variability

Location

Cause of variability

Waiting time between customer orders and

1 Waiting time Sign production software manpower availability
2 Process time and crew size Update inventory # orders, manpower availability

Waiting time between update inventory
3 Waiting time and job ticket manpower availability
4 Crew Size Job ticket # orders, manpower availability
5 Production Planning Production Planning # orders, manpower availability
6 Supply Blanks supplier, contract agent
7 Crew size Plotting # orders
8 Run speed Plotting sign size, # different types of signs (setup)
9 Waiting time After weeding production planning, manpower availability
10 Crew size Squeeze roll # orders

manpower availability, crew skill,

11 Run speed Squeeze roll # different types of signs (setup)
12 Waiting time After squeeze roll production planning, manpower availability
13 Crew size Silk screen printing # orders
14 Run speed Silk Screen printing # different types of signs (setup), crew skill
15 Crew size Stock # finished signs
16 Shipping time Shipping # finished signs, # different districts orders
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Figure 6 - Current White on Green Sign Value Stream Map - Variability
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Table 6 - Cycle Time Variability for White on Green Signs

Description of variability

Location

Cause of variability

Waiting time between customer orders

1 Waiting time and Sign production software manpower availability
2 Process time and crew size Update inventory # orders, manpower availability

Waiting time between update inventory
3 Waiting time and job ticket manpower availability
4 Crew Size Job ticket # orders, manpower availability
5 Production Planning Production Planning # orders, manpower availability
6 Supply Blanks supplier, contract agent
7 Crew size Plotting # orders
8 Run speed Plotting sign size, # different types of signs (setup)
9 Waiting time After weeding production planning, manpower availability
10 Crew size Squeeze roll # orders

manpower availability, crew skill,

11 Run speed Squeeze roll # different types of sign (setup)
12 Waiting time After squeeze roll production planning, manpower availability
13 Crew size Transfer vinyl # orders
14 Run speed Transfer vinyl # different types of signs (setup), crew skill
15 Crew size Stock # finished signs
16 Shipping time Shipping # finished signs, # different districts orders
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Figure 7 - Current Structural Sign Value Stream Map - Variability
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Table 7 - Cycle Time Variability for Structural Signs

Description of variability

Location

Cause of variability

Waiting time between customer orders and

1 Waiting time Sign production software manpower availability
2 Process time and crew size Update inventory # orders, manpower availability
Waiting time between update inventory and

3 Waiting time job ticket manpower availability

4 Crew Size Job ticket # orders, manpower availability

5 Production Planning Production Planning # orders, manpower availability

6 Supply Blanks Supplier, contract agent

7 Crew size Plotting # orders

8 Run speed Plotting sign size, sign materials
production planning,

9 Waiting time After weeding manpower availability

10] Crew size Squeeze roll # orders

11]  Run speed Squeeze roll manpower availability, crew skill
production planning,

12|  Waiting time After squeeze roll manpower availability

13] Crew size Transfer letters # orders

141  Run speed Transfer letters crew skill

15| Crew size Stock # finished signs
# finished signs,

16|  Shipping time Shipping # different districts orders
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A closer look at a primary cause of variability in the lead time performance is provided by
Figure 8 and Table 8 data on staffing level variation. As can been seen, the staffing level over
this 6 month time period ranged from 6 to 14, with the majority of the variation between 10
and 14. Table 8 also shows the number of staff that had overtime hours on a given day
ranged from 0 to 9 (with the amount of overtime per day ranging from 1 to 2 hours). Apart
from having a consistent level of staffing impacting overall shop output, the unpredictability
of the staffing level makes it difficult to develop implementable production schedules.

Further details of the staffing level by production area and the staffing level raw data are
provided in the Appendix.

Staffing Level Variation (1/3/05 to 6/16/05)
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Figure 8 — Staffing Level Variation
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Table 8 — Staffing Level Variation Distribution

Overall Daily Staffing Analysis
(1/3/2005 — 6/15/05)
Total Total
Regular Over Time
Min 6 0 Min
Max 14 9 Max
Ave 12.03 5.17 Ave
Std Dev 1.59 1.83 Std Dev
Regular Overtime
Staffing Staffing
Level # # Level
6 1 3 0
7 0 0 1
8 0 1 2
9 4 1 3
10 8 10 4
11 10 21 5
12 17 12 6
13 22 3 7
14 12 6 8
1 9

A capacity analysis was performed that combined the results of the Value Stream analysis
and time-study of production operations. The analysis resulted in the capacities shown in
Table 9 for each of the different sign types with respect to a “normal” staffing level. As can
be seen the Squeeze Roll operation does not limit overall capacity, rather for both White on
Green and Structural signs it is the vinyl transfer process that is the constraining operation.
For Silk Screen signs the printing and drying process are the constraining operations.

Table 9 — Bottleneck/Capacity Analysis

Bottleneck Capacity

Sign Type Operation (signs per day) Staffing
White on Green Transfer Vinyl 60 2
Silk Screen Printing 1000 4
Structural Transfer Vinyl 12 2
W/G and SS Squeeze Roll 1500 4
Other Operations Plotting 600 1
Weeding 100 1
Pack/Ship 1
Total 15
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Table 10 details the impact of different staffing levels would have on daily production
capacity. A range of possible scenarios for overall production with respect to staffing level

are provided in the Appendix.

Table 10 - Impact of Operation Staffing Level on Daily Operation Capacity

Capacity at Different Staffing Levels

Operation
SILK SCREEN (SS)
Manual m/c 2 =100% 1=50%
Automated m/c 1=100% 1=100% 1=100%
SS Support - Burn/frame 1 1 1
Total SS Staff 4 3 2
Daily SS Capacity 1000 = 100% 750 = 75% 500 =50%
SQUEEZE ROLL (SR)
Squeeze Roll Staff 4 3 2
Daily SR Capacity 1500 = 100% 1200 = 80% 600 = 40%
WHITE ON GREEN (W/G)
WIG Staff 3 2 1
Daily W/G Capacity 90 = 150% 60 = 100% 30 = 50%
STRUCTURAL
Structural Staff 4 3 2 1
Daily Structural Capacity 24 = 200% 18 = 150% 12 = 100% 6 = 50%
WEEDING
Weeding Staff 1 0.5
Daily Weeding Capacity 100 = 100% 50 = 50%
PLOTTING
Plotting Staff 1
Daily Plotting Capacity 600 = 100%
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4.4 Discussion of Key Solution Factors
Issues limiting performance: bottlenecks and variability issues

Sign production at MoDOT can be classified to 3 main processes: order processing from No. 1 -
5, production from No. 6 — 14 and Inventory and Shipping from No. 15 — 16 (numbering refers
to the different stages in the overall system value stream found in Tables 5-7).

Order processing (# 1 -5)

Order processing is a crucial stage as any disruptions will cause orders to accumulate, causing a
“snow ball” effect in the order processing stage as well as the shop floor. Order processing is
mainly affected by software integration, manpower availability and the number of orders
received. Software integration issues become apparent when it is necessary to manually key in
the same data into multiple information system. Since order processing currently involves a high
level of manual labor it is directly affected by both the staffing level and the number of orders
received. SignCad/SignTrack is being implemented to improve the order flow. However, it is
very important to recognize that this is primarily automating the existing ordering process which
we have documented and discussed above.

Order processing can also be improved by reorganizing the worker responsibilities. A detailed
look into each administrative team member’s responsibilities, followed by a redistribution of the
work load may help to improve the situation. Staffing availability and allocation of
responsibilities for the order processing is to key to improving how orders are received into the
production systems.

The number of orders received from customers is also another factor. Currently, there is not a
strong customer-supplier relationship. Many of the Districts have their own way of ordering and
often they do not communicate well with the Sign Shop. Improving the customer relationship
with the Districts will allow the Sign Shop to understand the Districts’ needs better and in turn
help to improve the response time for orders received and to better forecast production.

Production (# 6 — 14)

On the shop floor production is affected mainly by the number of different types of signs
produced, the different materials used, the types of blanks used and the shop floor staffing level .
The daily staffing level on the shop floor determines the production capacity for the day. This is
the basis of the shop capacity as the machines that are constraining the flow are running below
100% utilization. The processing of reclaimed blanks is slowing down production by 30% and
continually changing to accommodate the different sizes of signs also affect the production time
and requires set up time. The skill of the crew mainly affects the production rate at the transfer
vinyl process and squeeze roll process.

To reduce material costs, the reclaimed blanks are preferred over the new blanks. However based
on the production capacity table, the production time of reclaimed blanks takes about 30% more
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than the amount of time needed by new blanks for the same process due to different properties
and more difficult trimming during squeeze roll. The result is that recycling sign blanks
increases production compared to new blanks, though not to the point the material savings is not
still realized.

Finally, the number of different types of signs needed to be produced also effects the production.
The more variance in the types of signs requires more set-ups and set-up for signs reduces the
overall shop capacity. Therefore the total number of set-ups needs to be reduced.

Inventory and Shipping (# 15 — 16)

Inventory and shipping is affected by the number of finished signs and the number of Districts
receiving each shipment. The number of finished signs will determine the manpower required to
stock and pack the signs. Shipments are now made when there are enough finished signs to fill
up a trailer, which is usually once a week. On the average, each trip includes visits to 2 or 3
Districts so as to hopefully improve economy and efficiency.

The current high level of blank inventory stored in the facility is taking up potentially productive
space as well as increasing the cost of production. This blank inventory level is due to batch
ordering and the unreliable delivery by the contract supplier (prison) of the reclaimed used
blanks.
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5.0 Conclusions

The primary objective of this study was to conduct a systems evaluation of the Sign Production
Center in order to provide multi-phased recommendations to improve sign manufacturing
operations. A MoDOT key performance criterion is to reduce the Center’s cycle time from order
entry to delivery from the current 5.2 weeks for stock signs and 14.6 weeks for custom signs to 2
weeks for stock signs and 4 weeks for custom signs, respectively.

To obtain the 2 week stock sign and 4 week custom sign delivery goals; and meet MoDOT’s
increasing sign volume using existing practices would cost approximately $2.75 Million. This
would require: additional manufacturing / inventory space (approximately 20,000 sq. ft). for
$2,000,000; additional FTE/overtime (approximately 5 FTE) for $250,000 annually; and
additional production equipment for approximately $500,000.

However, these objectives can be meet by changing from the current practices to a more systems
based approach at a minimal level of capital investment. This study offers “Twenty Solutions”
that if implemented will enable the performance objectives to be satisfied.

Using state-of-the-practice tools from the Industrial and Systems Engineering profession a
comprehensive system-wide analysis of the sign procurement to production to delivery process
was conducted. Current lead time performance measures were developed to provide a base line
for the study (5.2 weeks for stock signs and 14.6 weeks for custom signs). A “Lean
Manufacturing Assessment” was conducted to compare the sign shop to industry norms. The
score for the Sign Shop was 36 out of 121 (average for industry is 55). A detailed “Value Stream
Analysis” was conducted that focused on the sources of variability and locations of process
bottlenecks that were impeding overall system performance. Areas identified for improvements
were found at both district and shop levels. Issues at the district level included: ordering process,
inventory management, rush orders, information visibility, and data coding / flow. Issues at the
shop level included: demand forecasting, production planning, rush orders, work force
availability, product flow, space utilization, inventory control, crew skill, and shipping processes.

6.0 Recommendations

The recommendation generated by this study can be categorized into three areas: 1) performance
measurement system, 2) Sign Shop and District level solutions, 3) inventory policy to integrate
within SignTrack.

6.1 Proposed Performance Measurement System

First, a more comprehensive performance measurement system is proposed to provide real-time
feedback on sign shop performance and to capture the interrelationships between various
performance metrics. In order to support sustainability of the system the majority of the data
requirements for the system should be able to be obtained directly from either SignTrack or
MoDOT’s Financial Management System (FMS). Some of the measures are extensions of
performance measures that are currently tracked. Specific measures to be included are:
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Lead time related

1) Overall sign cycle time: measured from requisition date (SignTrack) to District transfer to
inventory (FMS) — measured by sign category (structural, silk screen, white on green)

2) Shop sign cycle time: measured from job release date (SignTrack) to ship date
(SignTrack)

3) Sign production rate: # signs per man-hour — measured by sign category — both quantity
and dollar value (SignTrack)

4) Number of rush orders (% total orders) (total per week — SignTrack or manual entry?)

Inventory related

5) Signs on order (requisition received and waiting to be scheduled) (weekly — both quantity
and dollar value)

6) Sign blanks/raw material inventory on hand (weekly — both quantity and dollar value)

7) Sign in process inventory (daily — both quantity and dollar value)

8) Signs on hand inventory (weekly — both quantity and dollar value)

9) Signs in MoDOT system inventory — both sign shop and district sheds (weekly — both
quantity and dollar value — SignTrack/FMS)

Staffing related
10) Number of regular hours worked per week (SignTrack)
11) Number of overtime hours worked per week (SignTrack)
12) Percentage of scheduled hours worked per week (SignTrack - manual)

6.2 Twenty Proposed Solutions at the Sign Shop and District Levels

The following is a description of the 20 proposed solutions, together with the types of “Waste or Muda”
from a lean manufacturing perspective that are addressed by the solution.

1. Develop staff leave forecast for all sign shop staff.
= Develop quarterly annual leave application
= Implement a cut-off date for each quarter
= Exceptions: Urgent leave (needs to be defined) sick leave and medical appointment (at
least 3 — 5 days in advance)
= Leave forecast to be submitted to management
» Waste Category: Waiting

2. Schedule weekly production in advance based on orders received to determine manpower and
raw materials needed.
= Based on orders received and deadlines, plan daily production
= Plan by process and quantity
= Plan the required manpower and raw materials for each day
» Waste Category: Over production, Waiting, Inventory buildup
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Utilize different sign pre-packing / strapping configurations.
= Pack signs with packing paper on the printed side and store directly on the rack, strap
signs based on order quanity.
» Waste Category: Waiting, Extra processing, Ordering errors

Redistribute duties for order entry process.
= Allow fulfillment of tasks by all administrative staff (e.g. print out orders from all
Districts every Tuesday at 8am by anyone in the office)
= Duties are distributed equally among the staff every morning
» Waste Category: Underutilized people, Waiting

Create quarterly schedule to support production batching and reduce setup time.
= Develop a production rotation for signs with significant demand (i.e. silk screen)
»  Produce signs in bulk to reduce set up time
= Notify districts of order schedule
= Waste Category: Over production, Waiting, Inventory buildup

Specify supplier quality control measures.
= Adhesive tapes and recycling blanks need standards
* Request quality improvements plan from suppliers
= Waste Category: Extra processing

Reschedule/renegotiate sign shipping service.
= Renegotiate shipping service for more frequent, smaller load trips (using smaller delivery
trucks)
= Seek to improve costs and increase shipping frequency
» Waste Category: Waiting, Inventory buildup
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8. Implement pull system on the production floor.
= Only start manufacturing the current process when the next process is ready (with respect
to a specified buffer quantity)
= Utilize a pull system from raw materials to the process after squeeze roll
= Waste Category: Over production, Inventory buildup, Excess transportation

9. Improve shop floor layout to improve flow, access and visibility (see current and proposed layout
in Figures 1 and 2, respectively).
= Layout changes shown in figures.
= Waste Category: Over production, Excess motion, Excess transportation
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10.

11.

12.

13.

14.

15.

16.

17.

Design smaller carts/crates for direct packing and delivery of each type of sign.
= Design low cost cart for direct packing to send to Districts
= Utilize crates to repack the used signs being returned for recycling
= Build/obtain crates of different sizes and that are easy to break down for storage
= Smaller crates and smaller shipment sizes will improve delivery performance for non-
stock signs
» Waste Category: Waiting, Inventory buildup

Modify silk screen drying techniques to improve efficiency.
» Need for reduced drying time and increased drying uniformity
= Consider IR/UV drying techniques — usually requires an oven which requires more space
and manpower
= Consider installing dehumidifiers / increasing temperature in drying room
= Waste Category: Waiting, Extra processing

Simplify the order entry process by linking SignTrack to FMS system.
= Use SignTrack to transfer inventory/due date/cost/process time to FMS system
» Waste Category: Extra processing, Information defects

Access District inventory levels in order to improve forecasting.
= Districts to update the FMS system on a daily basis
= Inventory should include both new signs and signs taken down for reuse
= Track inventory of new signs, installed signs and signs taken down to be returned
= Track temporary signs such as road constructions
» Waste Category: Over production, Excess Inventory, Inventory Shortage

Define rush order and implement appropriate procedures.
= Define the criteria for a rush order (calamities, major events, not as a normal practice or
result of poor planning)
= Require management approval for a rush order
» Waste Category: Waiting, Extra processing, Ordering errors

Require Districts to submit a quarterly forecast of sign requirements.
= All Districts to submit quarterly forecast of sign needs
= Supports materials planning for the next quarter
= Waste Category: Over production, Waiting, Inventory buildup

Notify/remind Districts of biweekly stock sign manufacturing schedule to allow districts to add
their orders for these signs
» Inform via email or FMS system
= Orders for stock signs recently produced are assigned low priority to encourage Districts
to keep track and order signs with respect to schedule
= Waste Category: Extra setup, Underutilized people, Excess motion

Track and reuse temporary signs such as Road Construction and Road Closure.
= Support transfer of signs not used among Districts
* Include data field in FMS to track temporary signs in all Districts
= Waste Category: Over production, Excess Inventory, Inventory Shortage
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18. Enhance FMS system/SignTrack to support better information timeliness and visibility.
= Include WIP and orders received
= Update signs waiting to be shipped
= Allow customers to see sign inventory, signs in production, signs ordered and signs
waiting to ship
= Waste Category: Over production, Excess Inventory, Inventory Shortage

19. Provide dynamic due dates for orders.
= Enable customer to know when they will receive their shipments after placing orders
= Estimation of expected delivery date when signs are ordered based on job queue, raw
materials availability and shop floor capacity
= Waste Category: Waiting, Over production, Excess Inventory

20. Standardize sign number throughout the system (T1 number vs. Sign number).
= Currently Districts have difficulty correlating a sign Tl number with the MoDOT Sign
Number
= Consider implementing bar coding the orders and signs
= Waste Category: Over production, Excess Inventory, Inventory Shortage

6.3 Revised inventory policies and procedures to support SignCAD implementation.

An analysis of the order history for the Sign Shop revealed that over the past 5 years (2001-
2005) there were 1142 different types of signs produced. Out of the 1141 different types of signs
there were 225 types (20%) that made up 80% of the total demand for signs (and each had a
average annual demand of 100 signs or more). Therefore, based on the fact that during this
period the average annual demand was 142,205 signs and 80% of total demand (113,620 signs)
would be for only 20% of the sign types this offers opportunities for focusing the improvements.
The sign shop has tried in the past to maintain a 3-month inventory level for stock items.
However, a reevaluation is needed to determine which signs should actually be considered stock
signs. Based on the above it would appear that around 225 signs would be the appropriate
number to be considered as stock signs.

Therefore, at this point in time it is recommended that the inventory policy that maintains an
overall system inventory level of 25% of annual demand be continued (based on a revised
classification of stock signs). This is consistent with the solutions #5 and #15 above that suggests
a quarterly district sign forecast and a fixed (in the sense that stock signs are produced quarterly
in order to maintain the specified inventory level) sign production schedule. This inventory
approach will improve sign scheduling (reducing setup time), stabilize system inventory levels
and improve district sign delivery performance.

The current system to track blank inventory has been effective. However, recently there has been

an elevated level of inventory in the system. It is recommended that blank inventory levels be

allowed to reset and then be sustained as follows:

- 4 weeks inventory level for structural blanks (due to a 3 week lead time for ordering structural
blanks)

- 4 week inventory for other blanks (due to a 4 lead time for prison blanks, 2-4 weeks lead time
for new blanks from commercial suppliers).
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6.4 Proposed Solutions Ranked by Impact/Cost and Implementation Phase

Table 11 presents the 20 proposed solutions in ranked order of Impact/Cost ratio. Details of the
factors that contribute to a solution’s impact and cost are given in the Appendices. In general a
solution’s “Impact” is a function of the degree to which it contributes to: Inventory reduction
(%), Waiting time reduction (%), Resource utilization increase (%), Process time reduction (%),
Error reduction (%), and Cost reduction. A solution’s “Cost” is a function of: Scale of

Implementation, Type of change, Implementation Period (Weeks), and Activities Involved.

Table 11 — Ranked Proposed Solutions

Proposed
Solutions

Impact

Cost

Impact /
Cost

Implementation

Period
(Weeks)

Scope

Phase

Leave forecast for
all sign shop staff

7-8

7.50

Sign shop

Schedule
production plan in
advance based on
orders received to
anticipate
manpower and raw
materials needed.

6-7

1-2

4.33

Sign shop

13

Access to
customers’
inventories to
understand their
needs in order to
improve
forecasting.

5-6

1-2

3.67

24

System wide

Modify sign
prepacking and
strapping

3-4

3.50

12

Sign shop

14

Define Rush
Orders

6-7

3.25

16

System wide

Redistribute duties
in order entry
process

3.00

Sign shop

Create schedule
pattern to create
batching and
reduce setup time.

2.75

12

Sign Shop
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Proposed
Solutions

Impact

Cost

Impact /
Cost

Implementation

Period
(Weeks)

Scope

Phase

15

Implement
quarterly forecast
system to every
districts

6-7

2-3

2.60

36

System wide

Discuss supplier's
quality control
measures

2-3

2.50

24

Sign shop

Reschedule
shipping.
Renegotiate
shipping payment
for more frequent,
shorter trips

3-4

1-2

2.33

24

Sign shop

Implement pull
system on the
production floor.

2.00

12

Sign shop

Improve shop floor
layout to improve
access and
visibility. (Layout
ideas presented)

6-7

3-4

1.86

Sign shop

16

Broadcast current
manufacturing
signs to all districts
for them to add on

3-4

1.75

16

System wide

17

Track and Reuse
temporary signs
such as Road
Construction and
Road Closure

3-4

3-4

1.00

24

System wide

10

Design smaller
carts/crates for
direct packing and
delivery of for each
type of signs

0.78

12

Sign shop

11

Change drying
techniques to
improve efficiency

4-5

5-7

0.75

12

Sign shop
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Implementation
Proposed
Solutions

Impact /
Cost

Impact | Cost

Period

(Weeks) Scope Phase

Improve FMS
system to improve
18 | visibility and
updated
information 2-3 3-4 0.71 8 System wide 4
Due dates for
19 | orders during
inventory updates 6-7 9-10 0.68 20 System wide 4

Simplify the order
12 | entry process by
linking Sign Track
to FMS system 5 7-8 0.67 24 Sign Shop 4
Standardize signs
number throughout
20 | the system. (TI
number or Sign
number) 2-3 7-8 0.33 36 System wide 4

Table 12 provides a summary of the impact on the overall VValue Stream maps for each different
sign types when all proposed solutions are implemented (based on an average sign requisition of
148 signs = 138 Silk Screen + 8 White on Green + 2 Structural). Future Value Stream maps for
each sign type are given in Figures 11-13, with specific solution #s noted on the map. In all cases
the Total Office Time improved by 88.89%, the Shop Floor Times improved between 7.96% to
23.76%, and the Overall Lead Times improved between 60.28% to 76.56%. Though it is not
shown on the VS maps, it would be possible to obtain up to 80% of the reduction in Overall
Time with a 50% selection of the proposed solutions.

These Value Stream improvements, combined with a reduction in the various sources of system
variability, will greatly enhance the ability to control shop production and meet appropriate
performance objectives. In addition, there are multiple sources of cost reduction as a result of
implementing these recommendations: appropriate staffing for desired output, improved
productivity per labor hour, reduction in overtime hours, improved inventory management, and
better resource/equipment utilization. The majority of the solutions presented required a minimal
amount of capital investment. Most require only a change in process or procedure. A few require
some IT systems programming for more efficient implementation.
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Table 12 - Future Value Stream Map Analysis (with comparisons to Current VSM)

Silk Screen Minutes | Days Percentage
Office Processing Time 240 0.5

Office Processing Time Improvement 92.87%
Total Office Time 960 2.0

Total Office Time Improvement 88.89%
Shop Floor Processing Time 491 1.0

Shop Floor Total Time 1931 4.0

Shop Floor Processing Time (including Screen Template) 616 1.3

Shop Floor Total Time 2776 5.8

Total Shop Floor Time Improvement 19.9%
Total Shop Floor Time Improvement (including Screen Template) 7.96%
Overall Silk Screen Time 2891 6.0

Overall Silk Screen Improvement 73.85%
Overall Silk Screen Time (including Silk Template) 3736 7.8

Overall Silk Screen Improvement (including Silk Template) 68.00%
White on Green Minutes | Days

Office Processing Time 240 0.5

Office Processing Time Improvement 92.87%
Total Office Time 960 2.0

Total Office Time Improvement 88.89%
Shop Floor Productive Time 100 0.2

Total Shop Floor Production Time 1540 3.2

Total Shop Floor Time Improvement 23.76%
Overall White on Green Time 2500 5.2

Overall White on Green Improvement 76.56%
Structural Minutes | Days

Office Processing Time 240 0.5

Office Processing Time Improvement 92.87%
Total Office Time 960 2.0

Total Office Time Improvement 88.89%
Shop Floor Processing Time 2019 4.2

Total Shop Floor Production Time 4419 9.2

Total Shop Floor Improvement 938%
Overall Structural Time 5379.3 11.2

Overall Structural Improvement 60.28%
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Figure 12 - Future White on Green Sign Value Stream Map
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7.0 Implementation Plan

Table 13 provides an implementation schedule for all 20 proposed solutions over an eighty
week time period. The implementation process is decomposed into phases to provide focus
during the implementation of each solution. Also, phase 1 is weighted with the higher marginal
impact to marginal cost solutions versus phase 4 in general contains lower marginal impact/cost

solutions.

Table 13 — Implementation Schedule for all 20 Proposed Solutions (by Solution #)

Phase0 [ [PerfSys |
Phase 1 1
2
9 |
14
4 |
Phase 2
Phase 3 15
7
17
10
11
Phase 4 18 ‘
19
12
20
Time
(Weeks) 4 12116 |20| 24|28 |32|40 |44 |48 |52 |56 |60 |64 |68 |72| 76| 80
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APPENDIX A — Work Plan
Improvement of Sign Manufacturing Process at the Sign Production Center

James S. Noble?, Cerry M. Klein' and Charles J. Nemmers?
'Department of Industrial and Manufacturing Systems Engineering
“Department of Civil and Environmental Engineering
University of Missouri - Columbia

Background

MoDOT’s Traffic Operations group has expressed a desire to evaluate the Sign Production
Center to determine what improvements could be made to promote cost effective and timely sign
manufacturing. The Sign Production Center employs 11 people who are responsible for
producing all maintenance sign needs within MoDOT (approximately 180,000 annually).

MoDOT would specifically like to know: How effective are the current processes used at the
sign production center? What improvements could be made to the sign production center that
will impact overall cost effectiveness and delivery timing? What future improvements could
improve the sign production center?

This research will specifically assess the current capabilities of the MoDOT’s Sign Production
Center and provide an analysis of how processes could be improved to provide better service to
MoDOT at a lower cost. The manufacturing systems engineering analysis to be conducted will
identify any disparity between current manufacturing practices and state-of-the-art
manufacturing practices. A more efficient production system should be the result of this analysis
of the MoDOT Production Sign Center.

Study Proposal
The primary objective of this study is a systems evaluation of the Production Sign Center so as to
provide multi-phased recommendations to improve sign manufacturing operations.

The specific steps will be:
1) Determine performance objectives and assess current system with respect to these
performance objectives
2) Analyze the production system to determine what is limiting performance and develop
solutions to improve performance
3) Generate solutions and evaluate system performance changes due to implemented
solutions

Overview of the research methodology

The research team consists of Dr. James Noble as Principle investigator, with co-PI’s: Dr. Cerry
Klein and Mr. Charles Nemmers, P.E. Drs. Noble and Klein will team to lead the manufacturing
systems engineering study and overall analysis on the project. Mr. Nemmers will provide
administrative oversight and quality evaluation for the project.
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Research tasks (separated into Phase 1 and Phase 2)

A. Analysis of the MoDOT Sign Production Center will be initiated by determining the
performance objectives for the center, and then the center’s current operations will be
assessed with respect to these performance objectives (Noble, Klein).

e Initially it appears that the primary objective for this analysis will be to reduce the
amount of time required for order entry/tracking functions so that shop personnel can
focus on production and to reduce data errors.

B. The center will be studied in detail via the construction of information flow diagrams and
value stream (VS) maps to capture specifics on current operations (Noble, Klein).

e Phase 1 will focus on information flow and data entry issues associated with order
entry, order tracking and inventory management.

e Phase 2 will focus on shop operations from both a procedural and process
perspective.

e VS maps will form the basis for a detailed resource utilization analysis, constraint
analysis (with respect to both procedural and process bottlenecks) and variability
analysis (with respect to both process and flow variability) to determine current center
performance.

C. Based on the results of VS map analysis, solutions to improve center performance will be
generated based on best practices and technologies (Noble).

e Phase 1 solutions will focus on: 1) streamlining the order entry/tracking process, 2)
improvement of system-wide inventory tracking so that the Sign Production Center
has visibility of District and Maintenance shed sign inventory levels, 3) minimization
of the effect of “hot jobs”, and 4) leveling production to improve overall resource
utilization.

e Phase 2 solutions will focus on the adoption of “best manufacturing practices” such
as: 1) continuous, one-piece flow, 2) 5S, 3) standard work, 4) inventory reduction, 5)
mistake-proofing, 6) quick changeover, 7) total productive maintenance, 8) visual
management, and 9) workspace layout.

e Solutions generated in both phases of the project would include operational changes
(e.g. setups, quality, production control, inventory systems, etc.) and structural
changes (e.g., facility restructuring, appropriate technology, pull systems, MIS
changes, etc.). Depending on the nature of the changes considered, simulation models
might be developed to validate the performance impact prior to implementation.

D. As solutions are implemented, the results will be evaluated to ensure that the desired
performance improvements are achieved (Noble).

E. Prepare an action oriented final report and presentation detailing results and
recommendations. (Noble, Klein, Nemmers)
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Key Project Deliverables

1.

=

4.

A listing of key performance criteria for the Sign Production Center and current measures
for these criteria.

Detailed process descriptions (information flow and value stream maps).

Improved order entry/tracking process that reduces time requirements for these tasks,
improves accuracy and increases information visibility.

Assessment of current production processes compared to state-of-the-art manufacturing
practices in order to reduce cycle time, inventory and increase quality. An
implementation plan prioritized with respect to highest marginal return will be developed.
Final report documenting the evaluation of the Sign Production Center.

Project timeline

The project will require 7 months to complete. Within the first 3 months of the project the
majority of Phase 1 tasks will be completed, with a set of action items generated that can be
implemented immediately. The second 4 months of the project will focus on Phase 2 tasks and
refinement of Phase 1 recommendations.
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APPENDIX B - Implementation Status of Recommendations

B/C
# |Proposed Solution Implementation Status Ratio
Partially Complete
Worker leave forecast for all sign shop staff Significant internal mgmt effort to
1 improve, no formal process yet 7.5
Schedule production plan in to anticipate NI
2 | manpower and raw materials needed SignTrack to help 4.33
Utilize different pre-packing and strapping NI
3 | configurations Exploring for Stop/Yield, etc. 3.5
Redistribute order entry duties Partially Complete
4 Increased manpower and training 3.0
Create schedule supporting batching and NI
5 |reduced setup time SignTrack to help 2.75
Discuss supplier's quality control measures Partially Complete
6 Working with 3M / other vendors 2.5
Reschedule / Renegotiate shipping for more Completed
7 | frequent, shorter trips Hired delivery for small orders 2.33
Implement pull system on the production floor NI
8 2.0
Improve shop floor layout for material flow, NI
9 |access and visibility 1.86
Design smaller carts/crates for direct packing NI
10 |and delivery Exploring for Stop/Yield, etc. 0.78
Change drying techniques to improve efficiency NI
11 Exploring 3M ink dry time 0.75
Simplify the order entry process by linking Sign NI
12 | Track to FMS system No SignTrack until July/Aug 2006 0.67
Access to district inventories to improve NI
13 | forecasting 3.67
Define rush orders Completed
14 3.25
Implement district quarterly forecast system NI
15 Need SignTrack /10 yr rotation 2.6
Broadcast short-term sign production schedule NI
16 |to all districts 1.75
Track and reuse temporary signs Completed
17 1.0
NI
Improve FMS system to improve information | Some discussion on integrating
18 |visibility and accuracy FMS and SignTrack 0.71
Due dates for orders during inventory updates NI
19 SignTrack to help 0.68
Standardize sign number throughout the system NI
20 0.33

Note: NI = not implemented as of 3/31/06
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Comments:

e Have initiated work on development / use of new performance measurements
e Undertaken a major reorganization of shop management — 3 area supervisors and 4 new designers

— provides additional capacity and flexibility
e Currently having problems with FoxPro program — has become unstable — need to invest in
transferring/re-entering data into SignTrack
e The implementation of SignTrack will enable several of the recommended solutions to be

pursued

Summary of Implementation by Phases

Table B1 — Implementation Status by Phase (by Solution # / percentage)

 Phase 0 [[PerfSys =25%||
Phase 1l | 1 —50%
2—-0%
9-0% |
14 — 100%
3-25%
4 — 50% \
Phase 2
Phase 3 15 — 0%
7 — 100%
17 — 100%
10 — 25%
11 — 25%
Phase 4 18 - 0% |
19 — 0%
12 - 0%
20 — 0%
Time
(Weeks) 4 8 1211612024128 |32|40 |44 |48 | 52 |56 |60 |64 |68 |72 |76 | 80

Key to Implementation Percentages:
100% = Completed
50% = Being implemented
25% = Implementation being planned

0% = Implementation not started yet / dependent on implementation of other solutions
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APPENDIX C - Supporting Data and Analysis

C1 - Current Performance Measurement Specifications

Current Performance Measurement Specifications

General Information

1. Title Production Quantity: Silk Screen / White on
Green / Structural

2. Equation none

3. Purpose Provide up-to-date data on overall productivity

4. Interaction with other measures

(could be correlated with Signs on Hand, Blank
Inventory, Man-hours Worked)

5. Comments Excel spreadsheet
Measurement Instructions

1. Who measures? Larry / Terry

2. Source of data Paper records

3 Frequency of measurement weekly

4. How is the measure displayed?

Not displayed

Analysis Instructions

1. Who acts on the data?

Production planner and production manager

2. Type of measure

Status

3. Target

None

4. How initiate response

Set production schedule

5. Known limitations

No distinguishing between different types of
signs (i.e. size and cost)

Current Performance Measurement Specifications

General Information

1. Title Man-hours Worked
2. Equation none
3. Purpose To account for resource availability -

production cost

4. Interaction with other measures

related to production quantity

5. Comments

Measurement Instructions

1. Who measures? Terry
2. Source of data Time sheets
3 Frequency of measurement Weekly

4. How is the measure displayed?

Not displayed

Analysis Instructions

1. Who acts on the data?

Production planner and production manager

2. Type of measure

Report

3. Target

None

4. How initiate response

Set production schedule

5. Known limitations
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Current Performance Measurement Specifications

General Information

1. Title Signs on Order (Backlog)
2. Equation none
3. Purpose Provide up-to-date data on “signs in process”

4. Interaction with other measures

(could be correlated with Signs on Hand)

5. Comments

Excel spreadsheet

Measurement Instructions

1. Who measures? Larry
2. Source of data Paper records
3 Frequency of measurement weekly

4. How is the measure displayed?

Not displayed

Analysis Instructions

1. Who acts on the data?

Production planner and production manager

2. Type of measure

Status

3. Target

None (desired to minimize)

4. How initiate response

Set production schedule

5. Known limitations

No distinguishing between different types of
signs (i.e. size and cost)

Current Performance Measurement Specifications

General Information

1. Title Blank Inventory
2. Equation - none
3. Purpose Provide up-to-date data on “in-stock”, “on

order Prison”, “on order Vulcan”

4. Interaction with other measures

- none

5. Comments

Excel spreadsheet

Measurement Instructions

1. Who measures?

Terry

2. Source of data

Visual inspect / production records

3 Frequency of measurement

Daily

4. How is the measure displayed?

Not displayed

Analysis Instructions

1. Who acts on the data?

Production planner and production manager

2. Type of measure

Status

3. Target

None specified

4. How initiate response

Place order for more blanks

5. Known limitations

Desired levels?
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Current Performance Measurement Specifications

General Information

1. Title Signs on Hand - Inventory
2. Equation none
3. Purpose Provide up-to-date data on *“stock signs”

4. Interaction with other measures

(could be correlated with blank inventory)

5. Comments

Excel spreadsheet

Measurement Instructions

1. Who measures?

Larry / Terry

2. Source of data

Visual inspection / shipping records

3 Frequency of measurement

weekly

4. How is the measure displayed?

Not displayed

Analysis Instructions

1. Who acts on the data?

Production planner and production manager

2. Type of measure

Status

3. Target

1/3 annual demand

4. How initiate response

Place order for more stock

5. Known limitations

Reorder points needed to be recalcuated
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C2 - Requisition Analysis — Data Characterization

| Average  StdDev MIN MAX  Total #

Requisitions | 172
# sign types per requisition 14.3 22.3 160
# signs per requisition 147.3 347.6 3600

Stock ticket | 104
# sign types per stock ticket 8.4 171 150
# signs per stock ticket 99.3 133.4 791

SBF ticket | 38
# sign types per SBF ticket 15 0.7 3
# signs per SBF ticket 24.0 31.4 110

SO0 ticket | 246
# sign types SOO ticket 2.5 2.5 20
# signs per SOO ticket 54.1 176.7 1875

| Structural ticket | 57
# sign types per structural ticket 2.3 1.7 8
# signs per structural ticket 5.3 10.4 70

| Non-stock ticket | 113
# sign types per non-stock ticket 25 2.5 19
# signs per non-stock ticket 15.2 23.1 200

| Rush ticket | 67
# sign types rush ticket 25 3.1 21
# signs per rush ticket 55.9 282.1 2000

| Graphic ticket | 164
# sign types per graphic ticket 3.7 55 40
# signs graphic ticket 8.3 27.3 330
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Figure C2.1 — Distribution of Completion of Overall Requisition Lead Time (days)
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Figure C2.2 — Distribution of Rush Sign Lead Time (days)
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Figure C2.3 — Distribution of Structural Sign Lead Time (days)
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Figure C2.4 — Distribution of SOO and Non-Stock Sign Lead Time (days)
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C3 - Rapid Plant Assessment - Rating Considerations

No Measure Factors
ustomer ratings, quality certifications & ratings, warranty & product liability costs, employee knowledge of external and interna
1 Customer C i li ificati & rati & product liabili | knowled f land i |
Satisfaction customer requirements, visitor materials & welcome, market share, rate of new product introduction & acceptance
S_afety’ Safety & environment record, place for everything & everything in its place, cleanliness of operations--exterior & interior, floors,
2 environment, equipment, spills, leaks, noise, lighting, paint, dust, air quality, employee dress, restroom conditions, desks & workbench order &
cleanliness, & cleanliness, degree of "spiffing” for visitors (negative), inventory order, material flow order & cleanliness, color & other coding for
safety & order
order
. Operations mission & performance objectives visible; visibility of labeling & coding of product lines, inventory, equipment, & tooling;
Visual color coding & differentiation ; visibility of customer identification & ratings; visibility of charts tracking operation's & teams' safety,
3 Management quality, & productivity, control room showing status of total operation, customer order & order fulfillment visibility, Kanban
Deployment geplloyment,dinventcl)ry com;)rlu can be made visually, machines & tool labeling--costs, preventive maintenance visibility, product
isplays, audit results visible
Degree of scheduling to customer order, order process efficiency, product line scheduling at single point, scheduling buckets (each
4 Scheduling svstem order, hourly, daily, weekly, or monthly), supplier scheduling & delivery, replenishment versus order fulfillment, computer
g sy scheduling versus kanban, pull versus push systems, flow time efficiencies, backroom costs of scheduling, MRP costs, data entry
costs
. Product line versus shop layout, rolling carts pulled by tractors or by hand or conveyers versus forklifts, travel distances between
5 Product & material processes, material movement responsibility--process owned or separate material staff, container size (forklift requirement?),
flows; space use contair&ers_designed for parts families, single versus multiple docks to minimize material travel, space utilization, goals for space
use reduction
5 Inventory & WIP ¥VIPhIe:j/eIs z:ljt ea(I:h plrocessi WIP in transit iln plant, separate storles versusflline side storage, numkigelr of inentory storage areas,
inished product levels, total inventory to sales ratio, process cycle time to flow time ratios, countability of inventory, WIP
Levels movemend triggered by computer, material department or next process, theoretical versus actual flow times
Team problem solving capability & history, employee willingness to talk about customers, products, & company; uniformity of
=] let k o o . . L
eople €amworkK, | dress; communications & recognition environment; sales per employee; team meeting areas & performance charts; training
7 skill level, & investments, educational support, benefit package & costs, unionization activity, workforce-management relationship, community
motivation support, company-supported activities (picnics, open houses, sports teams, local involvement, employee knowledge of & support
of customers & business, work instructions standards
Equipment & Preventive maintenance system, setup change times, integrated go-no go quality checks, machine performance data availability,
8 tooling State & knowledge & utilization of bottleneck processes, process control capability, total asset utilization, operator routine maintenance,

maintenance

maintenance staff & teams, MRO replenishment efficiency, tool & fixture orderliness, cleanliness, & storage location, equipment
improvement policy, equipment technology strategy
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C3 - Rapid Plant Assessment - Rating Considerations

No Measure Factors
Use of common parts, processes, & procedures prototype process, paper transactions required on floor, keyboard entries versus
Ability to Manage bar coding, backroom paperwork & computer transactions costs, matching of data collected with data needed, simplicity & clarity
9 Complexity & of operations layout, indirect to direct labor ratio, support staff to total workforce ratio, overhead cost ratios, commonality of tooling
P ) _y & fixturing, commonality of equipment & tools, commonality of support software & applications programs across the operation &
Varlablllty among sister plants, equipment efficiencies, ability to handle variable demand, ability to eliminate controllable variations, ability to
smooth demand, ability to handle supply chain, number of suppliers
. Number of suppliers, supplier release system--from inventory levels or customer order, supplier certification, sourcing policies--
10 Supply Chain short-term or long-term, supplier quality ratings, delivery, & productivity objectives & history, new product development
Integration responsibility, responsibility for kitting parts, C-stock replenishment efficiency, supplier material scrap & rework, supplier cost-
saving ideas implemented, supplier knowledge of lean
. Quality certification, quality process & measurement at each process & for each product, scrap & rework, problem solving process,
11 Quallty System product & customer quality data, quality ratings, new product startup process, continuous improvement environment, degree of

Deployment

focus on customer satisfaction , implementation of best practices, degree operational strategies are linked to corporate strategy,
total quality system well-developed & deployed
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C4 — Rapid Plant Assessment - Assessment Questionnaire

No Yes/No
1 Are visitors welcomed and given information about plant layout, workforce, Yes
customers, and products?
2 | Are ratings for customer satisfaction and product quality displayed? No
3 Is the facility safe, clean, orderly, and well lit? Is the air quality good and noise Yes
levels low?
4 Does a visual labeling system identify and locate inventory, tools, processes, No
and flow?
5 Does everything have its own place, and is everything stored in its place? Yes
6 Are up-to-date operational goals and performance measures for those goals No
prominently posted?
7 Are production materials brought to and stored at line side rather than in No
separate inventory storage areas?
Are work instructions and product quality specifications visible at all work
8 No
areas?
9 Are updated charts on productivity, quality, safety, and problem solving visible No
for all teams?
10 Can the current state of the operation be viewed from a central control room, No
on a status board, or on a CRT?
11 Are production lines scheduled off a single pacing process with appropriate No
inventory levels at each stage?
12 Is material moved only once as short a distance as possible and in appropriate No
containers?
13 | Is the plant laid out in continuous product flow lines rather than in "shops"? No
14 Are work teams trained, empowered, and involved in problem solving and Yes
ongoing improvements?
15 | Do employees appear committed to continuous improvement? Yes
16 Is a timetable posted for equipment preventive maintenance and continuous No
improvement of tools and processes?
17 Is there an effective project management process, with cost and timing goals, No

for new product start-ups?
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C4 — Rapid Plant Assessment - Assessment Questionnaire

No Yes/No
Is a supplier certification process--with measures for quality, delivery, and cost

18 - No
performance--displayed?
Have key product characteristics been identified and fail-safe methods used to

19 - No
forestall propagation of defects?

20 | Would you buy the products this operation produces? Yes

Total number of Yes Responses 6

This is on the high side of the standard deviation for number of “yes” responses compared to the
Sign Shop’s overall RPA score of 36 which was given.
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C5 - Daily Production Capacity — Assumptions and Factors

Silk
Blank Size | Blank Type | Sign Type | Squeeze Roll | Crew Plotting Crew | Weeding | Crew | Screen W/G | Structural | Crew
600 signs with
48x36 new WIG 1000-1200 4 20 - 6" letters 1 85-100 1 50-60 2
600 signs with
48x36 Reclaim WIG 700-900 4 20 - 6" letters 1 85-100 1 50-60 2
21x15 new SS 1200-1500 4 800-1000 4
21x15 Reclaim SS 800-1000 4 800-1000 4
400 signs with 3600
20 - 8 to 20" letters
12ftx10ft Structural 5-20 2 letters (m/c cut) 1 8-12 2
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C6 — Capacity Analysis with respect to Staffing Level / Capacity

Capacity with Squeeze Roll

Staffing Level Daily Output
White White Total
Squeeze Silk on Silk on Annual
Plotting Roll Weeding | Screen | Green | Structural | Pack/Ship | TOTAL | Screen | Green | Structural | Output*
1 4 0.5 4 2 2 1 14.5 1000 60 12 | 268000
1 3 0.5 3 2 2 0.5 12 750 60 12 | 205500
0.5 3 0.5 3 1.5 2 0.5 11 750 45 12 | 201750
0.5 2 0.5 2 1 2 0.5 8.5 500 30 12 | 135500
Capacity without Squeeze Roll
Staffing Level Daily Output
White White Total
Squeeze Silk on Silk on Annual
Plotting Roll Weeding | Screen | Green | Structural | Pack/Ship | TOTAL | Screen | Green | Structural | Output*
1 0.5 4 2 2 1 10.5 1000 60 12 | 268000
1 0.5 3 2 2 0.5 9 750 60 12 | 205500
0.5 0.5 3 15 2 0.5 8 750 45 12 | 201750
0.5 0.5 2 1 2 0.5 6.5 500 30 12 | 135500

* Assume 250 - 8 hours working days per year.
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C7 — Historical Staffing Level Analysis (1/3/2005 — 6/15/2005)

Design / Cut Structural White on Green Squeeze Roll Pack and Ship Screen Room

Over Over Over Over Over Over

Regular | Time Regular Time Regular Time | Regular | Time | Regular | Time | Regular | Time

MIN 1 1 1 2 1 1 2 2 1 1 2 1

MAX 2 1 5 2 5 3 4 3 5 3 4 4

Average 1.35 1.00 2.43 2.00 1.99 1.83 3.26 2.50 2.20 1.64 3.16 2.40

Std Dev 0.48 0.00 0.86 0.00 0.89 0.55 0.64 0.71 1.02 0.91 0.60 0.80

# 0 wkrs 8 49 7 73 1 21 27 72 3 46 1 22

# 1 wrkr 43 25 2 23 13 0 0 20 18 0 6

# 2 wkrs 23 47 1 33 36 5 1 24 2 8 23

# 3 wkrs 6 13 4 25 1 18 8 45 19

# 4 wkrs 11 3 17 7 20 4
#5 wkrs 1 1
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C8 — Historical Staffing Analysis Data

Design White/ | Squeeze | Pack and | Screen
and Cut | Structural Green Roll Ship Room
Total Total
Unique | Unique
Date Reg | OT | Reg | OT |Reg | OT | Reg | OT | Reg | OT | Reg | OT Reg oT
1/3/2005 2 1 3 4 3 13
1/4/2005 2 1 3 3 4 13
1/5/2005 2 1 1 3 1 4 12
1/6/2005 2 1 1 3 3 10
1/7/2005 2 2 4 4 12
1/11/2005 2 2 3 3 3 13
1/12/2005 2 1 4 3 3 13
1/13/2005 2 2 4 3 3 14
1/14/2005 1 2 2 4 1 4 14
1/18/2005 1 3 1 2 4 11
1/19/2005 1 4 1 2 4 3 14
1/24/2005 1 4 2 2 4 13
1/25/2005 2 4 2 1 4 13
1/26/2005 1 4 1 3 1.25 3 13
1/27/2005 1 2 1 3 3 3 13
2/1/2005 1 2 2 4 3 12
2/2/2005 1 4 2 2 3 1 3 3 2 14 7
2/7/2005 2 2 2 2 3 1 3 2 12 5
2/8/2005 2 2 2 2 3 1 1 3 2 13 5
2/15/2005 2 2 2 2 3 1 1 3 2 13 5
2/16/2005 2 2 1 1 4 1 1 3 2 13 4
2/17/2005 2 2 2 2 2 3 3 11 5
2/18/2005 2 1 2 1 4 1 3 2 1 12 5
2/22/2005 2 1 2 2 2 3 1 1 3 1 13 5
2/23/2005 2 1 2 2 2 4 1 1 3 1 14 5
2/24/2005 2 1 2 2 2 4 1 4 1 14 5
2/25/2005 2 1 2 2 2 4 1 1 3 1 14 5
2/28/2005 1 1 2 1 2 4 1 1 3 2 12 6
3/1/2005 2 1 2 1 2 4 1 2 3 2 13 7
3/2/2005 2 1 2 2 3 3 2 1 3 3 12 8
3/3/2005 2 1 2 2 3 2 1 1 3 3 12 8
3/11/2005 1 1 3 2 2 3 3 1 3 1 12 5
3/14/2005 1 1 2 2 2 2 1 3 3 10 7
3/15/2005 1 1 2 2 1 3 3 2 11 4
3/16/2005 1 1 2 2 1 4 2 2 11 4
3/21/2005 1 1 2 3 2 4 2 3 3 14 6
3/22/2005 1 1 2 3 2 3 3 3 3 14 6
3/29/2005 1 1 2 1 4 3 3 3 12 5
3/30/2005 1 1 2 3 1 3 4 3 12 5
3/31/2005 1 1 2 4 2 4 4 3 13 6
4/1/2005 1 1 2 4 2 3 4 4 3 13 6
4/4/2005 1 1 2 3 2 3 2 4 3 12 6
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C8 — Historical Staffing Analysis Data

Design White/ | Squeeze | Pack and | Screen
and Cut | Structural Green Roll Ship Room
Total Total

Unique | Unique

Date Reg | OT |Reg | OT |Reg | OT | Reg | OT | Reg | OT | Reg | OT Reg oT
4/5/2005 1 1 2 2 2 4 2 2 3 13 6
4/6/2005 1 1 2 1 1 3 1 1 3 2 11 5
4/7/2005 1 1 2 1 1 4 1 3 2 12 4
4/8/2005 1 1 2 1 1 3 1 3 2 11 4
4/11/2005 2 3 2 2 3 2 10 4
4/12/2005 1 1 2 3 2 4 2 3 3 12 6
4/14/2005 1 2 5 3 4 13 0
4/15/2005 2 4 2 6 0
4/20/2005 1 3 3 3 1 3 13 0
4/21/2005 1 3 3 2 4 1 3 3 14 5
4/25/2005 1 3 3 2 4 1 1 2 2 13 5
4/26/2005 1 4 3 2 3 4 3 14 5
4/27/2005 1 2 1 2 3 3 3 3 3 11 8
4/28/2005 1 3 3 2 3 3 4 4 14 9
5/3/2005 1 2 2 2 2 2 4 4 11 8
5/6/2005 1 2 2 1 3 3 2 2 10 6
5/7/2005 1 2 3 1 2 3 3 4 4 13 8
5/10/2005 1 2 1 1 3 5 3 3 2 12 6
5/11/2005 1 2 2 1 3 3 1 3 2 12 4
5/13/2005 2 2 3 3 3 3 9 6
5/16/2005 2 2 3 3 2 2 2 10 5
5/17/2005 2 1 2 3 2 4 4 9 8
5/18/2005 2 2 2 3 2 3 3 12 5
5/24/2005 2 4 1 2 2 4 3 13 5
5/25/2005 1 5 1 2 2 4 3 13 5
5/31/2005 1 2 3 2 2 3 2 10 4
6/1/2005 1 4 2 2 2 3 2 11 4
6/2/2005 4 1 2 2 3 2 10 4
6/3/2005 4 1 2 2 2 9 2
6/6/2005 1 2 2 2 2 1 2 9 3
6/7/2005 1 2 2 2 2 2 1 3 2 11 5
6/14/2005 1 4 2 1 2 2 3 2 10 6
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C9 - Solution Benefits / Impact

Inventory Waiting Resource | Process Error
. ; time utilization time . Cost Other Impact
Proposed Solution Current Issues redzjoz;lon red?;;ion inc(ro/e?se red(l.:;;ion red(%/co;uon reduction | benefits Level
0 0 0

1 * No leave forecast - no
Worker leave forecast | manpower visibility 0
for all sign shop staff | * Unable to anticipate 10-20% | 5-15% (chpjgtf; /-8

production capacity
2 _ * Production needs
Schedule production short-term forecast for
plan in advance based | petter planning
on orders received to * No current ability to
anticipate manpower plan for manpower 10-20% | 5-10% | 10-20% 6-7
and raw materials requirements
needed. * Raw materials require

2 weeks for delivery
3. _ * Signs are sent in
Modify sign prepacking | multiples and usually
and strapping more than required - 5-10% 5% 5% 3-4

results in increased

workload and inventory
4 * Work is stalled when
Redistribute order entry | primary in-charge is
duties delayed

Y 5-10% 10% 3

* Duties are unequally
distributed
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Inventory Waiting Resource | Process Error
. . time utilization time . Cost Other Impact
Proposed Solution | Current Issues redzjozglon redtjof;ion inc(r;;:lse redEJo;:;ion red(tiz;mn reduction | benefits | Level
0 0 0

5 * Small production
Create schedule support | patches increase set up
batching and reduced time, lead time
setup time. * No ability to optimize 5-10% 10% 10% 5-6

batch size, production

sequence or product

mix
6 _ * Fluctuating quality
Discuss supplier’s from squeeze roll
quality control material and paper for 10% 10-20% 2-3
measures packing
7 * Current bulk
Reschedule / shipping method based
Renegotiate shipping | on mileage regardless 10-20%
for more frequent, of weight may not be 5% 10-20% 1 gevery) | 3
shorter trips most cost effective
8 * Current push system
Implement pull system | causes delay and high
on the production floor. | waiting time

10-20% 10% 3

* High inventory level
in sign shop facility
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Inventory V\lt?ri:]igg Et(ial?;:t:g(na Prt(i)r(;‘leeSS Error Cost Other Impact
Proposed Solution | Current Issues redg;:);lon rEdEJOZ;ion inc(zz?se red&;ion red(t;;;lon odumtio | benefits | Lol
9 * Materials flow is not
Improve shop floor optimized
layout for material * Squeeze roll blanks
flow, access and are stored in different
visibility. areas (from prison
racks, in-house racks 10% 10% 10% 10-20% 6-7
and shelves) (space)
* WI/G work area does
not have space for
temporary stations to
increase production
10 * Currently finished
Design smaller signs are packed in
carts/crates for direct batches and stocked
packing and delivery of | * Double job of 5% 5% 10% 3-4
for each type of sign stocking and repacking
to 1 crate for shipment
11 * Approx 0.5 hours of
Change drying drying time required for
tec_hr_nques to iImprove | small Silk Screen signs 10% 10% 4-5
efficiency * Bigger signs require
several hours to dry
12 * Re-entry of same data
Simplify the order entry | - increases workload
process by linking Sign | and chance of error 5-15% 10% 20% 5

Track to FMS system
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Inventory Wt?ri‘rt1i2g Et?l?;aut:gﬁ Prtci);t-:éss Erro.r Cost Other Impact
Proposed Solution Current Issues redgz;lon reduction | increase | reduction red(tiz;lon reduction | benefits Level
(%) (%) (%)
13 * No visibility to
Access to customer customer inventory
inventories to improve | * No tools to track
forecasting. customer holdings
* Unable to track and 10-20% 10-20% 5-6
recall reusable signs
(e.g. road
reconstruction)
14 *No
Define rush orders control/authorization
for rush priority
* Rush orders disrupt
production - increase 10-20% 15% 10-20% 6-7
lead time and waiting
time
* No rationale given for
rush orders
15 * No current forecast
Implement district * Lack of coordination
quarterly forecast with districts (only 10 | 10-20% | 10% 10% 6-7
system customers)
16 * Small batches
Broadcast short-term increase set up time
sign production 5% 10% 3-4

schedule to all districts
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Inventory Waiting Resource | Process Error
. : time utilization time ; Cost Other Impact
Proposed Solution Current Issues redz)z;lon reduction | increase | reduction red(lf)z';lon reduction | benefits Level
(%) (%) (%)

17 * Temporary signs not
Track and reuse tracked and reused
temporary signs (e.q. sufficiently
road construction) * High cost of repeated % oY% > 4

production
18 * Information not
Improve FMS system to | current
improve information * EMS not used to trace | 5-10% 5% 2-3
visibility and accuracy | inventory
19 * Currently not used
Due dates for orders * Information not
during inventory shared

0] - 0 0, -

updates * Inventory information 10% >-10% 10% >

not used during

ordering
20 o * Sign shop and
Standardize signs districts using different
number throughout the numbering system
system. (TI number or | * Customers and
Sign number) suppliers recording 5% 10% 2-3

their inventory
differently

* Districts unable to
trace the signs received
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A1l - Solution Costs

Proposed Solutions Issues Scale of Type of Implementation Activities Cost
P Implementation change Period (Weeks) Involved
1 * No leave forecast - no
Worker leave forecast | manpower visibility Plannin
) . N g, staff

for all sign shop staff | * Unable to anticipate Sign Shop Organization 8 notification 1
production capacity

2 _ * Production needs short-

Schedule production term forecast for better

plan in advance based | planning

on orders received to | * No current ability to Si

ot gn Shop S - )

anticipate manpower | plan for manpower Managers Organization 8 Planning 1-2

and raw materials requirements

needed. * Raw materials require 2
weeks for delivery

3 _ * Signs are sent in

Modify sign prepacking | multiples and usually

and strapping more than required - . duc | .
results in increased Sign Shop Production 12 Implementation 1
workload and inventory

4 * Work is stalled when

Redistribute order entry | primary in-charge is

duties delay(_ed Admin Offl(l:e Organization 8 Planning, staff 1
* Duties are unequally personne training

distributed
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Proposed Solutions | Issues Scale of Type of Implementation Activities Cost
P Implementation change Period (Weeks) Involved
5 * Small production
Create schedule support | batches increase set up _
batching and reduced time, lead time Sign Shop Plja_mtmn?,
H oy- " . ISTric
setup time. * No al?|||ty to 0pt|-m|ze Manz'ijgers & A|dmm System 12 notification, 2
batch size, production ersonne troubleshooting
sequence or product mix

6 _ * Fluctuating quality from
Discuss supplier's squeeze roll material and Sign Shop Planning

uality control ' : Ing,
?neasg:,es paper for packing managers/ Quality 24 negotiation, 1

suppliers implementation

7 * Current bulk shipping
Reschedule/ method based on mileage
Renegotiate shipping regardless of weight may _ _
for more frequent, not be most cost effective _Sign Shop/ Production 24 Planning, 1-2
shorter trips Shipping company negotiation
8 * Current push system
Implement pull system | causes delay and high
on the production floor. | waiting time Sign Shop System 12 Planning, staff 1.2

* High inventory level in
sign shop facility

training
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Proposed Solutions | Issues Scale of . Type of Imp_lementation Activities Cost
Implementation change Period (Weeks) Involved
9 * Materials flow is not
Improve shop floor optimized
layout for material * Squeeze roll blanks are
flow, access and stored in different areas
visibility. (from prison racks, in- Sign Shop Layout A shop floor -
house racks and shelves) rearranging
* W/G work area does not
have space for temporary
stations to increase
production
10 * Currently finished signs
DESi?n 5ma|f|erd_ are packed in batches and
carts/crates for airect stocked . . Designing, staff
packing and delivery of | * Double job of stocking Sign Shop Production 12 t?aini%g 45
for each type of sign and repacking to 1 crate
for shipment
11 * Approx 0.5 hours of Analyzing,
Change drying drying time required for discussion,
techniques to improve | small Silk Screen signs Sign Shop Production 12 caidaet 5-7
efficiency * Bigger signs require merchandising,
several hours to dry training
12 * Re-entry of same data -
Simplify the order entry | increases workload and _ _
process by linking Sign | chance of error Sign Shop IT 24 IT integration, | 7 g

Track to FMS system

staff training
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. Scale of Type of Implementation Activities
Proposed Solutions | Issues : . Cost
Implementation change Period (Weeks) Involved
13 * No visibility to customer
Access to customer inventory T
Inventories to Improve | * No tools to track programming,
forecasting. customer holdings All districts IT 24 p'f‘””'”g g 1-2
* Unable to track and system wide
. training, staff
recall reusable signs (e.g. notification
road reconstruction)
14 * No control/authorization
Define rush orders for rush priority
* Rush orders disrupt
p_rOdUCtion '_i_ncre"flse lead All districts System 16 DiS(.:L.’SSi.on’ 2
time and waiting time notification
* No rationale given for
rush orders
15 o * No current forecast
Implement district * Lack of coordination Planning,
quarterly forecast with districts (only 10 system wide
system customers) All districts System 36 training, 2-3
creating
template
16 * Small batches increase
Broadcast short-term set up time .
f ducti Planning,
Sign production L L notification
schedule to all districts All districts System 16 system wide 2
training
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Proposed Solutions | Issues Scale of . Type of Imp.lementation Activities Cost
Implementation change Period (Weeks) Involved
17 * Temporary signs not
Track and reuse tracked and reused T
temporary signs (e.q. sufficiently programming,
road construction) * High cost of repeated All districts IT/System 24 staff training, 3-4
production sytS:aeirr?i xvg;de
I18 EMS syt * Information not current -
mprove system * FMS not used to trace e ,
to improve information | inventory All districts il 8 psr&?fr?gmmg’ 34
visibility and accuracy
19 * Currently not used
Due dates for orders * Information not shared Svstem wide
during inventory * Inventory information All districts System 20 ytraining 7-8
updates not used during ordering
20 * Sign shop and districts
Standardize signs using different numbering
number throughout the | system T
system. (TI number or | * Customers and suppliers pr%?;ﬁm?éng’
Sign number) All districts System/IT 36 ' 7-8

recording their inventory
differently

* Districts unable to trace
the signs received

system wide
training, staff
training
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