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ABSTRACT

Implementing Job Rotation as a manufacturing method is beneficial to production
efficiency, reduction of labor cost, operator satisfaction, and Work-related
Musculoskeletal Disorders (WMSDs) reduction. In this thesis, the steps of simulating the
change from a single station operator work center to a job rotational work center in an
automotive components production facility are investigated, analyzed and performed.

The objective is to show how the use of rotational manufacturing positively impacts the
working environment by operators sharing the workload, but also that production is not
negatively impacted and can thrive when implemented correctly. The production facility
provided a real-world application of the change of manufacturing method and allowed for
research and data collection of both non-rotational and rotational work centers producing
similar components, The facility also provided historical information of medically
documented WMSDs inside the facility and allowed for determination of which
manufacturing method was related to the WMSDs. Through analysis of the operations by
observations, research, and previously documented time studies the case was developed
to present the benefits along with the drawbacks of converting a non-rotational work

center to a rotational work center.,

The detailed savings of the manufacturing method change are highlighted
throughout the document, The time between documented WMSDs with workforces

utilizing job rotation occur at a rate of 84.00 shifts of operation. The non rotation work
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center is averaging a reported WMSD every 11.67 shifts. The switch of manufacturing
methods from non-rotational to rotational would reduce the frequency of WMSD
incidents by 620%. The efficiency of the associates in a rotational work center, evaluated
by observations through time study is 100% when analyzing the documented standard
time for the required operations through the course of a full shift. The operators of the
non-rotational workforce are operating at an efficiency rate of 95% when reviewing all
segments of time for their respective standard. When re-evaluating the operations
simulating the change to a job rotation work center the efficiency increased 5% as
compared to the same level of performance of the non-rotational work center. Hence, the
changing of the method of one operator one job manufacturing environment with a
rotational work method has significant benefits. In summary the benefits include no
negative impact to production, developing associates with more skills, more operator
knowledge, and developing a facility that has more built in flexibility when managing

attendance, training, hiring, cost, labor, and production efficiency.
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L INTRODUCTION

To be successful in business it is important for a company to investigate all
possible methods of production. Many methods have been discussed within the realm of
assembly lines and more specifically how the assembly line can be applied to the
automotive industry. Such discussion dates back to the origin of the assembly line
specifically developed for the automotive industry by Ransom Eli Olds, in 1901 and then
motorized by Henry Ford and his team of engineers in 1913. The various methodss of
assembly line operations range from; an entirely manual line relying on workers, semi
automated relying on the combination of workers and machines, to a fully automated line
where production is achieved completely by machine. The objective is not to redefine
the assembly line nor to develop new applications of the assembly line, but to take the
assembly line method and determine better utilization, that is how to best utilize the
worker and reduce the impact to the worker in a manual or semi automated assembly line.

The focus of this thesis is to investigate the application of job rotation,
establishing a production schedule where an associate performs several operations
throughout the course of a shift. Job rotation has been viewed by management as an
effective, simple solution to reduce or eliminate the possibilities of health risks, including
injury and fatigue, the decrease in production performance, job satisfaction, labor costs,
and the development of Work-related Muscular Skeletal Disorders (WMSDs). Job

rotation has been used in many areas of production and has been found to be both



beneficial and effective if applied properly. Job rotation is viewed as an Administrative
Control and when “Using job rotation, with caution and as a preventive measure, not as a
response to symptoms. The principle of job rotation is to alleviate physical fatigue and
stress of a particular set of muscles and tendons by rotating employees among use
different muscle-tendon groups.” (OSHA.gov/Publications) This view of job rotation is
echoed by the National Institute of Safety and Health (NIOSH) in that job rotation should
only be used as a temporary solution until a permanent solution to the situation can be
developed. It is the purpose of this document to ask the question, “Can the use of a
rotational work schedule be used as a permanent method of assembly line production to

prevent WMSDs but also to sustain and improve production efficiency?”

A. Company Background

The facility of interest has non-rotational and rotational manufacturing occurring
is representative of the average automotive supplier located in the United States. The
facility has happened upon hard economic times due to market in-balance, oil prices, and
other economic factors. A Tier I supplier to U.S. automakers was once considered a
secure future, providing employment for years. The economic troubles and a shift to
foreign labor for automakers have jeopardizing the future of the facility. Logistic
advancements have allowed foreign completion to be as reliable as a local deliver. The
company is eager to regain market share and become a more viable option for customers.
The key for success is producing at a lower cost, to pass on the savings of the company to
be a primary supplier. Recently the facility has been informed changes are necessary or
the facility will close, when the current plant contracts are concluded.

Local management has made the decision to investigate options both internally



and externally to regain competitiveness. The current floor operations are using both
rotational and non-rotational methods in selected work cells. The decision on which
manufacturing method is used is based on the cells work force pay code; this is directly
related to the contractual agreement between the company and the union operators. The
agreement is designed to guarantee work for the union members and to eliminate the
transferring to lower pay levels of rotational work cells, The non-rotational work cell has
different pay benefits for the workers based on the job that they are currently performing.
The original purpose was to ensure that the training of an operator was for a specific
process that is critical for quality purposes and therefore would afford the operator the
ability to retain the higher pay level. There is a large amount of resistance by the
worlkforce to disallow the change from non-rotational to rotational due to the pay levels
being based on job classification and seniority. The company wants a push to rotational
to show the workforce that if applied it would allow for the company to become more
competitive when bidding for supplier contracts and therefore more desirable, ensuring
production remains. The goals are to show the benefits to the customer and to show the
workforce the facility will survive; potentially at a decreased level, the situation is a
better alternative to the elimination all work. Using this as the jumping off point for the
research info how to institute and the reasons to institute rotationallmanufacturing this
thesis has been developed.

The areas of research covered are threefold. The first area will be in the current
production level of a working cell at the automotive facility. The thesis will show how a
rotational cell allows the same level of production that is currently being produced by a

non-rotational work cell at a lower cost. The next will investigate Health and Safety



issues that have arisen in both rotational and non-rotational work cells at the facility.
This addresses the concerns of the work force of maintaining and improving the current
working conditions with respect to well-being. The final objective wilt investigate the
costs related to production, health and safety, and any correlation between the areas. The
analysis of cost will be what drives any initiative to be taken. Using this analysis the
thesis will demonstrate that rotational manufacturing style allows the company to

increase its competitiveness when bidding on current and future contracts.

B. Production

Developing a plan that will give the company an advantage in the marketplace
will focus on how the company utilizes its largest resource, labor. The reduction of labor
is not simply a straightforward decrease in the number of workers currently producing; it
also includes the resources for quality inspection, supervision, technical and setup needs
that are not directly assigned to the final cost. All of the indirect labor needs to be
reduced. This can be shown with decrease in quality problems, longer production runs,
shorter turnover, and decreased down time, The area that is critical to the method of
production is quality. Regardless of which method is decided upon, the product must
meet requirements or additional resources are necessary for rework or to scrap the
product. Creating a simulation of the production scenarios will allow for the conclusion
of which manufacturing method should be used to produce quality, inexpensive
components,

The different methods of production; non-rotational and rotational are to be
analyzed to determine the rate of production, the accuracy of the build, and the quality of

the product with respect to the specifications determined by the customer, A time study



is created to capture movements and processes for each operation. The development of
the work standard will reflect the amount of production capable during an established
amount of time. Utilizing the time studies and the work standards, development of a
simulation for each cellular manufacturing style will be possible. The use of a simulation
will allow for the company to see results of each production method without the cost of
running each scenario and without the risking down time and poor production quality.
The data collected will allow the company to develop a production plan without fear of
the unexpected from changing manufacturing methods. The product will be evaluated on
several levels related to the worker in each manufacturing method. Developing a study
that includes the previously mentioned work standard, a detailed comparative study of
each task will be created and categorized to best determine a true relation of one to one
on which method will best benefit the company in a forward moving direction. Such a
study will aliow the company to decide upon a method that benefits the company by

increasing its appeal for new business.

C. Cost
The common denominator in a facility is expense. Every decision, every

movement, every hour, every final component can be calculated to a dollar amount, It
goes without saying that if you reduce your cost you can increase your profitability.
Using this idea every decision on how the facility is to operate comes from an analysis
that can be viewed upon as a savings. In the current economy it is difficult to maintain
the level of profits that have been seen in the past, every dollar saved is a dollar that
makes the facility look more appealing for business.

The analysis of cost will be focused on the employees of the facility. The



cost of personnel has become the greatest factor in the success of the facility. The
relation between personnel and production is a direct relation. The more production
hours that are required, the more personnel hours required. The amount of hours is not
only time spent producing, it is also; time ensuring quality, time for repairing a part, time
to change between products, down time required fixing a broken machine. Anytime
personnel are required to perform an action or service that does not result in the
production of a quality product is a decrease in profit.

The development of the simulation previously stated will allow for a direct
compatison of cost related to production. What will not be shown by the simulation is
the cost incurred when a person cannot work. These hidden costs occur when an
employee is unable to perform their task due to injury, fatigue, restricted movement or
other inhibitor.

Based on the current production methods being utilized a variety of situations
occur when a staffing change is required. The optimal scenario is an operator from a
different area will be able to move into the position and be fully trained to keep pace with
the line regardless of the production method. The more accurate description of the events
that take place is; an operator is placed in an unfamiliar operation and performs below
established rate of product. Each cycle until reaching the level required will be a
negative impacted to cost. This event is more significant in a non-rotational cell where
operators are only familiar with one operation.

In a rotational cell, an operator is loaned-in and comes from another rotational
cell. A rotational operator is trained with a larger skill set to utilize when moving to a

different cell. A rotational operator can easily adjust to a new operation instead of



requiring completely new training. An additional advantage is if a rotational operator
struggles, that position is impacted for only a fraction of the day.

These factors will allow for the comparison of how to successfully fulfill the
requirements of a customer with respect to quantity, quality, and price of product. The
use of cost shows the decision of production should also consider situations that arise
outside of the cell, issues related to ergonomics, safety, health, and absenteeism.
Encompassing all of the possible scenarios will allow for the better decision on which
method should be implemented across the facility as an equitable choice for business;

current models, next generation models, and new models.

D. Ergonomics

Many times poor ergonomics are only considered after an impact to cost. The
truth is that from the beginning until the discovery it has affected the cost, quality,
production rate, and the associate. What is hard to apply is the cost that is occurred to
production. All cost associated with an ergonomic issue; medical visits, prescriptions,
work restrictions, time off, etc. should be evenly distributed to the time before and after
identification. Countable costs such as medical visits and prescriptions can easily be
identified and placed against the overall profit of production. Looking at the cost of work
it is necessary to consider the fact that before an issue was identified, the associate
experienced restricted performance due to the lack of ergonomic consideration. Every
movement that increased the duress of a muscle to approach a strain or every rotation that
caused an increase in inflammation also limited the rate of production for that specific

product and increasingly all that would follow until the problem was recognized. It is



easy to capture the time after recognition that is required to allow for a health issue to
heal, it is harder to determine the time when the health issue first generated. The best
information available is the knowledge of the worker of when they first recognized an
issue present, even this is not accurate. Using the analysis of the simulation and the data
collected the use of the selected manufacturing method will address the potential savings

from an ergonomics position.

E. Objective

The knowledge gained from the research and analysis is to aide in identifying
viable options for the company to continuously improve operations, employee
satisfaction, and customer satisfaction. The evaluation and research by the student will
make them more marketable in future opportunities. Identifying the proper use and
providing the correct applications of job rotation is critical to ensure the production
method is beneficial. The information can be applied to other companies in similar
working environments. Reducing cost by moving production outside of the United States
is a continuous obstacle that local companies are faced with when competing with
business. Any advantage that can be gained needs to be implemented to ensure future
- prosperity. Any company that has operations that experience the same type of repetition,

movements, and elements can benefit from such research.



I1. LITERATURE REVIEW

The recent increases in cost of health coverage, disability cases, and worker
compensation cases has forced companies to view alternative methods to reduce the risks
and hazards that are found at the work place. The work place has begun to search for less
costly solutions to existing problems. Many solutions that have been created are quick
fixes to problems that exist but do not resolve the underlying problem. The increase of
Work-related Musculoskeletal Disorders (WMSD) have placed pressure on companies to
investigate how the actions that are currently occurring are going to affect their work
force in the upcoming weeks, months, even years. Academia has answered their requests
with increased research in areas of prevention, solutions, and resolutions to onsite work
hazards that affect the health and safety of employees. The investigation of work force
related WMSD has developed several different alternatives for a solution. The solution
of focus for the discussion is the method of using a rotation work force to decrease the
cases of WMSD occurring in a work environment. There is discrepancy of how this
solution should be applied to achieve the reduction in WMSD, the following works are
reviewed and compared to better establish the different opinions and acknowledgements

of the usage of the rotation work force method.

A. Review

Putting into perspective the situation of how WMSD have impacted the



working environment and the motivation to determine new solutions, Occupational
Safety and Health Administration (OSHA) reported in “1997, that employers reported a
total of 626,000 lost workday Musculoskeletal Disorders (MSD) to the Bureau of Labor
Statistics (BLS), and these disorders accounted for $1 of every $3 spent for workers'
compensation in that year. This means that employers are annually paying more than $15
billion in workers' compensation costs for these disorders, and other expenses associated
with work-related MSDs” (Department of Labor 2000). The need to consider WMSD in
the work place is clear and is crucial for an employer to maintain a satisfied workforce
and excel in today’s global marketplace. The concern then gravitates to what and how is
the proper way to reduce or eliminate the WMSD that are already present in the work
force. Deciding on the use of job rotation is only the first step of implementing a
solution. The idea of job rotation is simple enough, take a job that is problematic when it
is repeated throughout a work shift and rotate the wortk force to dissipate the load from
one worker to n workers. How can implementation be achieved so as not to increase the
load of several workers instead of one? How does accomplishing the rotation minimize
the impact on éfﬁciency and quality of work?

A critical step in determining how to implement job rotation is in the analysis of
the operations found in the work environment. There are several methods used that rely
on extensive calculations to determine the WMSD risks that are placed on the operator.
A regularly used method is to review historic data to determine the reports of injuries that
can be traced back to a potential candidate of operation that has produced WMSD. The
second method is more of a reactive method than a proactive method and can be

determined to be more costly in the long run. The National Institute of Occupational
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Safety and Health (NIOSH) have developed Lifting Equation that allow for analysis of
jobs to determine the risk level of creating a Low Back Disorder (LBD). As the name
indicates the area that is going to be analyzed is the area used for lifting; the lower back.

Other tools are; the Strain Index developed by Moore and Garg (1995) to focus on
the Upper Extremity Disorders (UpED) specifically; hand, wrist and elbow, Rodgers’
Muscle Fatigue analysis, which focuses on the entire body by breaking the body down
into groups: neck, shoulder, back, arms, wrists and fingers, legs, feet, RULA (Rapid
Upper Limb Assessment) with the focus on as the name indicates the upper limbs. This
is a critical step in determining an accurate measure of the potential for a WMSD to
occur. Ensuring that the appropriate criteria is being reviewed and considered will allow
for a more defined problem statement of the situation.

The selection of analysis tools to be used can be determined by an individual, a
team/committee, a corporation, independent auditor, government, etc. Using a tool that
focuses oﬁ hands when a pinch force is occurring is commonly accepted even if different
tools are available; the results are verified for reliability of the tool. Using the results
from the research different practices are identified. The method, the effectiveness, and
duration to implement job rotation is viewed differently by different components of a
company, Job rotation as an administrative control in some cases is viewed as a final
resolution, in areas of health and worker satisfaction it is only an interim solution to a still
present problem when considering WMSDs.

The main focus of job rotation is to reduce or eliminate the strain that a group of
muscles or soft tissues in the body is placed under for the duration of a working shift.

The additional benefits that job rotation provides are broader than those that focus

i1



specifically on the health and safety of the operator. Major perceptions of the benefits
are; cross-trained workforce, reduced boredom and monotony, increased
innovation/motivation, increased production, reduced absenteeism, and lower turnover
rates (Triggs and King 2000; Jorgensen, et al 2005; Kuijer, Visser, and Kemper 1999).
These particular benefits appear to be codependent on each other. It can only gain the
benefit of reduced boredom and monotony by increasing the variety of knowledge which
requires a cross-trained workforce. Increased innovation and motivation is due to a
worker no longer suffering from boredom with the job. With the new motivation of an
operator the production will increase. Reduced absenteeism and turnover rate is in
correlation to how an operator “feels” about his/her job, also the expense incurred during
training of new associates. The idea of job rotation developing and producing a cross-
trained workforce will allow for a diversified workforce that is more flexible in staffing.
These are views developed by management on the side of implementing job rotation.

What is required to give the worker a positive perception of job rotation? Many
obstacles are already present in the work environment that inhibits the ideas of job
rotation. The frame-work of the organization, different pay scales, individual opinions,
duration of time of employment is components that aid in the difficulty of producing a
job rotation environment. Worker perceptions may stimulate motivation and
commitment, effects which enhance effort, performance and productivity (Faucett 2005).
The other side is many workers view producing in a job rotation as an opportunity to
show a skill set that has not been displayed previously. A chance for management to see
a worker excel in a different area or skill set.

The question of who is suitable to be cross-trained arises and to what level of

12



cross-training is needed to produce positive results. The conduciveness of an operation to
be performed by several different operators is not based solely on the operation but on the
individual worker him/herself. Cross-training is beneficial, especially when the variation
of demand is significant (Campbell 1999). The ability of the operator to retain the
pertinent information for different operations is related to the level of variations presented
by the operation, When operations are similar the learning curve of the different
operations is increased, but the ability to maintain the differences between the operations
becomes more difficult. Essentially the ability to overlap training allows for greater ease
in operation transition which correlates with the potential of performing a similar but
wrong operation, Due to the slight variability the probability of the operations using the
same muscle groups is significant and will not produce the needed variety in movements.
The distinction is not recognized by the mind or body and becomes a member of the
current task list.

A variation of significant magnitude will allow for better results in alleviating a
monotonous routine, The large job variation with a gradual learning curve will allow a
more easily recognized difference in operations. The ability of the different operations to
focus on different areas of the anatomy will aide in the objective of dispersing the load on
different muscle groups and different ranges of motions. With the onset of new
requirements being placed on an operator the ability of the operator to retain the
correlating information will begin to test the operators” mental capacity. The task
complexity and experience significantly affect the learning and forgetting rates of
workers based on field study (Nembhard 2000).

Simulation studies developed by Shafer et al.(2001) have shown to be significant

13



results of the role of individual learning and forgetting characteristics on the overall
performance of an assembly line. The changing of operations will decrease the ability of
an operator to become proficient at an operation to their highest potential. “They never
really reached their highest sustainable level” (Nembhard 2001). Though the highest
sustainable level may never be reached, a rotational worker properly allocated will be
able to sustain an elevated level for the duration of employment over an operator whom is
non-rotational. In rare cases of operators who will only have a single operation for their
entire career rotational learning inhibits their ability to have their highest level of output,
it does provide however the ability to prevent the worker from being injured or bored
with the single operation. Rotational methods produce a more reliable workforce that can
be counted on to perform at a high level.

Developing an assignment of workers based on the individual learning ability will
allow for a company to achieve a higher yield of not only production but of quality. The
major trade off or “cost” of cross-training in terms of lost utility, which can be interpreted
as a loss of efficiency as well (Sayin and Karabatti 2007). Additional components that
are needed to be included in the discussion of operator retention are the pool of operators
and operations. It is the responsibility during analysis to include individual capacities
and not solely the operations. Finding the harmonious combination of operators and
operations will atlow for the greatest utility and will minimize associated costs with
training.

A variety of operators is required to produce a beneficial job rotation that contains
both short and long term learners. If employers could trade their variable workforce for a

troop of “average” workers, they’d be behind in the long run (Nembhard 2001). The
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assignment of short and long term learning operators requires a look at the operations’
duration. If a short term worker is used in a long run operation then their benefits will
reach their highest level at an earlier stage, though this may sound ideal Nembhard
(2001) has indicated that a long term learning operator will be able to exceed the level of
operation of a short term learning operator. Conversely a long term operator will not
achieve their highest potential in a short run operation and will not be able to achieve the
level of a short term learning operator. An average learning worker will be able to
provide sustainable results but will not deliver an optimal in either scenario. The
consideration of the work force on an individual basis would allow for the assignment of
operators related to the duration of the operations. The proper application would allow
for a company to maintain the desired level of production needed to fulfill their
requirements and compete in the market. It also needs to be recognized that an average
worker will allow for the greatest reliability in scheduling of production and routine. The
tradeoff from average worker to average worker will not be a significant decrease or
increase in rates. The place for an average worker is still available and will deliver
desired results if in the proper application where short term and long term learning
workers are placed in applications that are interpretations of how the product is viewed.
Determining the duration of short term and long term runs is critical in determining the
relevance of which method to utilize. Is short term defined as a few shifts or even less, is
long term running the same process day in and day for a month or for a year, which will
negate the benefits of instituting a rotational work force? Rotational schedules should be
optimal for short and average learning workers because the operations do not require

continuous exposure to the same operation, the basic desire of job rotation.
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The analysis of the operation is vital to the success of the application of
job rotation. The direction of the analysis turns to the operation itself. The need for the -
job rotation is justifiable if there is significant evidence that the operation itself is the
cause and development of a WMSD. The tools required to analyze the operation on the
basis of whether or not there is a risk factor that could potentially lead to a WMSD are
available. Job assessment tools such as Rodgers/Kodak Fatigue, RULA, Strain Index,
etc. are commonly found in the work environment. The determination of how to proceed
in implementing the job rotation schedule varies among the researchers. The variables
that affect the assignment of operators in an environment draw upon the different
education and research developed for the specific program of how a job rotation should
be assigned. The importance or weight of the same variable will also differ between
programs and will thus conclude to different outcomes in assignment. A variety of tools
should be utilized to better determine the appropriate level of impact an operation has on
an operator. A single input is not as comprehensive as multiple analyses to better isolate
the trigger that causes a WMSD.

The differences between the methodologies of how to establish job
rotation first begin with the seiection of which jobs need consideration for rotation. The
number of jobs that can be rotated raises the concerns related to the learning and losing
paradigm. The availability of # operators for x operations can cause limitations in the
establishment of a rotational scheme. Work forces are being reduced to allow for the
companies to still maintain some competitive aspects against foreign suppliers. Many
automotive manufacturers are facing similar problems as the facility in Indiana, where

reduction in sales has affected not only the main automaker but the entire supply chain.
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The reduction is now testing the capability and capacities of the remaining work force.

The need for an injury free workforce is very important to a company with a
reduced pool of workers to choose from. It allows for a larger spectrum of operators to
select from and decreases the company’s indirect costs, keeping their prices more
profitable. The ability of the operator to perform different tasks allows for more
diversified work force. When the question of implementing a job rotation arises do ali of
the operations need to be in consideration or should only the highest and lowest
probability of injury risk be considered is a question that begins to mold how the job
rotation is established for each application. Developing a job rotation plan requires
determining the set of jobs to be included in the rotation, the sequence of jobs, and the
job interval length (Tharmmaphornphilas and Norman 2004).

A variation of muscle groups used in operations should be grouped together to
gain the most benefit of a job rotation schedule. Sequencing can occur randomly or due
to the task sequence with the objective of not allowing the same group of muscles to be
used in consecutive operations. Defining a sequence so to ensure that or to at the very
minimal limit the exposure of the same muscle groups being used are not repeated in the
consecutive operations should be the focus of the rotational schedule. The idea of
ensuring the consecutive operations do not share the same body group at an elevated level
will be utilized in the development of a simulation. The duration of time each operation
is performed can be easily regulated by hourly intervals or by stops in production due to
regularly occurring breaks in the shift. Tharmmaphornphilas and Norman (2004) use the
Job Severity Index (JSI) to analyze the operation in a simulated manufacturing

environment. The JSI developed by Liles et.al. (1984), is a unit less measure relating the
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required lifting exertion to a worker’s lifting capacity. The focus of the study is on the
prevention of low back injury and does not take into consideration other muscle groups
that could be applied across several different operations. This is a clear indication that
several resources tools are required to best accomplish the assignment of a job rotation
schedule so it can be applied to the entire operator and not selective regions.

The lower back seems to be the target of many studies of operations where job
rotation is introduced as a potential solution. Frazier et al.(2003) focus on lower back
injuries that occur in an automotive assembly facility. The study focuses on two
operations among thousands that occur daily. The two operations were selected for their
nﬁticeable differences in postures. The NIOSH recommendation of selecting operations
for job rotation that use different groups or areas of muscles and tendons would justify
the selection of the two operations for further analysis in the inclusion of a job rotation
schedule. The study was only allowed to analyze one operator due to production
requirements for the facility. A small number of operation cycles were observed and
recorded on video tape for analysis. Using the information from the video tape along
with the physical properties of the equipment, materials, and environment the model was
developed to be more complex then the Tharmmaphornphilas and Norman (2004) study.

Custom software was developed to include the estimated moment of force,
reaction forces on major body points, with the lumbar spine being the major jointed body
part of focus. The actions required to perform the operation were analyzed to produce the
probability of a lower back pain to occur causing the operator enough discomfort that the
pain would be reported to management. Reviewing the peak cumulative loads placed on

the L4/L5 disc of the spine enabled the development of a Low Back Pain Reporting Index
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(LBPRI). The LBPRI has a 0.0 to 1.0 scale that allows for a quantitative measure to be
assigned to the amount of pain reported from an operation that has been properly
analyzed. This method allows for the study of the actual worker performing the
operations through the entire range of motions and forces.

Development of such an index allows for the grouping of operations that can be
categorized from no risk to high risk LBPRI. This tool provides a better method of the
assignment of operators to operations in a job rotation schedule. The operations observed
at the Indiana facility were chosen due to their relation of being contained in the same
cell. Operators are in designated departments in the facility and are able to shift cells, but
this only occurs during a shift if production runs are completed or manufacturing
problems occur. The operators in the department are self contained inside an individual
cell lending to a limited amount of operations to choose to be included in the job rotation
schedule.

The two previous examples of studies do not develop a process of assigning job
rotation outside of the focus on low back injury. Itis a single criterion that would allow
for an initial rotation schedule that is beneficial for the reduction of lower back injury but
could potentially increase or decrease the risk of injury in other areas of the body, but it is
unable to capture the information from the analyses. The studies could proceed further
and continue to review other areas by using different tools and measurements to heip
eliminate or reduce injuries to the entire body and work force. The event of such actions
would require a large amount of resources that could potentially be better utilized
redesigning the operation if applicable.

The decision to redesign the operation or proceed to evaluate the impacts on other
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areas of the body would need to be decided upon by ergonomists, engineers, workforce,
management, etc. involved. Developing a detailed evaluation of all criteria involved
would be the ideal scenario for producing a job rotational schedule. The practicality of
such an event is not realistic. The resources in most facilities are across many different
departments and operations. The idea of allocating an analyst per operator/operation that
would be required is simply not feasible. The interim choice until the day when
someway one analyst per operator/operation is available is to decide upon the best tool or
tools and apply their results appropriately. Performing follow up tests and evaluations to
ensure that the original problem was in fact resolved and that no new issues have arisen is
critical to the success and sustainability of the development of a schedule,

The decision to implement job rotation to reduce the risks of WMSD can lead to
the discussion of which factors are important. Is the job the main component to be
considered; focusing on the operation, movements, forces, clements related to the
environment? Analyzing the job requirements to determine the physical load that is
being placed on the body is a method commonly used in highly physical jobs.

Kuijer et. al, (1999) focus their research on fefuse collecting in the Netherlands.
The analysis focused on a small group of workers whom performed several tasks based
on their level of seniority. This is a parallel criterion to the current situation in the
automotive facility being investigated. The research separated the workers to keep a
group of un-alternating schedules and a group that would perform job rotation throughout
the day.

In the search for determining the correct cﬁteria that are needed to be included to

develop the methodology for the assignment of a job rotation schedule what should and
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should not be included. The allocation of tasks to workstations may have a substantial
impact on the prevalence and severity of work-related musculoskeletal disorders for the
people assigned to the work stations (Carnahan ef. Al. 2001). The goal to minimize the
cycle time so to increase production can have a stressful affect on the operator. A
combination of demands at home and work can lead to prolonged stress over the course
of the day, which maintains high levels of arousal, delays recovery and ultimately
contributes to musculoskeletal problems (Melin and Lundberg 1997).

The high level of arousal can be contributed to stress being a continuous
component of a work day. Many factors including job demand, control over job-related
decisions, monotony, job satisfaction, supervisor and co-worker support and work pace,
have demonstrated significant associations with reports of musculoskeletal pain and
disorders related to the back, upper extremity, neck and shoulder (Faucett 2005). In order
to alleviate an outside component such as stress, rates of production will remain constant
across the different cells as it was prior to the researches beginning. Operators will be
given several shifts to adjust to the new rotational schedules if applicable and develop
their daily routines accordingly.

The development of a job rotation schedule will affect both the operators and the
management team established. The operators will receive the most direct impact of the
job rotation schedule. The operators will be required to learn new operations, required to
differentiate between models on an assembly line, take on new responsibilities in relation
to quality, etc. The management team will be required in many corporations to establish
the job rotation schedule. Upper management will delegate the duties down the corporate

ladder some instances down to the lowest level of management. These “arca” managers
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will develop the job rotation schedule based on what they feel will work the best. The
consideration of operator input on which operations are more strenuous could be
considered, the work intervals will most likely be etther hourly or based on
predetermined scheduled breaks.

‘The idea of job rotation being evaluated based on a single input of what a
manager determines based on convenience is very common. Jorgensen et al.(2005),
developed a survey to try and determine how many companies were using job rotation
schedules in their manufacturing. Focusing on the Midwest of America, 178 companies
contacted responded to the survey. Of the 178 companies surveyed 76 indicated that the
company participated in job rotation. The ‘method’ used to develop rotation schemes was
primarily driven by supervisor decisions, followed by ergonomic job analyses (Jorgensen
et al.2005) with the next common input being from employees. The survey also
investigated the “perceived benefits™ since the inception of job rotation. The increase in
operator skill, decrease in work related injury, and increases in employee satisfaction
were among the highest “benefits” reported. The resulfs however determined a negative
correlation between the number of years a company had been utilizing job rotation with
turnover and absenteeism (Jorgensen et al. 2005). A major finding of the results
contradicted what NIOSH and OSHA have established for the use of job rotation as a
temporary control to further prevent WMSDs while engineering actions are being taken
to correct the concerns. The findings of the survey stated that the median duration for a
company to be using job rotation was 5 years. The “results suggest that job rotation
maybe being used as a permanent intervention strategy, rather than an interim control

strategy” (Jorgensen et al. 2005).
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The decisions of which components have the greatest affect on deciding how to
implement a job rotation schedule are still being determined and new ideas are being
investigated. The possibility of a single method that would be able to transverse all
operations is not likely to be discovered due to the complexity of the human element.

The knowledge gained from various operations will allow for researchers to consider new
information that would not have been originally considered in the development of a
method for a specific industry or application.

In the specific situation with regards o the facility in Indiana it will be impractical
to physically change the production methods for determination in which will produce the
best results with respect to production and the decrease in WMSDs, This specific case
lends itself to the idea of running simulation in place of the physical change. Simulations
“are conducted to analyze and improve the efficiency and effectiveness of manufacturing
organizations, systems, and processes™ (McLean and Shao 2003). The benefit of the
simulation will allow for the current process to be compared wiih the proposed changes
without the costly affects of downtime, rearrange, retooling, and new training on the
proposed system. Specific to the automotive manufacturing facility “the objective is to
minimize the makespan, set-up cost , inventory holding cost, backlogging cost, total idle
time and load imbalance” (Yan et al. 2003).

The formation of a simulation is easily achieved in theory but it often
mistepresents the proposed system changes. The simulation lends itself to allowing the
possibility of an error in several steps of its process. The main cause of error is in the
challenge of the simulation itself, “unfortunately human error is inevitable and it is more

likely when under pressure” (Wood and Harger 2003). Errors can be found in the data
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collection, simulation modeling, and the reporting of results.

Data collection begins the process of developing a simulation; only with the
appropriate information can a model have a chance of being valid. “Validation is the
process of determining whether a simulation model is an accurate representation of the
system, for the particular objectives of the study” (Law 2003). “Validity, is a judgment
regarding how well suited a particular representation is for a specific application”
(Hughes and Rolek 2003). The previous examples only represent a very small population
of the importance of developing a simulation that can achieve validation. This will also
be the focus that is to be achieved with the simulation of the manufacturing facility.

An area inside the simulation that that has been the target of many research papers
is the identification of representing the human component. “Traditionally,
representations of the human operators have been relatively ineffectual as a result of
oversimplified assumptions underlying the models” (Hughes and Rolek 03). Hughes and
Rolek go a step further in stating, “the limited degree to which crew behavior is
accurately represent in these simulations is generally regarded as inadequate, and as such,
limits the overall validity and utility of the models.” The acknowledgement and proper
identification of the operators will not only provide an accurate simulation with respect to
production quantity and quality but also with the combined focus of the potential of
WMSDs it is critical for the simulation to be successful.

There are several tools recommended by Law to help reduce the possibility of
inaccurately representing a system in a simulation. The “Seven-Step Approach” is a
process developed by Law through previous practice and teachings of simulation. Paying

particular attention to the steps; 1. Formulate the Problem, 2. Collect Information/Data
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and, 5. Is the Programmed Model Valid it is the purpose to ensure that the model is valid
and the results are appropriate for the purpose of the model. The model will be valid by

paying attention to the criteria and ensuring the data used is current and appropriate. The
simulation will be used to address the impact a job rotation schedule has inside a cellular

production system.

B. Literature Summary

The importance of accurate tracking of information, relevant information in the
areas of WMSDs, production schedules, and model development are critical to the work
that is to follow. Utilizing the studies of the research and development will follow the
examples of the previously stated literature along with establishing a working comparison
of actual events occurring within the same facility. The greater benefit of the simulation
is to introduce the concept of not only that the rotational work-force can be a permanent

manufacturing method and increase production, performance, and morale.

C. Proposal from Literature

The evaluation of the current processes will create the baseline for establishing
the current manufacturing method. Analyzing the operator’s performance and ergonomic
risk of exposure is to develop a countermeasure to the current condition.

The Indiana facility currently has both rotational and non-rotational schedules
being utilized in manufacturing. Identifying the groups to represent the rotational and
non-rotational work forces will allow for an accurate comparison. The simulations
analyze the current and proposed manufacturing methods without disrupting or

jeopardizing the production requirements.
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L. METHODOLOGY
The elements that make the internal components of the facility unique will be
considered from various views. The medical information documented during the study is
analyzed. The analysis includes the recorded occurrence, the body part of the operator,
and the area of the facility. The products that are for internal and external customers s
considered, along with the manufacturing method. The last area is the most critical

component in developing a successful simulation

A. Facility History And Information

The facility has defining attributes that aide in the development of
subcategorizing itself. The facility has been in operation for nearly thirty years under the
current parent company. Changes in production have caused the facility to change its
appearance many times over. The facility itself is a great opportunity for investigation of
establishing proper parameters for comparing manufacturing methods. It is expected that
changes have been made to all aspects of business; head count, products, management,
etc. The facility was continually undergoing change during the duration of study, new

| models entered production, current models were relocated to different areas of the plant
floor, staffing was reallocated, and models left for other facilities. Any adjustment to the

facility presents new options in evaluating the company.
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The facility is a customer, a supplier, and a generator of goods. Arcas
inside the facility use raw materials, outside sourced components, and internally sourced
components in production. Each area presents its own unique characteristics and
challenges when developing criteria for selecting the appropriate criteria. The
determination of which areas and what products will be the focus to develop a simulation
can not be based solely on the areas of the facility.

The manpower allocations of the facility throughout the years have changed in
total numbers and numbers within inside departments. The employees of the facility
have been able to be transferred and promoted. The information of any changes has been
recorded by the human resource department on a monthly basis. Department differences
are established due to rules and regulations between the workforee and the company.
The variations were created to for the purpose of differentiating compensation between
specific departments and specific job classifications. These variations identify areas of

different manufacturing methods applied to the workforce.

B. Production

The varying products and different forms of production are areas that need further
investigation. Looking at the different products that are produced is the beginning of
understanding how the production inside the facility is different. The diversity of the
products include plastic components, metal tubes, metal flanges, pressure regulators,
windshield washer bottle assembly, canister vent valves, fuel delivery modules, fuel
pumps, and fuel vacuum senders; each has different models and different fuel types
available (gasoline or diesel). The different products themselves are a good place to start

the investigation of which areas run similar products for comparison. A windshield
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washer bottle assembly does not look anything like a fuel vacuum sender when
investigating the products on physical characteristics only. The physical comparison
begins to highlight areas of interest based solely on product.

The next step is looking at the components of the products. Identifying the
component helps in categorizing areas of the facility. Several areas inside the facility
have similar products, produced for the same purpose of operation but are made of
different materials. Material is reflected in the type of production chosen. Certain
materials and products are more applicable to certain styles of production, An ABS
plastic is more durable and can have more force applied to it then a rubber component
which can rip and tear in certain applications. The material used is based on what the
engineering requirements are for the final product.

The assembly of the product is an area for evaluation because; after physical
attributes it is the largest distinction between products, the amount of automation impacts
operator numbers, and the type of production determines; rotational or non-rotational
manufacturing. There are fully automated, semi-automated, and manual production lines
that are focated throughout the facility. The fully automated products supply other areas
inside the facility. There are semi automated lines that produce internal and external
products. The third option is a manual line that can also produce internal and external
products. The work cells apply different conveyance of incomplete products. Types of
conveyance are either belted driven, gravity feed, or manual. These differences allow
grouping or isolation when developing the comparison of different work cells. The
review of the product types and production method attributes help in the comparison of

components,
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The facility produces both current production year products and service products
in the same cell for many areas creating the need to remain dynamic. The company
provides the facility with a detailed forecast of volume for the current models, in addition
a total volume of all service is provided to the facility. Service models are designated to
run inside a work cell along with the current models. The current model parts are broken
out into individual forecasts for scheduling and manning purposes. Service models are
forecasted together as a bulk requirement to provide the percentage of production time
that is needed for production. Service models produce challenges not only in scheduling
for actual build time but also including time for changeover and the increased amount of
down time due to older equipment. These factors of service eliminate service cells from
consideration, the assumption being the forecast is not reliable to develop an accurate
representation of the work cell.

The reliability of a part being produced consistently at a regulated volume is more
critical to determine the impact of a production method. The forecasts have changed as
demands have changed over the course of the study. The volumes and the components
will be considered for current models during the 21 month study. Production model
years change very litile even if a dramatic vehicle redesign occurs.

The production information contains production volume, rates, shifts, and
operator population, Selecting only volume as the critical determinate will not
accurately portray the work cell, the shift, rate, and operator population needs to be also
considered. The number of shifts a work cell operates impacts the number of products
needed for production. The rate of production impacts the number of shifts and also the

number of operators, The comparison will include all of the information from the work
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cell including any adjustments to operator population that maybe a cause of quality
requirements. The information regarding operators, shifts, departments, and work cells
was updated on a monthly basis by the human resource department. Changes that do not
pass from one month to the next are not reflected. The monthly data will be applied as
daily data for the operator population for all working days inside that month. The
information is independent for each work cell and does not allow for an operator to be
counted in two different departments or work cells. The work cell indication is attached
to the operator population and will allow for calculations of rotational and non-rotational
work cells independently for comparison. The identification of such work cells is

critical in analysis of the medical injury/illness reports.

C. Identify Injury/Illness Potential

The manufacturing facility has an onsite medical center staffed with three full
time registered nurses, one part time registered nurse, and a medical doctor who is on call
twenty-four hours, seven days a week. Any member of the staff is capable of
documenting any operators’ occurrences. Each member is trained to respond and record
all work related incidents. Through diagnosis the occurrences are evaluated and recorded
into the following categories; classification, level, OSHA Indicator, Ergo Indicator,
Department/Location, and Primary Body Part.

The largest subcategories are injury/illness. An injury is a single event that creates
the occurrence that is being reported such as a cut, scrap, bruise, etc. An illness is the
repetition of a motion or event that has caused an illness to develop over time and is now
being identified and reported as an occurrence; examples of illnesses are carpal tunnel

syndrome and tendonitis. The reported injury or iliness is identified by the circumstances
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that potentially could have caused the injury or iliness. The OSHA Indicator, when
present, is noted in the records and requires the additional documentation to aide in the
diagnosis and research. The Ergo Indicator purpose is to notify the facility’s ergonomic
commiftee to begin evaluation of the operation.

The Department/Location is the area inside the facility and the shift used to track
other occurrences in the area. The Primary Body Part identifies the anatomical area of
the operator that is impacted. The report contains other information related to personal
information of the operator and facility related information, this information is used for
clinical use and identification that is not applicable for this study, i.e. name, payroll
number, this information has not been included.

Diagnosis provided by the medical department identifies the occurrences from
different work cells independently. Operators rarely transfer outside of their assigned
departments, but can transfer among work cells which have the same pay rate. An
operator transferring into a different manufacturing method is too rare an occasion for
consideration. The assumption of no transfers is used when evaluating work centers
during selection and analysis of potential dangers.

The body regions have been established to focus on the movements and causes of
each occurrence. The regions are Upper Limb, Head and Neck, Back and Lower Back,
and the Lower Limb. The Upper Limb will include the shoulders, arms, elbows, and any
occurrences in the hands. The Lower Limbs will include the hips and the feet into the
collection of occurrences.

The departments are defined and due to restrictions of the workforce the

assumption is no department will differ from the established manufacturing method. An
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operator is only exposed to the same basic operation during production. The differences
in a model will only allow for small dimensional variations of components. The work
cells are viewed as independent entities and can not be communized to cause a
generalization of the process.

The medical information is utilized in the selection of operations that are
reviewed for use in the analysis of the comparison of rotational work cell and the non-
rotational work cell. The medical information collected will correlate with the historical
production information. The Forecasted Production Volumes (FPV) for the work areas
allow for the development of an average production week for a work cell. The models
have a predicted volume for the year and the volume is to be evenly distributed
throughout the work weeks of the year.

The work cell operations are researched to determine the level of potential injury
exposure to the operators. Tools such as NIOSH Lifting Equation, Strain Index, Liberty
Mutual Tables, Rapid Upper Limb Assessment (RULA), and Rodgers/Kodak Muscle
Fatigue are used for ergonomic assessment of the operations. An assessment is only as
reliable as the training of the individual performing the evaluation. The tools used for the
determination of possible WMSD related situations are chosen for the universal
application of the operations that are performed in the different work methods. The

assessment tools have been implemented at the website: www.ergoweb.com which is

used to process the data recovered during the study, access is provided by the facility.
The Rodgers/Kodak Muscle Fatigue Assessment is used for the consideration of
the entire body. The Rodgers/Kodak takes into consideration the effort level, frequency,

and duration. The major body regions have been separated to get a better focus on the
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possible body components of concern. The selection of the Rodgers/Kodak tool is based
on the criteria of ease of use of the tools for reporting. The use of the Borg scale and the
visual aides increase the accuracy of reporting.

The principle of Rodgers/Kodak is the hypothesis that a fatigued muscle is more
susceptible to injury than a well rested muscle. In the application of Rodgers/Kodak it is
best if an operation is performed for duration of an hour or greater, which is appropriate
for the facility being evaluated where the minimum operating segment is an hour and the
maximum normally scheduled is a shift. The analysis places the operation into four
levels of effort; Light, Moderate, Heavy and a Fourth level in which the effort can not be
exerted by most people. Each named level corresponds with a range of points on a 10
point Borg scale; Light (0-3), Moderate (4-7), and Heavy (8-10), the Fourth level is not
represented on the Borg scale, it is still acknowledged as a possibility of a score if the
work load can not be maintained. Each of the levels are then given a ranking to
correspond with the Borg scale; Light ranked (1), Moderate ranked (2), Heavy ranked (3),
and the Fourth Level (Extreme) ranked (4).

The analysis of the operations focuses on the body compoenents; neck/shoulders,
back, arms/elbows, wrists/hands/fingers, legs/knees, and ankles/feet/toes. Each region is
analyzed with respect to 3 levels of exertion; Effort Level, Continuous Effort Time,
Efforts per Minute. Effort level views and analyzes the positioning of the body
components with specific detail to each region. Rodgers/Kodak provides descriptions of
the body positioning to aide in the analysis of the different regions. Continuous Effort
Time is simply stated as the duration of non-interrupted muscle activity. The durations

are calculated in seconds and ranked (from 1-4 ) as follows; Less than 6 s (1), 6-20 s (2),
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20-30 s (3), Greater than 30 s (4). The last analysis is the Efforts per Minute that assign a
ranking to the number of occurrences an operation is repeated in any given minute of
normal production. The rankings allow for 1 occurrence or less per minute to be ranked
(1), 1 to 5 occurrences per minute ranked (2), 5 to 15 occurrences ranked (3), and greater
than 15 ranked (4). The term occurrence indicates the repetition of an action such as a
reach with the right arm a certain amount of units in distance, regardless of the function,
each reach is recorded. This allows for the component or operation to be negotiable but
allows for the body movement to be identified as impacting the same region numerous
times, providing an accurate account of compounding motions during production.

The ranking of the three different categories gains insight into which areas should
be the focus of change. The scores are arranged in a table that indicates the priority level
of the needed change. The groups in the table are the combination of scores that would
cause the least muscle fatigue on the left of the table to operations that can cause the most
severe muscle fatigue on the right side of the table. The analysis and chart allows for
ranking and identification of operations that have an increased risk to accelerate muscle
fatigue. The rankings provide information on operations level of muscle fatigue.

The analysis indicated that the majority of operators were seated during the
operations, The Rodgers/Kodak does not properly account for such production. A
secondary analysis tool is chosen. The evaluation of high WMSD needs the ability to
isolate the upper extremities movements and forces. Rapid Upper Limb Analysis
(RULA) was chosen; RULA is an analysis reduces the impact of the lower limbs on the
score of the analysis. The inclusion of non utilized body components could cause a

misdiagnosis that misrepresents the severity of an occurrence.
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RULA evaluates the body by dividing the body components into two separate
groups. The upper extremities know as Group A arc the arms, forearms, wrists and
hands. The other body components that make up Group B are the neck, trunk and lower
extremities.

Evaluation of Group A begins with ranking the posture of the body components
by a predefined range of degrees of flexion and extension and any rotation involved.
RULA provides an easily followed guide that allows for the user to read a description of
flexion/extension along with a diagram and determine which value is correct. Once the
correct value is selected a ranking is established for the part and the score is determined.
The posturing is completed for each group of body components and a general score for
the postures is produced from a table.

The Posture Risk Factors are comprised based on the load applied to the body
part from the orientation it is placed in. The table scores each component and then
determines a final score. The score table represents a hierarchy of scores representing a
series of if-then statements producing a final score. Group A and Group B have
independent tables to reflect the scores and severity for each body grouping.

The next step in the evaluation of an operation is to consider the effort output
achieved for the duration of the operation, known as the Static Muscle Contraction
Factor. A score related specifically to the muscle exertion of each group independently
is considered, The scoring is either 1 or 0 and is separate from the posture risk score, A
score of 1 indicates that the muscle groups being utilized are held static for longer than a
minute. A score of 0 indicates the muscle contraction less than a minute in length,

A Force Risk Factor of 0-3 is recorded of the force exerted during the cycle of
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operation. This score considers the repetitive nature of an operation. A 0 score is for a
process that requires a load or force less than or equal to 4.4 Ibs and is held intermittently.
A 1 score is possible for loads or forces between 4.4-22 1bs and is held intermittently.
There are two possible ways to obtain a score of 2; one involves a load or force between
4.4-22 lbs and the motion is either static or repetition occurs more than four times a
minute, the other way is a load or force greater than 22 1bs applied intermittently. A
score of 3 is possible to be achieved by either a load or force greater than 22 Ibs that is
static or repetitive or any magnitude of load or force that is experienced through a rapid
build-up or jolting action.

The final determination of RULA applies all three scores for each group to a final
score. This is done by adding the Posture Risk Factor, Static Muscle Contraction Factor
and the Force Risk Factor. A total score for Group A, now referred to as Score C will be
referenced with the score from Group B, now referred to as Score D, in the Grand Score
Table.

TABLEI

RULA GRAND SCORE

Score 0 (MNeack, Trunk, Legs}

i3 2 3 4 5 G T

11 s | 2| 2 3 | 4|5 | s

2l 22| 3}tal|lal|s|s
Scaore C -
(Upper 3 3 3 3 a4 | 2 | s 6
Lirmkb}

S5l a|al|als 6 | 7 1 7
&

atl als | s |6 | 7| 7
s ts|el|le | 7| 7] 7
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The Grand Score allows for the depiction of the severity of a job in its current
environment and under its current conditions. A Grand Score can range from 1-7, 1
being instances of lowest priority and 7 being instances of greatest priority and the need
for immediate review of process and appropriate changes to the procedures. The
evaluation of the current operations allows for identification of areas of concern and areas

of acceptable magnitude in a work cell.

D. Simulation

Using a simulation represents the activities in the facility without impact to
manufacturing. Calculating the amount of exposure utilizing the different manufacturing
methods and making changes to production where applicable. The simulations will
accurately represent current manufacturing cells inside the facility. Using actual cell
cycle times, observed fatigue rating, break schedules, and one piece flow will most
closely represent the current conditions.

The Rockwell Automation Technology Software package of Arena Version 12,
Training/Evaluation Mode (STUDENT) is utilized for developing the simulation. The
software allows for the creation of entities and processes to represent the components of
the current manufacturing methods, The ability of tool can establish one piece flow,
creation of new entities, disposal of completed products, and the change of production
performance throughout the course of a shitt.

The simulations will run for sixty-five replications, representing thirteen weeks
with 5 work days in each week. The duration of each work day is represented by a single
shift. A shift is comprised four-hundred eighty minutes minus scheduled paid breaks and

movement for job rotations if applicable. A work center incurs forty minutes of paid
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break. The replication cycle will last four-hundred forty minutes for non-rotational
methodology simulations. The replication cycle of a rotational methodology simulation
will last three and a half minutes less. The less time is allowing the operators haif a
minute to transfer themselves and personal effects to the next work station. The
accumulated time is reduced from the total available production time.

The work centers are created as one picce flow systems, a few exceptions are
made due to the process limits of the training/evaluation mode in the software. The
majority of operations are broken into three separate process components. The first
process is a Basic Process - Process that functions a Seize Delay action. The Seize Delay
occupies the Resource (Operator) and delays the entity for the duration of processing of
the station in minutes. The processing time changes throughout the course of the shift,
discussed later in this section. The next process is an Advanced Process — Hold, this
process keeps the entity from moving on to the next process. The Hold, searches to
confirm if the next resource in the work center is available to receive an entity directly or
if it would be placed into a queue. The Hold does not allow for the entity to be passed
from the current resource to the next resource if the next resource is being utilized. In
this manner one piece flow of material is achieved. When the resource is available then
the entity is transferred to the third process a Basic Process — Process, Delay Release,
where it is delayed zero minutes and releases the entity to the next process. This frees up
the resource to allow for the next entity to be transterred into the first of the three

processes and the simulated process to oceur.
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FIGURE 1- Simulation Work Station Development

An Advance Process- Match is used when adding a sub assembly into the work
center. The Match process ensures that a process does not begin until both components
are available for the resource. Only one entity is passed to the entity limit of the
training/evaluation mode. A Dispose — Basic Process is used to minimize the entities.

The 307-1 (non-rotational) work center utilizes a Basic Process — Separate to
accommodate for the creation of two entities of Flange Assy and Float Rod Assy by the
same Resource. During the Hold process of this series of functions it is only considering
the resource of the Leak Tester. This selection is to limit the Siman objects under 300,
the Leak Tester has a longer standard process time. The reason of why there is not a
Hold and Delay Release Process of the Leak Test work station is due to the completed
Leak Test entity and the completed Sub Build entity are then matched before moving on
to the next process. The limit of the Siman objects is the main reason behind not having
the additional processes. The idea of one piece flow is still achieved by not allowing the
Sub Build to be released until the Heat Shrink resource is available. The Leak Test
Entity is matched with the Sub Build entity and both move forward.

The time required to transfer the entities inside the operation are captured inside
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the processing time of the work station. These times were captured during the original
study so no additional time is required to simulate the travel of the entity throughout the
work center.

The production assigned to a work cell does not identify different models running
during the shift or replication cycles. The work elements of producing different models
does not vary significantly enough to deem that the operators are allowing for active
muscle groups to rest during alternate production model runs. The production process
represents the same without regard to the different models.

Simulating production performance in each of the simulations requires the
development of an equation that is time directed. During the research of the selected
work centers half hour accounts of production performances were established for each of
the operations. Small samples were recorded and compared to the established standard of
the work station. The performance factor was then multiplied by the number of units that
were standard for production based on the work station. These calculated units were then
compared to the standard units for the work center for the time segment. This
comparison produced a performance percentage for the half hour time segment of the
work station compared to the established rate. In an instance where a half hour contained

a non work the performance percentage was only applied to the production time.
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TABLEII

LEAK TESTER PRODUCTION PERFORMANCE

Leak Tester
Rotaticnal Cell Standard IOperation Rate  \Work Cenler Rale
Performance Ratings| 039278 | 1120 a18 [Tirne Duration F 15 20] 2] 30]
Peak | Low Parts nat neaded 202 [ Required Wark Center Units] 31.295| 41,727 | 52.1569]| 62.581 ]
110% | B5% Inharit Delay(min) 79.29
0.479712 Conatraint Oparation 10095
Production Duraticn Performance] Parts Perfonmance to
Hour Basic Min {Units) Worked (min) Rating Required] Parns Required
0.5 0.413 3 30 55% 62.6 116%
1 0.3856 78 30 102% GG 124%
1.5 0.357 84 30 110% B62.6 134%
2 0.357 B4 30 110% 2.6 134%
2.5 0.367 82 30 107 % G2.6 131%
3 0.357 42 18 110% 31.3 134%
3.5 0.379 FE] 30 104% G2.5 127%
4 0.385 78 30 102% 62.6 124%
4.5 0.367 60 25 107 % 62.2 131%
5 0.381 79 30 103% 525 126%
.5 0.401 75 30 98% G2.5 120%
5 C.413 73 30 95% 62.6 115%
85 0.427 70 30 92% 62.6 112%
v 0.451 33 15 B7% 313 1068%
75 5.436 53] 30 90% G625 110%
B G.462 54 25 85% 52.2 104%
Total 1120 440

The ratio of Performance to Parts Required is plotted with the time being the X

axis. The graphs did not create a single slope linear equation so the option of creating a

trend line was utilized. The type of line was selected to be a polynomial 2" order. The

choice for this type is that it accurately developed a trend line that followed the

performance of an operator through the course of a shift at a work station.
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FIGURE 2 — Performance To Parts Required

The equation focuses on what outputs is coming from the work station and
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disregards which operator is working at the work station. This allows for the equation
that is generated from the trend line to be applied to the work station and not the operator
(resource) for both a rotational and non-rotational work station.

The equations are established for the base current work: cell simulations
with the variable dependent on time. As time progresses the equations are recalculated
by using an assign module running parallel to the work center simulation. The
performance calculations are rerun with the most recent time, provided by the assign
module. The calculated performance for each work station changes throughout the
production time of the shift to represent the performance at each station.

Developing the criteria for simulating the change from the current to the
opposite production method requires investigation into the key components of the current
facility simulations. The amount of production time available is switched from non-
rotational to rotational and vice versa. The performance trend lines are switched between
the different production methods; this is accomplished by an evaluation of the work
stations. A detailed analysis of the work components is developed to identify the similar
work components between the two production methods. The analysis is based on job
description, component production, work station layout, and observational knowledge.
The ergonomic data is utilized to eliminate ties between process and to identify an

additional degree for comparison.

E. Analysis Method

Supporting information is collected to further develop the identification of a
Work-related Muscular Skeletal Disorder (WMSD) opportunity. The time an operator

spends in a station and the rate of production during the time spent are recorded. This
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information allows theoretical opportunities for a WMSD to occur. The longer an
operator remains in a station, the more cycles oceur allowing more exposure.

Fatigue affects the movements and reduces the abilities of the body to properly
replenish energy to the muscles decreasing the operators’ abilities to perform the process.
Fatigue increases the risk of failure which is categorized as a WMSD. The analysis will
calculate the amount of exposures as the number of cycles during a shift.

The translations of fatigue into numbers of potential WMSD events will allow for
the comparison of similar operations that are using different manufacturing methods.
Due to the incapability of knowing when an element causes a WMSD, due to the
variability of workers, a total number of cycles exposing the team member to potential

WMSD elements will be the basis of comparison between the production methods.
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IV. ANALYSIS
The research, development, and execution of the work described in the
methodology are discussed in the following sections. The explanations of the creation of
the selection of criteria and performance of results are highlighted. The execution of

research, development and assumptions are presented.

A. Work Cell Selection

1. Medical Evaluation

A total of 481 injury/illness occurrences were recorded by the onsite medical
center in a twenty-one month period. These fall into eighteen categories highlighted in

Table II from the production of January, 2005 through September, 2006.

TABLE Ii{

PLANT MEDICAL HISTORY BY CATERGORY
Totals

Description INJAALL 2005 2006
Laceration/Abrasions o4 S22
Contusions 41 17
CTD's 53 31
Burns < <4
Foreign Bodies 30 25
Sprain/Strain_Inj 43 14
Fracture i (8]
Insect Bite [= 1
Noise 1 1
Resp sym/vapors etc 12 o
Electrical Shock 3 1
Daermatitis/Skin rd 1
Stress Reaction 8] [a]
Sys/Tox Effects 1 9
Heat Stress 16 =2
Headache < [o]
Crush Injury 2 [}
Friction Blister 2 =2
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Reviewing only the names of TABLE III it is obvious that the level of severity
differs dramatically among the categories. Injury/Illness is a generic term used to try to
capture the potential of events that would cause adverse effects to an operator. The
Injury/Iliness is used by the medical department as a starting point for identification only
and should be viewed as such.

All of the information is important inside the Injury/Iliness category for
identifying potential dangers and risks at the facility. This study focuses on the CTD
(cumulative trauma disorders) recorded at the plant, also referred to as WMSDs (Work-
related Musculoskeletal Disorder). The terms CTDs and WMSDs are interchangeable for
the purpose of this study. The data provided a total of 84 C1Ds reported during the
twenty-one month period of investigation, this represents 17.5% of all Injury/Illnesses
reported. CTDs are the second highest percentage of all eighteen sub categories. The
results produced an average of 4 CTDs cases diagnosed by the medical department each
month. More than 10% of the hourly work force has reported an injury/illness calssified
as a CTD/WMSD. One out of every ten employees has visited the medical department
negatively impacting production.

In 2005 there were a total of nineteen departments in the facility; fourteen
reported a total of fifty-three C'TDs. In 2005 74% of the work centers were impacted by a
CTD. In the first nine months of 2006 eight departments reported a total of thirty-one
CTDs, on pace to report forty-one for the full year. In 2006 the number of work centers
was reduced down to 17, indicating that 47% of work centers reported CTDs in the first
nine months.

Several of the same departments reported CTDs in 2005 and the first nine months
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of 2006 year. There is not enough evidence to support making the decision solely on
departments that reported CTDs during 2005 and 2006 segments. There is no
consideration of performance, production, headcount, or production method.

2. Production Evaluation

To minimize the analysis effort; any department that did not operate both years
was eliminated from the study. This eliminated two departments from consideration.
The number is not significant but the reality of the situation is an additional five
departments were reduced from multi-shift operations to single shifts. The total
headcount in the facility reduced from 853 employees to 748 during the twenty-one
month period for a reduction of twelve percent of the work force. The reduction in
production volumes of the five departments that went to single shift operations is
discarded.

Several of the departments where involved in some form of a model change
between during the study. The elimination of departments that had a model change and
shift reductions during the study period has reduced the departments to; Department 317
and Department 303. The analysis has lead to a comparison of a canister vent valve and a
bus wire operation. The assembly in Department 317 requires eight operators rotating in
a single work center. Department 303 is a single operator that loads the machines for
batch production, monitors the process, and unloads the machine after completion. The
process of selecting the appropriate work centers to be compared and analyzed is re-
evaluated.

The evaluation has been modified to focus more on the selection of similar

products verse the new model selection. The logic behind the change is similar products
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will require similar operations and will provide better opportunities for comparing
processes. Further analysis shows new models introduced did not have a significant
impact to the operations. A new model will be created for any change of a component to
the product. This change can impact the assembly or impact an internal component of a
purchased part, such as a pump or valve. The understanding of how significant a change
to the product is from the previous model will be evaluated after the selection of work
centers,

Continuing the selection of departments focusing on product type, there are clear
candidates that immediately stand out for consideration of the study. The work cells
chosen for further investigation are Departments 302, 307, 308, and 310. Department
302 and 307 are non-rotational departments and department 308 and 310 are rotational
departments. Samplings of the specific CTDs are in APPENDIX L, the personnel
information has been removed to maintain privacy. A review of the twenty-one month
period of the volume of occurrences and during what months they occurred is displayed
in TABLE IV for the non-rotational departments and TABLE V for the rotational
departments. Each department displays the recorded information and the shift of the
reported occurrence. The number of hourly personal is also provided for comparison to

reported CTDs,
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Non-Rotational

TABLE IV

NON-ROTATIONAL WORK CENTER MEDICAL HISTORY

2005 Jan Feb Mar Apr May Jun Jul Aug Sep Ocl Nov Dec
Days Worked 20 20 21 21 21 22 i1 23 21 24 19 17
302-2 Heads 79 bird 78 78 79 81 7 76 75 79 74 74
CTDs 0 1 0 1 0 i 0 1 0 1 1 1
3023 Heads 38 38 a1 38 39 43 45 45 43 42 38 38
CiDs 4 0| 0, 1 0 1 1) 0 1 1 V] 0
3072 Heads 57 58 58, 56 55 58 52 52 51 54 54 54
CIDs 4 0 1} 1 1 0 0 0 o] 0 i Q
3072 Heads 37 37 38 39 38 45 40 40 40 40 35 36
CTDs 0 2] ¢} O 0 1 0 0 0 ¢ 0 ¢
2008 Jan Feb Mar Apr May Jun Jul Aug Sep Ccf Nov Dec
Days Worked 20 20 23 i8 22 22 il 23 20
a09-2 Heads 74 74 74 £0 o] 62 &1 62 82
CTDs 1 G 1 0 1 0 0 0 1
302.3 Heads 33 38 38 35 38| a7 37 37 41
CTDs 2 0 0 0 1 1 1 0 D
a07-2 Heads 54 54 B4 58 68 58 59 59 75
CTDs 0 0 1 0 1 D 0 ] i
307-3 Heads 35 34 32 37 36 42 43 41 22
CTDs i o 0 1 i 0 1 0 0
TABLE V
ROTATIONAL WORK CENTER MEDICAL HISTORY
Rotational
2005 Jan Feb Mar Apr May Jun Jui Aug Sep Oct Nov Dec
Days Worked 20 20 21 21 21 22 11 23 21 21 49 i7
3082 Heads 85 55 55 53 56 59 57| 57 55 55 58 56
CTDs A 0 0 0 0 0 0, 0 0 1] 1] 0
a08.3 Heads 16 16 B 33 34 34 19 18 19 19 19 19
CTbs 0 0 0 0 1 0 0 0 0 1 2 0
3102 Heads 36 37 a7 36 36 36 35 35 34 33 32 33
CTDs 0 g ] 0 0| 0 0 o] 0 0 0 0
310:3 Heads 17 17 0 0 0 9 15 16 18, 16; 0 0
CTDs Q 0 0 & 0 0 0 0 ¥ O 0 0
2006 Jan Feh Mar Apr May Jun Jul Aug Sep Ocl Nov Dec
Days Worked 20 20 23 18 22, 22 11 23 20
3082 Heads 55 58 56 62 52 60 B0 60 61 0 0 0
CTDs 0 0 0 0 0 0 ¥ 0 0 1] o] 0
308-3 Heads 9 18 19 19 19 18 18 19 118 0 0 0
CTDs 0 0, 0 0 0 0 0 4] 0 1] 0 0
3102 Heads 32 32 32 25 25 24 24 24 24 0 0 0
CTDs 0 0 0 0 0 0 0 0 a 0 0 0
3103 Heads 0 0 0 0 0 0 0 0 0 0 0 0
CTDs 0 0 0 0 0 0 0 D 0 Q 0 0

As it is evident from the {ables the amount of CTDs or WMSDs are

heavily concenirated in the non-rotational departments, A direct comparison of totals of

the different production methods is in TABLE V1. Several of the key comparison have

been highlighted to bring attention and to further showcase what the historical data has

proven about the production methods.
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TABLE VI

NON-ROTATIONAL COMPARISON TO ROTATIONAL MEDICAL DATA

Non-Rotational Rotational
"~ "ReportedCTDs{- -~ 36~ ~f B
Weeks Worked 84 84

Total Hours Worked 1301040 765920

Hrs/CTD 36140 N 153184

Avg Weeks Between Reports 2.33 16.80

‘Avg Facility Hours Between Reports 93.33 672.00
- Avg Days Between Occurences 11.67 84.00

The departments are comprised of several cells that run different products.

In most scenarios the products are similar in nature and could be viewed as such. The
shift depiction can be used to eliminate the different times of the day, though it is not
practical to control when operators awake or what is done prior to work, the working
period should be the same duration of the day to aide in eliminating any controllable
differences.

The departments for consideration are still 302, 307, 308, and 310, Department
302 runs a larger variety of older models that are heavily dependent on metal
components. Departments 307 and 308 are models that consist of a majority of plastic
components. Department 310 volume is reducing and no longer will run two shift
operations. The department work force is rotating among three different work centers
during the course of a week; the consistency in the reports of production verse WMSDs is
not useable. Department 307 is comprised of five cells 307-1, 307-2, 307-3, 307-4, and
307-5. Cell 307-4 and 307-5 produce legacy or service parts, accurate production
forecasts are not available for these cells, Department 308 contains cells 308-1, 308-2,
308-3, and 308-6. Cell 308-6 is strictly legacy parts. The current production model in

Cell 308-1 is moving to service, no forecast is available after June 2006. The weekly
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volume of the model in 308-2 does not sustain the cell five days a week and is not an
option. The current model in 308-3 is produced using two stainless steel rods for support
as a major component. The models in 307-2 and 307-3 do not have such a component,
but the model in 307-1 does have a support system of two stainless steel rods. The two
models are visually similar enough to precede to the next step of evaluation of the

production operations.

308-3 307-1

FIGURE 3 — Work Cell Products
The individual job descriptions are reviewed to compare how the assembly of the
final product is achieved. The final products are similar in appearance and performance,
but that is not an indication that the assembly steps are similar enough for the study. A
list of the job titles in order of sequence is listed in TABLE V1. The list of jobs is
specific for the highest volume model in each of the cells. The additional models vary by

internal components to the pump (assembled at a supplier), the length of convoluted tubes
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(supplier), and the length of the support rods (built in house in different department, 312).
These changes are due to the variations in engines and the fuel tank capacities of their
respective vehicle models, t.e. 13 gal, 17 gal fuel tank. The variations impact the
production by minor modifications to the clamps and testing fixtures only.

TABLE VII

WORK CENTER JOB COMPARISON
on-rofational Rotational
/[l *1 [Regulator Testing
Rod Press

< 41Conv Hose/Regulator Assy to flange

*5{Regulator Assy and ESD Clip 5jReservoir Flange Assy
6|FLVV Assembly and Test 6[Regulator to the Reservoir
7|Pump Bracket Assy 7|Support Tube to Reservoir

8|Filter and Conv. Hose to Pump R

9|End Cap %0
10{Conv. Hose to Flange _10{ Heat Shrink
11§2nd Conv. Hose to Flange 11 [Sub Screw and Wire Wrap
12|Pressure Test Subscrew 12| Assy Leak Test

* indicates an off line operation, still included as a job available for rotation

The job descriptions for each operation in either cell can be found for both
products in APPENDIX III. Comparing these reveals that there operations are similar.
The differences lay in how the operations are sequenced inside the respective work cells.
This causes some situations where processes in the non-rotational cell can not be directly
compared to their counterpart in the rotational cell due to the steps before and after.
However the operation can be isolated and is contained inside both cells and is available
for review when looking at the cells at the elemental level. A specific situation of this
occurs in the non-rotational operation of Pressure Test Subscrew and the rotational cell

operation of Sub Screw and Wire Wrap. The operations of picking up the screw placing
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it in the head of driver, position the pink wire, and seating the screw are the same. The
orientation of where the screw is seated along with the additional is what causes the
variations to be present.

Another consideration is how the work stations and cells are laid out. The
arrangement of the equipment and the flow of materials are similar between the two work

centers. The layout contributes to the similarities between the different processes.

FIGURE 4 — Work Center 307-1 Layout

The materials flows of the processes both uses one piece flow and are passed from
operator to operator directly. Each work center also has sub-assemblies that join in line

with the main component.
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alra g

FIGURE 5 — Work Center 308-1 Layout

The operations have been established to best balance the workload across the
work cell and with respect to the takt time. It is not possible to be completely even across
the entire department due to complexity of different components, quality specifications,
along with the engineering requirements. This level of unevenness is best illustrated by
the inherit delay available to some operations and not in others. The inherent delay is
directly related to operations waiting on their predecessor in the cell to complete a part so
they are able to begin work or the successor to complete a part so they may pass the part.

The selection of department and cells to be utilized for the study is established to
consist of 308-3 and 307-1. The production models used will be the current production
models for each cell respectively. The second shift operating from 7:00 am until 3:30 pm

is chosen. The operating schedules arc consistent and have the same duration for break
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periods and lunch periods

B. Exgonomic Risk Assessment

The jobs themselves are reviewed first in description of movements and actions to
determine the level of compatibility among the cells. The job titles are the same listed in
TABLE VI in the proper process flows. The operations appear to be similar in many
attributes based on the evaluation of the cells prior to selection. The analysis of the
impact that is being placed on the operator can be evaluated by selecting any of many
software applications designed to evaluate the cumulative impact on the body, including
the NIOSH Lifting equation, Rodgers/Kodak fatigue analysis, RULA, Strain Index, and
more.

In this study the Rodgers/Kodak fatigue analysis is used due to its versatility and
proven reliability in manufacturing applications, it has also been utilized in other
facilities owned by the company.

Applying the Rodgers/Kodak fatigue analysis requires the study of the operator in
their surroundings during normal operations. The software provides a survey to be
performed while observing. A copy of a blank survey can be found in APPENDIX 1L
The survey requires the analyst to view many repeated cycles. The repetition is
important because Rodgers/Kodak bases the movements on increments during the
duration of one minute. This will require reviews of multiple operators in the rotational
work cell to develop an accurate representation of the operations. Additional information
can be discovered by reviewing the work standard generated by the Industrial Engineer.
The work standard will have information related to repetition of operations and the

production targets for a shift. The use of the work standard will also provide information
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if the operator is performing above, below, or at the expected level when the survey is
completed. A nominal level is ideal and should be achieved when possible so not to
increase the rate of fatigue. The ideal rate is what is targeted by the work standard and is
capable due to the consideration of the takt time when the standard was developed. A
low level of production is not considered to be more fatiguing but will cause the
production to suffer inside the cell and can affect other operators inside the cell by
increasing the inherent delays. Situations of below production are rare due to close
monitoring by management, the decrease in production causes conflicts with order
fulfillment.

The results of the Rodgers/Kodak analysis did not reflect the hypothesis and the
support of the documented CTD. A re-evaluation of what component(s) in
Rodgers/Kodak fatigue analysis skewed the results is necessary. Sample results of the
Rodgers/Kodak fatigue analysis completed survey and score is listed in APPENDIX II.

Viewing the surveys it is clear that the operations due not generate the fatigue levels

expected.
TABLE VIII
307-1 RODGERS/KODAK ANALYSIS RESULTS
Rodaers Kodak Low =] Moderate =2
Non-rotational Neck |R.Shoulder| L. Shoulder| Back R.Am | LAn |RHand | L.Hand | Rleg | Lleg | R.Foot [ [.Foot

*1[Flange AssyFloat Red i i I 1 1 i 1 1 1

2|Helium Leak Test

*3|Sub- Build

4|Heat Shrink

*3[Regulator Assy and ESD Clip

BIELVV Asgembly and Fest

¥{Pump Bracket Assy

§{Filter and Conv. Hose fo Pump

9{End Cap

103Conv. Hose to Flange

11{2ud Cony. Hose to Flange

12 [Pressure Test Subscrew
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TABLE IX

308-3 RODGERS/KODAK ANALYSIS RESULTS

Rodzers Kodak Low=]  Moderate=)
Rotational Neck |R Shoulder| L. Shoulder|  Back

Regulator Testing 1 | 1 1
2|Hod Press
3fLeak Test
4|Conv Hose Regulstor Assy to flange
3|Reservair Flanee Assy
b
]
§

R Hand | L.Hand | R

e
E
 nnl
ks
—

.Leg | B Fool | LFoot

4

]

!
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|

Regulator fo the Reservoir 1
Suppatt Tube to Reservoir i
Card to ease/HoatRod Assy ]
]

1

]

1

l

a5

0| Sub-Build

15{ Heat Sheink

1£]Sub Serew and Wire Wrap
12 Assy Leak Test

13iCheck Plate
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The reports of C'TDs filed into the Medical database would indicate elevated levels of
fatigue that would cause CTDs. The Rodgers/Kodak reports indicate low or moderate
concerns of the current working condition. The results do not show the impact of having
the operators seated during the duration of the work shift. The inclusion of the lower
limbs is suspected to skew the analysis of the operations and set them at a lower fatigue
level than actual. The decision is made to review the operations with the RULA tool that
reduces the scoring impact of the lower limbs.

RULA focuses on the upper limbs and extremities as indicated by the name. The
software provides a survey sheet that is performed during study of the operations. An
example is in APPENDIX II. The advantage of RULA is the production of a numerical
score that can be ploﬁed to visually represent the severity of the operations, The analysis
can result in single score or a composition of several scores. This is a very useful tool in
deciding and reviewing the rotational pattern of a department cell. An example from 307-

loperations’ Score C’s are in FIGURE 3.
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307-1 RULA

Score C

FIGURE 6 — Work Center 307-1 RULA Results
The identification of the high and low risk operations are immediate. The full
analysis results are in APPENDIX 11, The results aide in the development of the most
beneficial rotation by alternating levels of fatigue. The rotations will be crucial to reduce
fatigue by ensuring that the severity of muscle groups do not remain at elevated levels for

consecutive operations.

C. Simulation Results
The simulated achievements of the current work cell operations produced
results as would be expected in the production environment. Each simulation scenario
was capable of running the sixty-five replications representing 3-months of production.
A total of four simulations were performed representing current and alternative
conditions for both work cells.
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The initial simulations of the Rotational and the Non-rotational work cells

establish the basis for future comparisons to the additional simulations. These

simulations are representative of the current condition at the facility. The key

performance indicators to be reviewed are the average time a piece was in a process, the

accumulated time over the shifi, the operator utilization, maximum process time, and

minimum process time.

TABLE X

NON-ROTATIONAL PRODUCTION EVALUATION

Average Mins

Mins

Operator Process Accumula_ted Max Process|Min Process

Utilization|  Time Processing Time Time
Non Rotational Time
Flange Float Rod equ 71.0% 0.3486 312.38 0.3932 0
Helium Leak Test 75.0% 0.3683 330 0.4025 Q
Sub Build 84.5% 0.4145 371.43 0.4448 0
Heat Shrink 53.6% 0.2613 234,16 D.3068 0
Red Assy and ESD Clip 90.9% 0.4117 368.54 3.4876 0.3898
FLVV Assy and Test 77.3% 0.3798 340.3 0.4284 0.362
Pump Brekt Assy 88.6% 0.3798 340.34 00,4284 Q.362
Filter and Conv Hose 95.2% 0.3713 332.68 0.4058 0.3596
End Cap 91.8% 0.4509 403.08 D.4674 0.4433
Conv Hose to Flange 63.1% 0.31 2¥T.78 0.3371 (.289
2nd Conv Hose to Flange 84.5% 0.415 371.82 0.4651 0,3984
Pressure Test Subhscrew 86.6% 0.4251 380.86 0.4751 0.4093
Check Plate 83.1% 0.408 365.54 0.44G8 0.3950

TABLE XI

ROTATIONAL PRODUCTION EVALUATION

Average Mins

Mins

Operatar Process A;oumula.ted Max Process|Min Process
. Utilization]{  Time rocessing Time Time

Rotational Time
Reg Test 0.5946 0.1704 15271 0.1951 0.163
Rod Press 0.6185 0.2669 239.156 0.3053 0
Leak Tester 0.8219 0.3849 344.83 0.4402 0
Conv Hos Reg 0.8788 0.4183 374.83 0.4795 0.3898
Res Flange 07774 0.3561 319.1 0.4058 0.241
Regto Res G.8244 00,3778 338.47 0.4292 0.3618
Sup Tube 0.8867 0.4154 372.18 0.4762 G.3971
FR2C2C 0.6692 0.265 237.43 0.2946 0.2548
Sub Build 07771 0.3107 278.39 0.3551 0.2972
Heat Shrink 0.7597 0.3161 283.2 0.3607 0.3025
Sub Screw 0.9671 0.4711 42215 0.5424 0.45
Assy Leak Test 0.7135 0.3476 311.42 0.3984 0.3324
Check Plate 0,5925 0.28886 258.61 G.3322 0.2757
Reg Assy 0.7367 0.3363 301.3 0.3828 0.3219
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The modified simulations will be viewed as a comparison to the current condition,
The information provides the current condition Non-rotational work cell (307-1) with the
modification to the rotattonal manufacturing method. The production time is reduced to
allow the rotation of operators to the different stations, The duration for a station change
is the same as work cell 308-3, thirty seconds. The reduced production time still allows
for the required amount of product and assumed quality of product was produced during a
shift. The indicators are listed below, (+ = After Condition > Current, - = After
Condition < Current):

TABLE XII

MODIFIED NON-ROTATIONAL PRODUCTION EVALUATION

Changes from Current Average Mins hdins
Operator | Process Accumulated | Max Process | Min Process

Non Rotational Utilization Time Processing Time Time Time
Flange Float Rod equ -16.8% -{.0845 -73.441 -0.1034 o
Helium [eak Test 3.8% 0.0155 13.86 0.0294 ]
Sub Build -8.6% -0.1049 -04 -0.0834 0
Heat Shrink 23, 7% 0.0536 47 98 0.0497 0
Reg Assy and ESD Clip -16.7% -0.24186 -216.47 -0.3246 -0.1967
FLVY Assy and Test -3.9% -0.1131 -101.32 -0,1254 -00,1064
Pump Brekd Assy 5.5% 0.0376 33,66 0.0458 0.0378
Fitter and Conv Hose 1. 8% -0.0247 -22.71 -0.0133 -0.0272
End Cap -1.2% -0.0365 -32.68 0.0038 -0.0462
Conv Hose 1o Flange 21.9% 0.0454 407 0.0652 0.042
2nd Corw Hose to Flange 3 4% -0.038 ~34 -0.039 -0.0804
Pressure Test Subscrew 9. 9% 0.0449 40.3 0.0523 0.0407
Check Plate -2 (% -6.1201 -107.56 -0.1182 -0.1202
[Line Average I 0.13%] -0.0436] -38.8497] -0.0431] -0.0351|

Comparing the current results to the simulated results of the after condition
reveals an increase of 0.13% has in operator utilization. The significance is in the
increase is actually below what was expected by reducing the run time by 3.5 minutes

(0.8%). The increase in downtime due to the rotation of operator did not impact the
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workstation at the expected percentage. The additional benefits of éhanging to the
rotational production method show a decrease in all other key performance indicators
related to time. This decrease is due to the ability of the operator to maintain a high level
of performance for a longer duration throughout the shift as they operators are rotated to
the different areas.

Further inspection of the individual results reveals the processes are .
extremely unbalanced in work load. The average cycle times have been reduced allowing
for the potential of rest during the operations and between scheduled breaks, allowing the
operator to maintain the higher level of performance.

The rotational work cell has been modified with the counter hypothesis method of
production inside the facility, non-rotational. In the simulation the operators no longér
were required to rotate among the different work stations inside the cell, increase the
production time. The simulation implemented indicates the following impact to the

current condition, (+ = After Condition > Current, - = After Condition < Current):

TABLE XIII
MODIFIED ROTATIONAL PRODUCTION EVALUATION
Changes from Current Average Mins Mins
Cperator Process Accumulated Max Process | Min Process
. Uilization Time Processing Time Tirne Time
Rotationai

Reg Test 28.9% 0.2436 218.26 0.3047 0.2268
Rod Press 3B8.5% 0.2159 193.4 0.21 (
Leak Tester ~7.0% -0.0158 ~-14.08 -0.0304 0
Cornv Hos Reg ~10.4% -0.0379 -33.99 -0.0511 -0.0378
Res Flange -14.5% -0.9456 -40.9 -0.0687 -0.042
Reg o Res 2.1% 0.0375 33.62 0.0359 0.0371
Sup Tubeg 3.3% 0.0361 32.33 -0.0089 0.0462
FR2C2C 31.3% 0.0853 T6.42 0.1084 Q.77
Sub Build 20.7% 01046 3.7 0.0897 0.1072
Heat Shrink -22.4% -0.053 =47 .47 -0.0416 -0.0567
Sub Screw -G.8% -0.0444 -39.85 -0.06 -0.0407
Assy Leak Test 4.5% 0.0249 22.34 0.0151 0.0272
Check Plate 24 1% 0.1206 108.06 0.121 0.1202
Reg Assy 24 6% 0.0776 G9.58 Q117 0.0B672
[Line Average | 7.64%] 0.052] 46.374] 0.048] 0.032]

60



The operator utilization increased by 7.64% which is 8.44% more than increase in
production minutes. Unlike in moving from the Non-rotational to the Rotational
production method where all time-related key performance indicators were reduced this
simulation represents the opposite condition. Now the operator is working for a longer
duration each cycle of the process on average, decreasing the amount of rest.

Analyzing the fatigue that impacted each of the operators for the Non-rotational
work center it is apparent that some operations are more demanding than others. TABLE
XIII indicates the observations during the time studies of the operators’ performance with
respect to the cycle time. Many operators are capable of performing below 100%
performance and not impacting production due to the unbalance of the operations at the
various stations. Other operators must maintain a high level of performance throughout
the shift to meet the production target for the shift. The mean or average performance for
the entire shift is also recorded, along with the range of performance and the median,

TABLE XIV

NON-ROTATIONAL FATIGUE ANALYSIS

Current Faligus Analysis Diff Start

Non Rotational Start Mean Median |Range [knding | and End

Flange Floal Rod equ 95.0% | 954%) 97.5%| Z7.0%] 80.0% 15.0%
Helium Leak Teost 94 0% 96.1%| 96.5% ) 21.0%| 85.0% 9.0%
Sub Build 809.0%( 91.8%( 9209 12.0%; 35.0% 4,0%
Heat Shrink 105 0% 102.0%| 103 520 30.0%| 80.0% 25.0%
Reg Assy and ESD Clip 105.0% 1t 98.4% | 102.5% ) 20.0%| 80.0% 25 0%
FLYV Assy and Test 05.0%| 9543% | 955%| 10.0%| 90.0% 5.0%
Pump Brokt Agsy 92 0%} 94.8%| 95.5%| 21.0890; 85.0% 7.0%
Filter and Conv Hose 98.0%| 95.4%| 96.5%| 20.0%| 83.0% 15.0%
E=nd Cap 93.0%| 92.3% ] 91.5%| 8.0%| 90.0% 3.0%
Corw Hose to Flange 90.0%( 95.3%) 94.5%) 21.0%| 385.0% 5.0%
2nd Conv Hose to Flange 88.0%| 935%| 93.0%) 20.0%| 84.0% 4. 0%
E’ressure Test Subscrew 102.0%| G96.9%| 98 5% 25.0%| 85.0% 17 0%
Check Plate 104.0% ) 1002.3%) 101.5%) 20.0%| 92.0% 12.0%
[Line Average | 95.2%] 96.0%] 97.3%] 20.3%[ 84.9%[ 11.2%]
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The starting fatigue ranges from 88% to 105% of the respective operations. The
ending fatigue ranges from 80% to 92% of the respective operations inside the work
center. The operation that initially started the lowest (2™ Conv Hose to Flange) does not
finish the lowest of the operations, indicating that the operation is not the most
demanding from a fatigue standpoint. The demanding operations are the operations that
have the lowest range of performance. These operations can not decrease significantly
and be able to still produce the required amount. The high le\f‘el performance
requirements throughout the shift are the most taxing on an operator and are the areas of
concern. The End Cap and the FLVV Assy and Test operations have the two lowest
ranges of performance. The FLVV Assy and Test is expected due to it being the
constraint of the work cell and End Cap operation is the operation immediately following
it. The low amount of range indicates that the operator must remain focused and on task
throughout the course of the shif.

The average of the non-rotational work cell is listed at the bottom of TABLE
X1V. The mean of the operations is actually below the average starting point for the
work cell. The starting point is the highest level of performance during the course of the
shift. The line average represents the entire line because the operators are sharing the
fatigue of the more and less demanding operations thought the shift,

TABLE XV

ROTATIONAL FATIGUE ANALYSIS

Current Fatigue Analysis Diff Start
Rotatioral Start Mean |Median |Range {Ending | and End
Line Average 509} 99.8% | 102.0%| 25.0%| 85.0% 10.0%

The Rotational work cell has a higher mean, higher median, higher ending point
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when reviewing the shift performance. The one negative when comparing Rotational
production method to the Non-rotational work cell is that the starting point is less. The
Rotational work cell is able to overcome the lower starting performance and provide a
higher performance over the duration of the shift. The operators are capable to absorb
fluctuation of the line and have the ability to perform throughout the shift with expected
results as a whole work center not as individuals at individual operations.

The rotational production method applied to the Non-rotational work cell provides
same capability to absorb fluctuation and share the workload. The modified operation
cycle times are influenced by the reduction in fatigue. The production is achieved while
reducing the operators physical burden.

The change of the Rotational work cell to the non-rotational work cell the
operators no longer are able to walk away with the same impact. The review of the
individual ending of each of the operations is shown below.

TABLE XVI

ROTATIONAL WORK CENTER EFFICIENCY CHANGES

Original Counter Proposal

Rotational Start hvieart Ending Start hean Ending

Feg Test 95.0% 99 8% 85.0% 105.0% 98.4% 80.0%
Rod Press 95.0% 99.8% B35 0% 35.0% 95 3% 90.0%
Leak Tester 95.0% 99 8% 85.0% g4 0% 95.1% 85.0%
Conv Hos Feg 95 0% 99, 8% 35.0% §2.0% 94 8% 85.0%
Res Flange 95 0% 99 .3% 85.0% 90.0% Q5 3% 85.0%
Reg to Res 95 0% 93 8% 85 0% 83.0% 93.5% 84 0%
Sup Tube 95.0% 99 &% 85.0% 93 044 92.3% 90.0%
FR2C2C 95.0% 99 8% 85.0% 95 0% 85 .4% 80.0%
Sub Build 95 0% 99 8% 85.0% 89 0% 91.83% 85.0%
Heat Shrink 95 0% 99 8% B5.0% 105.0%0 102.0% 50.0%
Sub Scraw 95 0% 99.8% 85.0% 102.0% 96.9% 85.0%
As5v Lealk Test 95 0% 899.8% 85.0% 98.0% 95 4% 83 0%
Check Plate 95 0% 99 8% 85.0% 104 Q% 100.3% 92 0%
Reg Assy a5, 0% 99 8% &85.0% 105.0% Q8 404 80.0%
[Line Average |  95.0%| 99.8%| 85.0% 096.8%]  96.29%]  84.6%]|
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Unbalancing the impact of fatigue will highlight the operations that are less
fatiguing than others. The Rotational work cell moving to non-rotational now requires
production to perform at a higher rate and then rapidly degenerates. There is an average
increase of a 2.2% in fatigue. The impact related to the 440 minutes of operation time is
equivalent to an additional 9.68 minutes of operations that gain no additional units or

added value.
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V. CONCLUSION
This thesis has presented an analysis of the outcome of modifying the
manufacturing method in a small component assembly plant. The focus was the success
of moving from a non-rotational manufacturing method to a rotational manufacturing
method. The results and recommended next steps are summarized in the following

sections.

A. Plant Research

The thesis was able to consider all areas of the facility. There was no reason to
exclude an area of mamufacturing from the initial inquiry. Each department consisted of
duplicate work cells that produced similar products and also some products were similar
across departments, The criterion of most importance was related to the selection of the
manufacturing methods. The insurance of selecting two work cells that utilized different
manufacturing methods was the basis of the thesis. Utilizing two different work cells
allowed for a comparison of manufacturing methods and production. The work cell by
work cell evaluation considered all elements that impact production. Searching for
similar final products and similar number of workforce contributed to the decision of
which areas medical records are investigated. The medical information was a beneficial
resource for analysis. All names of individuals are kept confidential only information

related to the injury/illness is disclosed. The medical information provided significant
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data in identifying work cells for comparison. When investigating the medical
information it allowed for an initial confirmation of how a rotation work cell was having
less medical recordable incidents than a non-rotational work cell.

The creation of the simulation represented the current and proposed aftex
conditions of the work cells. Changing the manufacturing process was not possible due
to the risk of loss of production and the work force contractual agreement. The decision
on which type of manufacturing method was applied to a work cell was agreed upon by
the company and the labor union.

The work cells and the medical information allowed for the interaction of various
levels of workforce at the facility. Various departments inside the company were
contacted for data related to the study; staffing, medical, production, and volumes. Being
an Industrial Engineer at the facility I had access to documents and standards. The line
engineers’ experience and knowledge of the assembly lines provided any missing
information. The interactions and information that was done for the creation of the thesis
created a better more open work environment. The discussions on the plant floor were

vital to the success of this thesis and aided the responsibilities of the IE position.

B. Results
The use of rotational manufacturing is an allowed temporary solution for OSHA
until an operation can undergo a proper review and have the element that is potentially
harmful be completely removed. The use of rotational manufacturing does not allow for
the operation to be corrected but tries to minimize any impact to one associate by sharing
the burden over many. The goal of the thesis is to look at rotational manufacturing as an

opportunity to increase performance by reducing fatigue of the operators. The results of

66



the simulation achieved this outcome. The Arena software simulated the additional time
incurred for moving stations would not impact the production, it also showed that
production was able to perform more efficiently for a longer duration of time. The
selection to utilize the rotational method comes from the analysis of medical data. The
lower number of CTDs in the rotational work centers versus non-rotational work centers
is demonstrated.

Programming the simulation to compare the two processes proved fo be difficult.
The most difficult aspect involved modeling the one piece flow that is the standard for
both types of manufacturing processes. The process required establishing conditional
statements that would only allow one associate to be available to work on a new part if
and only if the process that followed was able to take the current part in the work station.
This allowed for a single piece flow to minimize the amount of work in process and to
also reduce the over handling of products, This policy is implemented to reduce wasted
movements and reduce the potential of damaging of the components or assembled parts.
The use of the simulation allowed for a seize delay to represent the selection of a new
part and the processing required at a work station. The release was then utilized when the
next process in the sequence was available to receive a new part. The limits of the
student version of the software, caused some difficulties. The student version limits the
amount of processes that can be simulated. Each process was represented by three
processes. Additional process increases came from the creation, matching, and the
removal of sub assemblies. The removal was required because due to an entity restriction
in the student version.

It was the intention that if the simulation could successfully show the rotational
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manufacturing method running in the non-rotational work cell then it would be clear that
the amount of CTDs would be decreased. This is simple by taking the number of
exposures to any negatively impacting work element and reducing the number by a factor
of total associates in the work cell. As with any simulation of such a significant change
in a manufacturing method the assumption needs to be stated that the associates would be
able to perform at the levels of the current associate responsible for the job and receive
the same benefits of the rotational worker. The current level of performance is direct
enough to understand that it is a 1 to 1 replacement of associate performance. The other
component that is being assumed is the use of the rotational manufacturing method is
going to “energize” the workforce. An element that is significant in the development of
the assumptions is the actual products. The products are for different models but their
purpose and function was the same. The final vehicle was very similar the difference was
in the powerplant, engine. The models each were to be used for a vehicle that used an 14
motor as the base powerplant and had an option V6 motor as the higher end level. The
fuel tanks were both rear located and required a similar motor. The applications being for
the same purpose and having so many similarities allowed for a successful comparison.
In a decision to opposite of the hypothesis the rotational work cell was simulated
as a non-rotational work cell. The outcome proved that with the increased fatigue
required more utilization of the workforce. The most problematic operations related to
push, pinch, and force causing isolated operations that decreased at quick rate than the
average of the work cell. The capacity to perform the required number of operations is
still capable but the inherit delay has been reduced the capability to increase performance

through changing the manufacturing method is very beneficial. This concept allows a
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manufacturing environment to increase performance through a varying production
schedule. This also increase the flexibility of the work force in their capabilities of

absorbing changes in production quantities and also changes in attendance.

C. Alternative Opportunities

Reviewing the process of developing the thesis several areas could have been
accomplished in a different manner potentially impacting the results. The first is the
selection of the work centers for comparison. An area for consideration was the
experience levels of the operators. The reason for not allowing this criterion is in keeping
a level ambiguity in the identity of the workers. A newer worker to the area will endure a
time period of “work hardening” where muscles and joints because accustom to the
demands of the operations. During this period of time an associate is more likely to incur
an injury that can be diagnosed as an illness (CTD).

The selection of the ergonomic analysis tool could change the outcome. This is
very evident in the report due to the selection of second ergonomic evaluation tool. The
selection of the Rogers/Kodak as the first step of analysis was based on. what was being
used at facility as the first step in the evaluation process of an ergonomic concern. The
idea is that it is the most user friendly, consistent, and reliable of the tools that were
available. If starting with the Liberty Mutual or the NIOSH Revised Lifting Equation the
results may not have required additional analysis. The alternatives where available but
where not selected because of previous experience with Rodgers/Kodak. RULA was
selected based on the review of the process. The limited or no use of the lower
extremities required a tool to reflect such. The thesis could be redone many, many times

again with every item the same except for the analysis tool. The results that were

69



selected from RULA were deemed to be practical and plausible and passed the sanity
check.

The dismissal of the work cells that were producing service components as the
main production components was a decision easily accessible, available data. The
complication in allowing a service work cell to be selected is the variety of work
elements that occur in a shift, week, month, and year. The analysis would need to
consider all products, quantities, and type of production. Each product required a full
evaluation of every operation. The number to evaluate is staggering and how each

operation could contribute to a reported CTD is not feasible.

D. Next Steps

Continuing inside the facility the suggested focus is on developing the ideal
condition for rotating inside a work cell. Developing a database allows the creation of a
matrix that pairs operations in a rotation schedule to not use similar muscle groups, The
database would allow for the scheduling of a workers rotation to be the most beneficial.
The database would be created by using the results of the RULA ergonomic evaluations
performed in the study. The current rotational work cells could see the results of the new
schedules. A non-rotational cell would develop a training/teaching schedule to fully train
the associates before implementing a rotational schedule, The development of the
training schedule will focus on only allowing operators to rotate to stations that they are
proper trained. The evaluation of skills would be a direct visual tool that both supervisor

and associate understand; an example is presented in Figure 7.
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FIGURE 7 — Training Matrix

The investigation would address the unbalance of the work elements assigned to

the operations. The rebalance of the line would allow for the associate to be utilized to

fullest potential for the duration of the tact time. This will positively impact the work

center from both the personnel and business side. A tool that can be used to identify the

delays in the system is a Yamazumi table. A Yamazumi table stacks operation elements

by the time elements and reflects them against a tact time. The table will show which

operations will exceed the tact time and which operations have available production time.

Standardized work is critical in using the Yamazumi tool effectively. A similar tool isa

Balance Chart that represents the total sum of time for operation. FIGURE 4 is a Balance

Chart of Work Cell 308-3. This is a visual tool that easily shows the capacity left in each

Process.
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'The process currently is operating with a 77.5% efficiency. This is caused by the
non production time of the work center. The time wasted is 1.08 minutes each cycle of

operation. The operation needs to be evaluated against the takt time or in this situation

the “Control” to determine the ideal number of operators or > CT.

(1) 3 CT = Total Operation Time + Takt Time(Control Time)

The “Control” is operating at rate of 0.48 minutes and the Total Operation Time is 3.71

minutes. The >'CT is 7.75 Operators. It is not possible to utilize only 0.75 operators

each cycle the number of operators is rounded to 8.

The following figure represents 308-3 after the elements have been redistributed

to improve efficiency. The difference has created an increase of efficiency to 96.7%

utilization an increase of 19.2%. FIGURE 5 illustrates the elimination of two processes
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due to the absorption of the work elements by the process that have excess work capacity

not being utilized.
A Operation

060 - . |
Operation Time
aszemren S 0N O

0.50 -+

Time {min)
c o 2
] [7+] B
[ o o

(=]
Y
lw]

0.00 A

[~
£
o
&
@
&
2]
o
I
>
o
S
(]

FIGURE 9 — Rotational Balance Chart After Condition
The benefits for the business side is the possibility of reduction of labor, the
decrease of work in process, the reduction in material handling, the reduction in quality
defects related to material handling, and better visibility of work cell performance. This
is a much simpler process on paper than it is in reality. Investment of time, engineering,
training and money will be required to gain the full benefits of the two process reduction.
The idea is that any expenses will be recovered and a profit will be generated by the
savings in labor, If this work center was modified by reducing two processes the budget
to have the return on invesiment be realized in 3 months would be $36,535. Thatisa
savings of $70.26 each hour of production. The labor cost impact is easily recognized by
the reduction of processes, the additional benefits are related to the management of the

work center. Creating a more efficient work center requires the processes to be more
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reliable and have available support when required. The abnormalities of the work center
become more visible with a higher efficiency of operation. There is no longer an
available 1.08 minutes each cycle to absorb fluctuation in production.

The processes must follow standardized work to fully realize the benefits of the
process reduction, Standardizing each process identifies abnormalities. The proper
enforcement and understanding needs to be communicated of how the work cell no
longer can absorb abnormal conditions. This is a unique situation for team members and
management, there is more urgency placed on correcting an abnormal condition, but the
ability to identify abnormal conditions has been increased. The time to change the
process to eliminate the same abnormal has been awarded. Change point management
has been created as a byproduct of development of standards.

Developing standards, visualizing the system and reducing the labor costs is
improving the survival of the company as a whole. The impact to the individual team
members and management is increasing their knowledge. The decision to change to
leaner production needs to be supported from all levels of management. The initiative
must ot only be seen in meetings and viewed on charts but must be exemplified by
management and team members. The change to this type of manufacturing system is not
a simple change of priorities but is a significant cultural change inside the work
environment. This is a change that will have challenges along every step and every
decision. This is why it is critical that the standards are created and are enforced.

Applying the recommendations will grant the business a more knowledgeable,
leaner working environment. The business and the associates will both benefit from

shared success.
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o THIURY [ILLNESS DAILY LOG REPORT

Report Parameters:

_ Office of Visit 1 Bedford Medical Office Case Type TA
“ROT TAll Deparkritent 1Al
JeefMon Oce + Ocrupational First Thia of Visit. t Yes
Region/Country/State : North America,Unfted States, Indizna Faciiity * Bedford
Date Range 101/01/2005 00:00 To 01/31/2005 23:59 Investigation Status A
Case No. t 2005-003-00177 Case Type Name + 0ce - First aid
Empleyee’s Name @ Recovded By H
Inj{ I Type + EPICONDYLITIS . sy liness 7 Tiness
State : Tndiana Facility Name: : Bedford
IH Tndicator i Mo ERGO Indicator Mo
OSHA Indicator ! o Deparitient/DROT '1'\'. ‘319022
R
Patient Statement  : States my It elbow has been hurting since a weel before shuidown when T was squeezing a paste gun that wasn't working well. 318-2
Visit Code : 2005-003-00417 Disposition + Return "To Work (working)
. Date of Visit In 1 1305 2;30:008M Date of Visit Out £ 1/3/65 2:45:00PM
\ Revisit Reguired : Mo Revisit Date :
Cffice of Visit t Bedford Medlcal Office Recoitled By H
\ ay wrh
Primary Bnd\r Part ELBOW LEFT anary Diagnosns (\ Epicondy ltls ) '
R [

Tatal No. of Visits for Case 2005-003-00177 @ L

Case No. 1 2005-004-00150 Case Type Name : Qcc - Flrst ald
Employes's Name Recorded By T
Inj{TH Type : SPRAIN/STRAIN (Injury) Injury/liness : Injury
State : Indlama Facility Naine « Bedford
TH Indicator H ) ERGO Indicator : No
e
GSHA Indicater  : Mo Depariment/DROT < : 307022
Patient Statement : States 1 Bfted a box of FLVW's from the floor and felt @ pop In the front of my feft shoulder My hand feels tingly, I already had a stff neck when |
woke ophis moming,
Visit Code ' 1 2005-604-00334 Disposition + Return To Worl (warking}
Date of Visit In 1 14405 9:30:00AM Data of Visit Oug 1 1f4/05  9:50:00AM
Revisit Required o Revisit Date H
Cffice of Visit : Bedford Medical Office Recorded By : !
Primary BDody Pary SHOULDER LI:I‘T Primary Dl‘agnusis \ Stram,'ﬂpraln >
. e e T it -
Tetal No. of Visits for Case 2005-004-00150 @ 1
Case No, 1 2005-007-00237 Casa Type Nama + Oce - First aid
Employee's Name ' Recorded By
nj/TN Type + SPRATM/STRAIN {THiness) Tjusy fHiness 3 Tness
State 3 Indlana Facility Name + Badford
1H Indicator :No . ERGO Indicator »’E'L’-L;-

OSHA Indicabor ;o Depaitmene/BROTE. 202033
Patient Statement : THAVE HAD PAIN TN MY RIGHT WRIST EVERY TIME I BEND IT SINCE MONDAY mﬁ'ﬁ CELL 2, bIY JOB IS THE SAME AS

BEFORE.
Visit Code 1 2005-607-00471 bisposition 1 Return To Wark (working)
\) Date of Yisit In L 7/05 5A500PM Date of Visit Out 1 1/7f05  5:35.00PM
Revisit Requiiad : No Revisik Date :
Office of Visit 1 Bedford Medical Office Recorded By .,
Primary Body P‘)rt T WRIST RIGHT Pumar',r Hagnosis & trainfSpraln) (\jr D
Total No. of Vigits for Case 2005-007-00237 : 1
Pago 1 of 11 BUSIMESS SENSITIVE Report Printed On: 02/01/2005

FPawered by B3 Teclmologles
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Case No. : 2005-011-00066 Case Type Name : Occ - OSHA Record - Rest, Days Only

Employea's Name :° . Recorded By H
Tui/ Il Type : SPRATH/STRAIN (Injury} Tinjuryf Tness + Tnury
State : Indiana Facility Name : Bedford
.=~ EH Indicatar 1o ERGO Indicator LYeSa
OSHA Indicator ;Mo Department/DRO :'3@
Patient Statement : Per Med T Worlisheet irom Security: EF satd that he was fting some tubs In his deparifent ard his right p area began to hurt, He: sald i felt

M he “strained something”o

Wisit Code ¢ 2005-011-00104 Disposiiton = Return To Work {working)
Date of Visit Tn 1 1/10/05 10:50:00P{1 Date of Visit Out: 1 1710705 10:55:00P1
N Revisit Requsired : po Revisit Dafe H
\ ) Office of Visit ; Bedford Medical Office Recorded 8y -~ L
{ e
™ Primary Body Part @ HIP RIGHT Primary Diagnn&is.\_ : Straln,’SpralD
e e e e oo e TRl . .
Total No. of Visits for Case 2005-011-60066 : 1
Case Mo, + 2005-012-00071 Case Type Nama 1 Oce - First aid
Employee's Name  : Recorded By
Inj/TH Type : BURN - 2nd DEGREE Injuryf Iliness : Injury
State : Indiana Facility Name ! Bedford
IH indicator i o ERGO Indicator i Mo
QSHA Tndicator ; Mo Pepartment:/ DR@:{ 1319022
Patient Statement ¢ I'was running the benz robot and checked 2 hat weld at the bracket, The hot veld BEFed i my ROC glove and burned my right thmb.
Visit Code ! 2005-012-00127 Dispasition : Retun To Wark {working)
Date of Visit In T 1/12/05 7:35:00AM Date of Visit Out t1/12/05 7:58:00AM
Revisit Required i Mo Revisit Dale H
|§\ Office of Visit 1 Bedford Medical Office Recorded By P -
A . ‘:
J Primary Body Part  : THUMB RIGHT Primary Diagnosig 3 Burn; 2nd Degren
. . ) — - e - e T \‘__k_ - - e e = = e
Toial Mo, of Visits for Case 2005-022-00071 @ 1
Casg No. 1 2005-014-00147 Case Type Name + Oce - First ald
Employee’s Name 1\ . Recorded By H
TnifIl Type 3 EPICOMDYLTTIS Injury/Iliness - : Tliness
Stata 1 Indiana Facility Mame : Bedfond
IH Indicator = No ERGO Indicatqr - Mo
DSHA Indicator T No Department/ DG 2388072

Patient Statoment 1 My feft elbow has been bothering me of and on for over a year, 1 think It Is from woikcin-dept308 cell 1, Tt hurts whenever T have to pick bp the

Gottam maunt module with my feft hand.

A, Visit Code : 2005-014-00242 Disposition : Retusn To Work (working)
\J Date of Visit In 1 114705 B:50:00AM Data of Visit Dut 1114105 5:20:00AM
Revisit Regliired : Yes Revisit Date 1 1/20/05 12:00:00AM
Office of Visit + Bedford Medicat Office Recorted By !

- . . //4 . T N
Primary Diaghosis 1 Epicondylitis ) ~
pmary Diaguosis_* EONRE o,

Piimary Body Park @ ELBOW LEFT
E - [ e — e [ o s

Fotal Mo. of Visits for Casa 2005-g14-00147 : 1

Page 3 of 11 BUSINESS SEMSITIVE Reporl Printed On: 02/04/ 2005
Powered by £x39 Technologies
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. Cuse o, 1 2005-019-00066 Case Type Name 4 (e - Arst afd

Employes's ifame Recorded By
Inifili Type : PUNCTURE Injury/iliness + Injury
State < Indiana Facility Namza + Bedford
w10 Indicator : No ERGO Indicator t No
. e
QS5HA Indicator : Mo Depariment/BROT A 30401_1)
Patient Statemant: 1 Per ted T Workshoet Security: As she was picking up 2 skid, a nail from the skid went inko Tier right index finger, (Gloves Unlnown)
Visit Code 1 2005-019-00099 Disposition 1 Retum To Work {working)
Date of Visit In T 1719/05 5,00.00 M Date of Visii; Out +1{19/05  5:10:00AM
Revisit Required : o Revisit Dale
\.h‘ | Office of Visit + Bedford Medical Office Recorded By o
) Printary Body Parg  : FINGER INDEX RIGHT primary Diagnosis-.._
Total Mo. of Visits for Case 2005-018-06066 @ 1
Casa Na, 1 2005-0£9-00325 Case Type Name + Occ - First ald
Enployee's Name ;. Recoided By 1
Injf1ll Type + CONTUSION Injury/Xliness + Injury
State : Tndiana Facility Name + Bedford
14 Indicator HL] ERGO Indicator <o
OSHA Indicator  : No Department/ DROT-__: 313033
Paifent Statemant T was putthig a tibe in the burnisher and it slipped, swung arcund and hit my R hand near my Ewmb, Dept. 313-3, Job: burrisher.
Wisii: Coda !} 2005-019-00611 Dispositioit + Return To Work {warking)
Date of Visit In 1 1/19/05  7.03:00PH Date of Visit Dut s 1/19/05  7:100PM
%"J Revistt Required : Mo Revisit Date :
) Cifica of Visit ¢ Bedford Medical Office Recorded By ,r—*——‘"?:z%.\
Primary Bedy Past 1 HAND RIGHT Primary Diaglﬁﬁ\ t Contuslon/Bruise
e T I e —7--7~~--v~-—77-~_f_;_:_::;u;;uu:_ - - - -
Total Me. of Visits for Case 2005-019-00325 : 1L
L Case No. : 2005-020-00188 Case Type Name : Oce - First ald
Employee's Nama 3 Recorded By :
Injfill Type + Back Sympioms/Iiness Tnjury/Iliness ¢ Tiness
State : Indlana Facility Name 1 Badfard
TH Indicator sHo ERGO Indicator . —¥Rs.
OSHA Indicatar i Ne Department/BROTS 1 307022

-, Patient Statement  : Stabes my fower back is hurting from bending up and dosn, Ufing full boxes with 8-12 parts, wt unknown, Work as packer for ceff 1 307. Cardhoard
e, servige packs bother me the most. ‘

\,h | Visit Code : 2005-020-00328 Disposition : Return To Worlt (working)
Date of Visik In i 1/20/05 11:21:00AM Date of Visit Out : 4/20/05 11:38:00AM
Revisit Required ! Mo Revisit Date H
Office of Visit t Bedford iMedical Office Recorded By A

Primary Dl'agnuswin, CTﬁit) C‘TB
S,ﬁa’\j SR

Priivary Body Part  : BACK1DWER

Total Mo, of Visits for Case 2005-020-00288 @ 1

Page 5 of 11 BUSINESS SENSITIVE Report Printed Cn: 02/01/2005
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: Cssa Mo, + 2005-625-00061 Case Type Name + Oce - OSHA Record - Rest. Days Only

Employes's Nama ¢ Recorded By H

Inj/Til Type + SPRATH/STRATN {njury) imjury/Ulnass + Injury

State 1 Indiana Facllity Name + Bedford
< IH Indicator tho ERGO Indicater  _:Yes fes
: O5HA Indicator : No DepartmenL[DN)T\ 1 304011

W——"A
Patient Statement  : Stakes 1 wes lifting 2 layers of washers with another employee and 128 8 pull in oy Wuwar back. The pain has gotten worse each day. 1 have pain
info ‘both legs, rt worse tian i,

Visit Cotie t 2005-025-00103 Disposition ! Restriction Issued
Date of Visit In T 1/25/05 6:45:00AM Dale of Visit Out 3 42505 73 DQAM
\ Revisit Requirerd : Yes Revislt Date S
\‘J‘ Office of Visik: : Badford Medical Office Recorded By

Pmmry Bndy Part BACK LOWER Prlmanr Dlagno 5\

Total No. of Visits for Case 2005-025-00061 &

Case o, + 2005-026-00146 Case Type Nae ¢ Qce - OSHA Record - Resk, Days Only
Employee’s Name Recorded By ¥

Inj/Ilt Type + TEWNOSYNOVITIS TENDOMITES (Xitness) Injury/THness ; Hness

State + Indiana Facility Name ¢ Bedford

IH Indicator tHo ERGO Indicator  »—TNOo-

OSHA Indicator i Na DepaumanUDRDT&-\m/Sﬁ_ZD

Patient Statement ; T HAYE PAIN I MY RIGHT PALM AFTER REPEATED GRIPPING WITH BROKEM TIE STRAP CUTTER IN 305-2 CELL 1. T WAS GIVEN
REPLACEMENT BUT IT WAS YCRY TIGHT TOO, TODAY I CAR HARDLY GRIP THE CUTTER. I WAS'GIVEN A NORMAL CUTTER TADAY.

%‘\;\‘ § Visit Code : 2005-025-00239 Disposition + Restrictlon Issued
"‘u Date of Visit Tn : 1/26/05 9:12:00AM ! Date of Visit Oug * 126{05 ]0 04 OUAM
Revisit Required : Yes Revisli Date A T
Office of Visit : Bedford Medical Office Recorded By U
Prinvary Bady Part : HAND RIGHT Brimary niagnos(; Tendlnmsw C T’ B
. - L TR R R
o, Total No, of Visits for Case 2005-026-00146 @ 1
o Case o, 1 2005-026-00377 Case Type Name z Occ - First aid
Employee's Name @ Recorded By H
i/l Type + LACERATION Yajury/Tiness + Injury
State : Indiana Faciiity Name + Bedford
TH Indicator o ERGO Indicator C";Nawﬁ
0SHA Indicator < No ' Department/DROT S..; 202013 .
4‘-,@\ Patient Statement 1 cut my L index finger on a flange. T was wearing grey coth gioves. Dept: 302-3, Job: wrap hoses.
‘\J Visit Cade : 2005-026-00630 Disposition * Retum Ta Work (working)
Date of Visit In : 1/26/05 5:04:00PM Date of Visit Qut : 1f26/05  5:19:008M
Revisit Required : No . Revisit Date H
Office of Visit + Bedford Medical Office - Recorded By P
Primary Rody Part Z'INGER INDEX LEFI' analv Dla§lm$1s chra!.iun )

Total No, of Visits for Case 2005-026-00377 @ 4

BUSINESS SENSITIVE Report Printed On: 0240142005
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L

",

+ 2005-026-00437

Emgioyee's Nama @~

Cuse Mo,

Inj{Ili Type + GPRAJH/STIRATN {Jiness)
State : Indiana

TH Indicator * No

OSHA Indicator : Mo

Case Type Nanme + Oce - First aid

Recarded By !

Injury/iliness + filness
Facility Wame 1 Bedford
ERGO Endicator T Mo

e
Departinent/DROTC, _: 202073

Patient Statement * My R shoulder and R farearm arc sore. 1 have béen doing 2 job that makes my arm sore, Dept 302-3, Job: pump, bracket, screw, screw gun,

Visit Code 1 2005-026-00722
Date of Visit In T 1/26§05  6:00:00PM
Revisit Required t Yes

] Office of Visit + Becford Modicat Office
Primary Body Part ¢ SHOULDER REGHT

Tolal e, of Visits for Case 2005-026-00437 @ 1

+ Return To Wark (working)
1 1/26/05 6:30:00PM
LI tannases

Dispositton

Date of Visit Out
Revisit Dake
Recorded By T _——

Primary Diagnasts ! Strain/SpraQ G"‘\’D

Case No. ¢ 2005-026-00450
Employee's Name

Inj Ul Type  SPRATRY STRAIM {Iiness)

Siate : Indiara
IH Indicaior < Mo
OSHA Indicator ! No

Case Typs Nama z Occ - First aid
Recorded By

Tnjury/Tiness ; Tiness
Facility Name : Bedford

ERGO Tndicator f‘---?':ﬂeu_.ﬁ‘

Depar'cment,'{)ﬂo\‘r\_‘ + 302033

Patient Statement : T had tennis elbow I high school fn 2001 and it started to flare-up yesterday. Do you have a band T can wear? Dept, 302-3, Ceil: 3, Job: leak tester,

Visit Code 1 2005-026-00742
Date of Visit In L 1026105 5:37:000M
Revisit Requirad HELY

Office of Visit : Bedford Medical Office
Primary Body Part & ELBOW LEFT

Total No. of Visits for Case 2005-026-00450 : &

Disposition + Return To Work (working)
Date of Visit Oug P 1/26/05  F15:00PM
Reyisit: Date :

Recorded By

S .
Primary Diagnas‘zrs\ :Strainmr\aih-

RARSES

Primary Body Par  : KNEE LEFT

Total Ma. of Visits for Case 2005-027-00094 ;1

" Case Mo, = 2005-027-00091 Case Type Mame ; Oce - O5HA Record - Cther
Employee's Nane @ v Recorded By e
I fEl Type 1 CONTUSION Tinjusy/llingss 1 Tnfury
State : Indiana Eacility Namme 1 Bedford
IH Indicator H ERGO Indicator (7 f MW~
OSHA Indicator H Department/BROT, & 348033
Patient Statement ¢ Pey security’s med boworksheet: Hit It knee on a skid at 1800 348-3,
Visik Cade : 2005-027-00133 Pisposition 3 Return To Work (working)
\_f Date of Visit In £ 126105 30:00PM Date of Visit Dut t 1/26/05 9:35:00PM
Revisit Neyuired 1 Ne Revisit Date H
Dffice of Visit ; Bedford Medical Office Recorded By iy
.-

Primary Diagnnm& ohitusion/Sruise

-
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b v Gase Bo, + 2005-031-00270 Case Type Name + Oce - First ald

Employee's Hame ! Recortled By

Injfilk Type : GPRAT/STRAIN {ifinaas) Injury/Iliness t Tiness .

State : Indiana Facility Name 1 Bedford ‘
wov IH Indicatos 1o ERGO Fndicator ! Ne

OSHA Indicator Mo Departinent/BROT \_: 302033
Patient Statement = PAIM BIL ELBOW AFTER SECURTNG PUMPS WITH SCREW GUN IN 302-3 CELL Z FOR 2 HOURS. RIGHT 1S WORSE THAN LEFT,

Visit Code + 2005-031-00528 Dispasitian + Return To Werk {working)

Date of Visit In + 173185 3:40:00PM Date of Visi Out 1131705 4:10.008M i

Revisit Requirad ! Yes Revisit Date 1 212105 12:00:00AM 5
i'

-, Office of Visit + Bedford Medical Office Recorded By e,
‘\J! P - - . c N s =
Primary Body Part @ CLBOW BILATERAL Pyinary Diagnosis 2 StralnfSprain C,, \

Total No, of Visits for Case 2005-033-00270 4

L3
Eand

Tokatl Visiis for Bepott
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Caze No, © 2005-048-00453

Employee's Name

Inf 1l Type + LACERATION
State ! Indiana

IH Indicator 1 No

OSHA Indicatey : Wo

Case Type Name + Occ - First akd !‘ 1) J;s_v

Recorder By : /‘F I el ( ™y
L

Injury/Hlness s Injury

Facility ame i Bedford

ERGQ Indicator

(=
Department/DRAT *.: 302@

.

Paiient Stafement : I bumped my hand against a flange and got cut on It index fingar. 1did not have gloves on, Dept 302-3, Job: harness wrap-flange.

: 2005-048-00750
LIS 531000

Visit Code
Date of Visit in
Revisii: Required ! Mo

Office of Visit : Bedtord Medical Office
Primary Body Park @ FINGER INDEX LEFY

Total Mo, of Visiis for Case 2005-048-00455 ¢ i

Case Ma. + 7005-049-00473
Employee's Name

Inj{1l Type + SPRAJN/STRATM {Injury)

State ¢ Indiana
TH Indicator Ha]
DOSHA Indicatar : Mo

Patient Statement : 1felfin plastics on 02/07 or 02{08, 1 can't remember and 1 didn't write it down of rep

Dapattment/PROT

machine 30, My L knee started hurting fater in the week, Dept, 316-2

1 2005-349-00809
@ 2418j05  1:00:00M

Visit Code
Date of Vigit o
Revisit Required i Yes

Office of Visit 1 Bedford Medital Office
Primaty Body Part 3 KNEELEFT

Total Mo, of Visits for Case 2005-049-00273 @ 1

Bisposition

Date of Visit Out
Revisic Bate
Recorded By
Primary Diagiosis

Disposition + Return To Work (worlting}
Date of Visit Oug P 17{05  5:39:00PM
Revisit Date :
Recorded By T,
Primaiy Blagnosis Laceration

Case Type Name .+ Occ - First aid

Recorded By :

injury/iliness + Tnwy

Facility Wame : Bedford

ERGO Indicator : Mo

: 31‘60
arlitoamvdne. T slipped in soime off was on the floor near

+ Return To Werk {working)
s 21805 1:35:00PH
L HHINS 2:00:00AM

Casa No. : 2005-054-00138 Case Type Name + Oce - Frst afd
Employee's Mama | ¢ Necorded By A

Inj /T Type + SPRAIN/STRAIN (Hlness) Injury/iliness s Tiiness

State : Tndiana Facility Name 1 Bedford

16 Indicater iNo ERGO Indicator

0SHA Indicatar  :No Department/DROT

Patient Statement @ T HAVE PAIN LEFT SHOULDER BLADE AND PIGHT ELBOW/FOREARM AFTER DOING 0B 3052
TOO FAR FOR PART AND THEM FLIP PART FREQUENTLY.

: 2005-054-60219
Date of Visit In Y2305 B8:34i00AM
Revisit Required 1 Yes

Office of Visit : Bedford Medical Offlce
Primary Body Parc ¢ SCAPULA LEFT

¥isit Code

Tetal Mo, of Visits for Case 2005-054-00139 1

Disposition

Babe of Yisit Out
Revisit Pate
Recorded By

Prinary Diagnosis

H t}"ah’l,'Sprth

LL 2 FOR 1 DAY. 1HAVE TO REACH

1 Return To Work (working)
223105 9:16:00AM
L 32/05 12:00:004M

o
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~

Pty

N

N

}

Cafst‘a Nu
Employee's Mame
Inj{Ili Type

State

IH Indicator
0sHA Indicator
Patient Statenient

Visit Code

Date of Visit In
Revisit Required
Office of Visit:

Primary Body Part 1 HEAD BILATERAL

Total No, of Visits for Case 2005-054-00148 @ i

 2005-054-001%8

ot

: SYS{EFFECT GAS/FUME NON/RECORD
: Indlana

1Mo

1o

+ 2005-054-00235

1 2f23{05 B:52:00AM
1 Mo

: Bedford Medical Office

Case Type Mame 3 Oce - First ald

Recorded By H
Injury/Iliness 2 Injury
Faellity Hame + Bedford

ERGO Indicator

(’T__‘—'
Department/DROT “~: 319022

: THAD SUDDEN HEADACHE AFTER WORKING I 319 ON G & L LINE FROM FUMES FROM NEW ARC MACHINE. FUMES ARE NOT
VENTILATING OUT, T HAVE REPORTED THIS TO RA, D. HENRY, M. CARTER,

Disposition
Date of Visit Oug
Revisit Date

Recarded By ﬂ
Primary Diagnosis -\\:W e

+ Return To Work (working)

1 2f23/05 9:03:00AM

m——_

Mg, F

Case No, + 2005-056-00150 Casa Type Name + Occ - First aid

Cmployee's Name ¢ { Recorded By N

njfuil Type £ SPRAIN/GTRAEN {3ness) Injury/Eliness : Tiness

Staie & Indiana Facility Namea : Bedford

1H Indicator :No ERGD Indicator -.ngq_;

OSHA Indicator  : No Depariment/DROT 4 31§DZZQ

Patient Staterment 11 HAVE BEEN SHOVING MANIFOLDS ALLDAY AND 1Y R WRIST 15 HURTING, HAVE TG PUSH.HARD TO PUSH MANIFOLD DOWN

ONTO PUMP. DEPT. 318-2, RA AWARE OF PROBLEM,
\fisit Code 1 2005-056-00310 Disposition 1 Return To Work (working)
bate of Visit En + {2505 11:00:004M Date of Vigit Gut 1 225{05 11:15:00AM
Revisit Retuired : o Revisit, Date H
Recotded By v

Office of Visit

Primary Bedy Pavé ¢ WRIST RIGHT

: Bedford Meadical Office

Primary Dlagnosis 2 Straln/5prain @}'\D

Totat No. of Visits for Case 2005-056-00150 4
Case No. 1 M05-058-00120 Cage Type Nama t Orc - OSHA Record - Other
Employee's Name ) Recorded By :
il Type i TEROSYRHOVITIS/TENDONITIS {Hiness) Injury/iliness i Tiness
State : Indiana Facility Mame 1 Bedford
1H Indicator tNo ERGO Tndicator i
' OSHA Indicates L Mo Department/DROT, 1302024

Patient Statement : States I am having paln in rtanterfor shoukler from reaching back with rt arm on healshink-2

Vistt Coda

Date of Visit In
feevisit Required
Office of Visit

Primary Body Part  © SHOULDER RIGHT

Fain started [ast weel,
3 2005-055-0023%
T 2{28/05  9:55:00AM
! Yes
: Bedford Medical Office

Total No. of Visits for Case 2005-059-00120 : 1

Dispasition

Date of Visit Qut
Revisit Data
Recorded By
Primary Diagnosis

line 3. we wenk back i moving line 2 weeks ago.

: Relurn To Work {working}
1 2{28/05 10:25:00AM
1 3/3/05 12:00:008M

Tolat Visits for

(o H
=

Report
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SMJURY TLLNESS DATLY LOG REPORT (/i

Report Pavasaciers:

Office of Visit 1 Bedford Medical Office Case Type DAl
oroT LAl Department Al
OcefNon Oce % Occupational First Time of Visit 1 Yes
Region /Country/state ; North America,Unlied States,Indiana Facility * Bedford
Date Range + 04/01/2065 00:90 To 04/30/2005 23:59 Investigation Status ¢ Alf
Case o, t 2005-093-00098 Case Type Name + Oce - First ald
Employee's Name Recorded By :
Injfi Type 1 ABRASION Injury/Ilness + Injury
State = Indiana Facility Name ! Bedford
IH Indicator H ERGO Indicator i Mo
0SHA Indicator : No Departmant/ DROT 1 315022

Patlent Statement 1 1 HAVE ABRASTONS ACROSS iY RIGHT FOREARM AFTER SCRAPING IT ACROSS THE TOP OF CARDROARD BOXES WHEN
WORKING AS PACKER/STDCKER IN 3i5-2, NO PPE COVERS THE FOREARM.

’\/d\j Visit Cade ¢ 2005-091-00142 Disposition t Retuen To Worl fworking)
Date of VisitIn 1 41005 7:02:004M B Date of Visit Out S 4105 709,008
Revisit kequired ! o Revlsit; Date '
Office of Misit : Bedford Medical Office Recorded By !
Primary Body Part 3 ARM LOWER RIGHT Primary Diagnosis + Abrasian

Total Mo, of Visits for Case 2005-001-00008 @ 1

case Ho. 1 2005-093- 00106 Case Tyna Naine + Occ - First aid
Employes's Name ¢ Recoyded By H

{1 Type : SPRATM/STRAIN {Illness) Injury/iliness : Tiness

State + Indlana Facllity Naime + Bedford

IH Indicator 1o [ERGO Indicator ! Yes

0SHA indicator t No Depariment/DROT + 307072

Patlent Statement & I HAVE BRUISE-TYPE PAIN IN RIGHT PALM AFTER REPETITIVELY PUSHING FLANGES IN 307 CELL 1, THE ARE HARD TO PUSH IN
AND MY PALM FEELS BRUISED. I WEAR GLOVES BUT PALM PADDING.

Visit Code 1 2005-091-00155 Disposition 1 Return To Work (working)
Data of Visit In tAfiRS 7:3500AH Date of Visit Dut LAfL05  7IE00AN
Revisit Required t Yes Revisit Date 44105 12;00:00AM
Office of Visit : Betifotd Medlcal Office Recorted By o
Primary Body Pagt 1 HAND RIGHT Piimary Diagnosis 1 Contusfon/Bruise

Totat Mo. of Visits for Case 2005-091-00106 @ 1

Case o, 1 2005-094-0010% Case Type Name + Oce - First aid

Employee's Name ! Recorded By i

Inj/ ¥l Type 1 RESP.SYM, /FUMES/VAPORS/DUST Injury/Iiness ¥ liness

State + Indiana Facility Namea ! Bedford

K Indicalar Hil ERGO Indieator : No

/ OsHA Indicator : No Departmant/DROT i 316011

\/5 Patient Statement 1 Siates after midnight the grinder In plastics didn't work right and I was exposed to fine dust i the regrind room for about 15 win. T have c_oughﬂtd a
/ - little but iy eyes are still Iiitated. e

Visit Code t 2005-094-00175 Disposition 1 Return To Work {(working}
Date of Visit In T A405 6:35:00AM Date of Visit Out 44105 5:45:008M
Revisit: Required t o Reyisit bate :

Offiee of Visit i Bedford Medical Offtce Recorded By T

Primary Body Part ¢ FYE PILATERAL Primary Diagnosis + Ttitabion/Inflammalion

Teial No. of Visits for Case 2005-094-00108 HE

Page 1 of 1§ BUSIMESS SENSITIVE Report Printed On:05/02/2005
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' cdse o, » 2005-116-00084 Caza Type Name { Oee - Figst ald

Employes's Mama ! Recolded By s
Inf/Il Type i DERMATTYIS CONJOT ECZ - Hiness Injury/Iliess 1 Tiness
State t Indiana Facility Name 1 Bedford
s TH Indicator H ERGO Indicator Lo
OSRHA Indicator t o Depariment/DROT 33700

Patient Statement : States T hink T am allerglc to the new soap In the bathrooins, it is M a foam, Tn between my fingers the skin s ted and [tchy, When I use the plnk
soap started healing up,

\{ Visit Code ! 2005-116-00158 Disposition + Return To Woerk (working)
/ t Date of Visit In t 4f26{05  8:00:00414 Date of Visit Ouk 1 6/26/05 B:05:000H
Revisit Required Mo Revisit Data H
Offica of Visk ¢ Bedford Medical Office Recorded By
Primary Body Part 1 HaND BILATERAL Primary Diagnosis i Dermatitls: Contact

Case No, 3 2005-117-08278 Casa Type Name 1 Oee - First ald
Employee's Nama Recorded By

Inj /1l Type + SPRATN/STRATH (liness) Injury fIliness : lness

state 1 Indiana Facifity Name + Bedford

IH Indicator iMo ERGO Indicator : Yes

Q5HA Indicator t o Department/DROT 1 30200*

Patienl Statement  : Would you look at my R elbow, It started hurtlng lask night about sipper ime. I push harnesses, 2 people Use to do the job; naw I do the work
alene; I tiink it Is too much for my R elbow, Dept 302-3, Line: 3, Job: teak tester, Part; 4C2UAC,

Visit Code + 2005-117-00545 Dispasition t Return To ok (working}
Date of Visit In 1 4h7/05 400:00PM Date of Visit Ot 1 42705 4:25:00PM
Revisit Requived : Yeg Revislt Date L 4{28{05 12:00:00AM
Cffice of Visit : Bedford Medical Office ll_'{gcgiidle_n_i_ﬂy_mn__qw%

Prinvary Bady Part 1 ELBOW RIGHT ..~-Primary Diagnosis + Sjrain/Spiain

T2005-117-00278 3 1

Total Mo, of Visiis{oy Cas
T s

CaseNo. | :2OSLA800L79 Y Case Type Narne : Occ - First aid
Emyrloyee’s Name: - Recorded BY

/I Type 1 TENOSYMOVITIS/TERUUNLITS {{liness) Injuryfiliness + Tliness

Stale : Indlana Facility Name t Bedford

IH Tndicator H ERGO Indicator iNo

OSHA Indicator i Mo Departmentf/DROT L 302024

Patfent Statement : States I am having pain in my rt upjier arm from stralghtening and bending iy arm out o side when werking in 302, It is not iy shoulder, Tam
net reaching back af all it is just the movement of oy ann.

Visit Code 1 2005-117-00223 Disposition 1 Return To Work {working)
Date of Visit In i 4{27/05 8:50:00AM Date of Visit Out 42705 9.05:00AM
Revislt Required : Yes N Reyisit Date FApef05 12:00:00AM
Office of Visjt 1 Bedford Medical Office ) ~Recordeddy - : i

Primayy Diagnosis

Pritnary Body Parl ¢ ARM UPPER RIGHT

"Total No, of Visits for Cage 2005-238-00178  : 1

i
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+ CaseNo, + 2005-132-00258 Case TypeMame & Occ- First 2id ! ’E?,,,g )} -
Employee's ame Recordad Ry ; f ot L:)
Inj/T Type 1 SPRALM/STRAIN (Tiiness) Injuryfillness : Tlness
State + Indiana Facility Name T Bedford
e 1IH Indicator t o ERGO Mdicator s
: CsHA Indieator i Mo Bepasiitent/DTOT 1 308033
Patient: Statemant : Lhavea paln In my R upper back. It started yesterday and T thotight it would worl iself out, but I hasn't, | have been moving tubs of Banges
around amd T think that has caused the pain, Dept, 308, Cell: 3, Job: stocker, Flanges 32U AA,
N Visit Cadle 1 2005-132-00528 Disposition + Retura To Woik (warking)
\\3 Date of Visit In 3 5/12/05 4:49:00PM Date of Visk; Cut + 5/12/05  5:03:00PM
Revisii Required s Yes Revisit Date $ BA3MG 12:00:00AM
Office of Visit + Bedford Medical Dffice Recerded By :

BACK UPPER

Primary Diagnosis

Psimary Iiody Part 1

Total No. of Visits for Case 2005-132-00258

s StralnfSprain

Casa Type Nams

: Occ - Flirst ald

Case Mo, * 2005-132-00275

Employee's Name  * Recorded By H

nj/ Il Type 3 LACERATION Injury/Elness + Infury
State 3 Indiana Fadility Name 1 Bedford
IH Indicator e ERGO Indicator t Ne
OSHA Indicatny 1 Mo Separtment/DROT 1367033

the melal holders for plastic ones, 1was rotwearing gloves. Dept 367-3.

Patient Statement : T have & fitté cut on my R Index finger, T cut I on the edge of a metal paper towel holder In the bathroom by stainless sleef, They ar exchanging

Visit: Code + 200513200559 Dispasition + Return To Work (working)
Bate of Visit In 3 5{12/05 5:40:00PM Date of Visit Out 51205 5:45:00PM
Revisit Required : Yes Rewisit Date + 5/13/05 12:00:00AM
Offica of Visit + Bedford Medical Oflce Recorded By :f
primary Body Part 1 FINGER INDEX RIGHT Primary Diagnosis + Laceration

Total No. of Wisits for Casa 2005-132-00275 ¢ 1

Case No. : 2005-133-00277 Case Type Name + Oce - First aid

Employee's Mame 1 ' ’ Recorded By :

Inj {1 Type + LACERATION Ty fillness : Injury

State : Indlana Facility Name : Bedford

IH Indicator :No ERGO Indicator HL

O5HA Indicatar H Departiment{BRGT 1 302033

\J Patient Statement : T CUT MY LEFT MIDDLE FINGER ON A METAL BRACKET INSIDE A FLANGE WHEN WORKING 302-3 CELL 3. T ONLY HAD A GLOVE ON
RIGHT HAND, CANTT WIAR ONE ON LEFT AND DO THE 308,

Visit Code 1 2005-133-00566 Bisposition * Return To Work (working)
Date of Yisit In 5 5{13/05 5:25:00PM Date af Misit Ouk !+ 5713105 5;40:00PM
Ravisit Required : Mo Revisit Date :
Office of Visit + Badford Medical Office Racorded By

Priniary Diagnosis

i

Primary Body Part ¢ FINGER MIDDLE LEFT

Total No. of Visiis for Case 2905—133-0277

¢ Laceratlon
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)

Case o,
Employee's Name
Inj /X Type

State

IH Indicator
05HA Indicator
Patient Statement

Visit Cade

Date of Visit In
Revisit Reguirec)
Office of Visit

+ 2005-133-0027%
: LACERATION

: Indiana

e

HI

Cage Type Natme + Occ - First ald

Recarded By

Injury/iliness s Infury
Facility Name : Bedford
ERGO Dndicator i No

Depariment/DROT 1 302033

+ T CUT KNUCKEE ON RIGHT INDEX FINGER ON METAL FLANGE WHEN PULLED IT OUT OF LEAK TESTER, T HAD GRAY GLOVES ON
AND T CUT THRU THE GLOVE,

o 2005-133-00569

3 5f13/05 5:25:00PM
: Mo

+ Bedford Medical Gifice

Primary Body Part: ¢ FINGER INDEX RIGHT

Total No. of Visits foir Case 2005-133-60279

Disposition 1 Return To Work {working)
Date of Visit Out 1 5/13/05  5:35:00PH
Revisit Data :

ftecorded By -

Pilmary Diagnosis

: Laceration

Case No.
Employee's Name
I Type

State

11 Indicator
OSHA Indicator

+ 2005-136-00385

+ SPRAINSTRATN {Injury}
: Indiana

+No

1 ho

Casa Type Name 1 Occ - 0SHA Recoid - Rest, Days Only
Recorded BY H

injuryfillness t Injury

Facility Name + Bedford

ERGO Indicaior Mo

Departinent/DROT : 30802

Patient Statement ¢ My L knee Is swollen and hurts {dull ache) af the time, About 2 month ago 1 stepped down from a skid enfo my L leg and wisted my fower thigh.

Visit Cole

Date of Visit In
Revisit Reqtiived
Office of Visit

Dept. 308-2, Celi: 3, QC
+ 2005-136-00756
¢ 5{16/05 4:10:00PM
1 Yes
1 Bedford Medical Office

Tatal No. of Visits foi Case 2005-136-00385

Pisposition + Resirction Tssued
Date of Visit Ouk + 5A16/05 5:10:00PM
Revisit Date 1 5I7405 12:00:00AM
Recorded By H

Primary Biaqnosis + Straln/Sprain

Case No.
Employec's Mame
Inj/1ll Type

State

IH Indicator

QSHA Indicator
Patient Statement

Visit Code

Date of Visit In
Revisit Reguived
Office of Visit

: 2005-137-00060

: SPRAIN/STRAIN (Iliness)
: Indiana

H

: o

Case Type Name -~ + Oce - First 2ld

Recorded By i
Injury/Tilness + Tiness
Facility Mame 1 Bedford
ERGO Endicator H

Depaitment/DROT : 307022

1 States my It Lhumb is hurting agaln from stretching out hand to orab pants. I went fo 307 firsk of Aprl, I do different jobs, but subscrew bathers i,

halding lip/bottom of flange.
1 2005-137-00100
t 51705 7:03:00AM
t No
1 Bedford Medical Office

Primary Body Part  : THUMB LEFT

Total No. of Visits for Case 2005-137-00060 : 3

Pisposition + Return To Work (working)
Date of Yisit Out ¢ 511705 7:20000A%
Revisit Date :

Recorded By H

Primary Dizgnosis + StralnfSpraln

Page 5 of 10
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P
Case No, ¢ 2005-164-08163 Case Typa Natme & Occ - st ald g ) . OZ

caployee’s Name Recoriled By H
Inj/El Type 1 FOREIGH BODY Injury/illness : Injury
State 1 Indiana Foeility Name' 1 Bedford
A I Indicator tNo ERGO Indicator $ Mo
' OSHA Endicator : o Bepartinent/DROT 1313022

Patiant Statemnent  States T gota miel splinter n my rt thumb white werkdng on the Eagle. I work with stantess steel tublag and must have gotten a splintar from It. I
was weallng the new gray gleves.

Visit Coda : 20035-164-00259 Disposition 1 Return To Work (working)
Date of Visit In 1 6f13/05 10:03:00AM Date of Visit Out 1 6/13/05 10;15:00AM
Ravisit Required : Mo Revisii Date :

Office of Visit : Bedford Medical Office Recorder By H

Primaly Body Pait 1 THUMB RIGHT Prilary Diaghosis 1 Torelgn Body, Skin

Total Mo. of Visits for Case 2005-1654-00163 : 1

Case No. 1 2005-165-00088 Case Type Naise + Oce - Firstaid

Employee's Mame & Recorded By H

Inj/ul Type 1 SPRAIN/STRAIN {iiness) Injury/Ifness 1 liness

Stata : Indiana Facllity Nawie ! Bedford

IH Endicator 1) ERGO Indicator L Yes

O5HA Indicatar i Wo Depattinent/DROT 1302022

Patient Statement:  States my it efbow has hurt for 3 weeks, Pain started after running gold-flane model witich makes pushing harnesses tight. Dept 302 fine 1,
Visit Code 1 2005-165-00154 Dispesidion 1 Refurn To Work (worldng)
Date of Visit In ¢ 6/14/05 B:07:00AM Date of Visit Jut & G/14{05  8:20:00A1
Revisit Reguired 1 tlo . frovisik Dala :
Gifice of Visti ¢ Bedford Medical Office Recotded By H
Mriwary Bcui',r Part 1 ELBOW LEFT Pritayy D]agnusm + Straln/Sprain

Total No. of Visits for Case 2005-165-00088 @ 1

- case No, 1 2005-166-00246 Case Type Mawa © Oce - First ald
Employee's Nama  : . Recorded By H
Inj/TH Type : RESP/EFFECT GAS/FUME NON/RECD Yigjury/¥ness * Tnjury
State + Indiana Fadility Mame t tedford
T4 Indicator 1 No ERGO Indicator H
BOSHA Indicator : o Depariment/DROT L 316022

Fatlent Statement = DURING FIRE 1N 316-2, EXPOSED TO FUMES FROM MELTING PLASTIC, 1WORK IN 365-2, SYMPTOMS: COUGH, LIGHT HEADED, DRY

Visit Code 3 2005-166-00509 Disposition t Return To Work (working)
Dake of Vlisit Tn 1 6/15/05 1:40:00PM Pate of Yisit Qut: 16715105 1:50:00P
Revisit Requiver : Yes Revisit Date © 6f16/05 12:00:00AM
Office of Visit: 1 Bedford Medical Office Recorilat By et

Priimary Rody Par’c t LUNG BILATERAL Primary Dizgnosis H Resplratory Symptoms

Page 7 of 15 BHSINESS SENSITIVE Report Printed On: 11/ 03/2006
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Eﬁiploree-'s Hanio
/1 Tipe
State

- It Encdicarar

O5HA indicator
Patlent Siatement

Visli Cade

Pate of Visi: In
Revisli Reguived
Office oF Wisit

§ 2005-166-00253

+ RESF/EFFECT GAS{FUME HONRECD

1 Indiana

H

t Mo

 TWAS EXPOSED TO FUMES FROM MELTING PLASTIC DURING A

NPOSURE. - |
¢ 2005-168-00524
¢ 6/15/05 1:40:00PM

‘Yes

: Bedford Medical Office

Casa Type Mame

Recorded By
Tifuryfiliness

Facility Pame

ERGO Buricator
Beparivtani/ DROT

Bisposition
Date of Visil Qut

Reuisit Bate
Recorded By

i Oce - Flest ald
t Infury

: Bedford

H

1 36022

FIRE TN 316-2. 1 WORK TN 365-2, [ HAD A COUGH AND DIZZY AFTER

1 Return To Wetl {working)

§ 61505 1:50:00PM

T GABING 12:00:00AM

Sy Body baR

(3

NG BIATER A ——

Total Wo, of Visks for Case 2805-1066-00253

Vifcitary Dlageosia ~——F Resplratory Symptoms ™ ————————— " -

. Eaes Na,
Ewployea's Nawme
Inf /Al Type
Staie
i Endicatar

O8HA Tndicaior

Visit Cade

Date of Visle in
Revisit Reguived
Giifoe of Visit
Primary Body Pat

i 2005-166-00288

i

 SPRAIN/STRAIN (lihess)

t Indiana

Hil]
HLo)

#

¢ Bedford Medical Office

005-166-00507
G50 4:28:00PM
No

“FHUME BTLATERAL

Case Tyfio Mame
Rerotded By

Enjuvy/THness

Faciiity Mama

CREO Indicatar

Separiiaent/DROY

Paticnt Statesent ¢ States hands, wrists, thumbs huving for taking hamess out of Tlange when they don't pass leal fest In 302-3: T do repalr, T week we've done
mode! 6299H307AB, Increaged # of rejects, 100+

: Qe - First ald

: Iiness
1 Bedford

L Yes

302033

+ Return To Work (working}

Blaposiiion

ftaia of Visit (het, 61505 4:40:00pM
Revisit Date :

Recorded By :

Eitmary Biaghosis : Slraln/Sprain

7 Tobal Mo, of Visits for Case 2005-166-00280

k)

: case Mo & 2005-167-00106
' Employee's Mame .
Inj/ ¥l Typa 1 SPRAIN/STRAIN (Tiness)
Shata : Indlana l
B Yndicator o
0SHA Tadicator - 1 No

* Patient Sﬁhiﬂémé 2

stk Code

Date of Visit In
Revisit; Requirad
Qffice of Visi:

Total No. of Yisits

Prirary Bordy Part

asa Typa Nawe
Recorded By

Tigury fIilness
Facility Nama

ERGO Indicator

Pepartment [DROT

Aboutt 100 cut a7 808 ave reafly hard to push on.

2005-167-00162

6f15/05 10:20:00PM
Mo

Bedford Medical Offkce
THORACIC RIGHT

Dispasition
Data of visit But

Revisit Bata
Recovded By

Priwary Diagntosis

* Ccc - First ald

» Tiness
t Bedforg
1 Yes

1 307033

! Stites T stafted haing.pain In 1t upger back yestertsy when dolng iny oty birlding float reds i1 307-3 call 1. I farce & rod down on the serew.

+ Return To Wosk (working)

r

¥ Stral/Sprain

1 6f15/05 10:45:00PM

F

(LU
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e

azeila,
Employee's Mame !
Inj /Il Type

¢ 2005-238-00177

& SPRATH/STRATH {Miness)

State + Indlana
Iii Indicator ilo
O5HA Indicaior tMNo

- Fun
Case Typs Name + Oce -~ Flrst ald /[ . @ !
Recordat By
Enjury/Iilness ! Tliness
Facility Mame ; Bedford
EREO Indicator :Ho
Depariment/DROT 2 345022

Patlent Statement 1 [ HAVE STIFFMESS IN MY LOWER BACK AFTER TRYING TO HELP PUSH A SEML OUT TF THE WAY THAT WAS I THE DOCK AREA,
WORICTN 348-2 A8 A TRUCK DRIVER, TWAS JUST TRYING TO HELP THE GUY.

Misit Code i
Pate of Visit In H
Revisit Required !
Office of Visit H

Pnrn.ry Body Patt @

3005-238-00364
8/26/05 10:18:0044
Yes

Bedford Medical Office
BACK LOWER

Total Mo, of Visits for Casa 2005-238-00177

Dispositing + Retum To Work {working)

Casg Mo,

Employee's Name &

1 2005-241-n0054

i/l Type : SPRATN/STRAR {Iliness)
Siate t Indiana

1 Indicator Mo

OsHA Indicator : No

Data of Visit Gut 1 8/26/05 10:38:00AM :
Revisit Date [ L ’
Recorded By it .
Primary Diagnosis 1 StrainfSpraln t

Case Type Navne + Oce - Fiyst ald

recarded By H

Injury/Illness 1 liiness

T Facility Naia 1 Bedford
ERGO Indicatar 1 Yes
Pepartiaent/DROT 3 302022

Patient Statement 1 Siotes Saturday Twas on ine 3 dept 302 pump bulld job and pulfed my i shouldar and urt 1 middle finger wihen reaching back for isofators, fikers,

pumps. Nonretating job 1000 parts.

Vigit Code 1 2005-241-00102 Bisposition : Return To Worl (worldng)
Date of Visi In : B29/05 7:15:00AM Date of Visit Oug £ §/28/05 7:3B00AM
Rewisit Required 1 No Revisit bate :

Dffice of Visit + Bedford Medical Office Hecorded By H

Brimary Biagrosis

Prlmaw Body Pari 1 SHOULDERLEFT i Strain/Sprain

Yotal No. of Vigits for Case 2005-244-00054 1

Case Ne. 3 2005-241-00160 Case Type Name : Oc¢ - First ald

Employee’s Name Recorded By

Injfui Type : CONTUSION njury/iliness s Injury :
Siate 1 Indtana Faciiity Nama 1 Bedford

T Indicator 1o ERGO ndicator 1o

OSHA Indicator H Bepariment/DROT 1305022

Patient Statenent & States I was putting hose on reguiator with fixture, The hase wias hard to get on so 1 pushed really hard on the fixture handla and smashed m\} it
middle finger between handie and base, Warking Tepair,

Wisit Code 1 2005-241-00346 Bisposition + Relumn To Work (werking)

Date of Visit I  Bf28/05  1:00:00PM Pate of Visit Qut 2829705 1:14:00PM

Revisit lequired : ho Revisit Date '

Offica of Visl : Bedird Medical Office Recorded By : :
Prlmaw Bndv Part ;¢ FINGER MIDDLE RIGHT Primary Biagnosis : Contuston/Biulse :

BUSINEGS SENGITIVE Report Printed O 11/03/2006
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Case No. § 2005-262-00309 CasefypeMame  : Occ- First aid 5@/() ¢ OJ)

Empio.ee's jame ¢ Recorded By HE
/T Type t SPRATN/STRAIN (Hiness) Injuryfillness + Tness
State : Indlana Facility Naima 1 Bedford
i Indicator 1 Mo ERGO Indicaio ! Yes
OsHA Indicator Mo Dapartment/DROY 1 302033

Palient Statement : UPdated 09/20/05. My lower Haht arm has bothered me for about a year since working In dept 302 Line 1 where 1 had to force the: tubes Info the
madide. 1t has never went away. Anytine I have fo forceful pushing 1t aggravates my lower ight atm.

Visit Code 1 2005-262-0612 Disposition x Refurn To Worl {(worling)
Date of Visit In : 9/19/05 £:30:00PM pate of Visis Gut 1 9/19/05 £:42:00PM
Revisit Reguived t Mo Revisit Date H

Office of Visii 3 Bedford Medica! Office ’ Hecorded By :

Primary Body Par ¢ ELBOW RIGHT Primary Diagnosis 1 Straln/Sprain

Total No. of Visits for Case 2005-262-00308 : 1

Case No. 1 2005-2A2-NN19A Case Type Name + Oce - Flrst aid
Employea's Name 11 I Recorded By H

Tisi /il Type + CALLOSITIES Injuvy/tliness t Thiness

Sate : Indiiana Faciity Marte £ Bedford

¥H Tadicatoy TNo ERGO Indicator ‘ i Ho

OStA Indicator ¢ Mo Deparlment/DROT ¢ 318022

Patient Staterent My leflL thymb Is sote and T need a bandald, T keep hitting & with the screwgun while 1 batch build, T wear the grey cotion gloves, 1t is the celi Tn
318 screwdown job,

Viglt Code & 2005-263-00390 Dispogition + Reburn To Work (working)
Dake of Visi In T 920005 7:3ZL00AM Date of Visit Out 3158/20/05  7:38:00AM
Revisit Requived : No Pevisit Pata H

Office of Visit + Bedlord Medical Office Recorded By :

Primary Body Part  : THUMBIEFT Primary Diagnesis + Abraglon

Total No. of Visits for Case 2005-263-00106 : 1

Cage No, : 2005-264-00162 Casa Typa Mame + Qe - First ald
Employee's Name ;. Recorded By !

Iny/xlE Type + BLECTRICAL SHOCK/OT.EXT.CAUSES Enjury/Iliness 2 Injury

State : Indiana Facility Name + Bedferd

IH Erddicator Mo ERe0 Incicator L

OS5HA Indicater  t Mo Bepariment/DROT  : 307022

Patient Statement 1 [ WAS SHOCKED ON MY RIGHT HAND WHEN T TOUCHED A FAN WITR RIGHT HAND WHEN HAD LEFT HAND ON PRESS IN 307-2
CELL 1. TFEEL OK,

Visit Code 1 2005-264-00306 Disposition 1 Retumn To Work (werking)
Bate of Visit In i 821705 10:55:00AM Date of Visi; Qut 1 9/21/05 11:35:00AM
Revisit Requived 1 Yes flevisik Date £ 012205 12:00:00AM
Office of Visit ! Bedford Medical Ofice Recorded By :

Peimary Body Pait.  : HAND RIGHT Pelary Diagnosis ¢ Electrical Shock

Total No. of Visits for Case 2005-264-00162 1 4

Page 5 of 8 BUSINESS SENSTIIVE Report Printed Gne 11/03{2006
Powsred by Ex8® Techulogles
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APPENDIX IL. ERGONOMIC ANALYSIS
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Rodgers / Kodak Muscle Fatigue Analysis Data Collection Sheet

Effort Lavels
ody Scores
Region If the effort cannct be exerted by most people, enter Very High.
Light Moderats Heaw Effort Level Effort Buration
g ¥
With Force or Weight
Meck
. Head turned fc side; head Same as moderate but with
Hs:gktirrn;? gﬁﬂ%i’isge‘ : fully back; head forward force or weight; head
ghtly ’ 20°. stretched forward.
Right Right
[eft Left
Shoulders

Arms slightly away from
sides; arms extended with
some support.

Exerting forces or hoiding
weight with arms away
from body or overhead.

Arms away from bedy; no
support; working overhead

Effort Frequency

Right

Left
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Back

Bending forward; no load; Lifting or exerting force
l.eaning to side or lifting moderately heavy while txg'r sting: hi r? foree or
bending/arching back. {pads near body; working _g, ght
overhead. load while bending.
With Moderate Force  With High Force Right Right
poaiunn -
Left Left
Arms{
Ethows
Arms away from body, no Rotating arms while High forces exsrted with
load; light forces lifting near exertin rr?o qerate force rotation; lifting with arms
hody. g ’ extended.
Right Right
teft Left
Wrists/
Hands/
Fingers 1ight forces or weights Grips with wide or narrow
span; moderate risk . . .
Pinch grips; strong wrist

handled close to body; . "
. o _angles, especially flexion;
straight wrists; comfortable N
use of gloves with

power grips. mederate force.

angles; slippery surfaces.

Right

Left

Right

Left
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Right
Left
Legs/
Knees
. . . Bending forward, leaning . . .
Standing, walking without L Exerting high force while
. B on table; weight on cne ; e N
bending or leaning; weight side: pivofing while exartin pulling or fifting; crouching
on both feet. P g g while exerting force.
force.
Right
Left
Anklef Feet/
Toss

Bending forward, leaning
on table; weight on one
side; piveting while exerfing
farce.

Standing, walking without
bending or leaning; weight
on both feet.

Exerting high force while
puiling or lifting; crouching
while exerting force.

Right

Left

Right

Left

Right

Left

Right

Left

Copyright ® 2005, Ergoweb Inc. All rights reserved.
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Rotational Worl Cell
Jub Title: Support Tube to Reservoir

Job Descriptivn: PUT serew set into too] - PU Assy, position wire (blaek) and seat sorew
- Snap support tubtsg into appropriate location - REL -~ - - -

Data Inputs

Eitort

etk
Head turned partly to side, back or slightly
torward

ShoulGers

Right Arms away from body, o support; working
overhead

Left  Arwms away from body, no support; working
overhwad

Back

Leaning to eide or bending arching back

Arms/Eibows

Risht Rotating arms whils exerting moderate Foroe

Puration

6-20 8

620 g

G6-20 s

G6-20s

620 8

Fregquens

1-3 /min

145 /min

1-5 /min

1-3 /min

1-5 /min

Left  Rotating arms while sxerting moderate foroe

Wrists/Hands/Fingers

Right  Grips with wide or navrow span; moderate
risk angles; nse gloves with moderate forees

Teft  Grips with wide or narrovw gpan; moderats
risk sngles; use gloves with moderats forces
Legs/Knees

Right Stending, wallking without bending or
Ieaning, weight on both feet

Lett  Standing, walking without berding or
loaning: weight on both foet
Ankle/Feet/Toes

Right Standing walking without bending or
lzaning; weight on both teet

Left  Standing, walking without bending or
Iraning; weight on both feet

: yé' These 'Inp'upé ic;:an Benst Fid

Calenlations

Shoubder Shoulder

Priority  “Low At
Moderate  Moderate

@ “Low

6-20 ¢

5-20%

6-20 5

-0 3

U-6s

Neck Right Left Baclk

Risht
Arm

1-3 /min

1-3 /min

-5 /min

0-1/ min

-1/ min

0-1/ min

0-1/ min

Left
Armm

Moderate  Moderate
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Right Lett Right LeftLeg Right Left
Hand Hand Leg Fost Foaot

Priveily  ~ i “Low Glow BLow “Low
Moderate  Moderate

e e
Sava This Report te an Beel Fie !

This Report to 3 Ward Fil_a: '

Reference

Chengalur, S.N., Rodgers, S.H., and Bernard, TE. (2004). Kodak's Ergenomic Design
for People at Worlk, 2ad Ed. John Wiley & Sons, Ino., Hoboken, New Jersey. pp 137-
152
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Left  Arms away from body, no load; light foroes 6-208 i-3 /min
{ifting near body

Wrists/Hands/Fingers

!

l Right Grips with wide or naprow span; moderste 6-20 % 1-3 /min

Rotational Work Cell rigk angles; use gloves with moderats forees
otations ork Cel

Jeb Title: Sub Screw and Wirs Wrap
Job Description: PU Assy, place in fixt - Pos sub, pos wirs (pink) - PU sorew, set into
tooling « Use too] to seat sorew ~ Wrap wirts a3 necesgary ~ REL - - -«

Left Light forees or weights handled cloae to 6-20¢ 1-5 /main
body; straipht wrists; somtortable power grips

Data Inputs Legs/Knees
D : Right Standing, walking without bending or 0-68 8-1/ min
Etort Duration Frequenc leaning, weight on both fest
Teft  Standing, walking without beading or 068 0-1/ min
lzaning; weight on both fest
Nesle
I:Ir‘;ad turned partly o side, baek or slightly G205 1-3 /min Anlde/Fest/Toos
forward
Right Standing, walking without bending or -Gs (-1/min
leaning;, weight on both fiext
Shouldess
. . Left  Standing, walking without bending or 0-65 0-1/ min
Right Avms away from body, no support; working 6203 1-5 /min loaning, weight on both feet
overhead
Left  Arms slightly away from sidss; sims 6-203 1-3 fmin : ‘.EK'CEE‘:}#'?
extended with some support .
Back Cateniations
Lzaning to side or bending arvhing back 6-20 5 1-5 /min Nesk Right T ett Back Right Left
Shoulder Shoulder Arsmn Arm
Arms/Elbowys Privrity  SLow 5 S Low SLow G ow
Moderate Moderate

Right Rotating arms whilt exerting moderate foree 620 5 1.5 /min
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Right Lait Right Left Leg  Rishi Left
Hamnd Band Leg Foot Foot

Priority : = Low O Low 2 Low “Low “Low
Moderate

Save This Rermrttn an Exnal FIe !

I
avE. '1'h15 Repnrt o = Wnn:f FEe

Referenee

f“h::nualm_ SN Rodgm H andBuna.lﬂ TE (2004) I\.odak.‘s Exwolmmz Dusign

for People at Work, 2nd Ed. John Wiley & Sons, Inc., Hoboken, New Jorsey. pp 137-
152,
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Right Arms away ffom body, ne load; tight forees 6-20s 1-5 /fmin
litting near body

Left  Avms away from body, no load; light forees 6-208 1-3 Amin
lifting near bedy

. Wrists/Hands/Fingers
Rotational Work Cell

Job Tifle: Sub-Buiid

Job Description: PU card/ease assy - PU float assy and pos to case, pos assy to fixt - PU
contant, pos to fixt - PU back plasts, route sub wirs throngh, pos to fixt - DBRP - RM Assy
- agide to tots ~ REL - Restovking of subs @ heat shrink station as necessary « - -

Right Light forves orweights handled vlose to 6-20s 1-5 /min
body; straight wrists; comfortable power grips

Left  Lishiforces or weights handled close to 6-20s 1-3 /min
body; straight wrists; eomfortabls power grips
Data Inprais
Fr Legs/Knees
Effort Durzgion @ LUERE
¥ Right Standing, walleing without bending or 0-Gs U-1/ min
leaning; weight on both fest
Mok Teft  Standing, walking without bending or 0-6s 0-1/ min
. . . leaning; weight on both feet
Head firned partly fo side, back or slightly 6-20 ¢ 1-3 /min,
forward 4
Anlkie/Feet/Toes
Shoulders Right Stending, walking without bending pr UG $-1/ min
. ' . L leaning: weight on both feet
Right Arms slightly away from sides: arms 6-205 1-3 /min
extended with som-: support Left  Standing, walking withoni bending or 0Ga 01/ min
) ) o leaning: weight on both fest
Left Arms slightty away from sides; arms 6203 1-3 /min
extended with some support
Baek
Leaning to side or bending arching back 6-20 s 1-5 /mim Calrulations
Nech Right Left Back Right Left
Arms/Elboys

Sheulder Shoulder Arm Armm
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Priority  “Low W Low

% Low i Low “Low W low
Right Left Right Leftizg Right Left
Hamnd Hand Leg Foot Foot
Priority  TLow & Lowr 1% Low WD Low S Low

3 Report to én'_ﬁc_:e!' Filg: -

Raference

Chengalur, S.N., Rodgers, 3.H., and Bernard, T.E. (2004). Kodak's Ergonomic Design

tor People ut Work, 2nd Ed. John Wiley & Sons, Inc., Hoboken, New Jersey. pp 137-
132

104



RULA

Data Coltection Sheet

Posture Risk Facior Assessiment for Group A
{tipper arm, lower arm, and wiist)

Upper Arn

Ranges of

Movement
[eheelc ana only)

20 degrees of axtension to 20 degrees of flexion

Extension greater than 20 degrees or 20 to 45 degrees of flexion

45 t0 90 degrees of flexion

a0 degees or more of flexlon

Select if True

Analysis
Gonditlon 1: The upper arm Is abducied
Select any of the . o
Following if True Condition 2: The shoulder is raised
(checicall that apply) Condition 3: The operater is leaning or the weight
of the anmn Is suppored N
Ranges of 89 to 100 degrees of flexion
Movement
Lowrar Avm {checl one only) Less than 60 degrees o more than 106 degrses of fexion
Analysis

Condltion 1: The lower arm is woiking across the midline
nfthe body or aut to the side

I

Ranges of

Meovement
{check one only)

Meutral position {(wrist neither flexed nor extended)

L

Gl 18 degrees in eilher flaxion or extension

Yifrisi 15 degrees or more in either fexion or extension
Analysis —=
Select any of the Condilion 1: The wrist is in elther radiat or uinar deviation
Following if True Condition 2: The wrist is at or near the end of range of twist (near
{checlc all that apply) the end of pronation or supination range)
kfuscle For the upper arm, lower arm, and wrisi</strong>, the muscle
Use and Select if True usefbody motion of the worker is mainly staflc (held for longer
Repeiitive th than one minute), or it is repetilive (repeated more than four
Motio timesfiminute)
No resistance or fess than 4.4 Ibs {2 kgs) of
intermittent foad or force
4.4 to 22 [bs (2 to 10 kgs) of intermittent [oad or force
Force Force or Load

4.4 10 22 |hs (2 to 10 kgs) of static or repeated load or force

22 ths (10 kgs} or more of static foad; or, 10 kg or miore of
repealed loads or forces; or, shock or forces with a rapid build-up

Copyright 2004 Ergoweb, Inc.

arffaviel,
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Posiure Rislk Factor Assessment for Group 8

{neck, trunk, and legs)
0 to 10 degrees of flexion
Ranges of 1010 20 degrees of flexion
Movement - E—
MNeclk (check ene only) 20 degrees or more of flexion
Analysis in extension
Select any of the Condition 1: The neck is twisterl
Following if True — -
{cheek all that apply} Condiior: Z; The neck is In side-hending
b S
Sittihg and well supported with a hip-irunk
A angle of B0 degrees or more
Rai‘lg_es of 0-20 degrees of runk fiexdion from a standing posiilon
Motion S ]
Trunl (checi nna only) 20-60 degrees of Irunk flexion froim a standing position
Analysis 60 degrees or moie of trunk flexlon from a standing position
Select any of the Condition 1: The trunk is twisting
Following if True : ’ . — ]
{check ali that apply) Condition 2: The frunicis In sikde-bending
r The legs and feet are well supported with tha
worker seated and the weight evenly balanced
L@Q] Rle\‘}llg‘.as of The worker is standing with the body waight evenly disiributed
Analysis otion over bolh feet with roorm for changes of position
{check one only)
The legs and feef are nol supported while the worker is sitling or
the weight is unevenly balanced when sitfing or standing
Muscle i
Use and . For the neck, trunl, and legs, the muscle usefbody mation of the
B . Select ¥ True worker Is mainly static (held for longer than one minute), or it is
\epei:ru‘_we repetilive {repeated more than four times/minuie)
Motion -
Muscie Use No resistance or less lhan 4.4 [bs (2 lgs) of
Infermittent lead er force
and
Repetitive 44 to 22 ihs (2 to 10 lygs) of intermittent load or force
Botion for Force or Load
ihe Necls, 4.4 to 22 ts (2 ta 10 kys) of slatlc or repeated load or force
Trunls, and 22 Ibs (10 kgs) or more of static load; or, 10 kg or more of
Legs repeated loads or forces; or, shock or forces with a rapld build-up
BYE oo,

Copyright 2004 Ergoweb, Inc.
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|

Rotational Work Cell

Jok Tile: Support Tube to Resurvoir
Job Description: PU sorew set into tool - PU Assy, position wire (black) and seat sorew

- Snap support tobes inte appropriate lovation - REL - - v -

Datz Inputs

Upper Arm
Analysis

Larwwer Arm
Amalysis

Wrist Analysis

Minsele Use and
Repetitive
TMotion

Ranges of
myvenent

Conditions
Ranges of

THOVement
Conditions

Ranges of
WOVEmLNt

Conditices

Extension greater {han 20 degress or 20 to 43
degress of lexion

Condition 1: The apper arm is abducted
Condition 2: The shoulder is ratsed

60 to 100 degrees of fHexion

None selested

0 to 15 degrees in either flexion or extension

Condition 1 The wiist is in either radial or
ulngr deviation

Condition 2: The wrist 1 at or near the end of
range of twist {near the end of pronation or
supination range)

For the upper arm, lower anm, and wrist, the muscls use/body
motion of the worker iy mainly statie (held for longer than one
mituts), or it is repetitive (repeated more than four times/minnte)

Foree 4.4 10 22 Ibs (2 to 10 kgs) of intermittent Ioad or foree

Postwre risk agsussment for Group

B

Neck Analysis Ranges of 0to 10 depress of Hexion
mevement
Conditions None selected

Trunk Analysis  Rengss of Sitting and well supported with a lep-truake

moveinent angle of 90 degrees or more
Conditions None seloctsd

Leg Analysis Ranges of The legs and fest are well supported with the
EROVeIENT viorker seated and the weight evenly

belanced

Muscle Use and  None selected

Repetitive

Mouotion

Fores No resistance or less than 4,4 1bs (2 kgs) of intermittent lead or

foree

Sav Th";aslez Eits tr:\.a‘_.'E_c':E‘l..E.ile-'"

Calculations

1 i an acteptable posture soore. A soore greater than 1 is associated with a posture
with ergonomis risk, Howsver, thore is not a direst proportion betwoen the magnitude
of the score and the degres of srgonomie risk.

Seoring for Group A body

part
T o S, e
Body Part Bo;‘ﬁy Part Fosture Srore Mustle Fores Score
v Seore A C
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je. This Report toan Excel fite

Upper e
Arm ‘ R
s Report to a Word File
Lowyer \ - T -
Avm !
) 1 i 7
Wrist 3 Refurence
Wrist 2 MuAtamney, L., and Corlett, ET, 1993, RULA: a survey method for the investipation
Tevist of work-related upper limb disordews, Applied Hrgonomics, 24(2), $1-53.
Scoring for Grogp B body bl page
part B i)
Body Past Batly Part Posture Score Muscle Foree Seore
Brore B b
Neck 1
Trunk 1 1 U 4] 1
Lags 1
Grand Seore
Beore T Brore I Grond Svore
7 1 5

Conchasions

Bassd on the sbove data and criferia set forth by McAJ:amm:}' and C(;z‘l;:tt (1393), this -
Grand Score 18 classified as:

Agtion Level 3: further investigation and changes are required soon. The working
posturs is ontside sate ranges, repetitive motion and/or static musely sontraction is
requinsd and significant foree may be exerted
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Rotational Werk Cel

Job Tide: Sub Serew and Wire Wrap

Job Description: PU Assy, place in Hixt - Pos sub, pos wirs (pink) ~ PU serew, set into
tooling - Use tool to seat serew - Wrap wirss as noeessary - REL « - - -

Data Inputs

Posturs risk assessment for Group

&
Upper Arm Ranges of Extension greater than 20 degress or 20 to
Analysis movement 45 degress of flexion
Conditigns None splected
Lower Arme Ranges of 50 to 100 degrees of flexion
Analysis movement
Cenditions Condition 1: The lower arm is wotking
across the midine of the body or out to the
side
Weist Analysis Ranges of 0} to 15 degrues in either flexion or
ey t extension
Conditions Condition 1: Thewrist is in sither radial or
ulinar devistion
Condition 2: The wrist 1s at or near the vnd
of range of twist (near the end of pronation
or supination rangs)
Musele Use and Nore selected
Repetitive Motion

Foree 4.4 10 22 lbs (2 to 10 kgs) of intermittent load or foree

Posture risk assessment for Group

B

Neek Amnalysis - Ranges of 0 to 10 degrees of tlexion
mVelisnt
Conditions Nouwe selueied

Trunk Anatysis Ranges of Sitting and well supported with a hip-tuak
movement angle of B0 drgrees or mors
Conditipns None selected

Leg Analysis Ranges of The legs and fect are well supported with
muovement the worler svated and the weight evenly

balaneed

Muscie Use and None seleoted

Repetitive Mation

Foree Mo resistance ot less than 4.4 1bs (2 kge) of intermittent load or
Torce

Caleulations

1 18 an acceptable posture score. A scors greater than 1 is assocleted with a posturs
with vrgonomic visk However, thete is not a divect proportion between the magaitude
of the svore and the degres of srgonomic risk.

Scoring for Grous A body

part
. Body Part Posture Score e . Seore
Body Part Seove A Musele Forve C
Upper 2 4 ¢ 1 5
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Arm

Lower o

Arm -
Wrist 3
Wrist 5
Twist

Scoring for Group B bedy

part
Body Part Body Part Posture Ssore Muscle Foree Brore
Score B il
Neel 1
Trunk 1 1 ¥ D 1
Legs 1
Grand Scory
Seore C Score B Grand Score
3 1 4
Conclusions
93), this

Grand Svore is classified us:

Action Level 20 finther investigation is needed and shanges may be required. The
working posture is cutside satt ranges or working postures are aceeptable but
chavacterized by repetitive motion, static muscle contraction or significant fore.

. Bave ﬁiié‘ﬂenr_:rt'tﬁ an Becel Flle -

Soit tod Wikl Fite ..

Reforence

MuAtamney, L., and Corlett, EN,, 1993, RULA: a survey method tor the investigation
of work-related upper Litb disorders, Applied Ergonomics, 24(2), 91-99.
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Rotational Work Cell
Job Title: Sub-Build
Job Deseription: PU card/vass assy - P1J float assy and pos to case, pos sssy to fixt - PU

contact, pos to 1ixt - PU back placte, route sub-wite through, pos to fixt - DBP - RM Assy

- asids to tote - REL - Restoeldnyg of subs @ hest shrink station a5 necessary « - -«

Data nputs

Posture rish asgesument Tor Group 4

Upper Arm Ranges of 20 degrees of extension to 20 degreos of
Amnalysts movenent flexion
Conditions Nore selected
Lower Arm Ranges of 60 to 100 degrees of texion
Amnalysis moevenent
Conditioas Nont sefected
Wist Analysis Ranges of o 15 degress in either fexton or
mevenzent extension
Conditions None selected
Muscle Use and None selected
Repetitive Moetion
Force No resistance or less than 4.4 [bs (2 kgs) of intermittent load
or forse

Posture risk assessinent for Group B

TMeck Analysis Ranges of (2 to 10 deprees of Hexion

mevement
Comditions Note stlectsd

Trank Analysis Ranges of Sitting and well supported with a hip-
movement truak angle of 50 degrees or mors
Conditions Noe selpoted

Leg Analysis Ranges of The lege and feet are well supported with
mevement the worker seated and the weight vvealy

balanced

Muscle Use and Mone selscted

Repetitive Motion

Foree No resistance or ese than 4.4 1bs (2 kgs) of intermittent load
or foree

. ‘éa\ie_'ﬂé_sé T‘npui_‘s‘ wan: B FéFe.

Caleulations

1 15 an avoeptable postare score, A soore greater than 1 15 associated with a posture
with ergonomic risle. However, there is not a direct proportion between the magnitude
of the score and the degree of ergonomic risk.

Beonrime for Group 4 body

part
Rody Part Body Part Posture Score Muscle  Force Brore
Seors & C
Upper 1
Arm
Lower 2 0 0 2
1
Arm
Wrist 2
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MeAtamney, L., and Corlett, EN., 1993, RULA: & swrvey method for the nvestigation
Vrist 1 of work-rslated upper Iimb disorders, Applied Ergonomizs, 24(2), 91-09.

Twvist

Seoring for Group B body

part
Body Part Buéﬂls‘ofjrt }Pustun;g Score e Fovce St]l;l‘e

Weclk 1

Trunk 1 1 0 0 1

Legs 1
Grand Score

Seor= C Seore D Grand Scere
2 1 2

Coenelusions

Based on the above data and eriteris et forth by MeAtamney and Corlett (1993), this

Grand Svore is classified as:

Avtion Level 1: worker exposure to the measured risk Tactors is low and considered
avesptable if not maintained or reprated over long periods,
it 5 Evoi |

| BaveThis

; . T}l‘zjs.,ﬁepuri t:P_é.‘d\-}urd-

Referenee
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HENGER

Process Flow Chart

Projeet #: 2007 P150 Oviginnl Date: 97212004
Deseription: NA Rauger TMBS, MRES Fue! Punp § Last Rev: 1/26/06
Part i o 7154-0H307-AYRHCH Rev#: 10
Part Name: ThIBS, MRFS Fuel Pump Sender Chstomer Eng Approval Bafe:
Dept ft: 307 Customer QA Approval Date:
Dept Name: Top Mount Boltom Sense Design/Mig Resp: Supplies/Plant App Date:
Vel Line/Mod Year: NA Ranpeg2007 AfSected Supplier/Plant: Bedford Other Approval Date:
Conipany: Visteon/ETS Othey Areas Involved: 312,316, 303, 313 BP Rev Date/BP Rev: 20060103/F5
Conlact/Phene: | Process: Mamtacturivg Deawing # NEULE!) 332828
Core Team:
Sources of Variation Process Number Process Flow Chart f Charvacteristics
(Incoming & Within) & a | (Product &
Process Name : Process)
9100 - Assemble 9210 Press
Regulator to
Regulafor fo Pociel
Poclet
9220 Secure
- Regulator with
Clip
9230 Pocket
Lubricated
416c - Assemble 910C Convolute
Hoses to lhoses scated
910Q Hose
Regulator Lubricated
Depis 305-
Ml Helting: Mannal
910d - Assemble 9240 Press ESD
ESD clip to clipto pocket
regniator
Cxternal Supplicy Quality G101 - Incoming | GP-l Incoming
Flange Malerial
£
9/20/2006 12:01:27 PMf Web vrsn is Controdted (Uncontrolied when printed) Page 1 of 16
[of I ) " " : i
(\— ) peratien A);f"nclfjl:llg, ?.i:.}ﬁﬁ Inspection 3 g]pnrnlwn Steraye Deiay j Tramsport E':!c':;ao“
Barls Inspection “i
f i
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RENGER

Process Fow Chart

Project #f: 2007 P150 Original Date: /2172004
Deseription: NA Ranger TMBS, MRFS Fuel Pump § Lagt Rev: 126006
Part#: y 7154-8HI07-AHBHE Revit: 10
Part Name: ThBS, MRES Fuel Pump Sender Cuptomeyr Eng Approval Date:
Depti: 307 ) Customer QA Approval Date:
Dept Name: Top Mount Bottom Sensc Deston/Mig Resp: Supplier/Plant App Date;
Veh Line/Mod Year: NA Ranges2007 Affected SupplierfPlant: Bedtord Oiher Approval Daie:
Company: VisteoETS Oiher Avens Involved: 312, 316,303,313 BP Rev Date/BT Rev: 200601035
Contact/Phone: Pracess: Manufaclutiyy Deawing t: NFULEI 1332828
Core Team:
Sources of Variation Process Number Process Flow Chat ‘f Charactevistics
{Incoming & Within) & s (Product &
Process Name ; Process)
Ertemal Swpplier Quality 00107 - Incoming GP-1 Inceining
ROV Maerial
4|
External Supplier Quality 60103 - Fncoming ™ _'MK
TLYVV Matcrial
-

|

001211 ROV
Secured to Flanpe
91212 FLVV
Secured to Flange
GP-5 Fisture
Verificalion

Flange leal/permenbility o2l - He leak ) vl 00221-1 Flange

Cayp leal/permenbility test Leak Rate Tesied

iMachin setup P2 Test Mark
t ot '

Compouent origntation NIt Hillug: ST to Present
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Projoct #: 2007 P150

Descripfion: NA Ranper TMBS, MRTS Fuel Pump 8

Process Flow Chart

Part#: g 7154 9H307-AHBYC"
Part Name: ThiBS, MRS Fuel Pupp Sender

Dept#: 307

Dept Nanie; Top Mount Boftoin Sense
Veh Line/Mod Year: NA Ranpesf2007

Company: Vistean/FTe

Design/iig Resp: .

Affected Supplier/Plant: Bedford

Odher Aseas Involved: 312, 316,303,313

HENEET

Original Date: 9/21/2004
Last Rev; 1/26/06
Revi 10
Cugtomer Eng Approvat Date:
Custemer QA Approval Date:

Supplier/Plant App Date:

Other Approval Date:
BP Rev Dale/BP Rev: 20068103/F3

Contact/Plione: Process: Manufichuriyg Drawing & NFULE] 1332828
Core Teami ,
Sowrces of Variation Process Numbey Procegs Flow Chart €1 Characteristics
(Incoming & Within) & a| (Praduck &
H
Process Name s Process)

Wire routing
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[Time, tewperature of heating Sheink Sender to
Fiange
Vil Edling: Slide to
next operation
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\\
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Project #: 2007 P150
Deseriplion: NA Ranger TMBS, MRS Fuel Pmp §

Process Flow Chart

Part#: o 7154-0H307-AYRYC*
Part Name: TMBS, MRFS Fusl Pump Sender

Deptif: 307

Dept Name: Top Mount Bolioin Sense
Vel Line/Mod Year: NA Renger/2007
Company: Visteo/ETS

Contagt!Phone;

CoreTeam: ...

manGER

Crriginal Date: 9/2112004

Last Rev: 1/26/06
Rev it 10

Custonter Eng Appyoval Dater
Customer QA Appraval Date:

Deslen/ify Resp: - 1
Affected Suppticr/Plant: Bedford

Other Aveas Involved: 312,316, 303,313

Process: Manpfachuring

SupplieifPlant App Date:
Othier Approvai Date:
BT Rev Date/BP Rev: 20060103/F5

Dymwing # NFULEL1332R28

before moving (o next
operation

Length, gage, hardness

(12401 - Incoming
Springs
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Secured fo Flange
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Fuel Delivery Assembly
BEDFORD PLANT

TIME STUDY
DATE: 6/6/2006 PART NO. : Static Work Cell
DONE BY:  Scolt Cramer
‘ PART NAME: ----
OPERATION DESCRIPTION: Helium {eak Test
READINGS 7 1000THS MIN
ELEMENT# 18T 2ZND 3RD 4TH INFREQUENT ELEMENTS
1 185 179 R T DESCRIPTION
2 193 146
3 225 165
4 220 202
5| 249 180 N
B 162 217
7 255 180
8 229 210
£} 169 1886
10 222 174
11 228 290
12 220 274
73 233 180
14 255 183
15 219 169
16 231 229
17 268 163
18 262 193
19 248 173 - SHIFT TIME: 480 MINUTES
20] 231 214 PERS, BREAKS -20
21 241 166 WASH UPS -10
22| 218 245 AREA CLEAN UP -5
23 184 168 LATE RETURN B -5
24 243 215
25 214 235 TOTAL OPER. MiN. 440
TOTAL
TIME S e e 20000 0.
NO.
READING......... 25 2 ° ’
AVER. TIME  0.22536 0.19744 #Div/0) #DIV/0!
AT .‘.Bw AR b RS e R 1
FACTOR ° ALLOWED TIME (.35938
NORMAL
TIVE 0.19156 #DIV/OI #DIVIO! SPECIAL ALLOW. 0
STANDARD TIME 0.35938
PCS PER 8 HOURS 1,224
NORMAL
ELEMENT TIVE PC.IOCC  ALLOWED TIME
1 P{U Assy-RM Dust Caps if Applicable 0.19156 i 019156
RM Assy from test fixt-RM collar from Assy-place Assy to bin, P/U
2 non-tested Assy fitted w/ dust caps, place collar an Assy place in 0.16782 1 0.16782

fixture depress button to begin test
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Fuel Delivery Assembly
BEDFORD PLANT
TIME STUDY
DATE: B/6/2006 PART NOQ. : Static Work Celi
DONE BY:  Scott Cramer
PART NAME: ----
OPERATION DESCRIPTION: Sub- Build
READINGS / 1000THS MIN
ELEMENT# 18T 2ND 3RD 4TH INFREQUENT ELEMENTS
1 121 242 R T DESCRIPTION
2 114 211
3 119 271
4 100 338
5 119 2566
B 125 281
7 113 225
8 120 293
9 125 231
10 104 277
1 124 274
12 95 239
13 122 244
14| 119 265 ]
18] 127 240
6] 118 333 !
37 150 305
18 147 301
19 11 273 SHIFT TIME: 480 MINUTES
20p 120 293 PERS.BREAKS -20
21] 102 208 WASH Ups -10
22{ 109 256 AREA CLEAN UP_ 5
23 142 263 LATE RETURN -5
24 113 259
25 142 227 TOTAL OPER. MIN, 440
TOTAL
TIVME. .o e
0.
gEADING 25 B
AVER. TIME  0.12004 0.26400 HDIVIO! #DIV/O|
FACTOR '0o%  100% ALLOWED TIME 0.38404
NORMAL
TME 0.12004 D._“26400 ;E!EDIV.'Di #Div/0! SPECIAL ALLOW. o
STANDARD TIME 0.38404
PCS PER 8 HOURS 1,146
£ EMENT ﬁﬂzm’% PCOCC  ALLOWED TIME
Card - P/U CASE-Place C Cas into ap wi
1 :r’;l; sn;g ini;' placeS[: Place Card to e, shap into place wrap wire 0.12004 1 0.12004
P/U Fioat Assy- Place Float Assy into appropriate loc of case, set
2 assy into fixt, P/U Back Plate, route wire through hole in Baclk Plate, 0.26400 1 0.26400
depress button, m/c, remove assy from fixt-release to line or bin

NOTES: |
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Fuel Delivery Assembly

BEDFORD PLANT
TIME STUDY
DATE: 6/6/2006 PART NO. : Static Work Cell
DOMNE BY:  Scott Cramer
PART NAME: ----
OPERATION DESCRIPTION: Heat Shrink
READINGS /7 1000THS MIN
FLEMENT# 18T 2ND 3RD ATH INFREQUENT ELEMENTS
1 383 R T DESCRIPTION
Z 416
3 299
4 318
5 361
5 258
7 313
8 313
9 349
10 284
11 338
12 301
13 298
14 315
16 291
16 309
17 306
18 285
18 203 SHIFT TIME: 480 MINUTES
20f 299 PERS. BREAKS _ -20
21 298 WASH UPS -10
22 301 AREA CLEAN UP -5
23 257 LATERETURN -5
24 295
25 307 TOTAL OPER. MIN. 440
TOTAL
TIME 780800 0.0C000 0.0C000 0.00000
NO.
READING 25 R
AVER. TIME 0.31232 #DIV/O! #DIV/0! #DIV/O!
RATING sa% """""
FACTOR e ALLOWED TIME 0.27484
.’#I%REMAL 027484 #DIVIDI  #DIVIOl  ADVIOl | epEciAL ALLOW. o
""""""" “ [ STANDARD TIME 027434
PCS PER 8 HOURS 1,601
ELEMENT -‘ERATEMAL PC./IOCC  ALLOWED TIME
P/U Assy RM Dust Cap,- PAJ shrink tube and place on appropriate
1 wire (yellow), P/U Sub- Build and connect adapior te wire on Flange 0.27484 q 0.27484
Assy, Heat Shrink fube over connection, release to line
NOTES: | ]
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DATE: B/6/2006

DONE BY: Scolt Cramer

Fuel Delivery Assembly

EDFORD PLANT

TIME STUDY

PART MO. : Siatic Work Cell

PART NAME: --—
OPERATION DESCRIPTION: FLVV Assembly and Test
READINGS / 1000THS MIN
ELEMENT# 18T 2ND 3RD MG INFREQUENT ELEMENTS
1 418 124 R T DESCRIPTION
2 449 123
3 464 139
4 433 134
5 431 128
5] 431 134
7 434 123
8 535 120
9 523 125
10 463
11 452
12 466
13 508
14 493
15 514
16 424
17 499
18 452
19 489 SHIFT TIME: 480 MINUTES
20 477 PERS. BREAKS -20
21 492 WASH UPS -10
22 474 AREA CLEAN UP -5
23 453 LATE RETURN -5
iy T
25 443 TOTAL GPER. MiN. 440

G.0C000 1.15000

TOTAL TIME  11.67700 0.00000

READING Iy 25 |||||||||||||||||||| 9 tam
AVER. TIME 046708  #DWIOI  #DNOI 012778
100% | ALLOWED TIME 0.48708

................................. DO L0000 | seeoiaL ALLOw 0
STANDARD TIME 0.46708
PCS PER 8 HOURS 942

NORMAL
ELEMENT e PC/OCG  ALLOWED TIME

to line

P/U Flange Assy and place in fixt- P/J 2 straight tubes - P/U micro

regulator and place on left iube below extrusion-place both tubes inte
1 fixcture along with the micro regulator attached to one-depress butlons 0.46708
to test-wrap wires from the inside out around the right tube and release

C.46708

Machine Cycle Time

012778

]

NOTES: |
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Fuel Delivery Assembly
BEDFORD PLANT

TIME STUDY
" |DATE: 6/6/2006 PART NO. ; Static Work Cell
DONE BY:  Scott Cramer
PART NAME: -
OPERATION DESCRIPTION: Pump Bracket Assy
READINGS / 1000THS MIN
ELEMENT# 15T 2ND IRD 4TH INFREQUENT ELEMENTS
9 343 R T DESCRIPTION
2 350
3 362
4 372
5 336
B 360
7 388
8 418
9 414
10 377
11 397
12 357
13 392
14 350
15 353
16 393
17 375
18 410
19 352 SHIFT TIME; 480  MINUTES
20 377 PERS. BREAKS -20
21 316 WASH UPS -10
22 355 AREA CLEAN UP -5
23| 314 LATE RETURN. 5
24 304 '
26 343 TOTAL OPER. MIN, 440
TOTAL
TIME 9,11700 0.00000 0.00000 0.00000
NO.
READING B e
AVER. TIME  D.36468 #DIV/OI #DIV/O! HOIV/O!
B — -mo% ...............................................
FACTOR | ALLOWED TIME 0.36468
?&EMAL 0.36468 #DIV/O! #DIV/O! HDIVICL | gppaial ALLOW. 0
""""""""""""""" STANDARD TIME 0.35488
PCS PER 8 HOURS 1,207
CLEVENT #ﬁg“”“ PCAOGC  ALLOWED TIME

PIU Pump-PAJ Isolator, put isolator onto pump-P/U pump bracket ,
place pump inside bracket-PIU pump bracket bottom, place onto
pump, place Pump Assy into Fixt,-P/U scraew, place inte head of drill,
screw bottom bracket to pump bracket, RM from fixt,-P/U foot place

on bottom bracket, release to line

0.364568

1 0.36468

NOTES:
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DATE:

PONE BY:

OPERATION DESCRIPTION:

6/6/2006

Fuel Delivery Assembly

BEDFORD PLANT
TIME STUDY

PART NO. : Static Worlc Cell

Scolt Cramer

READINGS / 1000THS MIN

PART NAME: —-

Fiiter and Conv. Hose to Pump

ELEMENT# 18T 2ND 3RD 4TH INFREQUENT ELEMENTS
1 138 172 R T DESCRIPTION
2 166 171
3 154 174
4 168 135
5 179 142
8 109 135
7 164 192
8 122 136
9 141 165
10 137 176
11 144 149
12 167 154
13 118 177
14 141 166
15 156 159
16 112 174
17 302 177
18 138 139
19 131 143 SHIFT TIME: 480 MINUTES
20f 111 157 PERS, BREAKS -20
21 108 1868 WASHUPS -10
22 107 172 AREA CLEAN UP -5
23 147 168 LATE RETURN -5
24| 125 143
25 132 162 TOTAL QPER. MIN. 440
TOTAL TIME 3.49700 4,02400 0.00000 0.00000
eaome * B i e 2
AVER. TIME 0.13888 0.16026 0.00000 0.00000
E:gl%?fz 120% 120% 100% 100% 1 ALLOWED TIME 0.36101
TNIE\JA!?EMAL 0‘"1"6?65 0.195?15 0.00000 O.(.).DDOO SPECIAL ALLOW. 0
) STANDARD TIME 0.36101
PCS PER 8 HOURS 1,219
ELEMENT m@mt PCJOCC  ALLOWED TIME
P/ Pump Assy- PIU Foof, place on Botlom bracket-P/L Filter, pos.
! Filter on IgumgsrAssv.—Pos. Fl’aump Agsy in Fixt.-Depress buttonsp 0.16786 ! 016788
i ce in Fixt.- ony, Hose e in Fixt-RM .
e e e | e |1 |
3 0.00C00 1 0.00000
4 0.00000 1 0.00000
NOTES: |
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Fuel Delivery Assembly
BEDFORD PLANT

TIME STUDY
DATE: 6/6/2006 PART NO. : Static Work Celi
DONE BY:  Scott Cramer
PART NAME: -
QPERATION DESCRIPTION: End Cap
READINGS / 1000THS MIN
ELEMENT# 18T 2ND 3RD ATH INFREQUENT ELEMENTS
1 142 g0 125 R T DESCRIPTION
b4 98 97 68
3 88 114 73
4 121 B2 76
5 106 132 103
6 158 123 72
7 112 100 77
8 106 110 79
kt 126 103 74
10 168 1333 &7
11 150 1115 67
12 129 98 108
13 142 109 132
14 114 123 94
15 144 125 81
16 208 117 a8
17 147 124 114
18 106 111 91
18 86 112 83 SHIFT TIME: 480 MINUTES
20 89 108 102 PERS. BREAKS -20
21 117 103 82 WASHUPS -10
22 182 125 88 AREA CLEAN UP -5
23 128 119 73 LAT% RETURN -5
24 104 80 73
25 84 103 77 TOTAL OPER. MIN. 440
TOTAL
TIME 3.15500 4.95400 247700 0.00000
NO.
READING 25 25 25
AVER, TIME 0.12620 0.,16816 0.08708 #DIVIOI
R
FAGTOR 000 ALLOWED TIME 041775
NORMAL
TME 018251 | ?...1 9816 0.087.[.).6 #DIV/K?'!. SPECIAL ALLOW. 0
STANDARD TIME 041775
PCS PER 8 HOURS 1,053
NORMAL
ELEMENT TIVE PC/OCC ALLOWED TIME
P/U Flange Assy- P/U 2 springs, place onto {ubes, 1 each tube, P/U
! Filter Punjp Assy and place at the end of tube's _ 013251 ! 0.13251
P Set Assy info fixt-P/U end cap for ube, place in fixt-activate lever 0.19816 1 0.19816
3 Check test occurs, snap dump tubg into place using second smaller 0.08708 1 0.08708
lever remeve from fixt- release to line
NOTES: | |

124




Fuel Delivery Assembly
BEDFORD PLANT

TIME STUDY
DATE: 6/6/2006 PART NOQ. : Static Worlc Cell
DONE BY:  Scoft Cramer
PART NAME: -
QOPERATION DESCRIPTION: Conv. Hose to Flange
READINGS / 1000THS MIN
ELEMENT# 18T 2ND 3RD ATH INFREQUENT ELEMENTS
1 309 R T DESCRIPTION
2 276
3 289
4 303
5} 282
6 290
7 331
8 369
g 342
10 322
(b 301
12 315
13 327
14 351
15 327
15 343
17 325
18 308
19 296 SHIFT TIME: 480 MINUTES
20{ 340 PERS, BREAKS -20
21] 296 WASHUPS -0
22| 294 AREA CLEAN UP -5
23 202 LATE RETURM -5
oz 11 famReww b
26 323 TOTAL OPER. MIN. 440
TOTAL
TIME 7.85100 0.00000 "m".?.OODDO 0.00000
NO.
READING B e
AVER. TIME 0.31404 H#DIV/O! #DIV/0! #HDIV/O!
O e
FACTOR ___________________________ ALLOWED TIME 0.29834
QRMAL
THE. . 0284 #OMDI OOl DML | gpeciy puiow. 0
STANDARD TIME 0.29834
PCS PER 8 HOURS 1,475
ELEMENT .]r‘lll(n)ﬁiMAL PC./JOCC ALLOWED TIME

1

P/U Flange Assy dip end of conv. tube in lubricant, place in fixt,

activate fever, place foot pad @ hottom of filter/pump assy, RM 2 dust| 0.28834

caps release from fixk.- release o fine

1 029834

NOTES: |
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Fuel Delivery Assembly
BEDFORD PLANT

TIME STUDY
DATE: B/6/2006 PART NO. : Shalic Work Cell
DONEBY:  Scoli Gramer
PART NAME: -—-
OPERATION DESCRIPTION: 2nd Conv. Hose lo Flange
READINGS / 1000THS MIN
ELEMENT# 18T 2ND 3RD 4TH INFREQUENT ELEMENTS
1 365 343 357 R T DESCRIPTION
2 314 337 403
3 421 390 378
4 414 320 326
5 413 523 379
6 382 442 3356
7 444 434 369
8 377 335 360 j
9 360 349 349
10 403 336 407
11 382 365 333
12 435 344 340
13 377 A00 304
14 437 411 323
15 399 431 405
18 462 367 358
17 383 402 320
18 385 524 333
18 440 411 449 SHIET TIME: 480 MINUTES
20 468 389 316 PERS, BREAKS -20
21 445 436 321 WASH UPS -10
22 404 348 413 AREACLEAN UP -5
23 351 400 435 LATE RETURN -5
24 383 17 385
25 434 406 352 TOTAL OPER. MIN, 440
TOTALTIME  2B.85200 0.00000 0.00000 0.00000
NG,
READING s 2 25
AVER, TIME  5.38603 000000  0.00000 #Divio!
RATING
FAGTOR 101% 100% 100% ALLOWED TIME 0.30146
MNORMAL
TIME 0.39146 0,00000 0.00000 #DIV/OL SPEGIAL ALLOW. o
STANDARD TIME 0.39146
PCS PER B HOURS 1,124
NORMAL
ELEMENT TIME PCJOCC  ALLOWED TIME
P Flange Assy- dip conv. hose into lubricant-place hose inlo fixture,
clamp hose-aclivate lever-wrap wires, attach two snap connectors, ane
1 to pump, gne o micro regulalor-release lever-release clamp, ensure 0.38146 1 0.35146
that Sub-Build wire is deuble clipped-release to line
1 0.00000 1 0.50000
1 0.00000 1 000000
#DIVIC! 1 0.00000
MOTES: |
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Fuel Delivery Assembly
BEDFORD PLANT

TIVIE STUDY
DATE: 516/2006 PART NO. ; Static Worl Cell
DCNE BY:  Scoft Cramer
PART NAME: ----
OPERATION DESCRIPTION: Pressure Test Subsrew
READINGS / 1000THS MIN
ELEMENTH# 18T 2ND 3RD 4TH INFREQUENT ELEMENTS
1 198 354 R T DESCRIPTION
2 238 379
3 146 603
4 147 500
5 209 318
6 138 394
7 65 330
8 126 335
9 210 279
10 286 331
11 207 481
12 197 319
13 180 A7
14 191 361
15 189 328
16 124 323
17 144 336
18 131 3n2
18 258 338 SHIFT TIME: 480 MINUTES
20| 157 824 PERS. BREAKS -20
24 151 332 WASHUPS -10
22 219 272 AREA CLEAN UP -B
23 173 320 LATE RETURN -5
24 204 334
25 260 312 TOTAL OPER. MIN. 440
TOTAL
THE. .. A AN
NOC.
READING 25 25 -------------
AVER. TIME  0.18072 0,35440 #D1VIO1 #D1V/0I
T T
FACTOR B2% 7% ALLOWED TIME 0.42108
NORMAL
TIME 0.14849 0.27289 #DIV/ol #DIWV/O! SPECIAL ALLOW. 0
STANDARD TIME 0.42108
PCS PER 8 HOURS 1,045
NORMAL
ELEMENT TIME PC/OCC  ALLOWED TIME
4 Ea.’;i Flange Assy-P/U Dust Cap and place on flanges-set Assy info fixt- 0.14819 1 0.14819
Arrange Sub-Build and wire (pink) into appropriate location-PfU screw
and place into head of drifl, Screw sub-Build and wire (pink} remove
2 from fixt-PfU 2 Dust Caps and place on flangas- release to fine 0.27289 1 0.2728%
NOTES: | i
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Fuel Delivery Assembly
BEDFORD PLANT

TIME STUDY
DATE: BIS/2006 PART NO. : Static Work Cali
DONE BY:  Scolt Cramer
PART NAME: —
OPERATION DESCRIPTION: Check Plate
READINGS / 1000THS MIN
ELEMENT# 18T 2D 3RD 4TH INFREQUENT ELEMENTS
1. 472 R T DESCRIPTION
2| 489
s[ 33
4l 47
5| 478
6| 337
7 442
g 334
of 341
io] 464
1] 348
121 377
13 321
14f 375
15] 380
18] 382
17f 344
18] 394
19| 340 SHFTTIME: 480 MINUTES
20| 353 PERS. BREAKS 20
21 348 WASH UPS 10
22| 315 AREACLEANUP 5
23] 340 LATE RETURN 5
na| 326
26] 346 TOTAL OPER. MIN. 440
ﬁﬁﬂTé‘L ...... 9.40300 000000 0.00000 0,000
NO.
READING e i,
AVER TIME 037612  #DIV/Ol  #DIviot  #Diviol
RATING 11 1% )
LA L ALLOWED TIME 0.41825
?'&'TEMAL ............ 041625 DNVl HDIVIOL DD | Specyay o .
"""""""" STANDARD TIME 0.41025
PCS PER 8 HOURS 1,052
ELEMENT ?l%‘;w‘" PCIOCC  ALLOWED TIME

P{U Flange Assy- Place in fixt.-depress buttons-check float
positioning- check float range of motion-wait for test to complete- RM
from fixt.-peel printed labed, place ontop of Flange Assy- release to

line

0.41825

1 0.41825

NOTES: |
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WINDSHIELD WASHER RESERVIOR

BEDFORD PLANT

TIME STUDY
DATE: 41812006 PART NO. : 7L54 9H307 CF
DONE BY:  Jamison Reynolds
PART NANIE: Ranger
OPERATION DESCRIPTION: Flange Assy/Fioat Rod
READINGS [ 1C00THS MIN
ELEMENT# 18T 2ND 3RD ATH INFREQUENT ELEMENTS
1 162 127 500 R T DESCRIPTION
2 154 104
3 159 115
4 174 118
5 181 93
6 174 102
7 165 96
8 160 115
<] 144 148
10 182 104
N 170 119
12 169 109
13 169 112
14 166 108
15 163 92
16 167 120
17 175 108
18 183 | U7
19 99 SHIFT‘IIME: 480 MINUTES
20 115 PERS. BREAKS -20
21 117 WASH UPS -10
22 128 AREA CLEAN UP -5
23 111 LATE RETURN -5
24 119
25 116 TOTAL OPER. MIN. 440
i&Té\L 3.01700 2.78200 0.50000 0.00000
&)
REAONG. ] !
AVER. TIME 0.16761 0,11128 0,50000 0.60000
E@;%?R 1ew 5% oot 100% ALl OWED TIME 0.34072
NO
T%M%MAL 0.19275 "G.‘|2797 lllll 050000 0.00000 SPEGIAL ALLOW. 0
STANDARD TIME 0.34072
PCS PER 8 HOURS 1,291
ELEMENT ?:;AREMAL PC./OCC  ALLOWED TIME
PU flange - dip to lub - pos to fixt - PU FLVV - pos to fixt - PU roll over
1 vajve - pos to fixt - pull lever to seat both to flange - RM assy - PU dust| g 19275 1 0.19275
cap - pos to flange - push fo seat
2 |{5 ool uso ol lo scours pel it o fomtro - aisds sy REL | 012797 | 1 0.12707
q fravel time and restock 0.50000 25 0.02000
4 0.00000 1 0,00000
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WINDSHIELD WASHER RESERVIOR

BEDFORD PLANT
TIME STUDY

DATE: 5/8/2008 PART NO. : 7L54 8H307 CF

DONE BY: Jamison Reynolds

PART NAME: Ranger
OPERATION DESCRIPTION: Regulator Assy and ESD Clip

READINGS / 1G00THS MIN

ELEMENT# 15T 2ND 3RN 4TH INFREQUENT ELEMENTS
1 122 540 R T DESCRIPTION
2 252 133
3 266 125
4 252 28
5 250 79
6 242 86
7 252 77
8 252 a8
a 248 92
10 250 73
11 283 118
12 265 86
13 271 78
14 258 84
18 280 89
16 281 78
17 288 78
18 248 65
19| 282 102 SHIFT TIME: 480 MINUTES
20p 245 128 PERS, BREAKS 20
21 242 85 WaAsHUPs 10
22| 250 94 AREA CLEANUP -5
23| 282 101 LATE RETURN 5
24
25 TOTAL QOPER. MIN. 440
TOTAL TIME  5.71700 2.16800 0.58000 0.00000
READNG. P BB
AVER, TIME 0.25986 0.00417 0.59000 0.00000
Eﬁg%;rz 115% 115% 100% - 100% | a1 owED TIME 0.41884
TN&F;M’_\L  D.20004 0.10830 0.59000 0.00000 | cproin ALLOW. o
"""""""""""""""""""" STANDARD TIME 0.41894
PCS PER B HOURS 1,050
ELEMENT ?&2"’1‘“ PCJOCC  ALLOWED TIME
PU reg - PU housing - PU ciip - assy and pos to fixt - PU{2) hoses -
1 dip to lub - pos to fixt - prass DPB - m/c - RM assy - aside to 0.29884 1 0.20884
container - REL
PU reg assy - pos to fixt - PU ESD clip - pos to fixt - pull lever ¢ seat
2 RM assy - aside to contalner - REL 0.10830 1 0,10830
3 travel time and restoci 0.59000 50 0.01180
4 0.00000 1 0.00000
NOTES: |
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DEPARTMENT

BEDFORD PLANT

WORK STANDARD SUMMARY

Part Number; Rotational Part Name: %% %% %%
Revision Date: 8/28/2006 Previous Date: %% %%%%
Authorization; Time Study Prepared by:  Scott Cramer
Line Bal. to: 918 Pcs/shift.
Rate per
No. of Operators: 8 Hrs.
Plastics 6.45 918
Regulator Assy 0.72 918
Buss Wire 0.09 818
Filter 0.33 918
Support Tube 0.83 918
Module Assy 8.86 3043
Final Assembly 13.59 918
Total Assy 30.95 918
Total Total
Oper. Iah. Relief Repair Sid. Std.
Min. Min. ivtin. iMin. in. Hrs.
Plastics 215 0.00 0.28 0.04 2.47 0.0412
Regulator Assy 0.34 0.00 0.03 0.01 0.38 0.0064
Buss Wire 0.10 0.00 0.00 0.00 0.10 0.0017
Filter 0.30 0.00 0.01 0.0 0.32 0.0054
Support Tube 0.26 0.00 0.04 0.01 0.30 0.0650
Module Assy 1.21 0.15 .12 0.02 1.50 0.0251
Final Assembly 8.48 1.08 0.59 0.13 8.26 01377
Total Assy 1082667  1.23029  1.07578 0.21651 13.34826 0.22247
Previcus CWS: Hrs/pc
Variance: -0.13770  Hrs/pc
Concurrence:
RES ADV, Date:
AREA ENG: Date:
AREA MGR: Date:
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FUEL DELIVERY MODULE
BEDFORD PLANT

TIME STUDY
DATE: B8/28i2008 PART NO, : Rotatienal
DONE BY:  Scoll Cramar
PART NAME: %%%%%%
OPERATION DESCRIPTION: Regulator Assy
READIMGS / 1000THS MIN
ELEMENT# 15T 2ND 3RD 4TH 5ih Gth INFREQUENT ELEMENTS
1 127 127 R T DESCRIPTION
2 190 135
3 175 198
4 167 110
& 191 126
6 194 113
7 278 171
8 285 144
o] 230 130 L
10 201 146
11 195 168
12 297 1456
13 200 142
14 182 137
16 201 i72
16 202 128
17 196 118
18 216 1560
19[: 186 123 SHIFT TIME: 430 MINUTES
20 214 129 PERS, BREAKS -20
21 189 211 WASH URS =10
22 178 148 AREA CLEAN UP -5
23 151 LATE RETURN 5
24 L
25 TOTAL OPER, MIN. 440
4,37400 3.32100 0,00000 0.00000 £.00000 0,000G0
NO. 22 23 0 u] 0 0
READING
AVER TIME  0.19882 0.14439 #DIV/OL HOIVIC #DIVIo| #DIVIG!
RATING
EACTOR 100% 100% 100% 100% 100% 100% ALLOWED TIME 034321 -
NORMAL
TIME Q.19882 0,14439 #DIViol H#DIV/OE #DTVIO! #DIViol SPECIAL ALLOW, o
STANDARD TIME 0.34321
PCS PER &8 HOURS 1,282
NORMAL
ELEMENT TIME PCIOCC  ALLOWED TIME
i PU valve, Spring, anq slop Vaive, Assembile and place lnt_o fixt - PU 010882 q 0.19682
reauiator pocket, lubricale, olace over valce asssembly lo insert nress
PU regulalar pockel placa into fixt - PU micro regulalor, seat inlo
2 pocket - PU pin place into fixt depress bullon MIC - RM - REL 0.14439 ! 0.1443
3 #Ohvio! i
4 #DIV/O! 1
5 #DIV/OI i
B #DIVIO! 1
NOTES: [ ]
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FUEL DELIVERY MODULE

BEDFORD PLANT
TIME STUDY

DATE: 8/28/2006 PART NO. : Rotational

DONE BY:  Scolt Cramer

PART NANME: %%%%%%

OPERATION DESCRIPTICN: Regulator Tesling

READINGS / 1D00THS MIN

SLEMENT# 48T 20D 3RD 4TH sth & INFREQUENT ELEMENTS
i 163 R T DESCRIPTION
2 160
3 203
4 152
5 194
B 168
7 181
a8 202
9 155
10 154
14 185
12 194
13 152
14 158
15 203
16 163
17 166
18
19 SHIFT TIME; 480 MINUTES
20 FERE. BREAKS 20
21 WASH LPS o
22 AREA CLEAN UP 5
23 LATE RETURN 5
24
25 TOTAL OPER. MIN. 440
TOTAL
Erdla 000000 000000 295100 000000 000000 0.00000
NO.
N DING 0 0 17 0 0 a
AVER TIME  #DIV/0)  #DIV/Dl 047350 HDWIDL DIVl #DIVIOH
E:STT% 100% 1o0% 100% 100% 100% 100% | oL OWED TIME 0.17359
?&;MAL #0M/O!  #DIVKE 047358 DIVIDL  DIVIDL  HDIVIOU | gope Ao o
STANDARD TIME 0.17359
PCE PER 8 HOURS 2,635
CLEMENT NoRMAL  pCJOCC  ALLOWED TIME
i #DWIO! 1
2 #DIVIo! 1
Unload tested assy from Tester - REL to tole - Univad heat stake fixt -
3 P[jcﬁajsv‘ o e« DB 017359 i 017359
4 4DIVID! 1
5 DIl 1
8 ABIVIO! q
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FUEL DELIVERY MODULE
BEDFORD PLANT

TIME STUDRY
DATE: 8/28/20086 PART NO. : Rotational
DONE BY:  Scoit Cramer
PART NAME: %%%% %%
OPERATION DESCRIPTION: Rod Press
READINGS / 1000THS MiN
ELEMENT# 18T 2ND 3RD 4TH 5th Bth INFREQUENT ELEMENTS 4_‘
1 823 175 R T DESCRIPTION
2 1195 183
3 1802 228
4 1770 197
5 189
G 198
7 233
8 243
2 220
40 212
1 196
12 145
13 218
14 211
15 178
16 187
i7 205
18 228
19 183 SHIFT TIME; 480 MINUTES
20 174 PERE. BREAKS -20
21 186 WASH UPS -10
22 203 AREA CLEAN UP -5
23 185 LATE RETURN -5
24 198
25 197 TOTAL OPER. MIN. 440
¥&F£ L 5,69000 4.89300 0.00000 0,00C00 0.0000C 0.00000
NO.
READING 4 25 ] 0 0 a
AVER, TIME  1.42260 019972 #DIVIO #DW/0I #DIVr0f #0Ivio!
RATING
FACTOR 110% 105% 100% 100% 100% 100% ALLOWED TIME 6.27230
NORMAL
TIME 1.56475 0.20071 H#OIVIOI #DIVIO! HDIVIO! #ONVIOL | enpeian ALLow. o
STANDARD TIME 0,27230
PCS PER 8 HOURS 1,616
NORMAL
ELEMENT TIME PC./OCC  ALLOWED TIME
1 PU Retainer, Guide, Tube, Spring - Assy in Peg Board 156475 25 0.06250
PU Flange, place into fixt, - PU Rod Assy place Into fixt - Pu Rod
2 place iato fixt - DBP - RM - REL 020971 I 020971
3 #EWIOI 1
4 #DIVI0! 1
5 #DIVI0! 1
#DIVIOY 1
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FUEL DELIVERY MODULE

BEDFORD PLANT
TIME STUDY
DATE: 8{26/2006 PART NO, ; Rotational
DONE BY:  Scoit Cramer
PART NAME: %%%%%%
OPERATION DPESCRIPTION: L eak Test
READINGS / 1000THS MIN
ELEMENT# 15T 2ND 3RD 4TH 5th 5th INFREQUENT ELEMENTS
1 g0 i31 148 R T DESCRIPTION
2 95 92 156
) 126 93 182
4 a0 141 135
5 132 89 181
8 95 103 187
7 126 &6 166
ar» 105 Bd 131
3 110 86 241
10 114 88 143
1 85 131 172
12 a1 200 123
13 105 158 188
44 108 131 1584
15 85 142 147
16 78 101 150
17 73 108 163
18 125 133 199
18 7 81 163 SHIFT TIME: 480 MINUTES
20 110 114 180 PERS, BREAKS -20
21 83 129 161 WASH UPS -0
22 102 102 173 AREA CLEAN UP -5
23 87 B9 199 LATE RETURN -5
24 95 110 174
25 a7 93 180 TOTAL OPER. MIN. 440
?I?VITI? - 2.48800 2.79800 4.12500 0.00000 0.00000 0.00000
NO.
READING 25 26 25 0 0 4]
AVER. TIME 0.08944 0.11184 0.18500 #DIVIO! #DIV/0l #DIVIO!
RATING
EACTOR 100% 100% 110% 100% 100% 100% ALLOWED TIME 03678
NORMAL
TIME 0.09944 0.11184 0.18150 #DIVICH #DIV/O #DIVIO! SPECIAL ALLOW. a
STANDARD TIME 0.38278
PCS PER 8 HOURS 1,420
NORMAL
ELEMENT TINE PCJOCC  ALLOWED TIME
q PU flange assy - PU dust caps (2) place on flanges 0.08544 i 0.08944
z  |WC 0.11184 1 0.11184
3 Unload flange - Load new flange - DBIP 0.18150 i 0AE150
4 HDIVIO 1
5 #DIV/O! 1
G #DIV/OL 1
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DATE: 8/28/2006

FUEL DELIVERY MODULE

BEDFORD PLANT
TIME STUDY

PART NO. : Rotational

DONE 8Y: Scolt Cramer

OPERATION DESCRIPTION:

READINGE [ 1000THS MIN

PART NAME: %%%%%%
Conv Hose/Regulator Assy to flange

ELEMENTH# iST 2ND 3RD 4TH 5th Bth INFREQUENT ELEMENTS
1 103 246 R T DESCRIPTION
2 192 269
3 140 201
4 120 236
5 109 223
[ 152 251
7 86 266
g 119 246 |
9 139 218
10 151 210
11 107 271
12 134 209
13| 143 233 |
14 166 185
15 141 205
18 113 239
17 1525 217
18 154 210
19 104 234 SHIFT TIME; 480 MINUTES
20 17 266 PERS. BREAKS -20
21 173 213 WASH UPS -10
22 168 242 AREA CLEAN UP -5
23 139 239 LATE RETURN -5
24 166 256
25 TOTAL GPER. MIN, 440
4.64300 6,57600 0,00000 0,00000 0,00000 0.00060
HO.
READING 24 24 0 o 0 0
AVER, TIME  0.19346 0.23233 #DIVIo #ADIVIOL #DVIO0) #DIVIOL
RATING "
FACTOR 00% 00% 0% 100% 160% 100% | AL LOWED TIME 0.47579
NORMAL
TIME 0.19346 0.23233 #DIVIO! #BIVIol H#DIVIO| HDIVIL | copet ALLOW. o
STANDARD TIME 042579
PCS PER B HOURS £,033
NORMAL
ELEMENT TIME PC.JOCC  ALLOWED TIME
4 PU cenv hose {2) dip both ends itne lubricats, setinto fixt, clamp 0,16346 9 0.19346
2 PU Regulator, ptace into fixt, - PU flangs, place into fixt - aclivale lever 0.93233 1 0.23233
- RM - REL
3 HDIVIOH 1
4 HOIVIO! 1
5 #O1/0! 1
& HDIVIO! 1
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FUEL DELIVERY MODULE

BEDFORD PLANT
THME STUDY

DATE: 8/28/2008 PART NO, : Rotatignal

DONEBY: Scolt Cramar

PART NAME: %%%% %%
OPERATION DESCRIPTION: Resarvelr Flangs Assy

READINGS { 1000THS MIN

140

ELEMENT# 18T ZND 3RD 4TH 5th Bth INFREQUENT ELEMENTS
1 111 210 R T DESCRIPTION
2 148 242
3 108 217
4 126 228
5 107 267
6 128 237
7 16 252
8 127 243
g 98 212
10 104 245
11 111 223
121 124 238
12 i21 245
14 114 248
15 119 248
16 135 226
i7 122 241
18 118 267
1@ 148 217 SHIFT TIME: 480 MINUTES
20 143 240 PERS. BREAKS -20
21 118 252 WASH UPS =10
22 136 220 AREA CLEAN UP -5
23 138 235 {ATE RETURN -5
24 113 234
25 107 225 TOTAL OPER. MIN. 440
:frgnTEA L 2.03000 5.90800 0.00000 0,00000 0,00000 0,0C000
NG.
READING 25 25 a Q 0 0
AVER, TIME 012120 0.23632 #DIV/ol #DIVIO! #DIVIO] #DIVi0]
RATING o
FACTOR 106% 100% 10o% 0% 1uosh 100% | oWED TIME 036358
NORMAL
TIME 0.12726 0.23632 #DIVIOL ¥DIVIO #DIVO] DIV SPECIAL ALLOW. a
STANDARD TIME 0,36358
PCS PER 8 HOURS 1,210
NORMAL
ELEMENT TIME PC.AOCC  ALLOWED TIME
5 Pu crimp place into fix and set using button - PU cony hosa lubricale | ¢ 4og0 1 012728
both ends piace into fixt and clame into plage
PLU reservair - PU fitter, snap fitter into piace on reservoir and set inle
i fixt - PU flapne assy. place into fix!. - aclivate lever - R - REL 023552 ! b-23632
a #DIVIO! 1
4 #DIV/IO! i
5 #DIVIO! 4
HOI/o! 1




DATE: 81282006

DONE BY:  Scott Cramer
OPERATION DESCRIPTION:

READINGS / 10007HSE MIN

FUEL DELIVERY MODULE
BEDFORD PLANT
TIME STUDY

PART NO. : Rotational

PART NAME: %% %%%%

Reguiator to tha Reservoir

ELEMENT# 18T 2ND 2RD 4TH Sth &th INFREQUENT ELEMENTS
1 369 102 R T DESCRIPTION
2 262 94
3 342 142
4 342 100
a 353 98
6 268 106
7 237 103
8 80 123
g 211 89
40 238 134
11 272 107
42 227 93
13 244 114
14 249 18
156 282 121
16 324 164
17 285 106
18 259 401
19] 288 88 SHIET TIME; 480 MINUTES
20 228 127 PERS. BREAKS -20
21 274 106 WASH UPS -19
22 238 153 AREA CLEAN UP -5
23 362 a5 LATE RETURN -5
24 261 83
25 268 92 TOTAL OPER. MIN. 440
$&?L $.81100 2.74100 0.00000 0.00000 0.00000 0.00000
NO. "
READING 25 25 o 0 o ]
AVER. TIME  D.27644 0.10984 HoIVIOl HOIVIOL #DIVIO! #DIVIO!
RATING
EACTOR 160% 100% 100% 100% 100% 100% ALLOWED TIME 0.38808
NORMAL
TiME 0.27644 0109684 #DIV/0 #DIVIO| #DEVIOL #HIVIO! SPECIAL ALLOW. o
STANDARD TIME 0.38808
PCS PER 8 HOURS 1,140
NORMAL
ELEMENT TIME PCJOCG  ALLOWED TIME
PU screw set inte tool - PU Assy, place Inta fixt - Position Regutator -
! Using tool saat screw - PU 2nd scrw place in too! and seat serew h.27044 1 0.27644
5 Route wires, snap plug into resarvoir - RM - REL 0.10964 4 0.40084
3 #DIV/O 1
4 #DIvio!l i
5 #OIV/OH 1
6 HDIVIDI 1 ‘|
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DATE: 8/28/2006

DONE BY: Scott Cramar
OPERATION DESCRIPTION:

READINGS ! 1000THS MIN

FUEL DELIVERY MODULE
BEDFORD PLANT

TIME STUDY

PART NO. : Rotational

PART NAME: %%%%%%

Support Tube to Raserveir

ELEMENT# 18T ZND 3RD ATH 5th Blh INFREQUENT ELEMENTS
1 180 235 R T DESCRIPTION
2 163 183 —
3 256 186
4 263 184
5 221 267
6 230 181
7 235 222
8 178 234
9 199 232
10 224 i78
11 287 202
12 218 187
13 188 498
14 223 204
15 173 204
16 L 164
17 242 194
18 192 172
18 237 229 SHIFT TIME: 480 MINUTES
20 298 232 PERS. BREAKS -20
21 231 244 WASH UPS -0
22 230 176 AREA CLEAN UP 5
23 1 151 LATE RETURN -5
24 227 247
25 213 181 TOTAL OPER. MIN. 440
;gg L 545500 5,11800 0.00000 0.00000 0.6G800 0.00000
NO.
READING 25 25 o] 0 0] 0
AVER. TIME 021836 0.20472 #DNVIOL ADIVIoH K¥DWI! #0IViol
RATING
FACTOR 100% 100% 100% 100% 100% 160% ALLOWED TiME 0.42308
NORMAL
TIME 0.21836 0.720472 HOWIO #DIV/0L #DIVID! H#DIVIOH SPEGIAL ALLOW, o
STANDARD TIME 0.42308
PCS PER 8 HOURS 1,040
NORMAL
ELEMENT TIME PCJOCGC  ALLOWED TIME
i PL) sorew set Into fool - PU Assy, position wire (black) and seat screw 0.29836 g 0.21838
7 Snap suppert tubes jnto appropriata location - REL 020472 q 020472
3 #Diviol 1
4 #DIV/IC! 1
5 #DIVIO! 1
[] #O1V/01 1
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FUEL DELIVERY MODULE

BEDFORD PLANT
TIME STUDY

DATE: 8/28/2006 . PART MO. : Rotaticnal

DONE BY: Scolt Cramer

PART NAME: %%%%%%

QPERATICN DESCRIPTION: Heal Shrink

READINGS 7 1D00THS MIN

ELEMENT# 18T 2ND 33D 4TH th Bth INFREQUENT ELEMENTS
1 375 R T DESCRIPTION
2 371 l
al amo
4 am ]
5| om0
6 351
72
o “a2s
o Tom
10| s
ul e
)
1a| 62
14| a2
150 a4
16
17
18
18 X SHIFT TIME, 480 MINUTES
20 PERS, BREAKS 20
21 }_ WASH UPS 10
22 AREA CLEAN UP 5
2 LATE RETURN 5
24
25 TOTAL OPER. MIN. 44D
iﬂg'" 537600 000000 000000 000000 000000 0.00000
NO.
READIG 16 0 0 o 0 0
AVER. TIME 035840 #DN)  #DIVOI  #DIVIO!  #DIVIOL 2D/
Eﬁgro?a ag% 100% 100% 100% 100% 500% | L OWED TIME P
?I‘;’A’ZMAL 032256 #DIVIOI  #DIVIOL  HDIVID  #DIVAL MDY (oo allow. o
STANDARD TIME 0.32256
PCS PER 8 HOURS 1,364
ELEMENT ?&’EMAL PCOCG  ALLOWED TIME
U e o et sttt Sl v s ot 2 peeeay .| 0-32250 1 032250
2 #oviol 1
3 sowial 1
4 FOIVIO! i
5 BT 1
6 #OIIO! 1 ]
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FUEL. DELIVERY MODULE

BEDFORD PLANT
TIME STUDY
DATE: B/2612008 PART NO. : Rotational

DONE BY:  Scoft Cramer

PART NAME: %%%%%%
OPERATION PESCRIPTION: Sub Scraw and Wire Wrap

READINGS / 1000THS MIN

ELEMENT# 18T 2ND 3RD ATH 5th 6th INFREQUENT ELEMENTS
1 244 206 R T DESCRIPTION
2 250 207
3 271 152
4 223 194
5 252 180
5] 252 269
7 276 217
8 288 225
] 241 224
10 222 274
11 287 290
42 270 301
i3 240 203
14 2 222
15 252 214
16 278 227
17 234 234
18 207 281
18] 208 | o35 SHIFT TIME; 480 MINUTES
20 241 238 PERS. BREAKS =20
21 234 245 WASH UPS -0
22 227 254 AREA CLEAN UP -5
23 203 304 LATE RETURN -5
24 271 267
25 217 205 TOTAL DPER. MIN. 440
$%FEA L 6,14000 5,83800 0.00000 0.00000 0.00000 0.0G000
NO.
READING 25 25 o v] o 0
AVER. TIME 0,24560 0.23352 #DIVIO #DIVIC! 1DV #DIVIOE
RATING
FACTOR foo% 100% 100% 100% 100% 100% | AL OWED TIME 047912
NORMAL
TIME 0.24560 0.23352 #BIVID! H#OIVIOL #DIVIOL #DIVIO! SPEGIAL ALLOW. o
STANDARD TIME 0.47812
PCS PER 8 HOURS 918
NORMAL
ELEMENT TIME PC./OGC  ALLOWED TIME
PU Assy, place in fixt - Pos sub, pos wire {pink) - PU screw, set into
! togling - Use lool to seat screw 024560 i 0-24560
2 Wrap wires as necessary - REL 0.23352 4 0.23362
3 #DIV/OL 1
-
4 #DIVIO! 1
5 #DWVIOI 1
8 #DIVID! i
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DATE: 8/26/2008

DONE BY:  Scott Cramer

OPERATION BESCRIPTION:

FUEL DELWWERY MODULE
BEDFORD PLANT
TIME STUDY

PART NO. : Rotational

PART NAME: %%%%%%

Assy Leak Tesl

READINGS / 1000THS MIN

ELEMENT# 18T 2ND 3RD ATH 5th Glh INFREQUENT ELEMENTS
1 25 291 R T DESCRIFTION
2 62 302
3 28 323
4 57 310
5 83 301
8 74 358
T 65 295
8 78 281
[¢] 83 285
10 A3 257
14 106 253
q2 100 241 :‘
13 s U om
14 65 239
16 71 232
16 53 264
17 70 225
18 52 2532
9 62 236 SHIFT TIME: 4B0  MINUTES
20 63 2687 PERS, BREAKS -20
21 112 223 WASH UPS -0
22 74 Al AREA CLEAN UP -5
23 51 268 LATE RETURN -5
24 84 256
25 B2 244 TOTAL OPER. MIN. 440
TDJ; L 1.68000 8.74700 0.00000 0.00000 0.00000 0.00000
ND,
READING 25 25 ] [ 4] [#]
AVER TIME  0.06760 0.26988 #DIVI H#DIVIOL #OIVIO! #DIVIOL
RATING
FACTOR 106% 105% 100% 100% 100% 100% ALLOWED TIME 0.35435
NORMAL
TIME 0.07098 0.28337 #DIVIO) #DIVIO} #DIWVL #DWIOI SPECIAL ALLOW. o
| STANDARD TIME 0.35436
PCS PER 8 HOURS 1,242
NORMAL
ELEMENT TIME PCJOCC  ALLOWED TIME
5 PU Assy, atlach tesling adaptor - BP - MIC 007008 i 0.07008
2 RM Testera - PU dus} caps (2) place on exposed flanges - connect 0.26337 q 0.28337
conv hesa to resspvoir - REL
3 HOIVIO! i
4 #DIVI0! 1
5 #DIVIoL 1
G #DIVI0! 1
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FUEL DELIVERY MODULE

BEDFORD PLANT
TIME 3TUDY
DATE: 8/28/2008 PART NOQ. : Rotational
DONEBY: Scott Cramer
PARY NAME: %%%%%%
ORERATION DESCRIPTION: Check Plate
READINGS 7 1000THS MIN
ELEMENT# 18T 2ND 3RD 4TH 5th &th INFREQUENT ELEMENTS
1 203 R T DESCRIPTION
2 270
3 270
4 264
8 o8
5 3056
7 2687
8l 311
] 271
10| 25 ]
11 250
12 200
13 193
4 221
16 291
16 258
17 230
18 253 __‘
19 187 SHIFT TIME: 480 MINUTES
20 278 PERS, BREAKS 20
21 300 WASH LIPS -10
22 212 AREA CLEAN UP -
23 234 LATE RETURN -5
24 221
25 232 TOTAL OPER. MIN. 440
6.38400 0.00000 0,00000 0.00000 000000 0.000C0
NO. 28 0 a a o] 43
READING
AVER. TIME 028536 #DIVIO] HDIVED #2101 #DIVID! #DIVIOE
RATING
FACTOR 115% 100% 100% 100% 100% 100% ALLOWED TIME 0.20356
NORMAL
TIME 0.29386 #DIVIGL #DIVIO| #HDIV/O! #Diviol #OIVO SPECIAL ALLOW. 0
STANDARD TIME 0.29386
PLS PER § HOURS 1,498
NORMAL
ELEMENT TIME PCIOCC  ALLOWED TiME
q PU Assy, pos lo fixt - DBP - check and adjust float as required - raise 0.20368 i 0.29366
fleat to check hjah resistance - Assy - Place label on flanga -
2 #DIViol 1
3 #0ivio! 1
4 #DV/O! 1
5 #0IVi0! 1
8 HDIVI i
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FUEL DELIVERY MODULE

BEDFORD PLANT
TIME STUDY
DATE: B/28/2006 PART NO. : Rofational
DONE BY:  Scott Cramer
PART NAME: %%%%%%
CPERATION DESCRIPTION: Sub-Buikd
READINGS / 1000THS MIN
ELEMENTH# 18T 2ND 3RD 4TH 5th Gth INFREQUENT ELEMENTS
1 20 a7 ] R T __ [pEscriPTioN
2 304
3 251
4 313
] 334
6 330
7 340
B8 302
9 287
10 290
11 298
12 352
13 301
14
15
16 |
17
18
19 SHIFT TIME: 480 MINUTES
20 PERS. BREAKS -20
24 WASH UPS -1G
22 AREA CLEAN UP -B
23 LATE RETURN -5
24
25 TOTAL OPER. MIN. 440
}-&TI;‘L 3.87100 0.83700 0.00000 0.00000 0,00000 6,00000
NO.
READING 13 1 o 0 o] 4]
AVER TIME  0.30546 0.83700 #DIVIO) H#OIVIO! #OIVIOI #DIVIOE
RATING
FACTOR 100% 100% 100% 100% 160% 100% ALLOWED TIME 0.31682
NORMAL
TIME 0.30546 0.83700 DIV #DiVIOI #DIVIOI #DIVIC SPEGIAL ALLOW. 0
STANDARD TIME 0.31882
PCS PER 3 HOURS 1,390
NORMAL
ELEMENT THE PC./CCC  ALLOWED TIME
PU cardfcase assy - PU float assy and pos to case, pos assy o fixt -
! PU contagl, pos to fixt - PU back plagte, route sub wire through, pos 0.30645 ! 0.30546
5 Restocking of subs @ heal shrink station as necessary 0.83700 75 0.01116
3 #O{V/0! 1
4 #DIVIO! 1
5 #OWIO! 4
& #DIVIOL 1
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FUEL DELIVERY MODULE

BEDFORD PLANT
TIME STUDY

DATE: B/28/2006 PART NO. : Rotational

DONE BY: Scoft Cramer

PART NAME: %%%%%%
QPERATION DESCRIPTICN: Card {o caselFloat Rod Assy

READINGS / 1000THS MIN

ELEMENTE 15T 2ND 3RD 4TH sth th INFREQUENT ELEMENTS
1 128 120 R T DESCRIPTION
A 150 |
a1z 131
4 o4 89
5 N 118
e 114 151
7 118 )
8l 118 182
of 108 106
o[ ize 13
1l 116 149
12 o8 5
[ 1m0 104
14 115 117
15 114 3
18 112 1158
7] 108 o1
R 160 |
10 144 123 SHIET TIME: 480 MINUTES
oo 424 108 PERS, BREAKS .20
a1 a2 % WASH UPS 10
22 113 114 ARER GLEAN UP 5
23 118 100 LATE RETURM - 5
24| 178 123
25 123 11 TOTAL OPER. MIN. 440
Trﬂé““ 259300 385300 000000 000000 000000  0.00000
NO.
N oG 25 25 0 o 0 0
AVER.TIME  D.41572 045412 #Diviol  #DIViOl  #Diviol #Diviol
E:gi%(; 100% 100% 100% 100% 100% 100% | )| LowWeD TIME S
?&?AL DAtT2 046412 DML #DIVIDL  HDNIDL  #DIVIOL | oo o o
STANDARD TIME 0.26084
PCS PER 8 HOURS 1,631
ELEMENT ?l?ﬁFéMAL PCJOCC  ALLOWED TIME
p PU Rod, Float, slide rod thvough fleat - PU nul, place In foofing - 0.11672 1 041572

depress rod intg looline sectire float - RM - REL

2 f’U Card - PU Case TRoula wire {hrough case as required - snap card 0.45412 1 0.15412
into place - sacure wire - REL

3 #DiVI0! 1
4 #DIVI0! 1
5 #O1VIO! 1
6 #DIVIOI 1
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FLVV Assembly and Test

Non- Rotational Cell Operation Rate  Line Raie 15 20 25
Performance Ratings 0.46709 942 942 32.11364 42.B1818182 5352272727
Peal Low Parts not needed o
100% 20% inherit Delay(min) -0.01
0.46708 Consirainf Operation 100%
Performance
Production Duration Pesformance  Parts to Parls
Hour Basic Min {Units) Worlced {min) Rating Required  Requived
0.5 0.519 58 30 90% 64,2 0%
1 0.492 61 30 95% 64.2 95%
1.5 0477 63 30 98% 64,2 98%
2 0.487 64 30 100% 64.2 100%
25 0.467 64 30 100% 64.2 100%
3 0.487 a2 15 100% 32.1 100%
3.5 0.492 g1 3¢ 95% 64.2 95%
4 0477 63 30 8% 54.2 98%
4.5 0.467 £4 25 100% 53.5 100%
5 0.467 84 30 100% 64.2 100%
5.5 0.467 84 30 100% 84.2 100%
5] 0,492 81 30 95% 64.2 5%
6.5 0.508 58 30 92% 64.2 92%
7 0.482 31 16 S5% 3z 95%
7.5 0.508 59 30 92% 64.2 92%
8 0.518 48 25 90% 53.5 90%
Total 806 440 942
QR —
Operators Performance
y =-0.0015x2 + 0.0228x + 0.9072
102% 1= = oSS
100% |-
98% -
96% -
94%
4 o
& 92%
= 90%
88%
86%
84% -
82%
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Pump Bracket Assy

Non- Rotational Cell Operation Rate  Line Rate 15 20 25 30
Performance Ratlngs 0.38466 1207 942 3211364 4281818182 53,52272727 64.22727
Peak | Low Paits not needed 265
104% | 83% Inherit Delay(min) 96.46
0.46708 Censiraint Operation 100%
Performance
Production Duration Performance  Parls to Parls
RKour Basic Min {L3nits} Worked (min) Rating Reguired  Required
0.8 0.392 T 30 93% 64.2 118%
1 0,386 16 30 92% 64.2 118%
15 0.405 74 30 90% G64.2 115%
2 0.384 18 o 95% 64.2 122%
2.8 0,376 BO 30 97% 64.2 124%
3 0,354 42 15 103% 3241 132%
3.5 0.351 pelss 30 104% 64.2 133%
4 0365 B2 30 100% 84.2 128%
4.5 0,368 88 25 99% 53.6 127%
5 0.351 26 30 104% G4.2 133%
55 0.280 79 30 95% 64.2 123%
5] 0.376 il 30 97% 84.2 124%
G5 0,386 76 30 92% 64,2 118%
7 0.419 et 15 B87% 3241 1H11%
7.6 0.439 68 3G 83% 84.2 106%
8 0.429 58 25 B5% 53.5 108%
Total 1144 440 942
- — . OR%, —_—
Operators Performance
140% e
120% -
100%
80%
2
=
= §0% A
40% -
20%
0%
o? N qf’ o? 2 o° o? A®
Hour
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Conv HosefReguiator Assy to Flange

Rotationai Cell

Operation Rate  Line Raie

Performance Ratings 0.42579 1033 918
Peak Low Parts not needed 11b
110% 85% nherit Delay (min) 48,98

0.47912 Constraint Operation 100%
Production Buration Performance
Hour Basic Min {Units) Waorked (min) Rating
0.5 0.448 67 30 95%
1 0.417 72 30 102%
1.5 0,387 78 30 140%
2 0.387 78 30 110%
2.5 0.3098 75 30 107%
3 0.387 39 15 110%
3.5 0.409 73 30 104%
4 0.417 72 30 102%
4.5 0.398 53 26 107%
5 0.413 73 30 103%
5.5 0.434 69 30 98%
5] 0.448 67 30 85%
6.5 0.463 65 30 92%
7 0.489 31 15 B87%
7.5 0.473 83 30 80%
8 0.501 50 25 85%
Total 1033 440
100%

-

Units

140% -

120%
100%
80%
80%
40%
20%

0%

15
31.28545

Parts
Required
62.6
62,6
G2.6
62.6
62.6
31.3
62.6
82.6
522
62.6
62.6
62.6
62.6
313
62,8
52.2

20
41.72727273

Performance fo
Parts Required

107%

116%

124%

124%

120%

124%

117%

115%

120%

116%

110%

107%

104%

98%

101%

96%

25 30
52.,15908 62.59091

y = -0.0027x2 + 0.0312x + 1.1086
Operators Pérformance
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Reservair Flange Assembly
Rotational Cetl

Operation Rate  Line Rate

15
31.28545

Parts
Reguired
826
62,6
62.6
626
82.6
313
62,6
626
52,2
62.6
62.6
626
62.6
31.3
62.6
522

20
AN T2TE7273

Performance to

Parts Required
126%
134%
145%
145%
141%
145%
137%
134%
141%
136%
120%
125%
121%
115%
119%
112%

25 30
52,15908 62.58091

y = -0.0031%% + 0.0365x + 1.2983

Performance Ratings 0.36358 1210 918
Paak Low Parts not needed 292
110% B85% Inherit Delay{min} 106,11

0.47912 Constraint Operation 100%
Production Duration Performance
Hour  RBasic Min {Units} Worked (min) Rating
0.5 0.383 78 30 85%
1 0.356 84 30 102%
1.5 0,331 o] 3G 110%
2 0,331 91 30 110%
2.5 0.340 88 30 107%
a 0.331 45 15 110%
3.5 0.350 86 30 104%
4 0.356 84 30 102%
4.5 0.340 74 25 107%
5 0.353 B85 30 103%
5.5 0.371 81 30 98%
53 0.383 78 30 95%
8.5 0.385 76 30 92%
7 0.418 36 15 87%
7.5 0.404 74 30 90%
8 c.428 58 25 85%
Total 1210 440
100%
— emar
Operators Performance
1680%
140%
120%
100%
b o
= 80%
s
60% |-
40%
20%
0%
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Rotational

Non-rotational

Regulator Testing Equ

Reg Assy and ESD Clip equ

Rod Press Equ

Leak Test Equ

|FLVV Assy and Test equ

Helium Leak test equ

Conv Hoge Reg Assy Equ

Pump Brekt Assy equ

Reservolr Flange Assy Equ

Conv Hose 10 Flange equ

Regulator to Reservoir Equ

2nd Conv Hose to Flange equ

Support Tube Equ End Cap Equ

Float Rod Card 2 Case Equ Flange Float Rod equ

[Sub Build Equ Sub Build equ

[Heat Shrink Equ tleat Shrink equ .
Subscraw W Wrap Equ Pressure Test Subscrew equ
Assy Leak Test Equ Filter and Conv Hose equ
[Check Plate Equ Check Plate equ
[Regulator Assy Equ Reg Assy and ESD Clip aqu

Non-rotational Rotational

Reg Assy 2nd ESD Clip equ

Neon Equations
0.4871/((-0.0028*((TNOW)/60) ™ 2)+0.0282*((TNOW)/E0)+1.1298)
0.4671/({-0.001 6 TNOWYB0)~2}+0.0237+{(TNOWY60)+0.9065}

0,467 1/((-0.0033( TNOW)/60Y2)+0.0462*((TNOWY/BOY+1.1604)
0.4671({-0.0035*({ TNOWYBOY=2)+0.0528%((TNOW)/E0)+1.0503)
0.46T1/{{-0.0033( TNOWY/E0)2)+0 04854 (TNOW)/60)+1.384)

D.4BTH((-0,0026+(( TNOW)/BOF*2)+0,042*((TNOW)/EN)+1.0028)

0.4871/({-0.0003*(TNOWYE0Y=2)+0,0003*((TNOWY/E0)+1.0537)
0.4671/((-0.0041 %(TNOW)/60)2)+0.0542 ( TNOW)/B0Y+1,2288)
0.45TH({-0.001 7+ TNOW)/BO0Y**2)+0.0267 ([ TNOWYBD)+1.0502)
0.4671/((-0 0066 TNOWYE0T*23+0 0847((TNOWEC)+1.5334)

0.4674/((-0.001 5+((TNOW)/B0)~2)+C.0118"((TNOW)/B0Y+1.119%)
'0.4674({-0.0023*(( TNOWYBOY*2)+0.0272*((TNOW)60)+1.2187)
0.46T1/({-0.001 5*(TTNOWY/BOY=+2)+0.0137*((TNOW)/E0)+1.1485)
0.4671/((-0.0020((TNOW)/B0)**2)+0.0282*({TNOW)/B0)+1.1298)

Ratational Equations

FLVV Assy and Test equ

[Reguiztor Testng £qu (D.4793)/(-0.0066~(( TNOWY/S0)**2)+0.0765((TNOW)/BO)+2.7193}

|Rod Press Equ

—1{0.4793)/((-0.004 2+ TNOWYBO)2}+0.0488*{(TNOWY/B0)+1 7335

| (0.4783)/((-0.0029% (TN OVW}/B0y™2)+ 00338 (T NOW/E0)+1.2018)

| (0.4793)/((-0.0027<(( TNOVY)/EOY2)+0.0312* TNOW)/B0)+1.1088)

§(0.4T03)/((-0.0081"{( TNOWY/E0Y=2)+0,0365* (TNOW)/60)+1.2583)
[ (0.4793)((-0.0020 ([ (TNOW)/E01"2)+0.0344~(TNOW)/B0)+1.2226)

(0 4T93Y((-0.0027 [ TNOWYBOY=2)+0.031 44 (TNOVYE0)+1.1157)

(0:4793)/({-0,004*((TNGW)/B0)**2)+0.051 2% (TNOWY/BO}.7172)

(0,A793)7({-0, 0036~ TNOWYBOF21+0.0419*(TNOW)/0)+1.4908)

{0.4793)((-0 0035 TNOWYBOY21+0.41 2 TNOW)/50)+1.4534)

(0.4793)((-0.0024*((TNOWY/S0y=2)+0 027 T*((TNOW)/B0)+0,9852)

Helium Leak test equ [Leak Test Equ

Pump Brekt Assy equ | Conv Hose Reg Assy Equ
Conv Hose 1o Flarige equ |Resenyoir Flange Assy Equ
2nd Conv Hose to Flange equ [Regulator to Reservoir Equ
End Cap Equ {Support Tube Equ

Flange Float Rod egu Float Rod Card 2 Case Equ
Sub Build equ Sub Build Equ

Heat Sirink equ Heat Shrink Equ

Pressure Test Subscrew equ Subscrew W Wrap Equ
Filter and Conv Hose equ [Assy Leak Test Equ

| (0.4793)/((-0.0032*(( TNOWNBOY=2)+0. 03754 ((TNOWY/B0)+1.3321)

Check Plate egu

| Check Plate Equ

(0.4793)/{{-0.0039%((TNOW)/BOY™2Zy+0, 0452 TNOW)Y/BC)+1 B074)

-0.0029
0.0018

-0.0033
-0.0035
-0.0033
-0.0026
-0.0003
-0.0041
-0.0017
-0.0086
-0.0015
-0.0023
-0.0048
-0.0020

-0.0066
-0.0042
-0.0029
-0.0027
-0.0021
-0.0029
-0,0027

-0.004
-.0038
-0.0035
-0.0024
-0.0032
-0.003%

0.282
0.237

04562
0.529
0.0435
0.042
0.0003
0.0542
0.0267
0.084
0.0113
0.0272
0.0137
0.0282

0.0765
0.0488
0.0338
0.0312
0.0365
0.0344
0.0314
0.0512
0.0419

0,412
0.0277
0.0375
0.0452

1.1288
0.9085

applied Reg Assy and ESD Clip to

1.1604 both Reg test and assy
1.0803
1.284
0.0028
1.0537
1.2288
1.052
1.6334
1.1188
1.2187
1.1485
1.1208

2.7193
1.7355
1.2018
1.1086
1.2683

1.226
1.1157
1.7172
1.4809
14834
0.9852
13327
1.8074
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RULA Results Comparison
Used to assign the cross performance when changing from Rot —= Non and Non—>Rot

30803 30701
Rotationzl Score C Grand Score  Action Level Nan-rotational

Score C

Regulator Testing Zqu 4 3 2 [Regulaior Assy and ESD Clip__ | 4 2
Rod Press Equ 4 3 2 FLVV Assembly and Test

Leak Test Equ 3 3 2 Helium Leak Teést 4 2
Conv Hose Reg Assy Equ 4 2 {Bump Bracket Assy 3 2
Reservoir Flange Agsy Equ 4 2 Conv. Hose to Flange 4 2
Regulator to Reservair Equ 4 2 {2nd Conv. Hose to Flange 4 2
Suppert Tube Equ End Cap 4 2
[Float Rod Gard 2 Case Equ | 3 Flange Assy/Float Rod 3 2
Fleat Rod

Card to Case

Sub Build Equ Sub- Build

Heat Shrnk Equ Heat Shrink

Subscrew W Wrap Equ Pressure Test Subscrew

Assy Leak Test Equ Fitter and Conv_Hese tc Pump | !

Check Plate Equ “I Check Plate | 3

Regulator Assy Equ Regulator Assy and ESD Ch 4
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Fis FR Hold .,‘,Ii.__ FA and FR Rel |

B i i el D ] L itmiommr

c u 0

Llne Stan

. Reguizter Assy
- ang £S6 Clip

Reg Sub L Dispose 10 |

SIS

i
7[. FLVY Testand |
sy P

HE Hold

B _

—=  5ubBuld Rel

[ |
R

i 1 ; : | : ; . fme—es{ Dlspose 11
| S . i )
; Pump Assy Ling !111 Fump Brkt Assy —lam__ug._n Brit InE.,T!-W er Cenv Rel ,w.l Match 14 _!...._. st 0
[ [LISSRRUESUS S LU, | 4
2
x | |
i e 1 1
ﬁl . ° : . . A !
. ; k : H . Lo i
- End Cap pssy “en  Eng Gap Rel GeI""" CONVHOSEASIY—a’  Canv Hold ag Sonv Hese ;= 2nd Conv Hald ~=+  2nd Conv Rel
T .,. T P i
s . i i Lo SO U0 PP
3 [N ;m.uﬂﬂ..ﬂ ] 5 T 4
|
—————— ]
FRPRPOINFIN S S MRS S FEE A

L ;
Press Test Rel [ Check Plate2 j—
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. _ ;
Pressuca Testand, b
L. Bubgorest ;" Fress Sub o

| b
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Crazle Equ

L
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3:56:26P Category Overview August 30, 2010

Values Acioss AN Replicafions

Replications: 65 Time Unfls:  Minites
Key Performance Indicalors

System Average
Number Qut 3,584

No-m%ﬁ@ﬂ A (
étmu {o’;é?wk/
1@ O/ ( 'JLS

Model Filename: EATHESIS\Simulations\30701 Model 2010 Page 1 of 16
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3:56:26PM

Categary Overview

August 30, 2010

Values Across All Replications

158

Replications:
: T T
Entity i
Time
VA Time ) Miinimum Maximum Minlmum Maximum
Half Width Average Average Value Value
Entity 1 0.60 0.8863 0.6863 0.00 1.1580
Entity 2 0.00 0.4117 04117 0.3898 0.4878
Entity 3 6.00 2.7801 2.7601 2,6821 28839
NVA Time _ Minimum Maimur iinimum Meximurn
Half Widih Average Average Valug Value
Entity 1 0.00 0.00 0.00 0.00 0.00
Entity 2 0.00 0,00 0.00 (.00 0.00
Entfiy 3 0.00 0.00 0.00 0.00 0.00
Wait Tiine Minimum Maximurm Minimum Maximum
Helt Width Average Average Value Value
Entity 1 0.00 0.02528389  0.02529389 0.00 0.4134
Enity 2 0.00 0.6170 05170 0.00 0.9659
Entity 3 0.00 0.6574 0.6574 0.03015874 1.0483
Transfer Time i Minimiem Maximum Minimum Maximum
Half Width Average Average Value Vakte
Entity 1 0.00 0.00 0.00 0,00 0.00
Entity 2 0.00 0.00 0.00 0.00 0.00
Entity 2 0.00 0.00 0.00 0.00 0.00
Qther Time inimm Maximum Mirirmum Maximura
Half Width Average Average Value Ve
Entity 1 .00 0.00 0.00 0,00 0.00
Entity 2 0.00 0.00 0.00 0.00 0.00
Entity 3 0,00 0.00 0.00 0.00 0.00
Total Time , Minimur Maximum Minimum Maniraurn
Hlalf Width Average Avarage Value Value
Entity 1 0.00 0.8116 0.5116 0.00 1.4678
Entity 2 0.00 1.0287 1.0287 0.4124 1.4535
Entity 3 0.00 3474 34174 2.9106 40122
Dther
Model Filename: EATHESIS\Simulations\30701 Mads! 2010 Page 2 16



3:56:26PM

Categary Overview

August 30, 2010

—

Values Across Al Raplicafions

Replications: G5 Tirme Units:

Process

Minutes

Time per Entity

VA Time Per Entity Minimum Maximum Minfmum - Maimum
Average Haif Width Average Average Value Yalue

2nd Conv Hose 0.4150 0.00 0.4150 0.4150 0.3984 0.485%
2nd Conv Ret 0.00 0.00 0.00 0.00 0.00 0.00
Check Plate 2 0.4080 0.00 0.4080 0.4080 0.3958 0.4468
Conv Hose Assy 0.3100 0.00 0.3100 0.3100 £.2920 0.3371
Cony Hose Rel 0.00 0.00 0.00 0.00 0.00 0.00
End Cap Assy 0.4509 0.00 0.4508 0.4509 0.4433 0.4674
End Cap Rel 0.00 0.00 0.00 0.00 0.00 0.00
FAand FR Rel 0.00 0.60 0.00 0.00 0.00 0.00
Filter Conv Hose 0.3713 0.00 0.3713 0.3713 0.3586 0.4058
Fitter Conv Rel .00 0.00 0.00 0.00 0.00 0.00
Flange and Float Rod Assy 0.3486 0.00 0.3486 0.3456 0,00 0.3932
FLVV Rel .00 0.00 0.60 0.00 0.00 0.00
FLVV Test and Assy 0.3798 0.00 0.37g8 0.3798 0.3620 0.4284
He Leal Test 0.3683 0.00 0.3663 0.3683 0.00 0.4025
Heat Shiink 307 0.2613 0.00 0.2613 0.2613 0.00 0,3068
Heat Shrink Ret 0.00 0.00 0.00 0.00 .00 | 0.00
Prass Test Rel 0.00 0.00 0.00 0.00 0.00 ; 0.00
Pressure Test and Subscrew 0.4251 0.00 0.4251 0.4251 0.4033 0.4751
Pump Bilt Assy 0.37598 0.00 0.3798 0.3758 0.3820 04284
Puimp Brkt Rel 0.00 .00 0.00 6.00 0.00 .00
Reg 5D Clip Rel 0.00 0.00 0.00 0.00 0.00 0.00
Regulator Assy and ESD Clip 0.4417 0.0¢ 0.4147 0.4117 03838 0.4876
Sub Build Assy 0.4145 0.00 0.4145 04145 0.00 0.4448
Sub Bulld Rel 0.00 0.00 0.00 0.00 0.00 .00
Upndate Equ 1.0000 0.00 1.0000 1.0000 1.0000 1.0000

Madel Flename: EXTHESIS\Simulations\30701 Model 2010 Page 4 of 16
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3:56:26PM

Category Overview

August 30, 2010

Values Across All Repifcations

I

Raplications: 65 Time Units:

Minutes

Process ) E}

Time per Entity

Wait Time Per Entity Minimum Maximum Minimum Maximum
Average Half Width Average Average Vaius Value

2nd Conv Hose 0.00 0.00 0.00 0.00 0.00 0.00
Check Plate 2 0.00 .00 0.00 3,00 0.00 0.00
Cony Hose Assy 0.00 0.00 0.00 0.0¢ 0.00 0.00
End Oap Assy 0.00 0.00 0.00 0.00 0.00 0.00
Fiiter Conv Hose 0.00 0.00 0.00 0.00 0.00 0.00
Flange and Float Rod Assy 0.00 0.00 0.00 .00 0.00 0.00
FLVV Test and Assy 0.00 0.00 0.00 0.00 0.00 0.00
He Leak Test 0.00 0.00 0.00 0.00 0.00 0.00
Heat Shrink 307 0.00 0.00 0.00 0.0¢ 0.00 0.00
Pressure Test and Subscrew 0.00 0.00 0.00 0.00 0.00 0.00
Pump Brkt Assy 0.02150232 0.00 002190232 0.02190232 0.00 0.3803
Regulator Assy and ESD Clip 004586756 000 0.04586756  D,04586756 .00 0.9659
Sub Build Assy 0.00000701 0.00  0.00000701 0.6C000701 0.00 0.00628070

uer cEES .2 " e = o o = = ] = s
Maode! Filename: EATHESISSimulations\30701 Model 2010 Page 5 of 18
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3:58:26PM

Category Overview

August 30, 2010

Valiias Across Alf Repiications

Replications: 65 Time Units:  Minutes
\Pm@esg lf
Accurmulated Time
Acoumn VA Time Minfmnum Maximuzm
Averaga Half Widih Average Average
and Conv Hose 371.82 0,00 371.82 371.82
2nd Conv Rel 0.00 0.00 0.00 0.00
Chetk Plate 2 365.54 0.00 365.54 365.54
Conv Hosa Assy 277.78 0.00 27178 271.78
Conv Hose Rel 0.00 0.00 0.00 0.00
En¢l Cap Assy 403.88 0.00 403,08 403,98
End Cap Rel 0.00 0.00 0.00 0.00
FA and FR Rel 0.00 0.00 0.00 0.00
Filier Conv Hose 332.68 0.00 332.68 332.68
Fitter Conv Rel 0.00 0.00 0.00 0.00
Flanga and Float Rod Assy 312.39 0,00 312.39 312.39
FLVV Rel 0.00 0.00 0.00 0.00
FLWV Test and Assy 340.30 0,00 340.30 340.30
He Lealk Test 330.00 0.00 330.00 330,00
Heat Shrink 307 23418 0.00 234.18 23418
Heat Shrink Rel 0.00 0.00 0.00 0.00
Press Test Rel 0.00 0.00 0.00 0.00
Prassure Test and Subscrew 380,88 0.00 380.86 380,86
Pump Brkt Assy 340,34 0.00 340.34 340.34
Pump Brkt Rel 0.00 0.00 0.00 0.00
Reg ESD Clip Rel 0.00 0.00 0,00 G.00
Regulater Assy and ESD Clip 368.84 0.00 368.84 368.84
Sub Build Assy 37143 0,00 37143 371.43
Suh Build Rel 0.00 0.00 0.00 0.00
Update Equ 440.00 0.00 440,00 440.00
450,000 Ottt 1 tcoi
400,000 O erkpye () ecrriisehig
000 |
300,000 B
250.000 O (e
160,000 O Qg
400,000 Utopaig e
saom f s i
0,000 L e
Mode! Filenama: EATHESIS\Simulations\30701 Madel 2010 Page 7 of 16
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3:56:26PNj Category Overview Auguist 30, 2010
Values Acrass All Replications )

[ |

Replications: 85 Time Units:  Minutes

]@ueu@
Time
Waiting Time i Minimum Maximum Minimum Maximunm
Average Haif Widih Average Average Valus Valus
2nd Conv Hold.Queua 0.00001530 0.00 0.00001530 0.00001530 0.00 0.00489026
2nd Conv Hose.Queue 0.00 0.00 0.00 0,00 G.00 0.00
Check Plate 2.Quels 0.00 0.00 0.00 0.00 0.00 0.00
Conv Hold,Queye 0.00 0,00 0.00 0.00 0,00 0.00
Conv flose Assy,Queie 0.00 0.00 0.00 0.00 0.00 0.00
End Cap Assy.Quete 0.00 0.00 0.00 0.00 0.00 0.00
End Cap Hold.Queue 0.00 0.00 0.00 0.00 0,60 0,00
FA FR Hold.Queus 0.00 0.00 0.00 0.00 0.00 0.00
Filter Cony Hold, Queue 0.0960 0.00 0.0960 0.0960 0.00 0.2365
Filter Cony Hose.Queue 0.00 0.00 0.00 0.00 0.0 0.00
Flange and Flozt Rod 0.00 0.06 0.00 0.00 0.00 ¢.0c¢
Assy.Quele
FLVVY Held.Queue 0.00 0.00 0.00 0.00 0.00 0.00
FLVY Test and Assy.Quete 0,00 0.00 0.00 0.00 .00 0.00
He Leak Test.Queus 0.00 0.00 0.00 (.00 0.00 0.00
Heat Shrinls 307, Queus 0.00 0.00 0.00 0.00 0,00 0.00
HS Hold.Queue 0.00190529 0.00 0.00190528 0.00180529 0.00 0.1804
fatch 10.Queaue] 0.5383 0.00 (.5363 0.5363 0,00 0.8969
Match 10.QueueZ 0.00210415 0.00  0.00210445 0.00210416 0.00 04134
Maich 11.Queuel 0.00 0.00 0.00 0.00 0.00 0,00
Match 11.Queus2 0.4841 0.00 0.4841 0.4841  0.03015874 0.7256
Match 8.Queus 0.04641247 0.00 004841247  0.04841247 0.00 0.0915
Match 9.Queus? 0.00 0.00 0.00 0,00 0.00 0.00
Press Sub Held.Queus 0.00 0.00 0.00 0,00 0.00 0.00
Pressure Test and 0.00 0.00 0.00 0.00 0,00 0.00
Subscrew.(ueue
Pump Brlt Assy,Gueys 0.02180232 0.00 0.02190232 0.02190232 0,00 0.3803
Pump Brlct Hold.Queue 0.05536173 0,00 0.05536173 0.05536173 0.00 0.1524
Rag ESD Clip Hold.Queue 0.03491821 0.00 0£.03491821 0.03491821 0,00 0.3977
Regulator Assy and ESD 0.04586756 0.00 0.04586756  0,04585756 0.00 0.9659
Clip.Queve
Sub Bufld Assy.Queie 0.00000701 0,00 0.00000701 000000701 0.00  0.00528070
Sub Hold.Queus 0.00615885 0.00 0.00015885 0.00015885 0.00 0059802974
Other
Mode! Fllename: EXTHESIS\Simulations\30701 Model 2010 Page 11 of 16
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3:56:26PM Category Overview August 30, 2010
Values Across Al Replications "

[ ]

Replications: 65 Time Units:  Minutes

Usage
Scheduled Utilization ) Minimum Maximum
Average Haif Width Average Average
2nd Gonv Hose R 0.8451 0.00 0.8451 0.8451
Checl Plate R 0.8308 0.00 0.8308 0.8308
Conv Hose R 063123 0,00 0.6313 0.5313
End Cap R 0.9181 c.00 0.9181 .9181
FAFRR 0.7100 0,00 0.7100 0.7100
Fitler Conv Hose R 0.9517 0.00 0.8517 0.9517
FLWV R D.7734 o.00 0.7734 0.7734
Heat Shrink R 01,5361 0.00 0.5361 0.5361
Leal Test R 0.7500 0.00 0.7300 0.7500
Prassure Test Subscrew R 0.8656 0.00 0.8656 0.8655
Purp Brkt Assy R 0.6862 0.00 (.8862 0.8882.
Reg Assy ESD Clip R 0.9094 0.00 0.9004 0.9004
Suh Build R 0.8445 000 0.8445 0.8445
1,000 I
1,950 O 2nd Cotiv llose R 11 Chack Plate R
0900 0 Cony Hoze R fknd Gap R
0,850
0,800 DFATRR [ Fitter Con Hose R
0.750 aOFLWR 1 Hest Shink R
0.700 Prassuie Tesl
0,850 leakFest R Subscrew R
0,600 [1Fump Brt AssyR £ Reg Assy ESD Clip R
0.550
0500 = 0 Sub Build R
. I
Model Filerame: ENTHESIS\Simulations\30704 Model 2010 Page 15 of 18
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5:26:26PM Category Overview

August 30, 2010

Valies Across Alf Replications
Rotational Cell

Replications: G5 Time Units: ~ Minutes

Key Performance Indicators

System Average
Number Out 2,688
L‘r&{ IED Fl.!i{
(S\‘ " [t

?\Q %;UII ‘lLé'

Model Fllenama: EXTHESIS\Simulations\30803 Model 2010
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5:26:26PM Category Overview August 30, 2010
Values Across All Replicafions

Rotational Cell I

Replications: 65 Time Unis:  Minutes

[En‘ﬁ:iﬁy
Time
VA Time ) Minitnum Iaximum Minimum Masimurm
Average Half Width fverage Average Value Value
Entity 1 0.6518 0.00 0.6518 0.8518 0.00 0.7455
Entily 2 2.0743 0.00 2.0743 2,0743 1.9847 2.3687
Entity 3 1.9991 0.00 1.9591 1.8091 1.9128 2.2833
NVA Time i Miniraurm Maxinum Minlmum Maximum
Average Half Width Avelage Average Value Value
Entity 1 0.00 .00 0.00 0.00 0.00 0.00
Entity 2 0.00 0,00 0.60 0.00 0.00 0,00
Entity 3 0.00 0.00 0.00 0.00 0.00 0.00
Wait Time i Minimum Maximum Minirnam Maximum
Average Half Width Average Average Value Value
Entity 1 0.3509 0.00 0.3539 0.3599 0.00 5.4768
Entity 2 0.5777 0.00 06777 0.5777 0.00 6.0164
Entity 3 2,1304 0.00 2.1304 2.1304 1.5485 7.9184
Transfer Time , Minimur Maximum Minimtm Maximum
Average Half Width Average Average Value Valus
Entity 1 0.00 0.00 0.00 0.00 0,00 0,00
Entity 2 0,00 0.00 0.00 0.00 0.00 0.00
Entity 3 0.00 0.00 0.00 0.00 000 - 0.00
Other Time Minimum Maximum Iitnimum Maximum
Average Half Width Average Average Value Value
Entity 1 0.00 0.06 0.00 0.00 0.00 0.00
Entity 2 .00 0.00 0.0 0.00 0.00 0.00
Entity 3 0.00 0.00 0.00 0.00 0.00 .00
Total Time finimum Maximuin Minimum Maximum
Average Half Width Average Average Valus Value
Entity 1 1.0417 0.00 1.0147 1.0147 0.5247 52223
Entily 2 26521 0.00 26521 2.6521 2.1240 8.3852
Entity 3 41295 0.00 41295 41235 3.4845 10.1998
Other

Madel Filsname: EATHESIS\SImulations\30803 Modef 2010 Page 2 of 16
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5:2G:26PM

Category Overview

August 30, 2010

Values Across All Replications

Rotational Cell

Replicetlons; 65

Time Units:

Minutes

Fﬁ’@ﬂ@%ﬁ

Time per Entity

VA Time Per Enfity ) Mirdmum Manirum Minimum WMaximurm
Average Half Width Average Avarage Valug Yalue

Agsy Lealt Test 0.3476 0.00 0.3476 0.3478 0.3324 0.3984
Assy Leal Test 2 0.00 0.00 0.00 0.00 0.00 0.00
Chack Plats 0.2886 0.50 0.2836 0.2885 0.2757 0.3322
Conv Hose Regulator Assy 0.4183 0.00 04183 0.4183 0.3998 0.4795
Conv Hose Regulator Assy 2 0,00 0.00 0.00 0.60 0.00 0.00
Float Rod Card 2 Case 0.2650 0.00 03,2650 0.2650 0.2548 0.2946
Float Rod Card 2 Case 2 .00 0.40 0.00 0.00 6.00 .00
Heat Shrink 0.3161 0.00 0.3161 0.3161 0.3025 0.3807
Heat Shrink 2 0.60 0.00 0.00 4.00 0.0c 0.00
Leak Test 0.3849 0.00 0.3849 0.3849 0.00 04402
Lealk Test 2 0.00 G.00 0.00 0.00 0.00 0.00
Regulator Assy (0.3383 0.00 0.3363 03363 0.3219 (.3828
Reguiator Assy 2 0.00 0.00 0.00 0.00 0,00 0.00
Regulator Testing 0.1704 0.00 0.1704 0.1704 0.1830 6.1951
Regulator Tasting 2 0.00 0.00 0.00 0.00 0.00 0.00
Regulator to Reservolr 0.3778 0.00 0.3778 0.3778 0.3618 0.4282
Regulator to Reseivair 2 0.00 0.00 0.00 0.00 0.00 0.00
Resetvolr Flange Assy 0.3561 0.00 0.2561 0.3581 0.3410 0.4058
Reservoir Flange Assy 2 0.00 0.06 0.00 0.00 .00 0.00
Rod Press 0.2669 0.00 0.2669 0.2669 0.00 0.3053
Rod Press 2 0.00 C.00 0.00 0.00 0.00 0.00
Sub Build 0.3107 0.0¢ 0.3107 0.3107 02972 0.3551
Sub Build 2 (.00 0.00 0.00 0.00 0.00 0.00
Subscrew W Wrap 04711 0,00 0.47114 04714 0.4500 0.5424
Subscrew W Wrap 2 0.00 0.00 0.00 0.0C 0.00 0.00
Support Tube 0.4154 0.00 04154 0.4154 0.3971 0.4782,
Support tube 2 (.00 0.00 G.00 0.00 0.00 0.00
Update Equ 1.0000 0.00 1.0000 1.0000 1,0000 1.0000

Modei Filehame: EATHESIS\Simutations\30803 Model 2010 Page 4 of 18
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5:26:26PM Category Overview August 30, 2010
o ' Valtles Across Alf Replications

|Rotaticnal Cell !

R T R S Y T

Replications: 65 Time Units: Minutes

FE“DE@SES

T & T T T L R TR R TR TR AT

Accumulated Time

Accum VA Time Mindmuim aximum
Average Half Width Average Average
Assy Leak Test 31142 0.00 311.42 31142
Assy Leal Test 2 0.00 0.00 0.00 0.00
Checl Plate 258.61 0.00 25661 258.61
Conv Hose Regulator Assy 374.83 0.00 374.33 374.83
Cony Hose Reguiator Assy 2 0.00 0.00 0.00 0.60
Float Rad Card 2 Case 23743 0.00 237.43 237.43
Float Rod Card 2 Case 2 0,00 0.00 0.00 0.00
Heat Stink 283.20 0.00 28320 28320
Heat Shrink 2 0.00 0.00 0.00 0.00
{aak Test 344.83 0.00 34483 344,83
|.eak Test 2 0.00 0.00 (.00 0.00
Regulator Assy 3014.30 0.00 301.30 301.30
Regulator Assy 2 0.00 0.00 0.00 0.00
Regulator Testing 162.71 0.00 152.71 152,71
Regulator Testing 2 0.00 0,00 0.00 0.00
Redulator to Reservoir 338.47 0.00 33847 338.47
Regulater ta Reservoir 2 0.00 0.00 0.00 0.00
Raservolr Flange Assy 319.10 0.00 31940 319.10
Reservoir Flange Assy 2 0.00 0.00 0.00 0.00
Rod Press 23915 0,00 23915 23915
Rod Press 2 0.00 0.00 0.00 (oo
Suh Build 27839 0.00 278.39 278.38
Sub Buiid 2 0,00 0,00 G.00 0.00
Subscrew W Wrap 42215 0.00 42215 A22.18
Subscrew W Wrap 2 0.00 0.00 0.00 0.00
Support Tube 372.18 0.00 37218 37218
Support ube 2 0.00 0.00 0.00 0.00
Update Equ 436.00 0.00 436,00 436.00

450,000

400,000

350,000

300,000

260,000

200.000

150,060

100,000
50,000 Drtemrs o
0.000 Qisma (ke
iodel Flename: EATHESIS\SIrmulations\30803 Model 2010 Page 7 of 18
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5:26:26PM Category Overview August 30, 2010
Values Across Alf Replications

[@@tatﬁ@naﬂ Celf ‘h
Replicatlons: 65 Time Units:  Minutes

l@ueu@

Time
Waiting Time Minimum Magirauim Minimum Maximum
Average Half Width Average Average Valus Value
ALT Hold.Quetie 0.00 0.00 0,00 0.00 0.00 0.00
Assy 1 eall Test.Queue 0.00 6.00 0.00 0.00 0.00 - 000
Check Plate. Queue 0.06 0.00 0.00 0.00 0.00 0.00
CHR Hold.Queue 0.00876391 0.00  0.00876391 (3.00976391 .00  0.08036507
Cony Hose Regulator 0.00 0.00 0.06 .00 0.0 0.00
Assy.Queue
CR Hold.Queue 0,3004 0.00 0.3094 0.3094 0.00 5.1434
CS Hold.Quaue 0.3941 0.00 0.3941 0.3941 0.00 5.6824
Float Red Card 2 Case.Queue 0,00 0.00 0,00 G.00 0,00 0.00
FRC2C Hold.Queue 0.06100981 0.00 0.08100981 0.06100961 0.00 0.2453
Heat Shrinic Quaue 0.00 0.00 0,00 0.00 0.00 0.00
HS Hold Queus 0.05400622 0.00 0.05400822 0.05400622 0.00 0.1300
Leak Test.Gueue 0.00 0.00 0.00 0.00 0.00 0.00
LS Held.Guette 0,3024 0.00 0.3084 0,3084 0.00 5,1434
LT Hold Queue 0.01554412 0.00 001554412  0.01554412 0.00 0,0097
Match 1.Queuet 0.00058565 0.00  0,00058565 0.00058565 0.00 0.5247
Match 1.Queue 0.06377185 0.00 0.05377185 0.05377195 0.00 0.1506
Maich 2,Quauet 0,00 0.00 0.00 0.00 (2,00 (.00
Match 2.Quaue2 1.5534 0.00 16534 1.5534 1.4054 1.6959
RA Hold.Quaue 0.02259286 0.00 0,02255386 0.02259386 0.00 0.1563
Regulater Assy.Queus 0.00 0.00 0.00 0.50 0.00 0.00
Regulator Testing.Quaue 0.00 0.00 0.00 0.00 0.00 0.00
Regulator to Reservolr.Queus 0.00 0.00 0.00 0.00 0.00 0.00
Reservolr Flanga Assy.Queue 0.00 0.00 0.00 0,00 0.00 0.00
RFA Hold.Quete (0.02256733 0.00 0.02256733 0.02256733 .00 {31348
Rod Press.Queue 0,60 0.00 0.00 .00 0,00 6.00
RP Hold.Quaue 0.03441071 0.00  0.03441071 0.03441071 0.00 0.2338
RT Hold.Quete 0.1192 0.00 0.4192 0.1192 .00 (0.3447
RIR Held.Queus 0.02386021 0.00  0.02386021 0.02386021 0.00 01115
5B Hold.Queue 0,06786745 0.00 006788745  0.06788745 0.00 0.1848
ST Hold.Queue 0.016681286 0.00 0.01661286 0.01661286 000  0.06532687
Sub Build.Queue 0.00 0.00 0.00 0,00 0.00 0.00
Subscrew W Wrap.Queus 0.00 0.00 0.00 0.00 0.60 0.00
Support Tuba Queue 0.00 0.00 0.00 0.00 0.00 0.06
SWw Hold.Qusue 0.00 0.00 0.00 0.00 0.00 0.00
Other
Model Fiename: EXTHESIS\Simulationst30803 Modsl 2010 Page 11 of 16
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5:28:26PM Cm‘feg@ry Overview August 30, 2010
) Vales Across All Replications )

}ﬁ@ﬁ'aﬁ:ﬂ@naﬂ Gell a ]

Replications: 65 Time Units: Minutes

|R93@u ree
Usage

MWumber Scheduled Minimum Maximum Minimum Maximum
Average Half Width Average Average Valle Value
Assy Leak Test R 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Check Plaie R 1.0000 0.00 1.0000 1.0000 1.0000 1,0000
Conv Hose Reg Assy R 1.0000 0.00 1.0000 1.0000 41,0000 10000
Float Rod Card 2 Case R 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Heat Shrink R 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Leak Test R 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Reg Assy R 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Reg Testing R 1.0000 .00 1.0000 1.0000 4,0000 1.0000
Regfo Res R 1.0000 0.00 1.0006 1,0000 1.0000 1.0000
Ras Flange Assy R 1.0000 (.00 1.0000 1.0000 1,0000 1.0000
Rod Press R 1.0006 0.00 1.0000 1.0000 1.0000 1.0000
Sub Build R 1.0000 0.00 1.0000 1.0000 1,0000 1.0000
Subscrew Witrap R 1.0000 0.00 1.0000 1.0000 1.0000 1.0C00
Support Tube R 1,0000 0.00 1.0000 1,0000 1.0000 1.0000

Page 14 of 16
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5:31:22PM Category Overview

August 30, 2010

Values Across All Replicafions

Rotational Cell }/

Replications: 85 Time Units:  Minutes
Kay Performance Indicators

System Average
Number Out 3,584

Modei Filename: EATHESIS\Simulations'30701 to Rotational Mode! 2010
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5:31:22PM Category Overview August 30, 2010
) Valuss Across All Replications

[Rotational Cell )’ h

Replications: 65 Tims Units: ~ Minufes
Entity l
Time
YA Time Minimum Maximum Minirum Maximurm
Average Half Wicith Averags Average Value Value
Enfity 1 0.78695 0.00 0.7695 0.7695 0,00 1.0108
Enfity 2 0.4701 0.00 0.1704% 0.1701 0.1630 0.1931
Enifty 3 2.668% 0,00 2.6685 2.5689 2.5579 3.0333
NVA Time Minimura Maximup Minimum Maxdmum
Average Half Width Avarage Average Valle Value
Entity 1 0.00 0.00 0.00 0.00 0.00 0.00
Eniity 2 0.00 0.00 0,00 0.00 0,00 0.00
Entity 3 0.00 0.00 0.00 0.00 0.00 0.00
Walt Time ] Minimitm Maxirmum Minfraum Maximtim
Average el Wiith Average Average Value Value
Entity 1 0.6538 0,00 0.6539 0.6539 0.00 7.0774
Entity 2 1,3947 0.00 1.3847 1.3947 0.00 7.6499
Entity 3 1.2956 0.00 1.2956 1.2856 0.00 7.8188
Transfer Time Minirum Maximum Minimum Maximum
Average Half Width Average Average Value Value
Entity 1 0.00 0.00 0.00 0,00 0.00 0.00
Entity 2 0.00 0.00 0.00 0.00 0.00 0.00
Enfity 3 0.00 0,00 0.00 0,00 0.00 0.00
Other Time ) Minimum Maximum Mihimum Maximum
Average Half Width Average Avelage Value Value
Entity 1 0.00 0.00 0.00 0.00 0.00 0.00
Enity 2 0.00 0.00 0.00 0,00 0,00 3,00
Entity 3 0.00 0.00 0.00 0.00 0.00 0.00
Total Time - Miniraum Maximum Minimum Mexdmum
Average Hatf Wicth Average Average Value Value
Entity 1 1.4234 0.00 1,4234 1.4234 0,00 8.0882
Entity 2 1.5647 0.00 1.6847 1.55647 01763 7.8430
Entity 3 3.9645 0,00 3.0645 3.9645 2.7659 10.8521 .
Other
Model Filename: EXTHESIS\Simulationsi30701 to Rotational Model 2010 Page 2 of 16
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5:3(:22PM Categery Overview August 30, 2010
Valies Across All Replications o )

[Rotational Cell X h

Replications: 65 Time Units:  Minufes -

|P[r@@@ss

Time pelir Entity

Wait Time Per Entity Minimurn Maxitum Minimum Maxiraum
Average Half Width Average Average Valiie Value

2nd Conv Hose 0.00 0,00 0.00 0.00 0.00 0.00
Check Plate 2 0.00 0.00 0.00 0.00 0.00 0.00
Conv Hosa Assy 0.00 0.00 c.00 0.00 0.00 0.00
End Cap Assy 0.00 0.00 0.00 0.00 0.00 0.00
Fitter Conv Hose .00 0.00 0.00 0.00 0.00 0.00
Flange and Float Rod Assy 0.00 0.00 0.00 0.00 0.00 0.00
FLVV Test and Assy 0.00 0.00 0.00 0.00 0.00 0,00
He Leak Test 0.00 0.00 0.00 0.00 0.00 0.00
Heat Shrink 307 0.00 0.00 0.00 0,00 .00 0.00
Pressure Test and Subscrew 0.00 0.00 0.00 0.0¢ 0.00 ¢.00
Purmp Brkt Assy 0.8267 0.00 0.8267 0.8267 0.00 7.3081
Regulator Assy and ESD Clip 08113 0.00 0.6113 068113 0.00 8.7739
Sub Build Assy 0.5089 0.00 0.508% (0.5089 0.00 6.4841

Model Filename: ENTHESIS\Simulations\30701 to Rotational Modei 2010 Page b of 46
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5:31.22PM

Category Overview

August 30, 2010

Valias Across Al Rsplications

[Rotational Gell X

Replications: 65 Time Units: ~ Minutes
[Pm@eﬁs {3
Time per Entity
Total Time Per Entity Minimurm Maximum Minimum Maximum
Average Half Width Averzge Average Value Valugs
Znd Cony Hose 0.3770 0.00 0.3770 0.3770 0.3618 0.4281
2nd Conv Rel 0.00 0.00 0.00 0.00 0.00 0.00
Check Plate 2 0,2879 0.00 0.2879 0.2879 0.2757 0,3286
Conv Hose Assy 0.3564 0.00 0.3654 0.3554 0.3410 0.4023
Conv Hose Rel 0.00 0.00 0,00 0.00 0.00 0.00
End Cap Assy 04144 0.00 0.4144 0.4144 0.3971 0.4742
End Cap Rel 0.00 0.00 0.00 0.00 ¢.00 0.00
FAand FR Rel 0.00 0.00 0.00 0.00 0.00 0.00
Filter Conv Hose 0.3466 0.00 0.3466 0.3468 0.3324 0.3925
Filter Conv Rel 0.00 0.00 0.00 0.00 0.00 0.00
Flange and Float Rod Assy 0.2641 0.00 0.2641 0.2641 0.00 0,2898
FLWV Rel 0.00 0.00 0.00 0.00 0.00 0.00
FLVV Test and Assy 0.2667 0.00 0.2667 0.2667 0.2558 0,3030
He Leak Test 0.3838 0,00 0.3838 0,3838 0.00 0.4319
Heat Shyink 307 0.3149 0.00 0.3149 $.3149 0.00 0.3565
Heat Shrink Rel 0.00 0.00 0.00 0.00 0.00 0.00
Press Test Rel 0.00 0.00 0.00 0.00 0.00 0.00
Prassure Test and Subscrew 04700 0.00 0.4700 04700 (.4500 0.5374
Pump Brit Assy 1.2444 0.0 1.2441 1.2444 0.4044 7.7832
Pump Brkt Rel 0.00 0.00 0,00 0.00 0.00 .00
Reg ESD Clip Rel 0.00 0.00 0.00 0.00 0.00 0.00
Regulator Assy and ESD Ciip 0.7813 0.00 0.7843 0.7813 0.1630 8,8670
Sub Build Assy 0.8185 0.00 0.8185 0.8185 0.00 B8.6355
Sub Build Rel 0.00 0,00 0,00 0.00 0,00 0.00
Update Equ 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Acecumulated Time
Medet Filename:  EATHESIS\Simulations\30701 to Rotational Modsl 2010 Page 6 16
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5:34:22PM Categary Overview August 30, 2010
Values Across All Replications
[Ratstional Cell X _JJ

Repfications: 65 Time Units:

Minutes

{Pmcesg

Accumuiaied Time

R T

Accurn VA Time Minimum Maximuim
Average Half Width Average Avelage
2nd Cony Hose 337.82 0.00 337.82 337.82
2nd Conv Rel 0.00 0.00 0.00 0.00
Chedl Plate 2 257.98 0.00 Z57.98 257,98
Conv Hose Assy 318.48 0.00 318.48 318.48
Cotw Hose Rel 0,00 0.00 0.00 0.00
End Cap Assy 37130 0.00 37130 37.30
Endl Cap Rel 0.00 0.00 0.00 0.00
FA and FR Rel 0.0¢ 0.00 0,00 0.00
Filter Conv Hose 310,58 0.00 310.58 310.58
Filter Gonv Rel 0.00 .00 0.00 0.00
Flange and Float Rod Assy 236.61 0.00 236.61 236.61
FLVV Rel 0.00 0.00 0.00 0.00
FLVY Test and Assy 238.98 0.00 238.98 238.98
IHe Lesk Test 343 86 0.00 343.88 343.86
Heai Shrink 307 282,14 0.00 282,54 282.14
Heat Shrink Rel 0,00 0.00 0.00 0.00
Press Tast Rel 0,00 0.00 0,00 0.00
Pressure Test and Subscrew 42118 0.00 421,16 424.16
Purp Brit Assy 374.00 0.00 374,00 374.00
Puimp Bilt Rel 0.00 0.00 0.00 G.00
Reg ESD Clip Rel 0.00 0.00 0.00 0.00
Regulator Assy and £5D Clip 152.37 0.00 162.37 152.37
Sub Buiid Assy 277.43 0.00 27743 277,43
Sub Build Rel c.00 0.00 0.00 .00
Update Equ 436,00 0.00 436,00 436.00
450.000 Oacekn: Qreem
400.000 O¢eme? O ceabtaedug
a0 po
300.000 R
250.800 LTI
200.000 g:::i\:::m O et
150.008 -
100.000 rosein  Grotte
50000 o
0,000 Otrey

Medel Flename: EATHES!IS\Simulationst30701 to Rofational Model 2010
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5:31:22PM ‘Cﬁlﬁ@g@h‘y Overview August 30, 2010
Valtes Across All Replicalions

[Retational Cell X | H

Replications: 85 Time Units:  Minutes

LEMJ]BU@
Tine
Waiting Time i iiniraum Maximum Minimum Maimurm
Average Half Width Avelage Average Value Value

2nd Conv Hald,Quatie 0.05124267 0.00  0,05124267 0.05124267 0.00 0.1104
2nd Conv Hosae.Queus ' 0.00 (.00 6.00 G.00 0.00 0.06~
Check Plaie 2.Queue .00 0.00 0,00 0.00 0,00 0.00
Caony Hold.Quene .05855298 0.00 0.05856298 0.05855298 0.00 0.1335
Cony Hose Assy.Queie 0.00 0.00 0.00 0.00 0.00 0.00
End Cap Assy.Queus 000 0.00 0.00 0.00 G.00 0.00
End Cap Hold.Queue 0.02694665 0,00 0.02654G65 (.02694665 0.00 0.06455011
A FR Hold.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Filtar Corv Hold, Qusue 0.1258 0.00 0.1266 0.1255 0.00 0.4474
Fiter Conv Hose.Queus 0.00 0.00 0.00 0.00 0.00 ¢.00
Flange and Float Rod 0.00 0.00 .00 0.00 0.00 0,00
Assy.Quaue

FLVV Hold.Queue 009114 0.00 0.0811 0.0011 0.00 0.2320
FLVV Testand Assy.Ciueue 0.00 0.00 0,00 0.08 0.06 0.00
He Leal Test.Queue 0.00 0,00 (.00 0.00 0.00 0.00
Heat Shrink 207.Quene 0.00 0.00 0.00 0.00 0.00 0.00
HS Hold. Queue 0.08166419 0,00 006168419 006168419 0,00 0.1785
Mateh 10.Queued 0.5918 0.00 0.5918 0.5818 0.00 0.8289
Match 10.Quele? 0,00018672 0.00 0.00019672 0.00019672 .00 0.1763
Match 11.Quauei 0.00037830 0.00  0,00037880 (.00037880 0.00 0.3384
Mateh 11.Queue? 0.1507 0.00 0.1507 0.1507 0.00 0.4892
Match 8,Queuel 0.5401 0.00 0.5401 0.5401 G.00 5.5864
“Match 9.Queue? 0,04581623 0,00 0,04561623 0.04561623 0.00 007733477
Press Sub Hold.Queue 0.00 0.00 0.00 0.00 0.60 0.00
Pressure Test and 0,00 0,00 0,00 0.00 0.00 0.00
Subscrew,Quele

Pump Brkt Assy.Queue 0.8267 0.00 0.8267 08257 0.00 7.3081
Pump Brkt Hold.Queue (.05585573 0.00 0.06585573 0.05585573 0.00 0.3170
Reg ESD Clip Hold.Queue 0.1916 0.00 01216 0.1916 0.00 0.3411
Regulator Assy and ESD 0.6113 0.00 06113 0.6113 0.00 8.7739
Clip.Queue

Sub Build Assy.Quels 0.5089 0.00 0,5082 0.5089 0.00 6.4841
Sub Hold.Queus 0.05979560 0.00 0.05879560 0.05979550 0.00 0.1828
Other
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5:31:22PM Category Gverview August 30, 2010
Valtes Across All Replications ) )
[Rotational Cell ) I
Replications: 65 Time Units: ~ Minutes
tiR@S@Uﬁ’@@ E
Usage
Scheduled Utilization Minimum Maximum
Average Hatf Width Average Average
2nd Conv Hose R 0.8791 0,00 (.8791 0.8791 '
Check Plate R 0.5910 0.00 0.5910 (,5910
Conv Hoze R 0.8498 0.00 0.8488 0.8488
End CapR 0.9059 0.00 0.8059 0,905%
FAFRR 0.5421 0.00 0.5421 0.5421
Fitler Conv Hose R (1.9693 0.00 0,9693 0.9693
FLWR 0.7344 0.00 0.7344 0.7344
Heat Shrink R 0.7729 0.00 0.7728 0.7729
Leak Test R 0.7878 0.00 0.7878 0.7878
Pressure Test Subscrew R 0.0648 0.00 0.8648 0.9648
Pump Brld Assy R 0.9715 0.c0 0.9715 0.9718
Reg Assy ESD Clip R 0.7424 0.00 0.7424 07424
Sub Build R 0.7583 0.00 0.7583 07583
1.000
0,050 11 2d Con Hose R B Check Plate R
0.800 0 Gonv Hosz R [JEnd Cap R
0.850
0.800 |2 OFAFRR 13 Fifler Convy Hose R
0,750 MFLWR 0 Heat Shink R
700 f
0,650 O leskTestR C
O'E.DD L1Pump Brit Assy R [ Reg Assy ESD ClipR
0.550
0.500 0 Sub Bt R
Model Filename: EATHESIS\Simulationst30701 to Rotational Model 2010 Page 15 of 16
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4:4715PM Category Overview

August 30, 2010

Values Acress All Replications

Rotational Cell to Non Rotational Cell

l]

e

Replications: 86 Time Unitst Minutes
ey Performance Indisalors

System Averags
MNurmber Out 2,688

5&%’3‘ 2 Mm-
Tt oned
ol o
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4:47:15PM Category Overview August 30, 2010
) T Values Across All Replications i S

Rotational Cell fo Non Rotational Cell |

Replications: 65 Time Units:  Minutes

VA Time Minimum Maxdmum Minimum Maximum
Average Hali Widih Average Average Value Value
Enfity 1 0.8516 0.00 0.,8519 0.8519 .00 0.9198
Entity 2 2.3656 0.00 2.3855 2.3856 22953 2.6568
Entity 3 22370 0.00 2.2370 22370 2.1533 2.5028
NVA Time Winimurn Maximuim Minlmum Waximitm
Average Half Width Average Avarage Value Value
Entity 1 0.00 0.00 0.00 0.00 0.0¢ 0.00
Entity 2 0.00 0.00 0.00 0.00 0.00 0.00
Enity 3 0.00 0.00 0.00 0.00 0.00 0.00
Wait Time Mirtirmum WMaximun Minimum taximun
Average Half Width Avyerage Average Value Valug
Entity 1 3.8428 0.00 3.8428 3.8428 0.00 6.9540
Entity 2 3.8668 0.00 3.8668 3.8668 0.00 6.8742
Entity 3 54868 0.00 5.4868 5.4868 1.6759 8.6964
Transfer Time _ Minimurm Maxirmum Mirimum Maximum
Average Half Width Average Average Value Value
Eniity 1 0.00 0.00 0.00 0.00 t.oo0 0.00
Enfity 2 0.00 0.00 0.00 0.90 coo 0,00
Entity 3 0.00 0.00 0.00 0.00 £.00 0.00
Cther Time Minknum Maximun Iinimurm Maximum
Average Haif Width Average Average Value Value
Entity 1 ¢.00 0.0 .00 0.00 0.00 0.06
Entity 2 (.00 0.00 0.00 0.00 0.00 ~ 000
Enity 3 .00 .00 0.00 0.00 0.00 0.00
Total Time Minimum Maximum Minimurm Maximum
Averaga Halt Width Average Average Value Value
Entity 1 46047 0.00 4,8947 48947 0.8269 7.8738
Entity 2 6.2524 0.00 6,2524 6.2524 2.5008 9.5310
Enfity 3 7.7238 0.00 77238 7.7238 3.8913 11,1991
Other
iodel Filename: EATHESISSimulationst30803 to Non Rotational Model 2010 Page 18  of 32
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4:47,15PM

Category Overview

August 30, 2010

Valies Across All Replications

Rotational Cell 1o Non Rotational Cell

|

Replications: 65 Time Units:

Minutes

[PH’DEQSS

S —

Time per Entity

VA Time Per Entity ) Minitnum Maximum Minimum Maxirum
Average Half Wit Averags Average Value Value

Assy Leal Tast 03725 0.00 0.3725 0.3725 0.3596 0.4135
Assy t.eak Tast 2 0.00 0.00 0.00 0.00 0.00 0.00
Chacl Plate 0.4092 0.00 0.4092 0.4092 0.3858 04532
Conv Hose Regulator Assy 0,3804 0,00 0.3804 0.3604 0.3620 04284
Conv Hose Regulator Assy 2 0.00 0.00 0.00 0.00 0.00 6.00
Float Rod Card 2 Case 0.3503 0.00 0.3503 0.3503 0.3318 0.4030
Float Rod Card 2 Case 2 0.00 0.00 0.00 0.00 0.00 0.00
Heat Shrink 0.2631 0.00 0.2631 0.2631 0.2458 0319
Ieat Shrink 2 0,00 0.00 0.00 0.00 0.00 0.00
L:eal Test 0.3681 0.00 0.3691 0.3681 0.00 0.4098
Leak Tesi 2 0.00 0.00 0.00 0.00 0.00 0.00
Raguiator Assy 0.4139 0.00 04139 0.4139 0.3898 0.4998
Regulator Assy 2 0.00 0.00 0.00 0.00 0.00 0.00
Reguiator Testing 04440 0,00 04140 0.4140 0.3898 0.4998
Renilator Testing 2 0.00 0.00 0.00 0.00 .00 0.00
Regulator to Reservelr 0.4153 0.00 04153 0.4153 0.3984 0.4651
Regulator {o Reserveir 2 0.00 0,00 0.00 0.00 0.00 0.00
Reserveir Flange Assy 0.3105 0.00 0.3105 0.3105 £.2090 0.3371
Reservolr Flange Assy 2 0.00 0.00 0.00 0.00 0.00 0.00
Rod Press 0.4828 0.00 0.4828 0.4828 0.00 0.5153
Rod Press 2 0.0 0.00 0.00 0.00 0.00 0.00
Sub Butid 04153 0,00 0.4153 0.4153 0.4044 0.4448
Sub Buiid 2 0.00 0.00 0.0¢ 0.00 0.00 0.00
Subscrew W \Wrap 04267 0.00 0.4267 0.4267 0.4083 0.4824
Subscrew W Wrap 2 0.00 0.00 0.00 0.00 0.00 0.00
Support Tube 0.4515 0.00 0.4515 0.4515 04433 0.4693
Supjport tube 2 0.00 0.00 0.00 0.00 0.00 0.00
Update Equ 1.0000 0.00 1,0000 1.0000 1.0000 1.0000

Model Filename: ENTHESIS\Simulations\30803 to Men Retational Mode! 2010 Page 20 of 32
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4:4TA5PM Category Overview Asigusi 3, 2010
) Values Across All Replications o

Retational Celi_to Non Rotaiional Ceil o ]

Replications: 65 Time Units: ~ Minutes

I%FU@@SS |

Time per Entity

Wait Time Per Enfity ) Miniraum Maximum Minimurn Maximum
Average Half Width Average Avetage Value Value

Assy Leak Test 0.00 0.00 0,00 0.00 0.00 0.00
Check Plate 0.00 0.00 0.00 0.00 0.00 0.00
Conv Hose Reguiator Assy 0.00 D.00 0.00 0.00 0.00 0.00
Float Rod Card 2 Case 0.00 0.00 0.00 0.00 0.00 0.00
Heat Shrink 0.00 0.00 0.00 0.00 0.00 0.00
Leal Test 0.00 0.00 0.00 0.00 .00 0.00
Regulator Assy 0.00 0.00 0.00 0.00 a.0c 0.00
Regulator Testing 0.00 0.00 0.00 0.00 0.00 0.00
Regulator ta Reservolr 0.00 0.00 0.00 0.00 0,00 0.00
Resetvoir Flange Assy 0.00 0.00 0,00 0.00 0.00 .00
Rod Press G.oo 0.00 0.00 0.00 0.00 0.00
Sub Build 0.0 0.00 0.00 0.00 0.00 0.00
Subscrew W Wrap 0.00 Q.00 0.00 0.00 0.00 0.00
Support Tube 0.00 0.00 0.00 0.00 0.00 0.00

Model Filename:  EATHESIS\Simulations\30803 to Non Rotational Modef 2010 Page 21 of 32
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4ATA5PM Category Overview August 30, 2010
 Values Across All Replications ' o

[Rotational Cell to Non Rotational Gell |
Replications: 65 Time Uniis:  Minutes
Process ‘E
(el T T A R R R T AT TR AL pralae AT
Tirme per Entity
Total Time Per Entity Mirimurn faximum Minimum Maximum
Average Half Width Average Average Value Value
Assy Lealk Test 03725 0.00 0.3725 0.3725 0.3595 0.4135
Assy Leak Test 2 0.00 0.00 0.00 0.00 0.00 0.00
Checi Plate 0.4092 0.00 0.4092 0.4002 0.38959 0.4532
Cony Hose Requlator Assy - 0.3804 .00 0.3804 0.3804 0.3520 0.4284
Conv Hose Regulator Assy 2 0.00 0.00 0.00 0.00 0.00 0.00
Float Red Card 2 Case 0.3503 0.00 0.3503 0.3503 03318 0.4030
Float Rod Card 2 Gase 2 0.00 0.0 0.00 0.00 0.00 0.00
Heat Shrink 0.2631 .00 0.2631 0.2631 0.2458 0.3184
Heat Shrink 2 0.00 .00 0.00 0.00 0.00 0.00
leak Test 0.3691 6,00 0.3601 0.3891 0.00 0.4098
Leak Test 2 0.00 0.00 0.00 0.00 0.00 G.00
Regulator Assy 0.4138 0,00 0.4139 04139 0.,38¢8 0.4998
Regulator Assy 2 0.00 0.00 0.00 0.00 0.00 0.00
Regulator Testing 0.4140 0.00 C.4140 0.4140 0.3808 (.4938
Regulator Testing 2 0,00 0.00 0.00 0.60 0.00 0.00
Regulator to Reservoir 0.4153 0.00 04153 0.4163 0.3984 0.4651
Regutator to Ressrvoir 2 0.00 0,00 0,00 0.00 0.00 0.00
Reservoir Flange Assy 0.3105 0.00 0.3105 0.3105 0.2990 0.3374
Reservoir Flange Assy 2 0.00 0.00 .00 0.00 0.00 0.00
Rod Press 0.4828 0.00 6.A4828 0.4828 0.00 05153
Rod Press 2 0.00 0.00 0,00 0.00 0.00 0.00
Sub Build 0.4153 0.00 0.4153 0.4153 0.4044 0.4448
Sub Build 2 0,00 0430 0,00 0.00 0,00 0.00
Subscrew W Wrap 042687 0,00 0.4267 0.4267 0.4093 0.4824
Subscrew WWrap 2 0.00 0.00 0.00 0.00 0.00 0.00
Support Tube 0.4515 0,00 0.4515 0.45615 0.4433 0.4693
Support tubs 2 0.00 0.00 0,00 0.00 0.00 0.00
Update Equ 1.0000 0.00 1.0000 1.0000 1.0000 1.0000
Accumulated Time
Model Filename: EXTHES!S\Simulationst30803 to Non Rotational Mode! 2010 Page 22 of 32
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AATASPA | Category Overview

August 30, 2010

Valies Across All Replications
Rotational Cell to Non Rotational Cell

Replications:  B5 Time Units: ~ Minutes

EPII'DG@SS

PR TS RIS

Accumulated Time

Accumn VA Time Winirurm fdaximum
Average Half Width Average Average
Assy Leak Test 333.76 0.00 333,78 333.76
Agsy Leak Tast 2 0.00 0.00 0.00 0.00
Check Plate 366,67 0.0G 366.67 366.67
Conv Hose Regulator Assy 340.84 0.00 340,84 340,84
Conv Hose Regulator Assy 2 0.00 0.00 0.00 0.00
Float Rod Card 2 Case 313.85 0.00 313.85 313.85
Float Red Card 2 Case 2 0.00 0,00 0.00 0.00
Heat Shrink 235,73 0.00 23573 23573
Heat Shiink 2 0.00 0.00 (.00 0.00
Leak Test 330.75 0.00 33075 330.75
leak Tast 2 0.00 .00 0.00 0.00
Regulator Assy 370.88 0.00 370.88 370.88
Regulator Assy 2 0.00 0.00 0.00 0.00
Regtilator Testing 370.97 0.00 370,97 370.97
Regulator Tasting 2 (.00 0.00 0.00 0.00
Regulator to Reservolr 372.09 0.00 372.00 372.09
Regulator o Reservoir 2 0,00 0.00 .00 (.00
Reservolr Flange Assy 278.20 0.00 278.20 27820
Reservoir Flange Assy 2 0.00 0.00 0.00 0.00
Rod Press 432.55 ¢.00 432,55 432.55
Red Prass 2 0,00 0.00 0.00 0.00
Sub Build 372.09 0.00 372.09 37209
Sub Buitd 2 0,00 0.00 0.00 0.60
Subscrew W \Wrap 332.30 0.00 382,30 382,30
Subscrew W Wiap 2 £.00 0.00 0.00 0.00
Support Tube 404.51 0.00 404.51 404.51
Support tube 2 0.00 0.00 0.00 0.00
Update Equ 440.00 0.00 440,00 440.00

460,000

400,000

350.000

308,000

250.000

200.000

150,000
100.000
56.006

0,000
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44T 16PM

Category Overview

August 30, 2010

Values Acioss All Replications

lR@taﬁ:ﬁ@nail Cell {o Non Rotational Cell

Replications: 65 Time Unite: Minutes
l@ueue ﬁ
Tiine
Waiting Time Minimum Maximum Minimum Maxirnum
Average Half Width Average Average Valug Value
ALT Hold.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Assy Leak Test.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Check Plate.Quieue 0.80 (.00 0.00 0.00 0.00 0.00
CHR Hold,Quaus 0.00 0.00 0.00 0.00 0,00 0.00
Conv Hose Regulator 0.00 0.00 0.00 0.00 0.00 0.00
Assy.Queus
'CR Hold.Queus 3.6261 0.00 3.6261 3.6261 0.00 8.7574
CS5 Hold,Queus 3.6163 0.00 36163 3.6163 0.00 G.7845
Float Rod Card 7 Case.Quete 0.00 0.00 0.00 0.00 0.00 0.00
FRC2C Hold.Queue 0.1322 0.00 01322 1322 0.00 0.1405
Heat Shrink.Quieue 0,00 0.00 6.00 0.00 0.00 0.00
HS Hold.Quetie 0.00 0.00 0.00 0.00 0.00 0.00
Leak Test.Queus 0.00 0.00 0.00 0.00 0.00 0,00
LS Hold.Queue 3.8419 0.0C 3.8419 3.8419 0.00 5.9540
LT Hold.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Mateh 1.Queuetl 0.00092285 0.00 0.00092285 0,00092285 0.00 0.8269
fatch 1.Quaue? 0.1028 0.00 1028 0.1028 .00 0.1079
Match 2.Queuet 0.00 0.00 0.00 0.00 0.00 0.00
Watch 2,Queue? 1.6704 0.00 1.6704 1.6704 1.6322 1.8428
RA Hold.Queue 0.06881145 0,00 0.08881145 0.06881145 0.00 01015
Regulator Assy.Quele 0.00 0.00 0.00 0.00 0.0¢ 0.00
Regulator Tasting. Queue 0.00 .00 0.00 0.00 0.00 0.00
Regulator o Reservoir. Quaue 0.00 0.00 0.00 0.00 0.00 0.00
Reservoir Flangs Assy.Quete 0.00 0.00 0.00 0.00 0.00 0.00
RFA Hold.Quetea 0.00 0.00 0.00 ¢.00 D.oo 0.00
Rod Press.Queue 0.00 0,00 0.00 0.00 0,00 £.00
RP Hold.Quete 0.00 0.00 0.00 0.00 0.00 0.00
RT Hold.Queue 0.06899142 0,00 0.08899142  0.06859142 0.00 0.1016
RiR Hold. Queute 0,00 0.00 0.08 0.00 0.00 0.00
5B Hold.Queue 006783212 0.00  0.08783212 0.06783212 0.00 0.1208
ST Hold.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Sub Build.Gueue 0.00 0.00 G.00 0.00 0.00 0.00
Subscrew W Wrap.Queue 0.00 0.00 0.00 0.00 0.00 0.00
Suppott Tube.Qusue 0.00 0.00 0.00 0.00 0.00 0.00
SWw Hold.Quete 0.00 .00 0.00 0.00 0.06 (.00
Other
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4:47:15PM Category Overview August 30, 2010
S ) Values Across Al Replications -

|Rotational Geil %o Non Rotational Gell ' n

Replications: 65 Time Units:  Minutes

Resource
Usage
Scheduled Utilization Miniraum Maxirum
Average Half Yidth Aveiage Average
Assy Leak Test R 0.7585 0.00 0.7585 0.7585
Check Plate R 0.8333 0.00 0.8333 0.8333
Conv Hose Reg Assy R 0.7746 ¢.00 0.7748 0.7746
Float Red Card 2 Case R 09825 0.00 0.8825 0.9825
Heat Shrink R 0.5357 6,00 0,5357 0.5357
Leak Test R 07597 0.00 07517 0.7517
Reg Assy R (1.9830 0.00 0.9830 0.8830
Reg Testing R 0.9836 0.00 0.8636 0.9836
Ragto Res R (1.8456 0.00 0.8456 0.8456
Res Flange Assy R 0.8323 0.00 06323 0.6323
Rod Press R 0.9831 0.0o 0,9931 0.9831
Sub Build R 0.9838 0.00 0.9838 0.9838
Subscrew W Wrap R 0.8569 0.00 0.868S 0.8689
Support Tube R 0.5193 0.00 0.9193 0.8193
1.000
6,060 11 Assy Leak Tesl R [ Chedk Plata R
0,900 L] ConvHose Reg Assy R uftlualﬂud Cord 2 Case
0.850
0,800 0 Heal Shrink R Dieak Test R
0750 O Reg Assy R U Reg Testng R
0,700
0650 ORegloResR 0 Res Flangs AssyR
0.800 It feod Press R 12 SubBuitd R
0.550
0.500 O Subscrew WYWap R [ Suppert Tube R
iodel Filename: EATHESIS\SImulations\30803 o Non Retational Model 2010 Page 31 of 3
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The author grew up in Union, Kentucky where he attended public schools and was
continually reinforced of the values of higher education. After graduating from Larry A. Ryle in
1999, the author attended the University Of Louisville, Speed School of Engineering. He
received his Bachelor’s Degree in Industrial Engineering in 2005. While studying at U of L, the
author participated in activities outside of school such as volunteering and holding leadership
offices with the international fraternal organization of Pi Kappa Alpha, intramural sports as weli
as the educational co-op program. This provided him with work place experience in the realms
of fulfillment center process standardization, ecommerce, logistics, and research and
development.

After graduating he went to work in Bedford, Indiana to take a position as an Industrial
Engineer with Visteon Corporation, LLC. He furthered his experience by applying the techniques
and knowledge learned during his education. He spent two years at th_e plant where he was
involved with work center design, the ergonomics committee, work standard development,
performance analysis, budget creation and earning a Certification of a Green Belt in Six Sigma .
The Plant fell onto economically challenging times and was forced to close. This provided the
author the opportunity to move back to the Northern Kentucky area and continue worlc in the
automotive industry. Transitioning into a position in a company headquarters allowed Scoft the
opportunity to be responsible for seventeen facilities’ production efficiency, expanding from just

the one plant in Indiana. During his time at Toyota Boshoku America, the author has been
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viewed as a leader among his team and has been recognized in the Toyota Production System
{TPS), as well as becoming a Certified Trainer in TPS.

At this point in his career, the author has been working on his thesis to complete his
Master’s degree in industrial Engineering. He is looking forward to continue his career as leader

and an innovator in the industry.
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