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ABSTRACT
For this project, the engineering team has been tasked with reducing the high-level ergonomic risks involved in the
current hemostasis probe production cells at Micropen Medical Inc. The issues have been identified by the team and
the system components that will be modified to reduce the ergonomic risk of the operators have been broken down
into nine subsystems. This paper describes in detail the process the team took in order to develop a complete solution
to greatly reduce the ergonomic risk of the production cell operators. The test plan details the test processes and the
evaluation standards which our solution elements are required to meet.
INTRODUCTION
Micropen Technologies designs, develops, and manufactures high precision resistors and medical devices. Micropen
Medical, a sub-division of Micropen Technologies, specializes in the printing of critical functional materials, such as
conductive electrodes, on medical devices. Hemostasis probes are a product produced by Micropen Medical, which
are made from alumina ceramic printed with gold-filled cermet conductive ink. In the hemostasis probe cell, the
current manufacturing process requires operators to use a small tool to perform a touch-up procedure on the printed
components to ensure conductivity. This procedure requires a high degree of precision and is performed in a repetitive
pattern where the operator adopts a number of potentially harmful postures during the process; this presents several
ergonomic risk factors for the operator. An initial survey was given to the operators to gather more information on
what ergonomic risk factors were most affecting them. Figure 1, below, shows a summary of this information in the
form of a Pareto chart.
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Figure 1: Initial Operator Survey Results Data

The objective of this project was to design and develop an improved workstation that reduces the ergonomic risk
factors faced by the operators, while meeting all of the visualization and mechanical motion demands of the current
manufacturing process. This means the new system requires no significant changes to the current printing instrument,
critical dimensions, or features on the system components. The expected deliverables of the project included design
documents for the workstation and a working prototype.
PROCESS
The team developed a two semester long project plan by grouping the requirements of the project into phases. The
team began the process developing a problem statement and a better understanding of the challenge presented. By
working with Micropen, a set of customer requirements and engineering metrics were developed to show the required
changes to the system after redesign. From the customer requirements and engineering metrics, a house of quality
(HOQ) document was created to ensure each metric was connected to at least one customer requirement. This helped
the team to visualize how the customer requirements would be met through goal oriented analysis. Figure 2, below,
shows the final list of customer requirements developed.

Figure 2:Final Customer Requirements

The team analyzed the current state of the system to develop a better understanding of the ergonomic issues in place.
Use scenarios and a functional decomposition were developed to show why and how each manufacturing process step
is performed. From the analysis of steps required to manufacture the finished hemostasis probe, the equipment and
processes used were benchmarked against other industries to brainstorm possible ergonomic improvements in the
current workstation. Through analysis, the system design was divided into nine different subsystems, listed below.
Each subsystem was examined to identify problems with the current state, the root cause of the problems, and potential
redesign solutions that ensured the future state resolved the issues within that specific subsystem.
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Figure 3: Subsystem Functions

Material Handling
To begin the manufacturing process, a hemostasis probe is placed on a stiff and straight wire to allow the operator to
handle and transport the part. By grabbing one end of the stiff wire, the part is loaded into the chuck. After the printing
process is completed, the operator removes the finished part from the chuck by accessing the wire and transporting it
to the work in process (WIP) fixture. The current state of the material handling process requires the operator to balance
the probe on a stiff wire within a tight workspace.
To address these issues, the team developed the solution of placing a slight kink in the wire to prevent the part from
sliding off the end during transportation. This solution eliminates the need to balance the part, which in turn reduces
the risk of smudging the printed part. To make the kink, a wire crimping tooling was designed to bend a large quantity
of wires at once, as shown in Figure 3, below. Operators currently have a tool which allows them to bend one wire at
a time, but to ensure throughput is kept consistent through the introduction of a kink in the wire, a new tool was
designed. In addition, the wire crimping tool reduces the ergonomic strain on the operator's hand in comparison to
using the singular hand-held wire crimp tool.

Figure 4: Wire Crimping Tooling

WIP Fixture for Printed Parts
After the touch-up procedure is completed, the operator must remove the finished part from the chuck and place it
into a WIP Fixture. The current state of the system was a 4”x4” peg board with 64 holes total, as shown in the figure
below. The current system made it difficult for operators to secure the part into the WIP fixture, due to the close
spacing of the holes. Part placement of each additional finished part became increasingly difficult as more parts were
placed into the WIP fixture. This issue also posed a quality risk as the chance of smudging the gold ceramic ink of a
part increased. Another issue faced by the operators with the current state of the system was the wrist angle required
to place a part into the fixture. The location and orientation of the fixture required operators to rotate both their wrist
and hand significantly, to place a finished part into each hole of the fixture.
The redesign of the WIP fixture was made to ease the placement of parts by increasing the spacing between holes on
the tile. Static stresses of the muscles were also reduced by simplifying the process and decreasing the required time
the operator’s arm is extended. This was done by increasing the spacing between holes on the WIP Fixture, but also
by reducing the number of holes on the tile itself. The 4”x4” sizing was kept consistent, but the number of holes was
reduced to 25 with the addition of a staggered hole design, as shown in Figure 6, below. Cost analysis was completed
on the improvement of lowering the number of WIP holes to show possible savings from quality issues based on part
and operator costs.
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Figure 6: Future State WIP Fixture

In addition to changing the WIP Fixture tile, the stand was also altered for operator adjustability. Through the
combination of the kink in the wire and adjustability of the WIP fixture stand, the awkward wrist deviation from the
current state could be removed. These changes allow the operators to quickly and comfortably place parts into the tile.

Figure 7: WIP Tile Stand Prototype

Actuating the Opener (Open/Closing Chuck)
The current system utilizes a lever controlled ball valve in order to control the air supply for the part-holding chuck.
The actuation of the lever controls the opening and closing of the part-holding chuck. During each production shift,
the operator must open and close the lever for each of the approximately 300 cycles that are run. This issue stems from
the fact the there is a large amount of resistance to turn the lever valve which causes wrist and shoulder stress and
discomfort for the operators. The team has developed a system that replaces the ball valve with an electronically
controlled solenoid valve to control the airflow. The reason for this is to allow the use of a toggle switch instead of
the ball valve. This allows the operator to open and close the part-holding chuck with minimal force. In addition, the
location of the switch has been modified to support ease of access and use for the operators.
Operator Keyboard & Keypad
There are two keyboards set up with the workstation. One keyboard is a computer keyboard that is sometimes used
for setup but is not used in the manufacturing process. The other keyboard is a smaller custom programmed keypad
that is used for the manufacturing process to verify alignment of the part in the chuck using the “flip” key and to
perform the painting process using the “go” key. There are other keys that are used to modify the location and view
of the part, these views are sometimes used to verify painting and touch-up procedures.
In the new workstation layout, the keypad is slightly repositioned for ergonomic concerns and the layout of the keys
on the keypad is modified. The unused keys were eliminated and the most commonly used keys were changed to
double keys that are easier to see and use. Additionally, the current keypad has a plastic covering to protect it from
the acetone used in the workstation, but that acetone has clouded the covering so that many key labels are hidden. To
account for this in the future, the keys used more often are being color coded so that they are still easy to differentiate
if the cover gets cloudy.
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Viewing Part During “Touch-Up” Procedure
To perform the touch-up procedure, operators currently have to look at the part through a microscope attached to the
station. Due to the height of the microscope, operators are straining their backs and necks and sitting at an awkward
position to use the microscope. The new solution is to remove the microscope entirely and replace it with a camera
and monitor system. The camera is focused on the part, with appropriate magnification, and the operator looks at the
monitor while performing the touch-up. The new monitor is placed in accordance to ergonomic principles to minimize
eye strain, and directly in the line of sight of the operator so that rotation of the back or neck is not required. This new
solution should eliminate neck strain from the process in the long term, which was identified as the leading ergonomic
issue.

Figure 8: Workstation prototype setup

Operator Tooling for “Touch-Up” Procedure
After the printing process is complete on the hemostasis probe, the operator is required to perform a touch-up step to
connect the gold ink within the 90 degree angle of the diameter decrease on the probe. This step requires a high degree
of precision due to the small size of the part. The current tooling is comparable to a dental pick, which causes
discomforts for the operators through repetitive motion. The necessary positioning of the hand and arm to perform the
touch-up is uncomfortable and unsupported. The contact stress from grasping tools while applying force and the
contact stress from the sharp bench edges pose ergonomic concerns. In combination with the use of the microscope,
the touch-up process requires operators to lean forward and assume static postures of the arm, neck and torso for an
extended period.
To resolve these issues, a mechanical fixture was developed to hold the tool during the touch-up process. The fixture
provides more control than moving the tool by hand and keeps the tool near the point of use. The mechanical fixture
gives the operator a stable performance while simultaneously providing flexibility and maneuverability; this enables
the operator to manipulate the tooling with precision. Through the combination of this new tooling and a monitor
system, the operator has the ability to sit back and perform the touch-up with little to no ergonomic risks.

Figure 9: Operator tooling fixture prototype

Figure 10: Plot of deflection using Matlab

A theoretical analysis of the operator tooling was completed in order to understand the stresses applied onto the
supports. The team analyzed the system with an over-estimate of the average operator load. When applying the average
operator load to the slide assembly (20 N), the amount of deflection experienced by each shaft is approximately 5
microns. This ensures that any deflection of the fixture won’t interfere with the process and the model can withstand
the bending stress at the base.
Arm & Elbow Support during “Touch-Up”
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Through ergonomic research, as well as feedback from the operators performing the touch-up procedure, it was
initially concluded that the current system setup was insufficient at supporting the operator’s elbow. Through analysis
of the operator survey discomfort in the operator’s shoulder were found to be caused by awkward positions while
performing the touch-up procedure. Research found that an adjustable elbow support was the best option for the
operators to get instant relief. Not only does it reduce ergonomic risks, but the operators agreed that it was a great
option for the current setup. In addition, it was well within the budget. Following completion of the Operator Tooling
Fixture, the team determined it was unnecessary to have an elbow support in addition to the fixture as it provided
significant relief to the elbow and shoulder. The elbow support will be given to the customer as an ergonomic option
to implement if the operators find it is necessary in the future.
Modification for Proper Seating Position
The current chair in the station does not fully support the operator for the given task and does not provide sufficient
legroom with the low desk. Research was done on more ergonomic chair options and a thorough analysis was provided
to Micropen. Ultimately, the team decided that the price of the new ergonomic chairs was not within the budget, so a
new seating solution will not be implemented as part of this project. However, should the need arise later, Micropen
has sufficient information on ergonomic seating options that they could pursue.
Stretching & Exercises
The team has provided Micropen with recommended stretches and exercises along with the intervals at which they
should be performed in order to decrease the operator's ergonomic risk throughout their production shift. These
stretches will be detailed on laminated placards which will be available in the production area to all operators.
Additionally, the team has recommended a change in the duration of production shifts to combat the fatigue and
ergonomic stress that comes from the production process. Changing from multiple days of eight hour shifts to half
day shifts in the production cell will be another measure to ensure the reduction of ergonomic stress on the operators.
Project Management
The team used a work breakdown structure (WBS) to visualize what was necessary to be completed and develop a
critical path for the project. The critical items were identified by the affect each event had on both its predecessors
and successors. The scheduling of events allowed the team to visualize when risks were presented with a higher
priority based on how they would affect the critical path of the project. From this representation, the risk assessment
was updated to show additional risks within each new phase, as well as what risks were removed throughout the
duration of the project. The risk assessment documented the item, the effect, possible causes, likelihood and severity
ratings, and actions to mitigate and remediate for each risk item. To ensure all risks were accounted for, a responsibility
matrix was also developed to show who was accountable for that risk and who was assigned for support. In addition,
multiple responsibility matrices were used throughout the project phases to clearly identify who was accountable for
which subsection of the work being completed.
In addition to a WBS, the team used an action items list that linked events from the breakdown structure to tasks
necessary to be completed by a specific milestone within the project. The action items list organized each item by
phase, showing the person responsible for finishing each task, the date assigned and the date due. Each item required
project manager approval to ensure all work completed was of the highest quality. The team used this action items
document for full team awareness and transparency of tasks being completed. To further ensure the team was aware
what was going on outside of their responsibilities, a daily meeting notes document was developed. This document
allowed the team to understand what work was required to be completed during that day, as well as any major items
that may have come up since the last meeting. Through the use of these tracking documents, the team was able to
clearly identify whether the project was on track, and what was necessary to ensure risks would be minimized.
Finally, after the team had developed a deep understanding of the system and was in the process of redesigning
solutions, a component relationship diagram and test phase chart were created, as shown in the figures below. The
component relationship diagram showed how each subsystem had an effect on the other subsystems, this allowed the
group to develop a test phase chart to show which subsystems would be focused on before others. Phase 1 represented
the subsystems of the highest priority as they had the largest effect on the other subsystem decisions, and so on.
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Figures 11 & 12: Component Relationship Diagram (Left) & Test Phase chart (Right)

Testing
To analyze the effect each redesign solution had on the desired future state of the system, a detailed test plan document
was developed. The document contained an overview of each of the subsystems, detailed summaries of each test
required for each of subsystem of the project, and also verification details. The nine different types of tests are shown
in Figure 13, below. The plan goes into specific detail for each subsystem to show what steps should be taken for each
test, how the system will be analyzed as either pass or fail, the connected engineering metrics and required personnel
for testing.

Figure 13: Test Plan

To ensure efficiency, a responsibility matrix was also developed for use with the test plan. The document showed
which team members were responsible for each subsystem, and which project managers were assigned to support and
sign off on the testing.
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RESULTS

Figure 14: Touch-up process before and after

The team integrated the new subsystems into the workstation for testing to receive operator feedback on the new
process. Although much of the feedback was shared to the team verbally by the operators rather than through the
planned follow-up operator survey, the team took note of this feedback and was able to conclude that there has been
significant initial improvements in the ergonomic setup of the workstation. While testing had to be cut short based on
scheduling challenges between production and the team, the operators showed very positive feedback from initial
sampling. The figure below shows a sample of the feedback collected from the operators through the collection of
both pictures and videos.

Figure 15: Initial feedback gained from testing

Based on the feedback, 10 of the 13 customer requirements were marked as met while the other three required more
testing to be verified. From the customer requirements, the engineering metrics were then verified to show out of the
total 35 metrics, 24 were met, 7 needed more testing and 4 were unmet. The unmet metrics were specifically pertaining
to the height of the workstation itself, but as no actions were taken to redesign the adjustability of the work surface,
these metrics were not verified. Finally, out of the total 46 risks identified throughout the course of the project, 43
were marked as closed while the remaining three required testing over a long period of time to ensure optimal
efficiency. While there was not enough time to collect operator surveys post implementation, the feedback received
showed promising results pertaining to the overall ergonomics of the workstation.
CONCLUSIONS
From the initial feedback gathered, the ergonomic risks associated with the workstation have been reduced to ensure
operator’s safety and efficiency during the production process. The figure below shows a before and after image of an
operator at the workstation. Important points to pull from the figure include post shoulder abduction and flexion,
lateral back bend and rotation, and neck flexion and rotation.
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Figure 16: Before and After Images of Operators at Workstation

Through completion of the project, the team identified some of the areas in which the project worked exceptionally
well, as well as some areas that did not work as well. The operator surveys were a great way to gather data throughout
the course of the project as most of the information collected was either qualitative or subjective to the operators.
Through the development of operator surveys, the team was able to identify areas of improvement, and also show
where the system improved. Through redesign, the combination of the new viewing apparatus and operator tooling
were shown to have the largest effect on reducing the ergonomic risk associated with the neck, back, and shoulder.
If the team had the opportunity to complete this project again, the largest criticism that would be changed would be
the amount of testing completed. To ensure the final system solved all of the requirements, testing should be completed
on each of the subsystems individually and post operator surveys should be handed out and compared to feedback
received before the workstation redesign. Initial feedback showed some small alterations that should be made to the
operator tooling for the operator’s preference. Since making changes within the later portion of the project is must
more costly than in the design phase, the team also recommends including an operator during all meetings for the
project to ensure feedback is received continuously. Finally, to ensure even the most unlikely events are covered, the
team would recommend spending more time preparing for scheduling conflicts within the risk analysis. Overall, the
team’s redesign of the Micropen workstation reduced the ergonomic risk factors faced by the operators, while meeting
all of the visualization and mechanical motion demands of the manufacturing process.
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