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Hendricks, Anthony A. Evaluation of Ergonomic Stress Factors at Company XYZ
Abstract
According to the Bureau of Labor Statistics, musculoskeletal disorders are recognized as a
serious workplace health hazard. Employees are susceptible to musculoskeletal disorders if the
work they’re performing is constantly aggravating ergonomic stress factors. Ergonomic stress
factors include; excessive force, excessive repetition, awkward postures, and extreme
temperatures. Ergonomic stress factors can be controlled by limiting the employee exposure or
by prevention through design. Company XY Z has documented numerous ergonomic stress
factors complaints from assembly line electricians that are tasked with assembling electrical wire
harnesses. Currently they don’t have any metrics in place to quantify employee’s symptoms to
narrow down the cause of the employee’s complaints. Utilizing an ergonomic task analysis
worksheet will help evaluate the employee job task to figure out what motions are causing the
pain and assist to make recommendations that abate employee exposure to ergonomic stress

factors.
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Chapter I: Introduction

Musculoskeletal disorders are injuries or pain within a human musculoskeletal system
and can include the joints, ligaments, muscles, nerves, tendons, and structures that support limbs,
neck, and back. Some common musculoskeletal disorders are carpal tunnel syndrome, back
disability, and rotator cuff tendonitis. Disorders of such may progress over weeks, months, or
years. The rate at which the disorder progresses depends on the employee and the exposure rate
of the stress factor. The stress factors include; excessive force, excessive repetition, awkward
postures, and extreme temperatures (Occupational Health and Safety Association [OSHA],
2000). A mitigating method to reducing employee exposure to those stress factors is
implementing an ergonomic plan.

An unbalanced rate of physical work demands pushing individual physical capabilities,
which contribute to a higher risk for musculoskeletal disorders (Holterman et al., 2010). Many
OSHA injury logs have documented musculoskeletal injuries, including carpal tunnel syndrome,
tendinitis, back pain, etc. Musculoskeletal disorders are recognized as a serious workplace
health hazard by the Bureau of Labor Statistics (OSHA, 2000).

Ergonomics is an applied science and focuses on the design of equipment to fit the
majority of people who must interact with it (OSHA, 2000). The six core elements for a
successful ergonomics program are management commitment, employee involvement,
identification of problem jobs, analyzing and developing controls for problem jobs, training and
education, and medical management (Monroe, 2006). The most critical, being management
commitment. This is mainly because management provides the funding for the program and sets
the tone for the rest of the staff (Smith, 2003). Having an effective ergonomic plan in place

reduces the musculoskeletal disorders and provides a safer work environment overall (Roth,



2011). If any company has indications of employees having musculoskeletal disorders, then an
ergonomic plan is recommended (LaBar, 1991).

Company XYZ is a steel manufacturing company that produces and distributes street
sweepers. The facility hosts a wide range of office and plant employees. Plant employees are
tasked with the production of the street sweepers. The production process is divided step-by-step
from start to finish of the street sweeper. The steps include the following: mailing and receiving,
welding, painting, then assembly line of putting the parts together, and lastly, testing the finished
product. Each step is an intricate piece to delivering quality products not only performing as
expected, but also visually appealing to ensure continuous sales.

Mailing and receiving handles receiving parts. They either store them for later use or
deliver them to welders. Mailing and receiving also assist with mailing off finished products to
the customers. Welders have pre-set layouts based on customers request. Once they receive the
steel, they weld it, and then the steel is stored to cool down. After the cool down stage, the steel
is delivered to paint where it is paint blasted then touched up by painters per customers request.
The finished painted steel is then put through a curing oven and hung up to dry afterwards. After
the paint is dry, the pieces of steel are delivered to the assembly line to begin the process of
building the street sweeper. The assembly line includes the steel being put together, adding on
the engine, adding windows/doors, putting in the radio, adding different features per customers
request, and testing to ensure everything works properly.

Company XYZ has documented employee complaints about multiple ergonomic stress
factors, including awkward postures, repetitive motion, and excessive reaching during the
assembly line stage where electricians are required to assemble an electrical wire harness for the

street sweepers on the floor. They can be seated or standing. Either way, the electricians are



forced to bend over and reach down in an awkward position for extended periods of time. This
leaves them exposed to multiple ergonomic stress factors that could become nagging
musculoskeletal injuries.

Statement of the Problem

Company XYZ has documented numerous ergonomic stress factors complaints from
assembly line electricians. Currently they do not have any metrics in place to measure an
employee’s symptoms to narrow down the cause of the employee’s complaints.

Purpose of the Study

Evaluating job tasks of the assembly line electrician must focus on the work assignment,
the line balance, and the design of each individual work station (Longo & Mirabelli, 2009) to
determine mitigation methods for the ergonomic stress factors associated with assembling an
electrical wire harness.

Definition of Terms

The following terms are industry-specific and are defined here for clarity.

Abate. Reducing a hazard to make it less threatening.

Direct cost. Direct cost is the cost of medical bills the employer must cover in case of an
injury, usually under insurance.

Health hazard. A health hazard is based on considerable evidence, including at least
one study conducted in accordance with an established scientific principle that acute or chronic
health effects may occur in exposed employees.

Implement. Implement means to put a policy or procedure into effect.

Indirect cost. Indirect cost is a cost the employer must cover after an injury that is not

covered by insured.



Mitigate. Mitigate means to make a health hazard less severe, serious, or painful.
Limitations of the Study

This study has the following limitations:

1. Only first-shift employees are being observed at Company XYZ.

2. It is difficult to quantify activities performed outside of work by the employees.

10
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Chapter II: Literature Review

The electricians at Company XYZ are potentially at risk for experiencing ergonomic
discomfort due to the high exposure of awkward work positions associated with assembling an
electrical wire harness. Working in an awkward position for prolonged periods of time increases
ergonomics on the body and can lead to musculoskeletal disorders and/or injuries. Company
XYZ has documented complaints from employees and does not have a metric system in place in
to measure the root cause of the complaints.

The employees at Company XYZ have repeatedly reported discomfort in their back,
shoulders, and knees. Over prolonged periods of time without being treated, ergonomic
discomfort can lead to musculoskeletal injuries. Musculoskeletal injuries can lead to permanent
chronic conditions. Whether the musculoskeletal disorder is acute or chronic, the medical cost
can weigh heavily on the employer if deemed work-related. The employer would be liable to
cover the employee’s medical cost through workers compensation and loss production time from
the employee being placed on medical leave or restrictions (OSHA, 2015).

The review of literature for this study discusses different ergonomic strategies that
Company XYZ could utilize to assess and mitigate ergonomic hazards.

Purpose of Ergonomics

An ergonomic program aids with mitigating musculoskeletal disorders in the workplace.
When developing an ergonomic plan, management should follow a hierarchy of controls. The
hierarchy of controls consists of steps to mitigate workplace hazards. The company should aim
to eliminate the hazard if possible, substitute the hazards, provide engineering controls around
equipment design, re-assess administrative controls, or provide employees with personal

protective equipment (OSHA, 2016).
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The first step in the hierarchy of controls consists of the employer eliminating the hazard.
Typically, employers use this step if the process is extremely dangerous. It would be safer for
the employer to abate this type of hazard than to run the risk of an employee getting injured
(OSHA, 2016). If the employer could not eliminate the hazard, then they would proceed to the
next step, substitute the hazard.

Substituting a hazard only reduces the hazard to become less harmful to an employee. If
substitution is not applicable, then the employer would consider re-evaluating the engineering
controls associated with the process. Engineering controls focus on altering the equipment to
better fit an employee; however, the hazard could still exist. Administrative controls focus on
management strategies to mitigate employee exposure to the hazard. The least effective step in
the hierarchy of controls is personal protective equipment, because at this step management
accepts the hazard and can only provide equipment to limit the exposure to it (OSHA, 2016).
Utilizing the hierarchy of controls puts prevention through design (PtD) and is commonly
utilized when establishing an ergonomic program. Schulte (2008) defined PtD as:

The practice of anticipating and designing out potential occupational safety and health

hazards and risks associated with new processes, structures, equipment, or tools, and

organizing work, such that it takes into consideration the construction, maintenance,
decommissioning, and disposal/recycling of waste material, and recognizing the business

and social benefits of doing so. (p.5)

Prevention through design. There were 387,820 musculoskeletal disorder injuries
reported in 2011, which contributed to 33% of employee injuries that year (Bureau of Labor
Statistics [BLS], 2013). Musculoskeletal disorder injuries could have been prevented if an

organization had an effective PtD ergonomic program in place. Musculoskeletal disorders
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generally do not occur overnight, but usually develop over prolonged periods of time due to
repetitive motions, over-exertion, and/or extreme temperatures otherwise known as ergonomic
stress factors (Weidman et al., 2000). place. Musculoskeletal disorders generally do not occur
overnight, but usually develop over prolonged periods of time due to repetitive motions, over-
exertion, and/or extreme temperatures otherwise known as ergonomic stress factors (Weidman et
al, 2000).

Designing new equipment to eliminate ergonomic stress factors could lead to the
reduction of musculoskeletal disorder injuries. Utilizing a PtD approach requires the equipment
manufacturers to have a pro-safety mentality when designing the equipment (Weidman et al,
2000). It is important for equipment designers and safety professionals to build a respectful
working relationship. Doing so, allows the two to understand each other’s objectives and
provides a safe working environment for employees (Hoff, 2014).

It is important to get employee feedback during the design phase, because they are the
people operating the tools. If the employees are not included, then the management or
equipment designers could potentially miss ergonomic hazards recommendations (Aon, 2016).
Numerous research studies have been done which proves that employees feedback aided in
identifying work related ergonomic hazards.

Gabrille Griffin, an ergonomist in the 1990s, followed several office ergonomic cases.
One particular case that Griffin wrote about revolved around a desk employee who felt
discomfort in her lower back and arms after every shift for several weeks. Before the employee
notified the management team, she evaluated her daily routine to identify any potential task that
could have contributed to the discomfort. Since the employee could not figure out the cause of

her discomfort, she contacted her management team with her concerns. Management took the
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time to evaluate the employee’s workstation. The team changed the equipment that was
contributed to the employee’s awkward posture. The adjustments stopped the discomfort from
accumulating into a musculoskeletal disorder. Thus, the ergonomic assessment ultimately saved
the company from cost associated with musculoskeletal disorders and saved the employee from a
prolonged injury (Griffin, 1992).

Including employees, feedback also improves the moral in the workplace and makes
employees feel wanted, which in the end leads to better performance (Hoff, 2014).
“Management commitment to a well-conceived program for ergonomics may contribute to the
safety, health, and overall satisfaction of employees, resulting in higher productivity throughout
an organization” (Hoff, 2014, p. 2). The benefits of an effective ergonomics program were
determined after Doctor Lowe, an industrial engineer at the National Institute for Occupational
Safety and Health, performed research on preventing musculoskeletal disorders for fifth-teen
years (Hoff, 2014).

Implementing an efficient ergonomic plan takes work from everyone in the company,
including hourly employees to top management. Everyone plays a pivotal role in assisting with a
plan to be efficient (Aon, 2016). With emphasis on the PtD concept, it is rewarding when
everyone is involved. From the employee’s prospective, you notice management is actually
listening when you see improvement being done in areas that you may have been worried about.
In my experience, seeing that motivated me to continue to work harder for my employer. From
management prospective, you are making needed improvements and saving a lot of money from
the cost of injuries. As a safety person, you see everyone is involved and contributing to
bettering the safety culture. After funding, I believe getting everyone involved is the biggest

challenge for having an effective ergonomic plan.
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Successful outcome. Bath Iron Works is a company that builds United States Navy
ships. With such a demanding task, the company takes pride in the quality of work they produce.
Bath Iron Works were often working against the clock when trying to complete a ship, leading
them to a rapidly increasing musculoskeletal injuries and illnesses. Often, employees who are
facing time incentives are pressured to work harder, causing them to aggravate an ergonomic
stress factor that leads to a musculoskeletal disorder (McGlothlin, Zavits, & Sullivan, 2014).

No one ever believes there is a problem until something catastrophic occurs, and for Bath
Iron Work that was getting cited in 2007 by OSHA under the General Duty Clause 5(a)(1) for
not abating recognized hazards (McGlothlin et al., 2014). The General Duty Clause 5(a)(1)
states that, “Employers are required to provide their employees with a place of employment that
is free from recognized hazard that are causing or likely to cause death or serious harm” (OSHA,
2004, p.1). To avoid the continuous fines and increasing musculoskeletal injuries, Bath Iron
Works implemented an ergonomic program that focused on worksite analysis, hazard prevention
and control, medical management, and training and educating employees (McGlothlin et al.,
2014).

A safety professional performs a worksite analysis. Their job is to analyze the worksite
to find hazards that may be present. Hazard prevention and control involves applying the data
from the worksite analysis to guide you through research for control of the hazards found.
Medical management hires an on-site physician to oversee the injuries an in attempt to mitigate
minor injuries before they force an employee to miss time from work. Training is done to ensure
the employees know how to perform a task correctly without putting themselves or others in
harm’s way, which correlates with educating employees about the hazards and safe practices.

Compiling the information from the listed strategies assists when the design of new equipment
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comes into play. The design professional factors and all concerns from employees to
management in an attempt to re-design a tool or equipment that is considered to be hazardous
(Hoff, 2014).

Bath Iron Works covered the significant factors in order for an ergonomic program to be
effective with continued success. Those significant factors included management commitment,
employee involvement, identifying hazards, training, controlling hazards, and monitoring
progression (Reich, 1993). Utilizing the PtD ergonomic concept, Bath Iron Works won three
awards over the past 6 years dating back 2012 at the Applied Ergonomics Conference.
Ultimately, Bath Iron Works lowered their incident rate by 20% and lowered their severity rate
50% over a 5-year interval (McGlothlin et al., 2014), which indicates an effective ergonomics
program.

In 2015, Aon conducted a casualty risk control practice survey to provide insight on
various industries’ risk control measures for their ergonomics program from a pre- and post-lost
standpoint. The survey was administered online from March 30, 2015 until June 22, 2015 and
consisted of 13 questions. The survey focused on who was responsible for the ergonomic
program, the driving ergonomics efforts, and what metrics were being used, and if the
measurements were being utilized effectively (Aon, 2016).

The top industries represented in the survey were durable goods manufacturing, which is
defined as, “Includes manufacturing of metal, plastic, wood, and electronic products, including
assembly, automotive, furniture, and building material from shipped raw materials (e.g., not
mined or forested), and including large scale printing operations” (Aon, 2016, p. 8).

Out of the companies that completed the survey 28.32% indicated that their ergonomics

program is driven by regional/corporate/global staff (Aon, 2016). Having management actively
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drive ergonomics increases the chances of an effective ergonomic program (Hoff, 2014).
Twenty-seven percent of companies that completed the survey confirmed that they do not have a
designated owner for their ergonomics program (Aon, 2016). “Organizations lacking an
ergonomics process owner may experience significant lag in process improvements and
difficulty sustaining ergonomics initiatives” (Aon, 2016, p. 11).

Employee health and safety continues to be the leading driving force behind ergonomics
efforts, and 69.91% of the survey participants agreed as well. The rest of the field selected
company culture, regulatory compliance, or management initiative as drivers behind their
company’s ergonomic related efforts, which shows their carelessness for the ergonomic program
(Aon, 2016).

Musculoskeletal injuries do not happen overnight. They are usually a combination of
ergonomic stress factors over time. Ergonomics stress factors can be excessive force, awkward
postures, and repetitive motions. The two major areas of concern for the companies surveyed
were back injuries and hand/wrist injuries, which both had over 68% from the participants. A
prevention through design approach can be used to abate the injuries but is expensive. A less
expensive approach would be a risk control consultant to perform an ergonomic task analysis to
determine the stress factors that contribute to the discomfort that the employee feels (Aon, 2016).

Companies track incidents using the total recordable incident rate and days away
restricted rate per federal regulations (OSHA, 2017). The companies that participated in the Aon
surveyed reported that 60% of their total recordable injury rate (TRIR) were related to ergonomic
musculoskeletal injuries. Forty-six percent of the 60% were placed on restricted duty or could

not come into work (Aon, 2016).
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Metrics can tend to identify a reactive approach when dealing with workplace injuries.
Reactive means the loss occurred in order to obtain the data. OSHA recommends that companies
use a pro-active approach. A proactive approach is obtaining quantifiable data on employee’s
symptoms from a pre-loss standpoint in hopes to mitigate the problem before a loss occurs
(OSHA, 2015).

One tool that companies can use to be more proactive is the Ergonomic Task Analysis
Worksheet, which is used to quantify employee’s ergonomic stress factors. The ergonomic task
analysis worksheet breaks down an employee’s job tasks to identify the substandard ergonomic
stressors. Thirty-five percent of the surveyed participants in the Aon study indicated that they
use the ergonomic task analysis tool to evaluate the process design, claim and injury
management, and job specific training. Sixty-five percent of the participants expressed that they
never utilized the ergonomic task analysis tool (Aon, 2016).

Ergonomic task analysis. In 2001, the Great American Insurance Company developed
the Ergonomic Task Analysis Worksheet that a company could use to survey employee postures
to mitigate potential ergonomic hazards (Great American Insurance Company, 2019). The
worksheet assisted with identifying and measuring risk factors associated with the assembly line
workers working first shift at Company XYZ (see Appendix A).

The Ergonomic Task Analysis Worksheet categorizes the most common risk factors to
observe when evaluating high-risk jobs that can lead to musculoskeletal disorders (Great
American Insurance Company, 2004). The risk factor categories include repetition, posture,
vibration, reach, force, static loading and fatigue, contact stress impacts, lifting and materials
handling, and the environment. Within the categories, the ergonomist must score each risk factor

as ideal, warning level, and take-action. Ideal indicates that the task is acceptable, and no
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changes are required. Warning level categorizes the action/task as partially acceptable but with
some areas of concern that can lead to potential MSD’s down the line. Take-action items are
considered high risk actions/tasks that an employee is performing that raises serious concerns to
their health. Such tasks should be abated.
Summary

An ergonomic program aids with mitigating musculoskeletal disorders in the workplace.
If a company does not proactively address ergonomic concerns, then it could lead to loss
production time and cost associated with the recovery time for the employee (Griffin, 1992).
One tool that has been utilized by manufacturing and insurance industry to assess ergonomic
disorders is the Ergonomic Task Analysis Worksheet. This worksheet is categorized by
ergonomic stressors involving repetition, force, lifting and material handling, static loading,
posture, reach, contact stress, and environment. The worksheet assists with evaluating job tasks.
The evaluation breaks down movements to identify ergonomic risk steps in a procedure.

The Ergonomic Task Analysis Worksheet is effective because it details which ergonomic
stressor is being aggravated during each step of the task. This researcher utilized the Ergonomic
Task Analysis Worksheet to identify ergonomic stressors associated with Company XYZ

electricians assembling an electrical wire harness.
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Chapter III: Methodology

Company XYZ has documented numerous amounts of employee complaints about
ergonomic stress factors. The company does not have a metric system in place to measure the
root cause of the complaints, leaving them susceptible to reoccurring musculoskeletal injuries.
Using an Ergonomic Task Analysis Worksheet will help evaluate the employee job task to figure
out what physical motions are causing pain and assist in making recommendations to abate the
problem. The goals that guided this study were:

e Use the Ergonomic Task Analysis Worksheet to evaluate the process of assembling

an electrical wire harness.
e Analyze the data collected to identify which ergonomic stressors are contributing
factors to employee musculoskeletal disorder complaints.

Instrumentation

The Ergonomic Task Analysis Worksheet, created by the Great American Insurance
Company (2004), assists with identifying and measuring risk factors associated with the
assembly line workers working the first shift at Company XYZ. A sample of the worksheet is
located in Appendix A. The Ergonomic Task Analysis Worksheet categorizes the most common
risk factors to observe when evaluating high-risk jobs that can lead to musculoskeletal disorders
(Great American Insurance Company, 2004). The risk factor categories include repetition,
posture, vibration, reach, force, static loading and fatigue, contact stress impacts, lifting and
materials handling, and the environment. Within the categories, the ergonomist must score each
risk factor as ideal, warning level, and take-action. Ideal is considered acceptable with no

changes required. Warning level categorizes the action/task as acceptable but with some areas of
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concern that can lead to injuries. Take-action items are high risk tasks an employee performs
constantly that raise concern to their health and should be abated.
Data Collection Procedures

The assembly line electrician was evaluated using the Ergonomic Task Analysis
Worksheet during the first shift while assembling an electrical wire harness. The worksheet
assisted with grading the following ergonomic stress factors: repetition, posture, vibration, reach,
force, static loading, pressure, lifting and materials handling, and the environment.
Data Analysis

When categories are graded ideal, then the job task will not have any risk factors
associated with musculoskeletal disorders. When categories are graded as warning level, the job
task may present risk factors associated with musculoskeletal disorders and recommendations
would be made to abate the risk. When categories are graded take-action, the job task is
contributing to musculoskeletal disorders and should be abated immediately.
Limitations

This study had the following limitations:

1. Only the first shift employee was evaluated at Company XYZ.

2. Ttis difficult to quantify activities performed outside of work by employees that could

contribute to musculoskeletal disorders.
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Chapter IV: Results

Company XYZ has documented numerous amounts of employee complaints about

ergonomic stress factors and does not have a metric system in to measure the root cause of the

complaints. This leaves employees susceptible to reoccurring musculoskeletal injuries.

Using an ergonomic task analysis worksheet helped in evaluating the job task to figure out what

motions are causing the pain and assist to make recommendations to abate the problem. The

goals that guided this study were:

Use the Ergonomic Task Analysis Worksheet to evaluate the process of assembling
an electrical wire harness.
Analyze the data collected to identify which ergonomic stressors are contributing

factors to employee musculoskeletal disorder complaints.

To assemble an electrical wire harness, an electrician must take the following steps:

1.

Set up the workstation based on the customer requirements for the electrical wire
harness. To limit employee movements and steps, Company XYZ provides a toolbox
station. The tool box is easy to slide because of the wheels and is also height
adjustable. The electrician ensures that all equipment needed for the job is stocked
inside the toolbox and then slides the toolbox to close proximity of the workstation.
At the workstation is a three-foot slidable stool/ chair with minimal back support.
The stool is provided by the company to minimize employee reach when attaching
electrical wires to the harness.

Lay the 23-foot-long base of the harness on the ground. The base of harness is
required to be stretched out on a flat surface. The base is dropped to the ground with

the electrician sliding down the base to ensure it is in a straight line.
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3. While sliding down the 23-foot-long base of the harness, the electrician must stop
every 6-12 inches to zip tie smaller wires individually to the base. The electrician
must grab a handful of zip ties and slide down the harness base. Each time the
electrician makes it back to the beginning, another handful of zip ties must be
grabbed.

4. After all the wires are attached individually to the base, the electrician must slide
down the base one more time to zip tie all the wires collectively to the base. This is
done by grabbing a handful of zip ties then proceeded down the line to tie wires every
6-12 inches.

5. Once all attachments are completed, the electrician slides down the base one last time
to ensure that the electrical wire harness is up to Company XYZ standards and fulfills
the customer’s request.

During each step of this process, every movement was document to categorize within the task
analysis sheet.
Movements/Classifications (Step 1)

Each movement from step 1, along with the associated classification status from the task

analysis sheet was categorized as follows:

e Exerted slight force to push the toolbox to the workstation less than 10 times — ideal
(material handling)

e Exerted slight force to push the stool/chair to the workstation less than 10 times —
ideal (material handling)

e Sat on the stool/chair to begin assembling the electrical wire harness — warning

(contact stress) warning (sitting posture)
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Movements/Classifications (Step 2)
Each movement from step 2, along with the associated classification status from the task
analysis sheet was categorized as follows:
e Exerted minimal force to lower the base to the ground — ideal (material handling)
e Exerted minimal force with legs to slid down the line of the base to ensure it was
straight — ideal (force)
e While sliding, employee had to reach down more than 45 degrees more than 4 times
per minute to straighten the base — take-action (reach)
e Pressure points from the edge of the chair/stool at the hamstrings warning (contact
stress)
Movements/Classifications (Step 3)
Each movement from step 3, along with the associated classification status from the task
analysis sheet was categorized as follows:
e Hands were in power grip position while exerting minimal force to grab and hold zip
ties — ideal (force)
e Reaching and Bending more than 45 degrees from the stool/chair to the harness’ base
on the floor — take-action (reach)
e Sitting in the stair/stool position for extended time — warning (posture)
e Pressure points from the edge of the chair/stool at the hamstrings — take-action
(contact stress)
e Hands in pinch position when tying wires together every 6-12 inches - warning

(force) take-action (static loading) (repetition)
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Movements/Classifications (Step 4)

Each movement from step 4, along with the associated classification status from the task

analysis sheet was categorized as follows:

Hands were in power grip position while exerting minimal force to grab and hold zip
ties — ideal (force)

Reaching and bending more than 45 degrees from the stool/chair to the harness’ base
on the floor — take-action (reach)

Sitting in the stair/stool position for extended time — warning (posture)

Pressure points from the edge of the chair/stool at the hamstrings — take-action
(contact stress)

Exerting minimal for to zip tying every 6-12 inches — take-action (static loading)
(repetition)

Hands in pinch position when exerting less than 2 pounds of force tying wires to the
base — warning (force)

Once all wires are attached individually to the base, employee slid down the base to
attach (zip tie) the entire bundle (base and wires) together every 6-12 inches —

warning (force)

Movements/Classifications (Step 5)

Each movement from step 1, along with the associated classification status from the task

analysis sheet was categorized as follows:

Reaching and bending more than 45 degrees from the stool/chair to the harness on the

ground — take-action (reach)

Sitting in the stair/stool position for extended time — warning (posture)
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e Pressure points from the edge of the chair/stool at the hamstrings warning (contact
stress)
Table 1 shows how movements from the five steps were graded by risk factor levels: ideal,
warning, or take-action.
Table 1

Ergonomic Stress Factors Grading Scale

Stress Factor Ideal Warning Level =~ Take Action
Repetition II
Posture IV

Lifting & Material Handling I

Reach v
Force II I I
Static Loading & Fatigue II
Pressure/Contact Stress I II

Item Analysis

The Summary Worksheet shows the overall scoring of the task of assembling an
electrical wire harness. During each step, ergonomic stress factors were combined to quantify
the employee’s exposure to the following ergonomic stress factors: repetition, force, lifting and
material handling, static loading, posture, reach, contact stress, and the environment (see Figures

1 through 7).
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Directions: The Ergomomics Task Analysis Worlsheet provides a method for identifying, evaluating, and
eliminating/controlling ergonomic risk factors. Observe several task cycles prior to making notes or drawing
conclusions. Score each risk factor (ideal, waming level, or take action) that most resembles the task you are
analyzing. Once you have completed the worksheet, create an Action Plan (how to control or eliminate the risk
factor), focusing on tasks from the “Take Action™ column first. It is often helpful to videotape the job to
facilitate a more detailed review and action plan.

Repetition

MIOSH defimes a repetitive task as one with a task cycle time of less than 30 seconds or performed for
prolonged periods, swch as an 8-hour shift

Warning Level - Moniter

Action

anm motions

1. No repetitive hand or

1A. Repetitive hand or arm
motions with cycle times
of 30-60 seconds

1B. Repetitive hand or arm
otions with cycle times
of less than 30 seconds

straight

Posture

Ideal Waming Level - Monitor Take Action

Standing CD‘ Standing Standing i :I

2. Knees are straight, 2A. Knees partly #B. Squatting > 3 hrs/day 3
but not locked. | bent, . ~
Back is upright and I3
straight. Mo twisting, | 2B. Kneeling = 3 hrs/day |J[
reaching or bending. —
(See reaching)

2B. Using a foot padal :—-,Ei;r‘

Sitting f:‘ Sitting Sitting

3. Back and lags f ack i only JB. Little suppart for
supported by '| [y riially supported 1:’[ -2 legs and back.
comfortable chair. [_[ or feet are not flat. |\--—., Feet do nat
Foet are flat on “]1' { touch floor. _
floar ar foat rest. P = = '_H

Head/Meck Head/Neck Head/Neck

4. Head and neck 4A_ Bent forward less than 20° 44_ Bent forward mone than 20°
are upright and = 3 hrs/day

Figure 1. Ergonomic task analysis page 1.



Reach/Proper Height
Ideal Warning Level - Monitor Take Action
9. Work should be performed 9A. Amms forward up to SA. Arms forward
at 90" or shightly above or 457 or frequently more than 45"
below elbow level maintained or constantly
outside of the maintained
ideal position outsidge of the
> & hrs/day geal position
> 3 hrs/day
9B. Arms back up to 98. Asrms back more
20" and no mare than 20" or mare
than 2-4 times than £ times
per minute per minute
> 4 hrs/day > 3 hrs/day
9(. Elbows bent up o(. Hbows bent more
to 25% above than 25% above
or below the or below the
ideal position wdeal position
> & hrs/day > 3 hrs/day
8D. Elbows up to 457 SD. Hbows more than [,
away from body 45" away 4
> & hrs/day from body E
> 3 hrs/day y

10. No twisting. reaching
or bending

7
(1]

10A. Twisting up to 45°
or frequent
twisting
(2-4 times per
minute)

10A.

Twisting more ’

twisting (more
than 4 times
per minute)

10B. Benging/reaching forward
up Lo 457, frequent bending
(2-4 times per min-
ute) or > 30% mo

mng/reicmrg forward
ore than 457, highty

repetitive bending (more
than 4 times per

than 4 hours minute) or more
por day g than 2 howrc
without \ per day without
support support

10C. Bending/reaching 10(. Bending/reaching
to the side up to to the side more than
20" or frequent 20" or highly
bending (2-4 repetitive bending
times per to the side (more
minute) han & times

per minute) A

Figure 2. Ergonomic task analysis page 2.
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Force is the amount of physical effort required to do a task or maintain control of the tools or equipment,
Effort depends on the weight of the object, type of grip, object dimensions, type of activity, slipperiness of

the object and duration of the task.

11A. Objects lifted by hand weigh

11. Objects lifted by hand weigh 11B. Objects lifted by hand weigh
less than 1 pound less than 1 pound and more than 1 pound or highly
frequent lifting (no more repetitive lifting (more than
than 20 times an hour) 20 times an hour)
12. Objects lifted by the back 12A. Objects lifted by the back 12B. Objects lifted by the back
weigh less than 5 pounds weigh between 5 and 25 weigh more than 25 pounds
pounds or frequent lifting or highly repetitive lifting
(no more than 20 times/hour)| (more than 20 times/hour)
Duration on Duration
13. No pinch grip used. Fingers oderate pinch grip or pinch | 13A. Severe pinch grip or pinch
and thumb comfortably fit qrip with less than 2 pounds grip used with greater than
around tool or object of force 2 pounds of force
13B. Grip is slightly too wide 13B. Grip is extremely wide
14. | Power grip used with little 14A. Power grip used with less 14B. Power grip used with more
to no force. than 10 pounds of force. than 10 pounds of force.
Forearm rotation force is less Forearm rotation force is
than 5 pounds more than 5 pounds
15. Entire hand ~ 15A. Thumb 15B. Finger(s)
controls activated activated
trigger control control
16. Tools or objects have 16A. Awkward handles 16B. Handles, tools or objects that
handles that are rounded concentrate force or have
no handles
16A. Tools with #-3, - _ 16B. Handles that
awkward : ;_) concentrate
handtes ey \ force
© hoins Oua
A ee
16A. Objects with X 16B. Objects with (5.3
awkward handles ‘ no handles w
Slipperiness Slipperiness Slipperiness
17. Gloves do not need 17A. Gloves are needed but fit well] 17B. Gloves are needed but fit
to be worn poorty
i i - &=t

Figure 3. Ergonomic task analysis page 3.



Static Loading and Fatigue

Static loading refers to staying in the same position for prolonged periods. Tasks that use the same musdes or
motions for long durations (6 seconds ar more at one time) and repetitively (mare than 50% repetition)

increase the Likelihood of fatigue.

Warning Level - Monitor

Take Action

Duration
18. Caonstart pasition, tool o
ohject is held less than

Duration
18A. Constant pasition, tool or
object is held & to 10

Duration
18B. Constant pasition, toal or
object is held mare than

b seconds seconds 10 seconds

Repetition Repetition on

19. Less than 25% of the task 19A. 25% to 50% of the task are than 50% of the task
is repetitive is repetitive is rapetitive

Pressure/Contact Stress/Repeated Impacts
Rafers to pressure or contact from tools or equipment handles with narrow width that create local pressure, It

also applies to sharp corners of desks or counter tops, Impact refers to the use of hands, knees, foot, etc. as a
hammer. (Reloted to Force (onditions in item 16.)

Warning Level - Monitor

Take Action

20. No contact or impact stress:
tools, abjects, or workstation
do not press against hands
or body

20A. Occasional and minimal
pressure or impact on hands
or body. Hand, knee or other
body part used as hammer
less than 2 hours,/day

I 208. l'.mnstant pressure or impact

on hands or body. Hand,
knee or other body part
used a5 hammer more than
2 hours/day

Lifting and Materials Handling

Wamning Level - Monitor

Take Action

21. No kifting or lowering of
materials (see also Force for

21A Pecasional lifting and for
wering (no mare than

21B. Constant lifting and,or
lowering (mare than

weights of objects handled) 20 times per hour) 20 times per hour)
Push/Pull Push/Pull Push/Pull
22. No pushing or pulling of 22A. Pushing or pulling 10-50 22B. Pushing or pulling more than
carts or materials carts per shift 50 carts per shift

Bh’gm force is required to

push or pull carts or materials
Pushing is preferred over

pulling objects.

23A.Moderate force is required
to push or pull carts or
materials.

23B. High force is required to
push or pull materials.

Figure 4. Ergonomic task analysis page 4.
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ate
@ Worker has adequate control
aver work pace.

e
2&4A. Worker has some control
aver work pace.

ice
24B. Worker has no control
over work pace.

m The work area is quiet.

27A. The work area is
slightly noisy.

ting Lighting Lighting
L 25.] The lighting is adequate 25A. The lighting is slightly 25B. The lighting is significantly
for the task. too bright or too dark too bright or too dark
for the task. far the task.
mperature Temperature Temperature
[ 26. ] The temperature is 26A. The temperature is slightly 26B. The temperature is
comfartable. too cold or too hot. significantly too cold or
too hot.
Noise Noise Noise

27B. The work area is significantly
noisy (too noisy to cary on
a conversation).

Surface
28.] The flooring provides

good traction.

29. The flooring is sufficiently
padded to relieve stresc
an back and legs.

30. Floor mats are provided to
relieve stress on back and
legs. Employee can alternate
between sitting and standing.

Floor Surface
28A. The flooring is

slightly slippery.

E The flooring contributes
slight stress to the
back and legs.

30A. Standing 0-50% of time

without floor mats or other

means to relieve stress

an back and legs.

Floor Surface
28B. The flooring is moderately
to extremely slippeny.

29B. The flooring contributes
moderate to axtreme stress
to the back and legs.

3J0B. Standing more than 50%
of time without floor mats
or other means to relieve
stress on back and legs

Comments:

Employee 1 takes a break from reaching and bending over every 15-20

minutes. When asked why, employee 1 stated, taking a break to walk around relieves tension in the back

and legs. Employee also suggested that the over excessive bending and reaching was the most stressful part of

Note: The levels provided above are standard practices which have been accepted or established by NIOSH,
05SHA, ANSII and other related organizations.

The Jodl Goraericn CYnE g moe i 0 P) S5 Fuy o Slie o1 pealy HvARad e prTve I e arurmg lan o1 P deacnBad Ireancas

i Abi N1 SENENT M & AWEE PEENT o (ORI e Bews mrdkered & DNE Chey (00 00 Wnoked M RDORIDON L M PEEERT &0 80 oW 12 SER e B el (omdiiens &
angnsn. e bESkty o Genl! ADEUSE OR300 1 wills Bl 0 SeWad D By B (D S ot Bows Jf STeE el bl Wi kkakd 1 UG el

bY provwiog et oS menon e Amerven [Sasune
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Figure 5. Ergonomic task analysis page 5.
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LA
a.

10

1.

12.

13

14

15
15

.

18

1%

0

Posture

Vibration
Mo hand or arm vibration. (Mositer if occasional: take action if constant.)

had
hmwmnmb‘mlupmds uhwum«nd&almbrmmm‘

Bours/duy; take oction If arms are forward =45" or constantly out of ideal position =3 howrs/day )

nmmcwaammwum mt&t!nu/nm-u

Static Loading and Fatigue

No repetitive hand or arm motions. (Moaitor i repetitive cycle every 30-60 seconds; toke action 1f repetitive
gycle of less thas 30 seconds |

Standing, with knees stralght det not locked. (Mowitor If standing with knees partlally bent: toke action if
wsing a pedat or sguatting or kneeling more than 1 howrs/day.)

Sitting, back and legs comfortably supported, feet flat an floor/foor rest. (Mosvtor if back partially
sspported or feet mot flat on ficor: toke action if litthe sspport for back and legs. foet not touching fisor.)
Head and neck e upright and straight. (Mowitor if head and neck ase bant forwand = 20°; take action If =207

Head and neck are beat back, (Monitor if « 10°; teke activn if »107)

Head and neck ame twisting. {Mowitor If « 20°; teke action if »20°.)

Hamds {pabms) are vertical (Monitor if hands motate « 20°; foke oction if hands rotate »20°.)
Wrists are stralght, (Momitor If wrists are beat, extension/Mesion, « 20" for 5-30 thmes/minute; toke actiom If
Sent 20" or =30 tines/minste. )

Wrists move sidenays, ulnar/dlal. (Monktor if « 20° and 530 tines/misute; take actiow If bent =20° or
=30 times /minste }

No wholo body vibration. (Mowitor if occasional; toke action #f constast.)

mmcwtwn—:‘mzssMuuﬂummﬁmmy uu
getica W beat spwant »25% above or below ideal gosition »3 hooes/day.)

Elbows away from Body. (Mowitor if clbows are up to 45° away fom Sody »4 Rours/day; take action if elbows
are »45° away from body »3 howrs/day )

Mo twisting, maching or dending, twisting/repatitive. (Monitor If twisting up to 45° er 2.4 times/minute;
foke oction ¥ »45" or »4 times/misute )

WMM(MMHMWMMQMH'uzAdwmuu-ao fou

wmuwmmuumzn ulemm mmw-zo'onu

Objects lifted by hand weigh less tham one pound. (Momitor if objects weighing « 1 |b. ase tfted up to 20
times/hour; foke action if abects weigh »1 . or Wifting occurs »20 times hour.)

Ojects Ufted by the back welgh less than 5 gounds. (Monitor if objects weigh 525 Lbs, or lifting occuns up
to 20 owr; take ection if »25 b6, or eccurs »20

Mo pinch grip used. (Mowiior use of pinch grip with « 2 B5 of foece; take action # pinch grip with =2 Lbs. of|
m.s&x

hmgia-dmmfmu(mlm’inm-Inlgfmnamdauhmmomnfun

% « Slbs ; toke gction o power grip with =10 s Soece bs wsed and fomarm rotation force |s »5 Lbs )
Entiee hand controks . {Monitor #f thumb controls; tade action ¥ fi 3| centmol.

Teols or objects have reunded, padded Bandies. (Maoitar i handies are awlkward; take action If theve ame mo
Bbandies or hasdies concentrate force.)

Gloves do mat need to be woem at any time. (Monitor If gloves are needed But fit well; toke oction If gloves
fit poorty)

Constant position, tool or ebject is held less than 6 seconds. (Momitor If held detween &-10 seconds; toke
action o held »10 seconds )

Less than 25% of the task s repetitive. (Mositor if 25.50% repetitive; take action if »50% repetitive.)

Stress/Repeated Impacts
Mo contact/impact stress (Mowdtor If occasional pressere o body part Is ssed as hammer = 2 hours/day;
mmdmzmm«hgmsmaw.zwg)

I
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Figure 6. Ergonomic task analysis page 6.
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Summary Worksheet Date
Condition Warning | Take
ldeal | “Lovel | Action
Liftimg amd Materials Hamdling
21, Mo lifting or loweriag of materals. (Momitor if oocasional and/or no mose than 20 times/howr; foke oction if
constant and/or greater tham 20 Hmeshowr. Fa @ Ha
22. Mo pushing or pulling of materials. [Menitor if peshing/pulling 10-50 carts/shift; toke actios if peshing/pulting
mom than 50 t.l_ti.iilﬁﬁ_l 22 22A 28
23, Slight force is mquired to push or pull matesials. [Menitor if moderate force i reqeised; fake achow if igh
foece is sequined.) ) e b5t}
Envireament l
24. Worker has adeguate control over workplace. (Moo if workes has some conteol; toke octios if worer bas no control.) [24 ] 24 248
25, L Is e for the ek, if =t oo dark of toke action if signif tea dark o . | &5 ] 254 58
26, Temperature is comfortable. (Monktor if dightly too cold or hot: foke actios if sigeificastly too cold oo hat.) [ 26 | 26A Fi |
7. Work area is Manitor if too noisy; boke oction if signific too nolsy.| | 27 ] 274 bal]
2B. Hsorl traction. [Masitor if s d tole oction to i (28] zma 88
29. Flooring ts sufficestly padded to nebleve siress on back and logs. (Momitor if slight stress to back and legs; teke
mrﬁ moderately Ep;m-u shyess | - - - b 28
30. Floor mats are provided. Employes can abternabe betweon sitting and standing. (Mostor if employes is standing up
to 50% of shift without floor mats or athar stress sediof for back and lege toke sctien #f standing »50f% of shift 30 04 08
without fioor mats ar other setief for back and legs.

Action Plan
Today's date: _April 19, 2019 Date Solution to be Completed

Location/Department: _Confidential / Assembly Line

JobTask Title: Production / Assembly line electrician

Evaluator: __ Anthony Hendricks

Describe MSD in previous 24 months:

back and shoulder achs, siiffness in the hamstrings and knees

and lower back.

Summary of Problem: Repetition, reaching and bending for long periods fo assemble an electrical wire
hamess.

Recommended Solution: 1) Engineering Frovide an adequate adjuctable table to assemble the elecirical
wire hamess on.

2) Administrative: PTovide a 2 person percedure to assemble the electrical wire hamess.

Date Solution Actually Completed: Actual Cost:

Figure 7. Ergonomic task analysis page 7.
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Summary
The Summary worksheet shows how each applicable ergonomic stress factor was graded
by the following three risk-level categories. Each category describes why the employee’s
movements are ideal, warning, or take-action. For the “Ideal Level,” the stress factors were:
e Force (1)
e Lifting and material handling (1)
e Environment (5)
For the “Warning Level,” ergonomic stress factors were:
e Posture
e Force
e Lifting and material handling
e Environment
For the “Take-Action Level,” ergonomic stress factors were:
e Repetition
e Reach
e Static Loading (2)

e (Contact Stress
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Chapter V: Discussion, Conclusion, and Recommendation

The purpose of this study was to evaluate the job tasks of an assembly line employee
electrician who must assemble an electrical wire harness to determine mitigation methods for the
ergonomic stress factors associated with the job.

Research Objectives

The goals that guided this study were:

e Use the Ergonomic Task Analysis Worksheet to evaluate the process of assembling

an electrical wire harness.

e Analyze the data collected to identify which ergonomic stressors are contributing

factors to employee musculoskeletal disorder complaints.
Methodology

This researcher used the Ergonomic Task Analysis Worksheet to evaluate the process of
assembling an electrical wire harness to breakdown each of the employee’s movements into the
following ergonomic stress factor categories: repetition, posture, lifting and material handling,
reach, force, static loading and fatigue, and pressure/contact stress.

After collecting data from the ergonomic task analysis worksheet, the data was analyzed
to identify which ergonomic stressors are contributing factors to employee’s musculoskeletal
discomfort. Each step associated with assembling an electrical wire harness was scored into
ideal, warning, and take-action categories. Doing so provided a hierarchy for the steps that need
to be abated as soon as possible compared to the ideal steps ranked much lower in the list.
Discussion

Company XYZ is a steel manufacturing company that produces and distributes street

sweepers. The facility hosts a wide range of office and plant employees. Plant employees are
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tasked with the production of the street sweepers. The production process is divided step-by-step
from start to finish of each street sweeper.

The steps to building a street sweeper include mailing and receiving, welding, painting,
then the assembly line of merging the parts together, and lastly, testing the finished product.
Each step is an intricate piece to delivering quality products, not only performing as expected,
but also visually appealing to assist with continuous sales. Towards the end of production,
assembly line workers are tasked with assembly an electrical wire harness that controls the
features to each street sweeper. Assembling an electrical wire harness can vary for completion
time depending on customer’s request for different features. On average to complete the street
sweeper it takes 120 minutes. To briefly describe the procedure, only one assembly-line
employee can assemble an electrical wire harness at a time. That employee at the time is
required to follow these steps:

e Check to see customer’s request

e Layout base of the harness on the floor

e Individually attach smaller wires every 6-12 inches to the base by zip tying them

e Attach all wires collectively to the base every 6-12 inches by zip tying them

e Double check to ensure finished electrical wire harness meets customer’s request
After completing an electrical wire harness, assembly line employees had been experiencing
discomfort in their neck, back, shoulders, and knees, which led them to file complaints with
Company XYZ. Currently, Company XYZ does not have metrics in place to provide
quantifiable data that narrows down which movements caused the employees discomfort. If left
untreated, employees will continue to aggravate the areas of discomfort that lead to nagging

musculoskeletal injuries.
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Musculoskeletal injuries are injuries or pain within the musculoskeletal system. Some
common musculoskeletal disorders are carpal tunnel syndrome, back disability, and rotator cuff
tendonitis. These types of injuries can be mitigated if caught at an early stage. One way of early
detection is for companies to have a successful ergonomics plan in place. Ergonomics is an
applied science and focuses on the design of equipment to fit the majority of people who must
interact with it (OSHA, 2000). The six core elements for a successful ergonomics program are
management commitment, employee involvement, identification of problem jobs, analyzing and
developing controls for problem jobs, training and education, and medical management (Monroe,
2006). As previously stated, Company XYZ has been missing a core component to a successful
ergonomic plan, which is analyzing and developing controls for problem jobs. This component
provides methods to produce quantifiable data that can lead to a meaningful solution.

The Ergonomic Task Analysis Worksheet, created by the Great American Insurance
Company (2004), categorizes the most common risk factors to observe when evaluating high-
risk jobs that can lead to musculoskeletal disorders. The risk factor categories include repetition,
posture, vibration, reach, force, static loading and fatigue, contact stress impacts, lifting and
materials handling, and the environment. Within the categories, the assessor must score each
risk factor as ideal, warning level, or take-action. Ideal is considered as acceptable, and no
changes are required. Warning level categorizes the action/task as being acceptable but with
some areas of concern that can lead to injuries down the line. Take-action items are high risk
actions/task an employee is performing that draws serious concern to their safety and should be
abated as soon as possible. The Ergonomic Task Analysis Worksheet was essential in evaluating
potential MSD concerns associated with the assembly of the electrical wire harness for Company

XYZ’s employee.
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Conclusions

After utilizing the Ergonomic Task Analysis worksheet to guide observations while a
first-shift employee electrician assembled the electrical wire harness, enough quantifiable data
was collected to identify the ergonomic stress factors and the high-risk movements associated
with assembling an electrical wire harness. The “Ideal Level” ergonomic stress factors and
movements were as follows:

e Lifting and material handling

e Force

e Environment
The ideal level is considered as acceptable, and no changes are required. Lifting and material
handling is ideal because the employee exerted only slight force to push the toolbox to the
workstation less than 10 times, exerted slight force to push the stool/chair to the workstation less
than 10 times, and exerted minimal force to lower the base to the ground. Force is ideal because
the observed employee’s hands were in a power grip position while exerting minimal force to
grab and hold zip ties. Environment is ideal because the employee had adequate control over the
workstation, the lighting was adequate for the task, the temperature of the plant was comfortable,
and work area was quiet.

The “Warning Level” ergonomic stress factors and movements were as follows:

e Posture

e Lifting and material handling force

e Environment
The warning level categorizes the action/task as being acceptable but with some areas of concern

that can lead to injuries down the line. Warning level categories, if caught early, can be abated
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before the exposure to the employee gets any worse. Posture was categorized as a warning level
during the observation because the employee sat in the stair/stool position for extended time with
little to no back support. The employee had to sit for over a third of the time while assembling
the electrical wire harness, which added up to approximately 90 minutes. Contact stress was
categorized as a warning level because while the employee sat in the chair, their hamstrings were
at the edge of the metal chair. Force was categorized as warning level because the employee’s
hands were in a pinch position while exerting less than two pounds of force tying wires together
every 6-12 inches. Environment was categorized as warning level because the concrete flooring
contributed slight stress to the back and legs.

The “Take-Action Level” ergonomic stress factors and movements were as follows:

e Reach

e Repetition

e Static Loading

e Contact Stress
Take-action items were high risk actions/task an employee was performing that draws serious
concern to their safety and should be abated as soon as possible. The employee continuously had
to bend and reach more than 45 degrees throughout the 2-hour task of assembling an electrical
wire harness. Repetition was graded take action because of the repetitive hand motions the
employee had to make to zip tie each individual wire to the base, then as a group to the base.
Similar to the repetition category, static loading was graded take action because more than 50%
of the task is repetitive. Contact stress was graded take-action because of the constant pressure

on the employee’s hamstrings from sitting on the stool/chair.



40

Recommendations

Following the risk-level hierarchy, the take-action recommendations will be first
followed by the warning level recommendations. Lastly, comments made explaining the ideal
level justify why those ergonomic stress factors for electricians assembling the electrical wire
harness the are acceptable if kept under control. Each ergonomic stress factor was given either
an engineering control recommendation or an administrative control recommendation.
Engineering control is focused on the design of the equipment to better fit the employee using it,
which helps omit or significantly reduce the employee’s exposure to risk. An administrative
control focuses on the changes within the procedure the employer can adjust to mitigate the
employee’s exposure to risk.

The following ergonomic stress factors are eliminated by using the Translyft double
horizontal lifting table to assemble an electrical wire harness:

e Reach (take-action)

e Contact stress (take-action)

e Lifting and material handling (warning)

e Posture (warning)
The Translyft table (see Figure 8) is adjustable by both height and length. The table lifts as high
as 6 feet and lowers to ground level. The table can extend horizontally as much as 14 feet
(Translyft, 2019). The lifting and lowering feature will eliminate employees reaching or bending
forward more than 45 degrees when assembling an electrical wire harness. The extension feature
of the table helps to have a flat surface to assist with keeping the electrical wire harness straight,

assisting with the mitigation of lifting and lowering the base of the electrical wire harness.
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Purchasing a Translyft table will also assist with the mitigation of another take-action
ergonomic stress factor, which is contact stress. Contact stress is considered take-action because
the observed employee’s hamstrings were constantly at the metal edge of the stool. By having
an adjustable table, the employee is not required to sit on the stool the entire time and can adjust
the table to standing height to relieve stress. When the employee is required to sit on the stool,
he or she does not have to reach or lean forward more than 45 degrees, because the table can lift
or lower to employee’s one preferred setting. Having the adjustable table will improve employee

posture, which was graded at a warning level.

Figure 8. Translyft double horizontal lifting table.

The following ergonomic stress factors could be eliminated by utilizing the AT3080:
e Repetition (take-action)
e Static loading (take-action)

e Force (warning)
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The AT3080 (see Figure 9) is an automatic zip tying gun that specializes in increasing
productivity while reducing manual labor (Hellermann Tyton, 2019). Repetition and static
loading are take action because the observed employee has to zip tie wires individually to the
base of the electrical wire harness every 6 to 12 inches. While zip tying, the employee exerts
slight force continuously while their hands are in the pinch-grip position.

To eliminate the employee’s exposure to the repetition, static loading, and force, it is
recommended that Company XYZ purchase an AT3080 auto tool. By automating this process,
the Company XYZ will eliminate the static loading build up from the employee constantly
repeating the zip tying motions and eliminate the employee’s hands being in the pinch-grip

position at all. To purchase, refer to the AT3080 link on the reference page.

Figure 9. The AT3080.
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The following ergonomic stress factor is reduced when utilizing the custom runner mats:
e Environment
The custom runner mats (see Figure 10) are specially designed anti-fatigued mats that provide
more comfort to employees having to be on their feet for an extended period of time
(ErgoWorks, 2019). The mat will reduce the stress the concrete floor adds to employees when
having to stand.

To purchase the custom runner mat, refer to the link on the reference page.

Figure 10. Custom runner mats.

The following ergonomic stress factors are ideal and do not need an action plan:

e Force

e Lifting and material handling

e Environment
The observed employee demonstrated ideal force while holding zip ties in power-grip hand
position. The employee exerted slight force to push and pull the cart to the work station, which

is why lifting and material handling is graded ideal for this task. Lastly, the employee’s
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environment is ideal because the lighting is adequate for the task, the temperature is comfortable,

the work area is quiet, and the floor provides adequate traction.



45

References

Aon. (2016). Safety management function: Current state of ergonomics programs. Retrieved
from https://www.workcompcentral.com/fileupload/uploads/2016-08-25-

030226 NATIONAL%202015%20Safety%20Mgmt%20Srvy%20Final%20030716.pdf

ErgoWorks. (2019). Products. Retrieved from https://askergoworks.com/products/smartcells-
anti-fatigue-mat-from-satech

Great American Insurance Company. (2004) Ergonomics task analysis worksheet. Retrieved
from https://www.telcominsgrp.com/wpcontent/uploads/2012/09/ergo ProgramGuide.pdf

Great American Insurance Company. (2019). Loss prevention. Retrieved from
https://www.greatamericaninsurancegroup.com/for-businesses/tools/loss-prevention

Griffin, G. G. (1992). Understanding ergonomics. Rural Telecommunications, 11(5), 58.

Hellermann Tyton. (2019). At3080 auto tool. Retrieved from
https://www.hellermanntyton.us/products/102-00000/

Hoff, J. S. (2014). Ergonomics: A key factor in workplace productivity. Electrical
Apparatus, 67(2), 26-27.

Holtermann, A., Jergensen, M. B. Gram, B., Christensen, J. R., Faber, A., Overgaard, K., &
Segaard, K. (2010). Worksite interventions for preventing physical deterioration among
employees in job-groups with high physical work demands: Background, design, and
conceptual model of FINALE. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/20214807

LaBar, G. (1991). Building ergo land. Occupational Hazards, 53(10), 29-33.

Longo, F., & Mirabelli, G. (2009). Effective design of an assembly line using modelling and

simulation. Journal of Simulation, 3(1), 50-60.


https://www.greatamericaninsurancegroup.com/for-businesses/tools/loss-prevention

46

McGlothlin, J. D. (2014). Prevention through design ergonomics program at Bath Iron
Works. Retrieved from
https://www.tandfonline.com/doi/abs/10.1080/15459624.2014.946516

Monroe, K. A. (2006). Ergonomics 101. Industrial Engineer, 38(3), 41-45.

Occupational Safety and Health Administration. (2000). Guidelines for nursing homes.
Retrieved from
https://www.osha.gov/ergonomics/guidelines/nursinghome/final nh guidelines.pdf

Occupational Safety and Health Administration. (2016). Safety and health program management
guidelines. Retrieved from https://www.osha.gov/shpmguidelines/SHPM _guidelines.pdf

Occupational Safety and Health Administration. (2017). Recording and reporting occupational
injuries and illness. Retrieved from https://www.osha.gov/laws-
regs/regulations/standardnumber/1904/1904.4

Roth, C. (2011). The importance of ergonomics for the safety professional. Retrieved from
https://www.ehstoday.com/news/importance-ergonomics-safety-3009

Smith, S. (2003). Elements of effective ergonomics. Industrial Engineer, 35(1), 49-52.

Translyft. (2019). Double horizontal lifting table. Retrieved from

https://translyft.com/solutions/standard-products/double-horizontal-scissor-lift/


https://www.osha.gov/ergonomics/guidelines/nursinghome/final_nh_guidelines.pdf
https://www.osha.gov/shpmguidelines/SHPM_guidelines.pdf
https://www.osha.gov/laws-regs/regulations/standardnumber/1904/1904.4
https://www.osha.gov/laws-regs/regulations/standardnumber/1904/1904.4
https://translyft.com/solutions/standard-products/double-horizontal-scissor-lift/

Ergonomics Task Analysis Worksheet

Directions: The Ergonomics Task Analysis Worksheet provides 3 method for dentifying, evaluating, and
ehminating/controlling ergonomic nik factors. Observe sewiral task oycles pnor to malong notes oF driwing
conclusions. Score each risk Bactor (ideal. waming level, of take action) that most resembles the Lask you ane
analyzing. Dnoe you hawve completed the workshest, create an Action Plan (how to contrel or eliminate the risk
factor), Focusing on tasks from the “Take Action™ column first. It s often helpful to videotape the job to
facilitabe a more detailed review and action plan.

Repetition

NIO5H defines a repetitive task as one with a task cycle time of less than 30 seconds or performed for
prolonged penods. such as an B-hour shift.

4. Head and neck
are upright and
straight

Ideal Warning Level - Monitor Take Action
1. Mo repetitive hand or 1A. Repetitive hand or arm 1B. Repetitive hand or arm
arm motions mations with cycle times motions with cycle times
of 30-60 seconds of less than 30 seconds
Posture
Ideal Wamning Level - Monitor Take Action
Standing {:'l. Standing Standing :';I
2. KEnees are straight. X 2A. Enees partly 2B. Squatting = 3 hrs/day
but not locked. | bent. !
Back is upright and .?'I'
straight. No twisting, 28. Eneeling = 3 hrs/day H
reaching or bending. —
[See reaching)
2B. Using a foot pedal ﬁ)’
Sitting Sitting Sitting
3. Back and legs 3A. Back is only | 3B8. Little suppost For
supported by partially supported I[" legs and back.
comfortable chair. or Feet are not fat. i = Feet do not
Feet are flat on | touch flioor
floor or foot rest. =
Head/Meck Head /Neck Head /Neck

4A. Bent forward less than 20°

4A. Bent forward more than 20°
= 3 hrs/day
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Appendix A: Great American Insurance Company Ergonomic Task Analysis Worksheet
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Posture (continued)
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Warning Level - Monitor

Take Action

Head/Meck

4. Head and neck
are upright and
straight

Head/Meck
4B, Bent back less than 107

11l

Head/Meck
4B. Bent back more than 107

-

11

4L, Bent sideways less than 207

i

)|

4. Bent sideways mre than 207

L i
5
7
|

g il

&4D. Twisting neck less than 207

40. Twisting neck more than 207

Ldeal

Warning Level - Monitor

Hands
5. [Palms are wertical
{hamndshake position)

Hamdls
S5A. Hands rotate less than 207

Handis
54._ Hands rotate more than 20°

Wirists
6. ‘Wrists are straight

<=
=)

€D
Wrists

A, Wrists are bent bebaeen
5 and 30 times per minute
and bent less than 20°

-

BA_ Wrists are bent more than
30 times per minute o
bent more than 20°

wstansian 7
. i
. -
Mk n

GB. Wrists move sideways
between 5 and 30 times per
minute and less tham 207

BE. Wrists mowve sideways more
than 30 times per minute or
maone than 20°

wadis.
Vibration {Check with tool manufacturer for roommendaticns or manmvings.)
Ideal Warning Level - Monitor Take Action

7. No hand or arm wvibration

TA, Decasional hand or
arm wibration

TB. Constant hand or
arm wibration

B. Mo whole body wvibiratson

a8a. Occasional whole body
wibiration

88. Constant whole body
wibration




Force

Force is the amount of physical effort required to do a task or maintain control of the tools or equipment.
Effort depends on the weight of the object, type of grip, object dimensions, type of activity, slipperiness of

the object and duration of the tazk.

Warning Level - Monitor

11. Objects lifted by hand weigh
less than 1 pownd

114, Dbjects lifted by hand weigh
less than 1 pouwnd and
frequent lifting (mo more
tham 20 times an hour)

20 times an howr)

12. Objects lifted by the back

weigh bess than 5 pounds

12A. Dbjects lifted by the back
weigh between 5 and 25
pounds or freqguent lifting
{no mare tham 20 times hour)

12B. Dbjects Lifted by the back
wigh more than 25 pounds
or highly repetitive lifting
{more tham 20 times/howr)

Duration

13, Mo pinch grip used. Fingers
and thumb comfortably fit
amgund ool or object

© =71

Dhuarad oom

13A. Moderate pinch grip or pinch
grip with bess than 2 pounds
of force

e

Duration

134, Severe pinch grip or pinch
grip vied with greater than
2 pounds of force

o 7z

13B. Grip s slightly too wide

138, Grip is extremely wide

14, Power grip wsed with Little

to na force.

184, Power grip used with less
than 10 pounds of force.
Forearm rotation force iz less

than & pounds

148, Power grip used with mone
than 10 pounds of force.
Forearm rotation force i
mong than 5 pounds

Entire hand =
contrals

trigger

15.

154, Thumb
activated
conmtrol

15B. Finger(s)
activated

coentral

16. Tools or objects have
handles that are rounded

16A, Awkward handles

168, Handles, tools or objects that
concentrate force ar have

16A. Tools with # -4 - _

awkwarnd
SN

16A. Objects with
awkwand handles

Choose One

168, Handles that
concentrate
force

%‘)

i)
168, Objects with (0.3

== g2

Slipperiness

17. Gloves do not meed
to be woarn
at any time -

handles
&
Slipperiness

17A. Gloves are needed but it well

Slipperiness
17H. Glowes are needed but fit

£=1 7

Shcw =



Static Loading and Fatigue
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Static loading refers to staying in the same position for prolonged penods. Tasks that use the same muscles or
mations for long durations (6 seconds or more at oné time) and repetitively (more than S0% mepetition)

increase the likelihood of fatigue.
Tdeal Warning Level - Moniter Take Action
Duration Duration Duration

18. Conctant pasition, tool or
object is held less than

184, Constant posithon, tool or
object is held & to 10

18B. Constant pasition, tool or
object is held more than

& Leconds Lecands 10 weconds

Repetition Repetition Repetition

19. Less than 25% of the task 194, 25% to 50% of the task 198. More than S0% of the tatk
is repetitive 15 repetitive 4 repetitive

Pressure/Contact Stress/Repeated Impacts
Refers to predsure or contact from tools of equipment handles with narrow width that create local prediure. It

alsa applies to sharp comners of desks or counter tops. Impact refers to the use of hands, knees, foot, etc. as a
hammer. (Related to Force (onditions in item 18.)

Warning Level - Noaltor

20. No contact or impact streis:
tools, objects, or workstation
do not press against hands

204, Occavional and minimal
pressure or impact on hands
of body. Hand, knee or other

208, Constant presture of impact
on hands or body. Hand,
knee or other body part

push or pull carts or materials
Pushing is preferred owver

pulling objects.

or body body part used a5 hammer used a5 hammer more than
less than 2 hours/day 2 hioursfday
Lifting and Materials Handling

Ideal Waming Level - Monitor Take Action

21, No lifting or lowering of 21A, Dccasional lifting and for 218, Constant lifting and for
materials (see also Force for lowering (no more than lowering (more than
weights of objects handled) 20 times per hour) 20 times per howr)

Push/Pull Push/Pull Push/Pull

22, Mo pushing or pulling of 224, Pushiing or pulling 10-50 228. Pushing or pulling more than
carts or materials carts per shift S0 cants per shift

23. Slight force is required to 23A. Moderate force is required 23B. High force is required to

to push or pull carts o
materials

pish or poll materiaks,
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k. Worker has adequate contnod | 248, Worker has some Oontnod 248, Worker has no contnod
ovel work pace, el Wil pace. el wolk pace.

Lighting Lighting Lighting

25. The lighting is adeguate 254 The lighting i slightiy 258, The lighting is significantly
for the task too brght or too dark ton bright o too dark

for the task for the task.

Temperature Temperature Temperature

6. The temperature & 26A. The temperature & shghtly 268, The temperatue &
comfortable. too oold or too hot. significantly too cold or

oo heot.
Noise Maoise Noise
21, The work area is guiet. 2TA. The work area i 2718, The work azea is significantly
slightly noiey. noitsy (too moisy to camy on
a comversabion).

Hoor Surface Floor Surface Floor Surface

8. The Rooring provides ZBA. The Aooring is 288, The fooring is moderatedy
gioed tracticn. shightly slippeny. to extremely slippeny.

29, The Roowing is sufficently 28A. The Rooring contributes 298, The Rooning contributes
padided to retbeve siress slight stress to the mederate to extreme stress
on back and legs back and lags. to the back and legs.

30. Floor mats are provided to J0A. Standing 0-50% of time 308. Standing maore than 50%
refieve stress on back and withowt floor mats or other of time without floor mats
legs. Employee can altemate means to relieve stress or other means to relieve
between sitiing and standing. on back and legs. stress on back and legs

Comments:

MNote: The levels prowvided above are standand praciices which hawve been atcepbed or established by NIOSH,
OSHA, ARSI and other related orgamizations.

Tl R R R F MR PRV DR B kil B Rl bV TR T

o

e e T SR R T BRI ST g e el TR Ny @ B ETTEel T Shengr gl o o FTEER  0 a0% T F T Eaed B e | RETEE
e e hERRT O T AR EEY PR T il R S e 1 P R e S s i el RS B B el [ e P ey

el BTy § B ST BT R ReE! @ pEad” ] S R TR R e By RS BN B A EEE E e e

|l e e Bpe e PRLEE LR W S e ke bedik ol B

AV p el T AR S REELE S B



Summary Worksheet
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R et
1. Mo mepetities hand or 2 motions. (Momtor if mpetitive cycle every 30-60 seooads; foke sction if mpetitie
oycle of bess thas 30 ceooeds. |

Poat uine
. Standi with inees straight bet not locked. (Mowitor if standing with knees partially bent; toke action if

using a foot pedal or squatting or knesting mons than 3 howrs/day. )

3.  Sittieg, back and beqs comfortably supported, feet flat on floofeor rest. (Momiter iF back partially
sspported or feet ot Aat on Floor; fole scthon if litthe sepport for back and legs, feet not beeching Ffloar]
4. Head and neck ase upright and straight. | Mostor if head and neck are bent foreaed = 2077 teie ochion if =207

=3 Pauirs il )

Head and neck ae bent back. |Mongor if = 107 toke sciion if =00°.]

MHM-M&!MH’!N;WM‘FH]

5. Hands (pabms) are werbical. [Momitor if hands rotate = 20°; fake achow if hands rotate =307.)
&, Wrisks am shraight. {Mosior if wrists are best, extession fasion, = 20° for 5-30 Hmes,'minute; fake sohos if

Bant =20" o =30 Eirmas ‘rmvi st |

Wrists moer cdeways, ulnarmadial (Mondtor if = 20° aed 5-30 times‘misute; foke achoe if bent =20° or

=30 Cimmis v nete. |

Wilkration
7. Mo hand o aem vibratkon. [Manifor if pocaiional: fode action W constant. )

& Mo whole body vileation. (Mosstor if occasional; doke scten if constaet. |

Reach
.  Mwe positioned at elbow level. (Mostor if up to 5 or feegquently cut of ideal pesition for more than 4

Bours‘dary; foke octiow if arns am foreand =45° or constantly out of ideal positis =3 howrsday |

AiTe hn:i'_l:mﬂlmhadupr.niﬂ mliﬁnﬂifﬂﬂmtl

Eh:ﬂ:hntmqmlllﬂ':Illt-tuﬁ'imurhlhuthalmlﬁmﬂhnﬂ}diy,!ﬁ
action if bent spwasd =25% aboess o below ideal position =3 howrsday. ]

[Elboows away feom Bady. | Mowwidor if elbows ane up to §5° away fion body =5 hours,'day; ke ochos iF sbows
an =i 5 away from body =3 howrs/dasg |

10, Mo twisting, maching or bending, bwisting/repetitier. [Monitor if twisting up to 45° o 2-4 Himes/minube;
il Scthon i =45 HF‘HEM

ndiing formand. [Mamitor if bending/veaching forward ep to §5° o 2-4 times/minute or =30° for
ﬂ;@;@ﬂl oo if =45" o =d times/minute or =2 hmday w)'out support.)

m-i.-‘lrﬂlgmhilﬂ.iﬂmﬂ‘uptnlﬂ o 24 Hime/misiite; fake achios i =500 or =4
Ti

b

11. Bgects lifted by hand weigh bess thas one pound. [Mositsr iF objects welkghing = 1 b e bfted =p to 20
times/hour; fake achows if objects weigh =1 B o bifting oocurs =20 tmeshowr.)

12 ejects lifted by the back welgh ke than 5 poundc. [(Monitor if objects weigh 5-25 Lbs. or Lifting ecosrs up
o 20 times/how; foke achow if objects weigh =25 Bs. oo lifting eccurs =20 Himeshos |

13. Mo pinch grip wsed. {Mowitor use of pinch grip with = F B of foere; tsée action if pinch grip with =2 Lbs. of
ooy 1 wsod )

Wide pinch grip used. (Monitar if skightly too wide; fake achon if exremely wide. |

14. Power grip esed with no force. | Mositor if powser grip with = 10 Bs. foroe is wed and forearm mtation force
= Slbs.; ik sction if power grip with =10 bs. foce is ewed and fomarm retation force is =5 Lbs. ]

15, Enbies hand conbeols . {Manstor i thumb ceetrols: foke scion o fi 5] centrol.)

18 Tools or objects bave rounded, padded bandies. |Monitor o kandies are awiwand; foke achow if teee s m
1

17. Glosws do not nesd to be ween at any time. [Monifor if glowes. are needed But Ffit sell; foke achos if gloves
fit_possaty §

Static Loading asd Fatigue
18 Comtant position, tool or object is beld ke than 6 seconds. (Momitor IF held bebwesn & 10 secomnds; foke

action il held =10 weconds. )

19.  Less than 25% of the task is repetitive. (Momtor if 25-50% mpetitee foke achion iF =50% repetitive.)

Preszure/Contact Stress/Repeated Impacts
oL Mo contactAimpact stress (Mosstor if oocavional precoene or body part 15 esed as hammer = 2 hours/‘day;

tode scthon if cosstant pressess oo body part is wued o hammer =2 bours/day )

(T I I N

fc

28

ia

EREE

78

oa

1

134
138

4B
158

ITe

208




Summary Worksheet

:Lumumd:m:n(m«mw-mmnmmwi
conctant J0d/or greater than 20 timew/hogr,

22. No pushing or dmmumwwumum'mhm
mon than 50

23 mmuwum-nmm—aummumumc»

u. LS AN Il al Ll AUY ‘ TS ~: ' AR L™ i .".-'. w
29. Flooring i suficlently padded to rebieve stress on Sack and legs. (Momrtor f slight stress to back and legs; take
action ¥ moderately 50 extreme stress)

30. Floor mats aw provided. Enployes can altornate betweens sitting and standing. (Momitor if emploges is standiog W
%o 50% of st without floor mats or other stress rebiel for Back and legy tole action ¥ ctanding »SO0% of chift

without floor mats or other mbief for Sack and legs.
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Action Plan
Today's date: Date Solution to be Completed

Location/Department:

Job/Task Title:

Evaluator:

Describe MSD in previous 24 months:

Task:

Summary of Problem:

Altemative Solution and Costs:

Recommended Solution: 1) Engineering

2) Administrative:

3) Use of personal protective equipment

Date Solution Actually Completed: Actual Cost:
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Appendix B: IRB Consent Form

Consent to Participate In UW-Stout Approved Research

Title: An Evaluation of Ergonomic Stress  Research Sponsor: John Dzissah

Factors at Company XYZ (715-232-1265) 246 Jarvis Hall-Tech
Wing

Investigator:

Anthony Hendricks Jr.

(773-750-3697).

Description:

The purpose of this research is to identify the ergonomic stress factors associated with
assembling an electrical wire harness at Elgin Sweeper. Ergonomic stress factors can include:
awkward postures, repetitive motions, and excessive reaching. Identifying ergonomic stress
factors can prevent musculoskeletal injuries. To identify the ergonomic stress factors associated
with assembling an electrical wire harness | plan to observe the assembly line employee that is
assigned with the wire harness task. | will observe by following guidelines on the Liberty Mutual
Ergonomic Task Analysis Worksheet. Utilizing this worksheet will help pinpoint the motions that
are causing aches, strains, or stiffness, also known as ergonomic stress factors. Once the
motions are pinpointed | can then research mitigation methods to limit or eliminate the motions
within the task that are contributing to the stress factors.

Risks and Benefits:

The minimal risk perceived during my observation would be the discomfort (stiff neck/back &
shoulder strains) of the employee assembling the wire harness. The observed employee will
benefit because he will know exactly what motions during the task are causing their discomfort.
Also, once the motions are pinpointed a mitigation plan to limit or eliminate those motions will
follow.

Time Commitment:
The time frame will be one day or the amount of time it takes to finish one electrical wire
harness.

Confidentiality:

I will not include your name or your employer on any of the documents. This informed consent
will only be seen by myself, your EHS manager, and the UW-Stout IRB and not turned in with any
other documents.
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Right to Withdraw:

Your participation in this study is one-hundred percent voluntary, you can decline participation
without any consequences. If you choose to participate and down the line decide to withdraw
your participation, you have the right to do so without any consequences.

IRB Approval:

This study has been reviewed and approved by The University of Wisconsin-Stout's Institutional
Review Board (IRB). The IRB has determined that this study meets the ethical obligations
required by federal law and University policies. If you have questions or concerns regarding this
study please contact the Investigator or Advisor. If you have any questions, concerns, or
reports regarding your rights as a research subject, please contact the IRB Administrator.

Investigator: Anthony Hendricks Jr., 773-  IRB Administrator

750-3697, Elizabeth Buchanan

hendricksa7979@my.uwstout.edu. Office of Research and Sponsored
Programs

Advisor: John Dzissah, 715-232-1265, 152 Vocational Rehabilitation Bldg.

dzissahj@uwstout.edu. UW-Stout

Menomonie, WI 54751
715.232.2477
Buchanane@uwstout.edu

Statement of Consent:
By signing this consent form you agree to participate in the project entitled, “An Evaluation of
Ergonomic Stress Factors at Company XYZ.”

Signature Date



