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1. SUMMARY

On April 5-7, 1995, researchers from the National Institute for Occupational Safety and
Health (NEOSH) conducted an evaluation of musculoskeletal disorders of the upper limbs
and back at an aluminum forging plant. The three objectives of this evaluation, requested
by company management and labor, were to 1) identify which jobs posed the greatest risk
for musculoskeletal disorders and disease; 2) conduct an ergonomic evaluation of these
jobs; and 3) provide proactive recommendations for establishing an ergonomics program
to reduce musculoskeletal disorders for this company.

NIOSH researchers reviewed Occupational Safety and Health Administration (OSHA)
Log and Summary of Occupational Injuries and Illnesses (Form 200) from 1992 to 1994.
Musculo-skeletal strain injuries accounted for 38 percent of total reported injuries in
1992. In 1994, similar types of injuries accounted for over 50 percent of total injuries in
the forging area (one injury occurred in the administrative offices and was not included as
part of the forging area). An initial walk-through survey and discussion with plant
representatives indicated that areas of most concern were the pressing areas. Ergonomic
evaluations were targeted for these jobs.

Job analyses of five press operations showed potential risk for musculoskeletal injury.
The workers in these areas were at risk for back injury due to a combination of repetitive
and sometimes awkward postures required to manually handle aluminum pieces
throughout the entire pressing process. The task of retrieving aluminum pieces from the
pre-heat oven presents risks of back and upper extremity musculoskeletal strain to the
worker from pulling and handling pieces while in an awkward position. The tasks
involving piece handling and lubrication of the die press area present risks of lower and
upper extremity musculoskeletal strain from repeated awkward postures. Also, the use of
the tongs presents risks of strain to workers' wrists due the orientation of the handle
which places the wrist in a deviated posture during many tasks. Lifting devices,
improved conveyor delivery system, adjustable height and positioning palletizers,
equipment repositioning, and tong handle reorientation should reduce the risk of injuries
among workers.



On the basis of the information collected during this evaluation, NIOSH researchers
determined that potential for overexertion injuries to the back and upper extremity
exists among press machine workers. Highly repetitive work cycles and extended
reaches during manual material handling of aluminum pieces are the primary risk
factors for these jobs. The potential for hand and wrist injuries also exists with these
workers due to prolonged static postures during the lubrication task. Recommend-
ations to reduce risk for musculoskeletal injury and disease in problem jobs, along
with guidelines for establishing an ergonomics program are in Sections V, VI, and
VII of this report.

Keywords: SIC 3463 (Aluminum Forging), Musculoskeletal Disorders, Manual Materials
Handling, Cumulative Traumna Disorders, Nonferrous Metal Milling, Aluminum,
Ergonomics, Workstation Design, Engineering Controls.
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A. Hydraulic and Mechanical Presses.

Each of these operations involves two to four employees, and requires six basic steps
to complete. A worker manually places aluminum pieces on a conveyor that feeds
into a preheat oven. A piece is then removed from the oven and placed in the proper
position in the press die area. The press cycle is then activated and the forged piece is
subsequently removed from the press die area after pressing. Once the piece is
removed, the die area is sprayed with a lubricant to prevent the next piece from
becoming stuck. The basic elements to perform these jobs are shown in Tables 1-3.

B. ArB omponent P

There are two employees working in this area. This job also consists of six basic
steps. Aluminum pieces are manually placed on a stand. Once a sufficient number of
pieces have been placed on the stand the die area is sprayed with air for removal of
dirt and metal particles. An aluminum piece is then retrieved from the stand and
placed in the die area and the pressing cycle is activated. The forged piece is then
removed from the die area and placed in a bin. The basic elements to perform this job
are shown in Table 4.

IV. DESIGN AND METHODS

NIOSH researchers conducted an on-site evaluation on April 5-7, 1995. The evaluation
consisted of a review of Occupational Safety and Health Administration (OSHA) Log and
Summary of Occupational Injuries and Illnesses (Form 200), and a detailed ergonomic
evaluation of jobs in five press operations. These operations were the 5000-ton,
4000-ton, 3000-ton, 1300-ton, and air bag component (800-ton) presses. These jobs were
selected for evaluation based on an initial job survey and conversations with management
and labor about the jobs having the potential for an increased rate of musculoskeletal
disorders as the workforce ages. OSHA 200 logs from 1992 to 1994 were reviewed to
determine incident rates of musculoskeletal disorders.

rgonomic Ev. i

Videotapes of workers performing the 5000-ton, 4000-ton, 3000-ton, 1300-ton, and air
bag component press jobs were analyzed at regular speed to determine job cycle time,
slow-motion to determine musculoskeletal hazards to the upper limbs during manual
material handling tasks, and stop-action to sequence job steps and perform biomechanical
evaluations of working postures. All of these video analysis procedures were used to
document potential musculoskeletal hazards in performing the job.

Time and motion study techniques were used for the first phase of job analysis.! Work
methods analysis was used to determine the work content of the job. The second phase of
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sitting,'” and vibration.'**' Some nonoccupational risk factors other than physical
stress for low back injury include obesity,? genetic factors,” and lack of job
satisfaction.”%

Controlling and preventing job-related low back pain can be accomplished, in part,
through the evaluation of jobs and the identification of job risk factors. Redesign of
jobs can lead to the reduction of these risk factors and good job design initially will
prevent back injuries. Multiple approaches such as job redesign, worker placement,
and training may be the best methods for controlling back injuries and pain.?

D. Ergonomic Control Programs

There are seven basic elements needed to establish an effective ergonomics
program:*’

e  Management commitment,
[ ] Labor involvement,

®  Training and education of management and labor on the principles of
ergonomics,

®  Risk assessment of jobs through job analysis,
®  Medical surveillance to identify problem jobs,

® [ntervention or prevention applications to reduce or eliminate musculoskeletal
disorders, and

e  Follow-up on the effectiveness of the intervention or prevention applications.

In a recently published NIOSH technical report entitled Participatory Ergonomic
Interventions in Meatpacking Plants?® the key findings included:

e  Sustained participatory efforts in ergonomics problem solving will require
strong in-house direction and support plus sngmﬁcant staff expertise in both
team building and ergonomics.

®  Training in both team building and ergonomics can create the in-house
knowledge and team activities reflecting an orderly approach to problem
solving, and lays a strong foundation for a program.
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®  Team size should be kept minimal, but should include production workers
engaged in the jobs to be studied, area supervisors, and maintenance and
engineering staff who can effect proposed job improvements. Higher level
management or labor representatives may also facilitate decision-making but
their presence on teams may intimidate front-line workers and limit their input.
These people may best serve on second level groups, providing oversight to the
team activities and approvals of actions as may be needed.

®  Effective team problem solving requires member access to, and sharing of,
information bearing on the issues under study. In addition, reports on the
team's objectives, progress, and accomplishments need to be circulated to the
plant workforce to keep all parties informed about the program. Goals for the
program need to be realistic and take account of the fact that solutions to some
problems may not be immediately forthcoming. Opportunities to address and
solve simpler problems can build confidence in newly formed teams and
provide positive motivations about undertaking the tasks involved.

®  Means for evaluating team efforts and results need to be written into the overall
plan for the participatory ergonomic program. Varied techniques exist for
measuring aspects of team building and team function, the perceived level of
effectiveness, and performance in both subjective and objective terms. Such
data will enable the teams to appraise their progress, provide feedback to
affected or interested parties, and make suitable corrections where necessary to
improve the overall effort.

These findings were based on reports describing the observations and experiences of
three different investigative groups at three different meat packing plants. The
findings from these studies are not limited to meat packing plants and can be applied
to any plant or industry that requires manually intensive labor.

VI. RESULTS AND DISCUSSION

A. Epidemiologic assessment

The OSHA 200 logs revealed the following information on musculoskeletal disorders
per year: In 1992, 38 percent of the reported injuries were listed as strains (5 of

13 reported injuries). In 1993, two out of the three reported injuries were listed as
strains, one of which was in the accounting department. In 1994, 66 percent of the
reported injuries were listed as either strains or tendinitis (6 of 9 reported injuries),
where one occurred in the administrative office area. There does not appear o be a
clear pattern of musculoskeletal disorders over time or by team.
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B.

Er

1.

nomi¢ Evaluation

5000-Ton Press

a)

Loading pre-heat oven conveyor

Table 5 shows the job stresses and recommended changes to decrease these
stressors. Manually handling pre-pressed pieces of aluminum from the bin
to the conveyor is the primary source of musculoskeletal stress on the
worker. The repetitiveness of the task and the amount of exertion needed to
lift each piece may significantly contribute to musculoskeletal fatigue and
strain of the lower back and upper extremity. The task rate is approximately
2 seconds per piece, with the worker placing them on the conveyor in a row
of 14-16 adjacent pieces. With a piece weight of 44 Ib and a handling rate
of 1 every 2 seconds, the amount of weight handled in just 30 seconds
equates to 660 1b (15 x 44 |b).

Table 6 is an analysis of the lifting task. The analyses illustrate that
although each piece weight is below the cut-off of 51 b, the job does pose a
risk due to a combination of frequency of lifts, body posture, and weight.
The recommended weight limit (RWL) and lifting index (LI, i.e., weight
lifted divided by RWL) calculations in Table 6 were done using equations
and tables shown in Appendices A and B. Considering piece weight and
handling rate, the calculated RWL's at origin and destination are 5.3 1b and
4.7 Ib respectively. These numbers along with the calculated lifting indices
(origin: 8.3 [44/5.3], destination: 9.4 [44/4.7]) indicate that this loading task
poses a high risk of strain to the worker. However, understanding that the
worker may not perform this task for an hour, another set of calculations
were done with an adjustment in handling frequency to 1 every 10 seconds.
Loading the conveyor at this slower pace raised the RWL's (origin: 14.1 1b,
destination: 12.7 1b) and lowered the lifting indices to approximately 3.
Although loading at a slower pace allows for more weight before a risk of
strain occurs, the calculated allowable weight remains below the current
piece weight of 44 1b.

The potential for strain to the back and upper extremities can be reduced by
providing a "feeder bin," which is operated by either a push-button, a foot
pedal, or a hand crank. The bin would approximately be the width of the
conveyor and have pieces already situated in rows. Pieces could be fed onto
the conveyor by hydraulics, rollers, etc. Figure 1 illustrates a possible
concept for this process. Another modification to the loading area may
consist of locating a "feeder bin" on one side of the conveyor. The
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"feeding” outlet point of the bin should be level with the conveyor, such that
aluminum pieces can be fed or rolled directly onto the conveyor.

b) Piece retrieval from pre-heat oven

The major stresses occur during the initial retrieval of the pre-pressed piece
of aluminum from the pre-heat oven conveyor belt, and while the piece is
lifted into another position after one press cycle. The repetitive nature and
the amount of exertion necessary to handle the piece may increase
musculoskeletal fatigue due to the amount of weight handled per shift by a
worker performing this task. Based on the cycle time observed during the
NIOSH evaluation, the entire pressing operation took approximately

50 seconds. At this pace, approximately 504 aluminum pieces could be
pressed per shift (a one- hour break is included in the calculation). Video
analysis showed that for this task the piece was manually handled 2 times
from the beginning to the end of the work cycle. Therefore, the total amount
of weight handled per 8-hour shift was estimated to be 44,352 Ib (e.g.,

504 pieces x 44 b x 2 times handled). Potential for musculoskeletal injury
from handling this amount of weight is increased because of extended
reaches required to remove the piece from the pre-heat oven and from the
need to lift and maneuver the piece into the second press stage position after
one press cycle.

Biomechanical analyses of the extended reach from the conveyor to remove
the piece from the pre-heat oven shows potentially hazardous biomechanical
loading conditions for the worker. The weight of the piece (44 1b) and the
required pulling action with an extended reach makes this a potentially
hazardous condition. Reducing the reach distance and having the pieces
emerge from the oven directly onto a stand in an upright position will reduce
the biomechanical stress on the arms, shoulders, and back. Also if the tong
handles are modified to maintain wrist-neutral posture, the stress to the
worker's wrists and forearms will be reduced. Figures 2 and 3 are
conceptual examples of a stand and tool handle design.

Lifting and situating the piece into the second-stage position also creates a
biomechanical hazard for the worker's arms, shoulders, and for the back
when workers reach to place the piece on a stand slightly above the first-
stage position (see Table 5). Redesign of the stand so that the piece can be
slid directly from the conveyor instead of lifted will reduce the stress to the
worker's shoulders and back.
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point of operation was farthest from the worker, requiring the worker to
adopt an extended reach. Once a press cycle was completed, the pressed
piece was placed into a bin directly behind this area. The bin location
required the worker to turn approximately 180 degrees. This task, with a
handling rate of approximately 2520 pieces per 8-hour shift, may pose
biomechanical stress to the worker. Although the tongs are not heavy

(2.5 Ib), the extended reaching creates an extended moment arm that
requires more upper extremity exertion then would be necessary if the point
of operation was closer to the worker. Also the repetitious use of the tongs,
with deviated wrists and repeated turning to access the bin, may pose a risk
of injury to the worker's wrist and lower back area.

Biomechanical stresses to the worker's upper extremity can be reduced by
rotating the die area 90 degrees, which should bring the point of operation
closer. Additional stress to the wrists can be reduced by reorientation of the
tong handles. Figure 3 iilustrates a possible handle modification to maintain
the wrists in a neutral posture. To reduce the amount of turning and twisting
during removal of pieces from the press area, the bin could be placed in a
location to directly receive output from the press. A ramp could be
retrofitied to the press, so that after a press cycle, the piece is slid directly
into the bin. Figure 4 is a conceptual example of a ramp, attached to the
press, that directly feeds a bin for piece placement.

Presser (3000-ton press)

The mechanical stressors associated with this task are similar to those of the
presser at the 4000-ton press. Although the piece handling rate per shift is
shorter (1260), the 3-stage process increases handling time and may result in
increased exposure time to stressors. This task requires reaching at least
twice as many times while accessing the point of operation for certain
stages. Other similarities with the 4000-ton press operation include the type
of tongs used, as wel! as the location of the bin for placing pieces after
pressing.

Similar strategies to reduce biomechanical stress to the worker are
recommended: rotate the die press area 90 degrees to bring the point of
operation closer to the worker; modify the tong handles, to maintain neutral
wrist postures (Figure 3); and move the location of the bin so it can directly
receive pieces from a ramp attached to the press to alleviate the amount of
twisting and turning (Figure 4).
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4.

Air bag component press

a)

b}

Piece retrieval and press

Table 9 shows the stressors affecting this job and the recommended changes
to decrease the stress. The major stresses during this task are reaching to
place the piece into the die press area and handling the "lube gun." The
repetitive nature of the task is of more concern than piece weight. The work
cycle time was determined as the worker handled a piece approximately
every 10 seconds, which equates to handling 2520 pieces in an 8-hour shift
(this calculation takes an hour break into consideration). This is also the
number of times the worker reaches into the press area. Although reaching
to access the point of operation may not seem excessive, doing it approxi-
mately 2520 times a day may lead to upper extremity, low back, and lower
extremity musculoskeletal fatigue. Also, the high grip force necessary to
maintain hold of the "lube gun" creates a risk of musculoskeletal fatigue to
the worker's hand and wrist. Since this "lube gun" is used to clear the die
area with powerful blasts of air, the worker must handle the subsequent
kickback from the high velocity of the emanating air.

The amount of reaching can be reduced by providing a chute or ramp that
feeds directly to the die press area. The chute/ramp will allow the worker to
slide the pieces into the press instead of having to repeatedly reach. Also,
providing a device that will absorb or dampen the amount of kickback force
resulting from "lube gun” activation can reduce stress to the worker's hand
and wrist.

Piece removal

This task has stressors similar to those described for the other press
operations. The stress and potential for musculoskeletal fatigue is from tong
use. As with the other tongs, these tongs deviate the worker's wrists. A
potential piece rate of 2520 per 8-hour shift may result in fatigue and injury.
A redesign of the tong handles will reduce wrist deviation, stress, and the
potential for injury.
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VII. RECOMMENDATIONS

A. Engineering Controls

L.

5000-Ton press operation

a)

b)

Consider the use of a piece container handling stand which will mechan-
ically lift and place pieces on the pre-heat oven conveyor a row at a time
(Figure 1). This will reduce the amount of manual lifting necessary to load
the conveyor. The stand can contain a number of rows, or it can be just one
row that is fed by an adjacent bin. Although the stand should be as close to
the conveyor as feasible, it should be made portable so that it can be moved,
slid, or carried, to allow for maintenance on the conveyor or the oven. The
design of the stand should include a mechanism that wil! still allow
operation to continue manually if equipment malfunction occurs.

Consider the use of a container located adjacent to the conveyor that feeds
pieces directly onto the conveyor. The container bottom should be raised
such that it is virtually level with the conveyor. Also, one side of the
container bottom should be spring-loaded or fitted with hydraulic lifts to tilt
the pieces toward the conveyor. An outlet door should be located at the
lower section of the container, allowing the pieces to be rolled onto the
conveyor as the container bottom tilts. The outlet door size should allow
only one piece to roll out at a time,

Provide another stand at the end of the conveyor where the pieces emerge
from the pre-heat. The stand should be designed to accept the conveyor feed
by row and position the pieces vertically (Figure 2). The pieces can slide
down onto the stand or they can slide onto a platform and rotate down into a
vertical (upright) position. The stand, should be flush with the press
conveyor for piece retrieval and transfer,

Modify the tong handles to form a right-angle grip; the angle can be held
angle up or down (Figure 3). The tongs modified in this manner should be
offered as an option allowing the worker the final decision on tong handle
configuration preference. For the initial retrieval aspect of this operation, an
additional grip can be retrofitted close to the tong head, similar to the
existing tong design. Also, consider designing and developing a tong type
of tool with a flexible head having two degrees of freedom. Tong head
flexibility can be in the form of flexion and extension, similar to that of the
human wrist. Flexion and/or extension can be activated from a pistol grip
handle. This type of tool capability should reduce awkward upper extremity
and back postures that occurs when workers attempt to pry the piece loose.
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d)

€)

Consider re-engineering the die press area such that the forming facet will
simultaneously rise as the overhead press descends and return at the
completion of a pressing cycle. This should allow the pieces to be slid from
stage to stage instead of being lifted, making for easier handling.

Keep the rubber matting for the floor in good repair, and replace it
periodically to maintain good cushion and support for the worker.

2. 4000-Ton, 3000-Ton, and 1300-Ton press operations

a)

b)

c)

Consider the use of a ramp, conveyor, or vacuum system that feeds pieces to
the press area directly from the pre-heater oven.

Consider locating the finished piece bin on the side of the press and
constructing a ramp from the die area to the bin. At the completion of a
press cycle, either the die area should tilt or the worker can manually slide -
the piece down the ramp into the bin (Figure 4).

For the 3000-ton and 1300-ton presses, consider rotating the die area
90 degrees. Also, consider making the stages more sequential.

3. Air bag component press

a)

b)

Consider a ramp system that will enable pieces to be fed directly from the
container to the die press area. The ramp should be situated such that,
without compromising safety, the protective barrier fits over it while the
press descends. If the barrier cannot fit over the ramp, then the ramp can be
designed to be retractable for every press cycle.

Attach a counterbalance to the "lube gun" that will absorb and/or transfer the
resulting air kickback force away from the hand and wrist.

4. General

a)

b)

Provide a pistol grip "lube gun" that is suspended from a trolley or tram and
can be placed in or out of the point of operation at will. This type of setup
should allow the "lube gun" to be placed to the side and out of the way
between press cycles. Another suggestion is to provide a hook for which to
rest the "lube gun" between press cycles.

Provide cushioned, heat resistant floor mats for those having to stand by the
press a significant part of their shifts. The floor mats should provide good
traction despite having lubricant spilled on them.
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c) Provide bottom-spring-loaded bins for those operations which require
obtaining pieces from a bin as part of the work cycle. A spring-loaded bin
will bring the remaining pieces closer to the worker as the top pieces are
removed. This should relieve the worker from having to reach excessively
into the bin as the bin load decreases.

B. Work Practices - All press operations

1.

When loading the pre-heat oven conveyor, the pieces should be close to the body
before lifting.

As the pieces emerge from the oven, bring them as close to the conveyor edge as
possible. This should reduce the amount of reaching during piece retrieval.

If possible, alternate between the left and right foot when using the foot pedal to
activate the press cycle.

C. Organizational - All press operations

1.

Continue periodic job rotation within or between press operations. Job rotation
and job enlargement should be so that the worker can use different muscle
groups. Automation should be considered when it makes the job safer or it frees
up the worker to accomplish other more important tasks.

Train workers about ergonomic principles to reduce work hazards in their area.
Experienced workers can demonstrate work practice techniques to reduce
musculoskeletal strain on the body and teach job performance techniques that
optimize movement and function. For example, experienced workers could
discuss the proper techniques for setting pieces in the die press area efficiently
and effectively.

D. Administrative considerations

It is important to establish an ergonomics program that matches the philosophy,
corporate culture, and goals of the company and its labor force. This particular plant
has begun a program to reduce worker injury by job observation and effective
communication on behavior modifications from specifically trained workers. As with
other similar types of plants attempting to augment an injury reduction program,
management and labor have decided to be proactive in their approach to control

injuries.

29303132 The first step in forming an ergonomics team is to make sure all

personnel resources in the plant are represented including management, labor,
engineering, medical, and safety personnel. The team establishes a training schedule
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Figure Illustrations by:

Donald J. Murdock

Engineering Technician

Control Section 3

Engineering Control Technology Branch

Division of Physical Sciences and
Engineering

Ova E. Johnston

Engineering Technician

Control Section 3

Engineering Control Technology Branch

Division of Physical Sciences and
Engineering

X. DISTRIBUTION AND AVAILABILITY

Copies of this report may be freely reproduced and are not copyrighted. Copies of this

report will be available for a period of 3 years from the date of this report from the

NIOSH Publication Office, 4676 Columbia Parkway, Cincinnati, Ohio 45226. After this

time the report will be available through the National Technical Information Service
(NTIS), 5285 Port Royal, Springfield, Virginia 22161. Information regarding its
availability can be obtained from the NIOSH Publications Office at the Cincinnati

address.

Copies of this report have been sent to:

1. Kaiser Aluminum

2. Boilermakers Union, Local Lodge 650
3. U.S. Department of Labor, OSHA, Region IX

For the purpose of informing affected employees, copies of this report shall be posted
by the employer in a prominent place accessible to the employees for a period of 30

calendar days.
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Table 1. Description of task elements for jobs in the 5000-ton press operation area.

Basic Job
Elements Loading Pre-heat Oven Conveyor Belt

:

1. Grab pre-forged aluminum piece in bin.

2 Lift piece from bin.
3. Place piece on conveyor in a row lengthwise in the direction of conveyor motion.
" 4. Return to bin.

Piece weight: 44 1b, Work cycle time: 2-3 seconds, Number of pieces in a row: 14-16, Piece
are in a cylindrical shape,

I Grab piece from oven conveyor with tongs.

II 2. Pull piece from oven conveyor on to another roller conveyor that feeds onto the press area.

3. Rotate piece upright with tongs.
4, Push piece to press area.
5 Wait for press cycle.
6. Push and place piece on to first stage die pressing area.
7. Wait for press cycle.
8. Remove piece from first stage and lift on to adjacent second stage. “
9. Return.
Tong weight: 6.5 Ib, Tong length: 38 in, Entire work cycle time: 30-40 seconds,

i Piece Second and Third Stage Transfer and Removal from Press |

1. Wait for press cycle.

2. Pry piece from second stage with tongs.

3 Move piece to third stage.

4. Wait for press cycle.

5. Pry piece from third stage.

6. Remove piece from press and place on a stand attached to press.

7. Slide piece along stand to robot manipulator cage.

8. Return. “

28









Table 2. (Continued)

|| 9, Wait for press cycle, <‘|
10. Remave piece from press.
11, Place piece in bin.
12. Return to press.

Work cyele time: 20 seconds; Since this is a three stage press, it requires at least two
additional times material handling while transferring from stage to stage,

Wait for press cycle.

Wait for removal of piece from press

Spray lubricant into die press area with "lube gun."

Work cycle time: 5 seconds to lube,

3t






























Appendix B

Table 2B
Coupling Multiplier
NIOSH Lifting Equation
Couplings V<75cm (30 in) V=75cm (30 in)
Coupling Multipliers

Good 1.00 1.00

Fair 0.95 1.00 "
Poor 0.90 0.90 |I

41






	SUMMARY



