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Introduction

Occupational exposure to hand transmitted vibration (HTV) arises from the hand held
powered tools extensively used in the mining and construction industry such as rock drills,
chipping hammers, chain saws etc. Regular exposure to HTV is the major cause of a range of
permanent injuries to human hands and arms which are commonly referred to as hand-arm
vibration syndrome (HAVS). In addition to this, the percussive tools generate overall sound
power levels in excess of 110dBA in most cases. Such a high sound power level greatly exceeds
the maximum permissible exposure limit (PEL) of organizations such as National Institute for
Occupational Safety and Health (NIOSH) and the Occupational Safety and Health
Administration (OSHA). Long term occupational exposure to this noise has been diagnosed as
the main reason for permanent hearing loss in the operators. It is therefore important to develop
an understanding of the mechanisms which lead to these high vibration and sound levels and in
order to do this a detailed computational model of a pneumatic chipping hammer has been made.

This paper presents a nonlinear computational model of a pneumatic chipping hammer.
In order to better understand the dynamics of the chipping hammer, the hammer was subdivided
into components that are shown in figure 1 (a) (based on a chipping hammer manufactured by
Atlas-Copco). The hammer mainly consisted of a center body, a moving piston and a chisel.
Compressed air is used to drive the piston inside of a cylinder and on the downward stroke this
piston impacts the chisel to create the hammer effect. The machine has one pneumatic valve and
this valve regulates the air supply either to the upper chamber or to the lower chamber. The valve
changes according to the relative pressures in the two chambers and the supply pressure. There
are also twelve different exhaust ports at two positions along the cylinder labeled upper ports and
lower ports. As the piston moves the ports can be closed or open (allowing exhaust).

Fundamentally, the computational model was made up of two different sub-models, a

fluid model and a structural dynamic

(a) (b) model as shown in Figure 3 (a) and
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components of the chipping hammer. The structural model consists of various lumped masses?,
each representing a specific component of the chipping hammer as well as the ground and
operator’s hand. The impact dynamics were also incorporated by connecting the piston and the
chisel with a non-linear spring. The fluid flow and structural models were then coupled together
using a time domain, state space formulation to compute the displacements of each component,
the pressures in the chambers, the impact forces and the jet velocities from the exhaust ports. The
computational model was then validated using experimental obtained vibration levels and
exhaust velocities.
Results

Figure 4 (a) and (b) show the experimental and computational exhaust velocities from the
upper and lower exhaust ports respectively. There is a very good match between the exhaust jet
velocities measured during lab tests and the exhaust jet velocities calculated from the
computational model. Also the tool impact frequency measured from lab tests is approximately
27 Hz which is very close to the tool impact frequency calculated from the computational model
(32Hz). Keeping in mind the nonlinear nature of the fluid flow model, these can be considered as
good results. However, further refinement of the fluid flow model will be continued in the near
future. The structural dynamic response of the computational model will be discussed at the time
of presentation.
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Figure 4 : Exhaust jet velocities (a) experimental results, (b) computational results
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This model provides a unique opportunity to evaluate different vibration and noise
control techniques and consequently to help determine the best possible control method. The
model would avoid the need for extensive laboratory testing which is time consuming as well as
expensive.

References

1. Y T Wang, R Singh, H C Yu, D A Guenther,”Computer Simulation of a Shock-Absorbing Pneumatic Cylinder”,
Journal of Sound and Vibration (1984) 93(3), 353-364

2. E. V. Golycheva, V. I. Babitsky and A. M. Veprik, “Dynamic Correction of in Handheld Electro-Pneumatic
Percussion Machines”, Journal of Sound and Vibration (2003) 259(4), 829-843

113



Proceedings of the

First American Conference on Human Vibration

June 5-7, 2006

Waterfront Place Hotel
Morgantown, West Virginia, U.S.A.

Ren Dong, Ph.D.
Kristine Krajnak, Ph.D.
Oliver Wirth, Ph.D.
John Wu, Ph.D.

Engineering and Control Technology Branch
Health Effects Laboratory Division
Morgantown, West Virginia, U.S.A.

Department of Health and Human Services
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health



Disclaimer

Mention of any company or product does not constitute endorsement by NIOSH. In addition,
citations to Web sites external to NIOSH do not constitute NIOSH endorsement of the
sponsoring organizations or their programs or products. Furthermore, NIOSH is not responsible
for the content of these Web sites. The findings and conclusions in this report have not been
formally disseminated by the National Institute for Occupational Safety and Health and should
not be construed to represent any agency determination or policy.
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