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Introduction 

Extensive use of impact wrenches could expose operators to prolonged, intensive vibra-
tion. Such exposure could result in hand-arm vibration syndrome. The effects of vibration expo-
sure in a structure of the hand-arm system are likely to be more closely related to the actual 
vibration power absorption at that specific structure [Dong et al. 2008]. The objective of this 
study was to characterize the vibration transmitted to the wrist of the operators of impact wrenches. 

Methods 

-
Six experienced male operators of impact wrenches participated in the experiment. Each 

of them used 15 impact wrenches on a simulated work station (Figure 1). For each trial, the sub
ject seated 10 nuts onto plate-mounted bolts in a 30-sec period. Five trials were performed for 
each tool. Triaxial accelerations at three locations (tool handle, wrist, and elbow) were measured. 
In an effort to better simulate actual work situations in the field, postures were not controlled, 
and the subject could use a posture judged to be most comfortable. The six subjects generally 
adopted one of three postures wherein the tool handle was oriented vertically, horizontally, or 
at a 45° angle. Figure 1 shows the 45° working posture. 

Figure 1.—Operation of an impact wrench. 

In addition, a vibration transmissibility test was performed on a one-dimensional (1-D) 
vibration system using a broadband random vibration as the excitation (Figure 2).

Figure 2.—Measurement of the transmissibility 
on a 1-D test system. 

 Operators 
were instructed to keep the same posture and apply the same grip and push forces to the shaker’s 
instrumented handle as they perceived in the tool test. Whereas the instrumented handle pro-
vided the measurement of the input vibration, the accelerometers fixed on the subject’s wrist and 
elbow were used to measure the transmitted vibrations. For each subject, six trials were per-
formed lasting 30 sec each. 
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Results and Discussion 

Even though the vibration magnitudes measured at the three locations are statistically 
significantly different across 6 subjects × 15 tools × 5 trials = 450 trials (ISO-weighted tool 
handle acceleration: 6.26 ± 2.08 m/s2; wrist: 7.49 ± 2.54 m/s2; elbow: 4.05 ± 1.32 m/s2), they are 
reliably correlated with each other ( p < 0.001). The correlation between ISO-weighted tool 
acceleration and wrist acceleration is shown in Figure 3. 
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Figure 3.—A correlation relationship. 

Figure 4 shows the transmissibility 
measured with the six subjects on the 1-D test system, together with ISO frequency weighting 
(ISOwt), the transmissibility-derived weighting (WTr-Wrist), and the weighting derived from palm 
vibration power absorption (VPAwt) [Dong et al. 2008].
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Figure 4.—Vibration transmissibility and 
frequency weighting. 

 The vibration transmissibility shows a 
resonant peak at 31.5 Hz. A similar trend is observed in the VPA weighting. However, this 
resonance is not reflected in the ISO weighting. 

The reliable correlation between ISO frequency-weighted tool acceleration and the wrist 
and elbow accelerations suggests that the ISO weighting partially reflects the characteristics of 
the vibrations transmitted to the wrist and elbow. The results, however, also suggest that the 
ISO weighting may underestimate the effect of the resonance of the hand-arm system. It is feasi-
ble to develop a wrist vibrometer for continuously measuring the vibration transmitted to the 
wrist. The exposure duration of the vibration can also be accurately quantified with a wrist 
vibrometer. A method based on wrist vibration measurement may be developed to monitor the 
exposure and to assess the risk of the exposure at least in the wrist-arm subsystem. 

References 

Dong JH, Dong RG, Rakheja S, Welcome DE, McDowell TW, Wu JZ [2008]. A method 
for analyzing absorbed power distribution in the hand and arm substructures when operating 
vibrating tools. J Sound Vibration 311:1286–1304. 

ISO [2001]. Mechanical vibration: measurement and evaluation of human exposure to 
hand-transmitted vibration. Part 1: General requirements. Geneva, Switzerland: International 
Organization for Standardization. ISO 5349-1:2001. 

71  



IC 9513 
INFORMATION CIRCULAR/2009 

ndnd
AMERICAN CONFERENCE ON

HUMAN VIBRATION 
June 4-6, 2008

Proceedings

Organized by:



Information Circular 9513 

Proceedings of the Second American Conference 
on Human Vibration 

Chicago, IL 
June 4–6, 2008 

Technical Editors: Farid Amirouche, Ph.D., and Alan G. Mayton, C.M.S.P., P.E. 

Document Editor: Robert J. Tuchman 

DEPARTMENT OF HEALTH AND HUMAN SERVICES  
Centers for Disease Control and Prevention  

National Institute for Occupational Safety and Health  
Pittsburgh Research Laboratory  

Pittsburgh, PA  

June 2009  



This document is in the public domain and may be freely copied 
or reprinted. 

Disclaimer 

Mention of any company or product does not constitute endorsement by the National Institute for 
Occupational Safety and Health (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. All web 
addresses referenced in this document were accessible as of the publication date. 

The views expressed by non-NIOSH authors in these proceedings are not necessarily those of 
NIOSH. 

Ordering Information 

To receive documents or other information about occupational safety and health topics, 
contact NIOSH at 

Telephone: 1–800–CDC–INFO (1–800–232–4636)  
TTY: 1–888–232–6348  
e-mail: cdcinfo@cdc.gov  

or visit the NIOSH Web site at www.cdc.gov/niosh. 

For a monthly update on news at NIOSH, subscribe to NIOSH eNews by visiting 
www.cdc.gov/niosh/eNews. 

DHHS (NIOSH) Publication No. 2009–145 

June 2009 


