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Abstract  
The ISO/TS 15694 technical specification [1] sets out procedures for the 
measurement of discrete vibration shocks acting upon the hand-arm system at 
repetition frequencies below 5 Hz. The TS thus supplements ISO 5349 [2], the 
scope of which is limited to periodic and random/non-periodic vibration. However, 
the TS does not set out any method for assessment of the health risk. This paper 
explains the relevant terms and variables, and presents and discusses them for 
typical shock exposure such as that caused by a nail gun, pistol, cattle stunning 
apparatus and hand-powered hammer.  

 
1. Introduction 
Exposure of the hand-arm system to vibration with periodic and non-periodic excitation generated by 
machinery and tools is measured and assessed in accordance with ISO 5349. Since the effects of 
discrete shocks or repeated discrete shocks are as yet not fully known, the scope of ISO 5349 is 
extended to discrete shocks only provisionally and with a caution. In order for the declared emissions 
(vibration characteristics of machinery) to be uniform and comparable and for assessment methods to 
be developed, the ISO/TS 15694 technical specification describes formation of a range of 
shock-specific measured values and methods for their interpretation. With reference to the frequency 
range stated in ISO 5349 (6.3 Hz to 1,250 Hz), the scope is limited to series of shocks with a frequency 
of < 5 Hz. Shocks constitute a particular form of vibration. However, the ISO 118/SC 3 committee [3] 
responsible for the emission standards determined that series of shocks with a frequency of < 5 Hz are 
not to be treated as vibration, and that the machines concerned are not therefore subject to mandatory 
declaration in accordance with the EU Machinery Directive [4]. In the research project conducted jointly 
by the KSZ engineering consultancy and the IFA, SCHENK [5] [6] was unable in his studies into the 
subjective perception to confirm the threshold of 5 Hz stated in the ISO standard. He determined a limit 
of 15 s-1, which is comparable to the primary excitation frequency of demolition hammers and tampers.  

 
2. Interpretation methods and variables  
Modern digital measurement technology enables the "acceleration" measured value to be interpreted in 
both the frequency range and the time range. The ISO/TS 15694 technical specification contains a 
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number of provisions concerning the measurement and description of excitation with a shock 
component. The various frequency and time weightings can be combined in the formation of the 
characteristic values. The frequency weightings relevant to the hand-arm system produce the following 
accelerations: 

 

• FlatF -weighted acceleration: corresponds to the unweighted acceleration in the frequency 
range from 6.3 to 1,250 Hz 

• Wh -weighted acceleration: corresponds to the frequency weighting defined in ISO 5349-1 
• Wp  hand-arm vascular weighting: corresponds to the new additional weighting to 

ISO/TR 18570 
 

The time weighting is produced by the fixed integration times of T = 1 s and 3 s and by the time 
constant for the running root-mean-square value τ = 0.125 s. Only by use of the uniform integration 
times are the variables of the mean weighting comparable. 

In the interests of clearer presentation, the variables for the flatF weighting are shown below. They can 
however be shown for any time and frequency weighting: 

 

• The root-mean-square value corresponds to the variables usually used to date for non-periodic 
vibration. 
 
 
 

• The same applies to the running root-mean-square value, which to date has been used only as 
an auxiliary variable for the signal characteristic. 
 
 
 

• The root-mean-quad value constitutes a cycle maximum average of the value. 
 
 

 
• The maximum transient vibration value is the highest running root-mean-square value. 

 
 

• The peak value is the highest absolute value of the instantaneous measured value. 

 
 

• The crest factor is the quotient of the peak value and the root-mean-square value. 
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• The shock content quotient is the ratio of the cycle maximum average to the root-mean-square 

value. 

 
 

• The jerk is a further physical variable used to date primarily in vehicle dynamics. This variable 
is not found in ISO/TS 15694 at present. 

 

3. Measurement results 
The sources of shock studied comprise exposure situations in the trades and the metalworking sector 
(peen hammer), materials testing (firearm), construction (nail gun) and the meat industry (cattle 
stunning apparatus). During the measurements, a high-speed camera was used to record the 
movement at a rate of 500 images per second. For technical reasons, all measurements were 
performed in a single direction of measurement only, namely parallel to the direction of shock. 

 

3.1 Nail gun 
The measurements were performed during a typical work process in which a nail was driven into a steel 
plate. Figure 1 shows the nail gun and the test arrangement. Figure 2 shows the time characteristic of 
the flath -weighted acceleration with a peak value of 5,000 m/s². The maximum value of the running root 
mean square of the frequency-weighted acceleration with the time constant 𝜏𝜏 = 0.125 s was 30 m/s² 
(see Figure 3). Table 1 shows a selection of the different variables for the same signals. In the interests 
of clarity, not all possible combinations are shown. The values marked in grey are comparable with 
those of the weighting method used in ISO 5349-1. The mean and the standard deviation are shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Performance of the test involving the 
nail gun 

Table 1: Measurement results for the nail gun 
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Figure 2: Time characteristic of the flath -weighted 
acceleration 

Figure 3: Time characteristic of the flath -weighted 
running root-mean-square value 

 

3.2 Pistol 
During weapons testing, up to 20,000 shots must be fired manually. At such stress levels, cases of 
occupational disease are already being reported. Measurements were performed during firing of 
discrete shots with 9 mm ammunition (see Figure 4). Figure 5 shows the time characteristic of the flath 

-weighted acceleration with a peak value of 6,000 m/s². The maximum value of the running root mean 
square of the frequency-weighted acceleration is 35 m/s² (see Figure 6). The exposure values 
compiled in Table 2 are comparable in their order of magnitude with those for the nail gun. The images 
produced with the high-speed camera however revealed a rotational pulse on the wrist that suggests a 
shock component in the y axis (direction of gripping by the hand). 

 

 

 

 

 

 

 

 

 

 

Figure 4: Pistol with sensor 

 

Table 2: Measurement results for the pistol 

 

 

 

 

 

 

 

Figure 5: Time characteristic of the flath -weighted 
acceleration 

 

Figure 6: Time characteristic of the flath -weighted 
running root-mean-square value 
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3.3 Cattle stunning apparatus 
The measurements were performed by means of a substitute method [8] that is comparable to the 
emissions measurement method specified in ISO 8662 [9] for fastener driving tools. Figure 7 shows 
that the direction of shock is not in the axis of the forearm, but in the y axis. Figure 8 shows the time 
characteristic of the flath -weighted acceleration with a peak value of 10,000 m/s². The maximum value 
of the running root mean square of the frequency-weighted acceleration is 75 m/s² (see Figure 9). 
Table 3 shows the different variables.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Performance of testing with cattle 
stunning apparatus 

 

Table 3: Measurement results for the cattle 
stunning apparatus 

 

 

 

 

 

 

 

 

Figure 8: Time characteristic of the flath -weighted 
acceleration 

Figure 9: Time characteristic of the flath -weighted 
running root-mean-square value 

 

3.4 Hand-powered hammers 

Hand-powered hammers have a very wide range of uses. Very heavy impacts may be required in order 
to form metal, for example during straightening work. Measurements were performed with a peen 
hammer with a weight of 500 g under the most reproducible conditions possible with reference to 
RIEDEL [10] (see Figure 10). Figure 11 shows the time characteristic of the flath -weighted acceleration 
with a peak value of 10,000 m/s². The maximum value of the running root mean square of the 
frequency-weighted acceleration is 80 m/s² (see Figure 12). Table 4 shows the different variables. 
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Figure 10: Performance of the test involving the 
peen hammer 

 

Table 4: Measurement results for the peen 
hammer 

 

 

  

 

 

 

 

 

 

Figure 11: Time characteristic of the  
flath -weighted acceleration 

Figure 12: Time characteristic of the 

flath -weighted running root-mean-square value 

 

4. Comparison of the results and summary 

Figure 13 shows the measured values in the form of RMS values and the scatter with flath weighting, 
frequency weighting to ISO 5349, and the additional frequency weighting ahwP to ISO/TS 18570 [11] for 
comparison. The different relative deviations in the frequency weightings indicate differences in risk 
assessment. If for example the assessment method to ISO 5349 is applied to the value for the nail gun, 
calculation yields a violation of the action value A(8) = 2.5 m/s² in accordance with the EU directive [12] 
after an exposure of 922 driving operations per day. Whether this provisional assessment to ISO 5349 
can be confirmed, or other frequency weightings and variables are more suitable for assessment of the 
health risk presented by shock exposure, must be determined by physiological and medical studies. 
The digital measurement technology currently available and the available defined variables provide 
adequate means of describing the discrete shocks (repetition frequency under 5 Hz) to the hand-arm 
system. 
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Figure 13: Comparison of the objects under measurement with the different frequency weightings 

 
4. References 
[1] ISO 5349:2002: Mechanical vibration – Measurement and evaluation of human exposure to 
hand-transmitted vibration – Part 1: General requirements, Part 2: Practical guidance for measurement 
at the workplace, Geneva, 2002 
 
[2] ISO/TS 15694:2004: Mechanical vibration and shock – Measurement and evaluation of single 
shocks transmitted from hand-held and hand-guided machines to the hand-arm system, Geneva, 2004 
 
[3] ISO/TC118/SC3: "Pneumatic tools and machines", Resolution 83 (WG3 Milan 9), 2011 
 
[4] Directive 2006/42/EC of the European Parliament and of the Council of 17 May 2006 on machinery 
and amending Directive 95/16/EC (recast), L 157/24 EN Official Journal of the European Union, 9 June 
2006 
 
[5] Schenk, T., Kaulbars, U., Haas, F., "Investigations on the description and definition of single shocks 
affecting the human hand-arm system during work as well as on possibilities for their assessment", 
Project No. FF-FP 0376; http://www.dguv.de/ifa/forschung/projektverzeichnis/ff-fp0376-2.jsp 
 
[6] Schenk, T.; Problems with the evaluation of single shocks affecting the human hand-arm system 
while working with mechanized and non-mechanized tools, VDI-Berichte No 2277, 2016 
 
[7] IFA Report 5/2017e Hand-arm vibration: Exposure to isolated and repeated shock vibrations – 
Review of the International Expert Workshop 2015 in Beijing, at 13th International Conference on 
Hand-Arm Vibration, 12-16 October 2015, Beijing/China, Deutsche Gesetzliche Unfallversicherung e. V. 
(Berlin 2017) 
 
[8] Schmitz, G. Söntgen,M., Hand-arm vibration – Development of a vibration measurement methods 
for cattle gun, VDI-Berichte No 2277, 2016 

http://www.dguv.de/ifa/forschung/projektverzeichnis/ff-fp0376-2.jsp


44 

 
[9] ISO 8662: Hand-held portable power tools – Measurement of vibrations at the handle – Part 11: 
Fastener driving tools, Geneva, 1999 
 
[10] Riedel, S.; Gillmeister F.; Louagie J., Untersuchung eines schwingungsgeminderten 
Handhammers. ASU Protect Das Magazin für Arbeitsschutzmanagement. Deutschland: Gentner 
Verlag (01 2009) 
 
[11] ISO/TR 18570:2017: Mechanical vibration - Measurement and evaluation of human exposure to 
hand transmitted vibration - Supplementary method for assessing risk of vascular disorders, Geneva, 
2017 
 
[12] Directive 2002/44/EC of the European Parliament and the Council on the minimum health and 
safety requirements regarding the exposure of workers to the risks arising from physical agents 
(vibration). OJ EC No. L 177/13 of 6 July 2002, pp. 13-19. 
 
 
 


	Abstract
	1. Introduction
	2. Interpretation methods and variables
	3. Measurement results
	4. References

