
Acta Technica Jaurinensis Vol. 4. No. 3. 2011 

329 

The Effect on the Environmental Vibration of 
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Abstract: Gas engines about the size of 1MW power and bigger are usually mounted 
carefully on vibration isolating parts in order to reduce the environmental 
vibration level of the engine. It can happen though that for some reason 
damaging resonance appear on the machine. In certain cases these 
resonance can be eliminated by changing the elastic support of the engine. 
This publication shows through a case study how changing the elastic 
support of the engine effects it’s environmental vibration. The evaluation 
of the environmental vibration is possible through a LabVIEW application 
developed by the author of this article.  

Keywords: environmental vibration, resonance, elastic support, breaking bolts, 
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1. Introduction 
Producing heat and electrical energy by running gas engines and generators is more and 
more common. This is the case at a Hungarian hospital where a gas engine Type of 
Deutz TCG V12 is used with a power of about 1 MW. 

The 12 cylinder gas engine and the electric generator are put onto a common steel 
frame and the whole unit is mounted on eight steel springs distributed equally under the 
frame. The engine-generator unit also includes some auxiliary parts like the oil pump 
and the turbo charger mounted by bolts on the engine block.  

2. Evaluating environmental vibration 
According to the interpretation of the Hungarian Standard MSZ 18163-2 vibrations 
arising in the environment should be measured in buildings where human beings can be 
exposed to the vibration pollution. Vibration pollution should be investigated only in a 
low frequency range (practically between 0.315-40 Hz) and the third octave spectra 
should be weighted after equation (2). The time function of this weighted, wide band 
(0.315-40 Hz) vibration acceleration value should be evaluated by using an integrating 
time constant of 125msec, and the series of the maximum values of the 30 sec time 
intervals (aw,i) of this time function should be taken.  

The time function of the weighted vibration acceleration (“moving effective value”): 
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where τ =0.125 sec and ξ is the integrating variable.          

The transmission function of the weighting filter:        
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where ω=2πf, where f is the frequency.                   

The resulting vibration pollution (for the given situation): 
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The transmission function of the weighting filter can be written in the following form: 

 
2 2

( )
j arctgA AW j e

j

ω
− ⋅

αω = = ⋅
α + ω α + ω

 , (4) 

where 5.6 2A = ⋅ π  and 5.6 2α = ⋅ π , ω=2πf, where f is the frequency. 

The amplitude can be weighted with the absolute value of the transmission function, 
which is: 

 
( ) ( )2 2 2

5.6 2 5.6( )
31.365.6 2 2

W j
ff

⋅ π
ω = =

+⋅ π + π
 (5) 

3. Using LabVIEW Graphical Development Platform 
Using the appropriate speed of today’s computers it is possible to solve the real time 
measurement of even such a special and complicated tasks like measuring the 
environmental vibration in X, Y and Z directions at the same time. As far as the 
hardware is concerned it is enough to use for this purpose a four-channel dynamic signal 
acquisition module like the NI USB-9233. It delivers 102 dB of dynamic range and the 
input channels simultaneously acquire at rates from 2 to 50 kHz. The input range of the 
analogue channels is ±5 V. The input analogue signals can come from IEPE sensors, or 
from the output of other instruments or data recorders. The signal acquisition module is 
connected to the computer through a high speed USB connection.  

As far as the software is concerned the LabVIEW Full Development System is used 
extended with the Sound and Vibration Toolkit. The logical function of the virtual 
instrument is designed in the Block Diagram and it’s appearance on the Front Panel. 
The following main programming tools can be mentioned used in the Block Diagram: 

• Data acquisition, sampling, signal scaling 
• Building and handling arrays, clusters 
• Third-octave analysis, maximum levels of a scaled signal 
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• Timing, measuring time, while loop 
• Mathematical functions 
• Logical decisions, case structures 
• Formatting the results into string format, saving them into text file 

After creating the virtual input channels, setting the sampling rate and scaling the 
signals calculations can be made on an array including the data of all the tree channels 
(Figure 1). With the help of an external reference signal and setting the appropriate 
values of the channel info (engineering unit [m/s2], sensor sensitivity [mV/Unit], level 
reference [1,0E-6 m/s2], pregain [dB]) each channel can be calibrated (Figure 2a).  

 
Figure 1. Building an array of the physical input channels, creating virtual input 

channels, setting the sampling rate 
 

 
a 

 

 
b 

Figure 2. Setting the channel info (a) and choosing the parameters for the  
Fractional-octave Analysis VI (b) 

Choosing the fitting parameters of the Fractional-octave Analysis VI (virtual 
instrument, LabVIEW expression) as shown on Figure 2b some of the conditions of the 
Hungarian Standard MSZ 18163-2 can be fulfilled (third octave spectra, frequency 
range, integrating time constant of 125 msec).  

The result from the Fractional-octave Analysis VI comes in a form of 1-D array of 
third octave spectra of cluster of two elements. The two elements in the cluster are the 
nominal frequency [Hz] and the band power [dB]. This form can be changed into a 
cluster of 3 elements, where the 3 elements are the third octave spectra for each channel. 
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Each of these cluster elements includes a cluster of two elements, which are the 1-D 
array of nominal frequencies and the 1-D array of power band. After unbundling the 
cluster of 3 elements of the third octave spectra separated arrays can be built from the 
nominal frequencies (1-D array) and the band power (2-D array). Considering that the 
values of the band power array represent levels, the result of the Formula Express VI 
can be written as follows: 

 2 2
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Figure 3. Realising the weighting filter using the Formula Express VI 

The output of the Formula Express VI delivers the weighted third octave spectra. For 
the given frequency range it means 22 values. To get the wide band weighted level the 
logarithmic sum of the bands’ values is needed, which can be calculated with the help of 
the Expression Nodes and the simple arithmetic addition shown on Figure 4. Using the 
Max-Min Level VI the maximum value of the wide band, weighted level can be 
calculated, and also with a final Expression Node the maximum value of the wide band, 
weighted acceleration in mm/s2 (Figure 4, right).   

 
Figure 4. Calculating the wide band weighted levels and acceleration and its 

maximum values  

The processes shown on Figures 2-4 are running within a while loop. According to the 
mentioned standard the Fractional-octave VI and the Max-Min Level VI restart 
averaging in every 30 seconds. The results for each time period of 30 seconds are 
written into a text file (the maximums of the weighted wide band values and the 
equivalent, weighted levels of the third-octave spectra). It is possible to choose on front 
panel to overwrite the previous results, or to append the new ones. Figure 5 shows the 
case structure within the while loop organising the file operations.  
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Figure 5. Writing the resulting acceleration values and spectra levels into a text file 

The program includes altogether three Fractional-octave Analysis VI-s. One is for 
calibration and it measures and displays the third octave spectra in 1-100 Hz frequency 
range. It is useful, because vibration calibrators are usually working at 80 Hz, so it 
makes possible to calibrate the system. The other two are measuring the maximum and 
effective values of the third octave spectra in 0.315-40 Hz frequency range. Besides the 
three channels diagram sets of the third-octave spectra the Front Panel (user interface) 
of the program shows the following discrete digital values, information and includes 
three buttons: 

• Unweighted wideband (1-100 Hz) current levels and accelerations in m/s2 for the 
three channels with 0,125sec integration time 

• Weighted wideband (0.315-40 Hz) current levels for the three channels with 
0.125 sec integration time 

• Weighted wideband (0.315-40 Hz) maximum levels for the three channels with 
0.125 sec integration time 

• Weighted wideband (0.315-40 Hz) maximum accelerations in mm/s2 for the 
three channels with 0.125 sec integration time 

• Elapsed time in seconds 
• Indicators to show that the filters of the Fractional-octave Analysis VI-s are 

settled  
• Button to restart averaging 
• Button to choose between overwrite or append at writing the result text files 
• Stop button 

 

  
Figure 6. Front Panel with wideband results and part of the data written 

into a text file 
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4. Vibration problems with a gas engine 
Because of the intensive vibration of the engine the bolts of the oil pump and turbo 
charger started to break. After replacing them they broke again in a couple of hours. 
Vibration measurements were done all over on the engine-generator unit in order to find 
out the possible reason of the breaking of the bolts.  

Vibration measurements include the following measuring locations on the engine-
generator unit:  

• On the engine block at each bear of the main axe on both (A and B) sides 
• On the generator unit at the bears vertically on the top and horizontally on both 

(A and B) sides 
• On the engine block at cylinder head’s plane 
• On the gas tube flange mounted on the top of the gas mixer 
• On the turbo charger’s support 
• On the main frame of the engine-generator unit 
• On the cement fundament of the engine-generator unit 

Figure 7 and Figure 8 show the main measuring locations on the engine-generator unit 
where vibration accelerations were measured at 100%, 50% and 0% electric load.  

 

B1 B2 B3 B4 B5 B6 B7
GB2 

GB1 

FUNDA-
MENT 

FRAME 

GT2 GT1 

 
Figure 7. The generator-engine unit with vibration measuring locations on the engine, 

generator, frame and fundament 

The turbo charger has a flexible connection to the gas receiver and it’s support is 
mounted onto the engine block by bolts.  

For the vibration measurements precision vibration meters Type Brüel&Kjaer 2511 
and for recording TEAC MR-30 FM tape recorder were used. For the evaluation of the 
recorded signals Brüel&Kjaer 2032 two channel signal analyser was applied. 

In order to produce the 50 Hz alternating current the four pole generator must be 
driven by exactly 1500 rpm which represents 25 Hz frequency. At four strokes 
combustion engines the typical spectra show that the distance of the peaks from each 
other is the half of the rotational frequency, in this case it is 12.5 Hz. However without 
electric load these distances change a little bit and the peaks slide a couple of Hz to the 
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right. With electric load the exact 12.5 Hz peak distances can be seen. Figure 9 shows 
an example for the mentioned situation where the vibration of the engine block was 
measured at the opposite side of the flywheel. Because of torsion swinging vibration 
levels at this location are somewhat higher than at the flywheel’s side, but still do not 
cause bolt’s breaking at the auxiliary parts just by themselves. 

 

GFH 

GFV 

TSH

TSV

Turbo charger 

 
Figure 8. Vibration measuring locations on the gas receiving flange and turbo 

charger’s support of the engine 

 
Figure 9. Vibration acceleration level on the engine block at location A7  

Upper diagram: 0% electric load. Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 
Lower diagram: 100% electric load. Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2  
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4.1. Resonance 

Normally about the same kind of spectra should be measured all over on the engine-
generator unit what the Figure 9 shows, but due to resonance at some places quite 
different spectra can be seen. At 0% and 50% electric load 50 Hz resonance was 
detected on the generator top (locations GT1, GT2). Interestingly at 100% electric load 
there is no resonance there.  

On the turbo charger’s support in vertical direction (location TSV) also serious 
resonance arises with 50 Hz frequency at 100% electric load. No resonance was 
detected on the turbo charger’s support in horizontal direction (location TSH). Figures 
4-8 show the measured spectra on the generator top and the turbo charger’s support. 

 
Figure 10. Vibration acceleration level on the generator top in vertical direction  

Upper diagram: location GT2 0% electric load. 
Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

Lower diagram: location GT1 0% electric load. 
Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

The frame of the whole engine-generator unit has its resonance on the same way as the 
top of the generator and the support of the turbo charger does: in vertical direction and 
at 50 Hz frequency (Figure 15 upper diagram).  

The value of the acceleration level with resonance is in each cases much higher than 
without resonance. The difference at the resonance frequency is about 25-30 dB. The 
resonance could be one of the reasons why the bolts of the turbo charger’s support were 
breaking.  

 



Acta Technica Jaurinensis Vol. 4. No. 3. 2011 

337 

 
Figure 11. Vibration acceleration level on the generator top in vertical direction  

Upper diagram: GT2, 50% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 
Lower diagram: GT1, 50% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

 
Figure 12. Vibration acceleration level on the generator top in vertical direction  

Upper diagram: GT2, 100% electric load. Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 
Lower diagram: GT1, 100% electric load. Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 
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Figure 13. Vibration acceleration level on the turbo charger’s support in vertical 

direction 
Upper diagram: TSV, 50% electric load. Scales: 0-800 Hz, 60-140 dB re 10–6 m/s2 

Lower diagram: TSV, 100% electric load. Scales: 0-800 Hz, 100-180 dB re 10–6 m/s2 

 
Figure 14. Vibration acceleration level on the turbo charger’s support in vertical and 

horizontal direction  
Upper diagram: TSV, 100% electric load. Scales: 0-400 Hz, 100-180 dB re 10–6 m/s2 
Lower diagram: TSH, 100% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 
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Figure 15. Vibration acceleration level on the frame and fundament in vertical direction  
Upper diagram: FRAME, 100% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

Lower diagram: FUNDAMENT, 100% el. load. 
Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 

4.2. Vibration levels without resonance 

Under the given industrial conditions the simplest way to eliminate the resonance is 
using damping elastic materials at the support, which can dissipate the kinetic 
energy. [1]  

Figure 16 illustrates the basic principles involved in vibration isolation and mounting 
of the machine producing the vibration.  

 

Machine m

Frame 

Fundament 

Steel spring 

Additional
damping 
elastic 
material 

Accelerometer
frame 

Accelerometer 
fundament 

 
Figure 16. Illustration of the basic principles involved in vibration isolation 
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One of the simplest model of a vibrating system shown in Figure 16 consists of a mass, 
a spring and a damper. If the system behaves linearly (and time-invariant) the equation 
of the free motion of the mass is (no external force applied) [2]: 

 
2

2 0d x dxm c kx
dtdt

⋅ + ⋅ + = , (7) 

where x is the displacement, t is time, c is the damping coefficient and k is the stiffness.  

Most elastomeric engineering materials for vibration isolation use a mechanism 
known as hysteretic damping to dissipate energy. When these materials are deformed, 
internal friction causes high energy losses to occur. The loss factor is used to quantify 
the level of hysteretic damping of a material. The loss factor (η) is the ratio of energy 
dissipated from the system to the energy stored in the system for every oscillation. It is 
useful to relate the loss factor to the damping ratio so viscous damping models can be 
used for analysis. At resonance, loss factor is 

 2 2
c

c c
c k m
⋅

η = = = ⋅ξ
⋅

 (8) 

where cc k m= ⋅  is the critical damping coefficient and ξ is the damping ratio. 

A loss factor of 0.1 is generally considered a minimum value for significant damping. 
Compared to this value, most commonly used materials, such as steel, aluminum and 
most rubbers, do not have a high level of damping. Other specialized materials can have 
very high damping. Here are some materials and their approximate loss factor. 

Table 1. 

Material Approximate Loss Factor 
Aluminum 0.007 – 0.005 
Steel 0.05 – 0.10 
Neoprene 0.1 
Butyl Rubber 0.4 
ISODAMP® C-1002 thermoplastic 1.0 

At the time of the vibration measurements 2×25=50 mm dick MAFUND STANDARD 
plates were applied to eliminate the resonance. The size of the plates are 250×125 mm 
and twelve supports were applied. The total surface of the elastomers is 0.375 m2 and 
the total load because of the engine-generator unit is 110.000 N. It means a load of 
0.29 N/mm2 and 7.5 mm deflection belongs to it at this elastomer. The calculated 
stiffness of the elastomer is 38.7 N/m/mm2.  

The performance of an isolation system is determined by the transmissibility of the 
system – the ratio of the energy going into the system to the energy coming from the 
system. This can be expressed in terms of acceleration, force or vibration amplitude. 
Transmissibility (T) is equal to 
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Where: T = Transmissibility 
Aout = Energy out of system (transmitted force) 
Ain = Energy into system (Disturbing force) 
ξ = Damping ratio 
fd = Driving frequency 
fn = Natural frequency 

 

 
Figure 17. Two typical transmissibility curves: one for a highly damped material 

(ξ≈ 0.5), another for a material with much lower damping (ξ ≈ 0.05) 

By lifting the engine-generator unit by a couple of millimetres additional elastic support 
can be put under the frame (Figure 7). After these changes the bolts did not break. 

Figures 18-20 represent the measured results with the additional elastic support. The 
extremely high vibration levels of resonance practically disappeared at the critical 
locations. During the checking process one time the generator and the engine were 
separated (the generator was pulled back) and it gave an opportunity to check the 
eccentricity between the axes of the engine and generator. The eccentricity was found as 
high as 0.7 mm and in it was reduced to 0.2 mm in order to fix this possible vibration 
problem too. Besides the additional elastic support it also helped to reduce the vibration 
of the generator. After vibration reduction the spectra looks normal as it is expected 
(Figure 18). 
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Figure 18. Vibration acceleration level on the generator top in vertical direction after 
vibration reduction  

Upper diagram: GT2, 50% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 
Lower diagram: GT1, 50% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

 

Figure 19. Vibration acceleration level on the turbo charger’s support in vertical and 
horizontal direction after vibration reduction  

Upper diagram: TSV, 100% electric load. Scales: 0-400Hz, 80-160dB re 10–6 m/s2 
Lower diagram: TSH, 100% electric load. Scales: 0-400Hz, 80-160dB re 10–6 m/s2 



Acta Technica Jaurinensis Vol. 4. No. 3. 2011 

343 

 

 
Figure 20. Vibration acceleration level on the frame and fundament in vertical direction 

after vibration reduction 
Upper diagram: FRAME, 100% electric load. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

Lower diagram: FUNDAMENT, 100% el. load. 
Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 

5. Environmental vibration of the gas engine 
The vibration acceleration levels measured on the fundament of the engine-generator 
unit can be considered as the environmental vibration “output” of the machine. It can be 
also interesting to see as an information how the environmental vibration values change  

 
Figure 21. Vibration acceleration level on the frame in vertical direction before and 

after vibration reduction with 100% electric load 
Upper diagram: FRAME before vib. red. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 

Lower diagram: FRAME after vib. red. Scales: 0-400 Hz, 80-160 dB re 10–6 m/s2 
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on the main frame of the engine-generator unit however environmental vibration 
pollution can not be interpreted at this point. Figure 21 and Figure 22 show that how the 
measured non weighted vibration change on the frame and on the fundament before and 
after the vibration reduction of the engine-generator unit. 

 

Frequency range of the environmental vibration 

 
Figure 22. Vibration acceleration level on the fundament in vertical direction before 

and after vibration reduction with 100% electric load 
Upper diagram: FUNDAMENT before vib. red 

Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 

Lower diagram: FUNDAMENT after vib. red. Scales: 0-400 Hz, 60-140 dB re 10–6 m/s2 

Evaluating the resulting environmental vibration according to Chapters 2-3 it can be 
seen that in the frequency range of 0.315-8 Hz the vibration values of the fundament are 
higher before the machine vibration reduction than after (Figure 23). The wideband 
value of the environmental vibration before the machine vibration reduction is 
43.4 mm/s2 and after the machine vibration reduction is 69.4 mm/s2. These values can 
be measured at the source, the value of the caused environmental vibration pollution 
depends of the vibration propagation conditions in the environment. [5]  

Since the limiting values of the environmental vibration are referring to human 
vibrations in buildings, there are three possibilities of reducing this vibration: at the 
source (rebuilding the fundament of the machine), at the propagation section (changing 
the impedance of the soil by digging proper ditches or building cement walls in the soil) 
and in the buildings using local vibration isolation (like isolating plates). 

The evaluation of the environmental vibration pollution can also happen according to 
the standards DIN4150 and ISO2631 which are used practically worldwide. [3],[4] 
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Figure 23. Weighted environmental vibration acceleration level on the fundament in 

vertical direction before and after vibration reduction with 100% electric load 

6. Conclusion 
Solving the vibration problems of a gas engine due to the damping elastomers can give 
good results with the machine vibration and resonance, but at the same time attention 
should be paid on the environmental vibration especially in the case when the given 
environment is sensitive to it. As the example above shows it is possible that reducing 
machine vibration can cause the increase of the environmental vibration. For checking 
out the environmental vibration the developed method is useful, gives quick results 
about the situation. Using a virtual instrument developed under LabVIEW for this 
purpose is new and practical. Usually the vibration meters or analysers do not include 
the possibility of measuring the environmental vibration directly. The advantage of this 
virtual instrument also that it can be developed in the future and combining simulated 
and measured results is possible. For this purpose the Scilab (it is similar to the 
MATLAB) and the LabVIEW-Scilab-Gateway software can be used. 
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