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Presented in this article measurements are a continuation of
a test series of experiments published in FB�"�"#��
�����
���G(
���:(
 ����(
 ,"�01!-
 
�� ���
 ���G(
 ,"�01!-
 ��+
 �����"-�
����H( designed to search for a model of human operator-
manual percussive tool system taking into account the hu-
man being as part of the system modeled. Research had on
purpose a description of the transmission of hand pressure
force from a hand tool, through a human body to operator
legs. During a new series of experiments, a human operator
stood on a platform and by exerting pressure on a tool’s
handle compared the force realized by him with the sudden

reference force. The human operator was considered as an
alive active element able to control a hand tool by exerting
suitable pressure on a tool’s handle to fulfill a task a priori
defined.

The test stand shown in Figure 1 allows for the genera-
tion of reference force, measurement and visualization of
the reference and realized forces on the monitor’s screen.

Several variants of the experiments were registered and
analyzed. Special attention was paid to transient and steady
states of human reactions subjected to vibration excitation
perturbations coming from the tool with chosen, controlled
frequencies. Simultaneous recordings of exerting pressure
force on a tool’s handle and platform horizontal reaction
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allowed for the visualization of force transition through
a human body between hand and legs for the investigated
participants.
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In experimental investigations several volunteers took part.
They executed sequentially planned steps of test procedure
under the influence of simulated tool’s vibrations with
frequencies 5, 7, 9, 11, 13, 15, 17, 19 [Hz], with and without
an isolated handle. During the tests operators stood on

the mobile platform in the established position of the
body, keeping the tool with one hand and observing force
indicators on the monitor’s screen as shown in Figures 2
and 3.

The pressure force on the tool’s handle realized by the
operator and the reaction force between the mobile platform
and the immobile frame measured by strain gauges were
simultaneously registered with a computer-generated step
signal. This computer-generated signal was converted into
analog form and was then routed to the analog output data
acquisition card. Measurements, generation of given si-
gnals and visualization were performed in the LabView
environment (National Instruments). Used data acquisition
DaQCard NI 6024, NI SC 4345 conditioner, strain gauges
amplifiers, and a measuring computer. The frequency of the
vibration of the working tool was always determined by
means of a motor controlled inverter inductor.

Recorded for all the tests the time histories of measured
quantities were then subjected to processing in a computer
software environment 2.2.7.8 D-Plot (HydeSoft USA). This
step enabled the calibration and filtering recorded wave-
forms. As a result, we obtained time courses available for
further analysis. Figures 4 and 5 show exemplary timings
for the movement of the tool equal to 15 frequency [Hz] –
Figure 4 and to frequency 19 [Hz] Figure 5, respectively.
These drawings show waveforms of three forces: – given,
realized by the operator pressure to handle, and horizontal
reaction forces measured between platform and frame. This
force is due to the transfer of force staged by the pressure of
the vibrating tool handle by the operator’s body. One can
notice the difference between the force realized by the pres-
sure and the strength of the reaction. Body clearly filtered
pulses of pressure force on the tool.
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The analysis of time-courses was performed also by compu-
ter in the software environment 2.2.7.8 D-Plot (HydeSoft
USA). The analysis was focused on two problems:
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The resulting timing forces exerted by the operator on the
handle allowed the measurement of dynamic force for all
tested frequency movements of the tool. Figure 6 shows the

results of the measurements of the maximum dynamic force
from the applied vibration isolation compared to the measu-
rement without vibration isolation.

Analyzing power transmission through the body of
the operator, a dynamic factor of moving force in the
horizontal direction was estimated. The method of ana-
lysis was illustrated in Figure 7. It shows calculated va-
lues of the moving average force carried out by the pressure
and compared with the measured force of the reaction.
Dynamic coefficient of force transmission has been found
as the ratio of the measured reaction force between the
platform and frame measuring the force of the measured
averaged pressure realized by the operator on the vibrating
tool.



26

���!-
 ��
 ,	�;<�,(
 =��)">
 ����?	,�

�	������
 �@
 ���	��		���
 �@
 ����
 .��		���
 @����
 ����A�
 �����
 B��C���

This coefficient varied during each test done, so to express it
with one number for each sample were calculated their ave-
rage value. These values were tabulated by grouping them
according to excitation frequency for all tests performed by
different operators with vibration isolation and without vi-
bration isolation. Then, calculating the median value of the
coefficient of the test frequency for all analyzed movements
of the tool. The described analysis was repeated after isola-
tion of the tests performed in the steady state.

The results of the analysis presents the following Figures
8 (for the full sample) and 9 (for the steady-state). During
the analysis it was observed that a variable sinusoidal signal
transmission of force by the working tool of the human
body shows its effects similar to those of a low pass filter.
The analysis of the measured signal frequency response be-
tween the platform and the frame has confirmed this obse-
rvation – components with excitation frequencies were vir-
tually absent in the spectrum of responses.
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An analysis of the results of measurements of the dynamic
component of force exerted by the operator on the tool du-
ring the control process (Fig. 5) may lead to the following
conclusions:
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The results of the analysis of the transition signal
strength clamp tool implemented by the operator confirms
the action of the operator’s body as a low pass filter. Dyna-
mic transmission coefficient exceeds the value 0.9. In the
transient state, when a person performs the task actively the
coefficient, for certain frequencies of movement of the tool
exceeds the value 1.0. Vibration isolation of almost the enti-
re frequency range covered by the tests carried out reduces
the dynamic coefficient of transmission. The calculated
average values may indicate a transfer of dependence on the
frequency of the signal force of motion of tools. Tests must
be done, however, be regarded as a test and to obtain full
results repeat them by extending the frequency range of the
tools and the number of participants.

�!"!#!$%!&

B�"�"#�
P�(
,"�01!-
����(
�����"-�
=�
���G(
�
����
�����������;����#
�%���
��
���'���%?���
���*��
����������%:�%����:�%�
����%!���� #
�������!���!����
��
';����!�(
�>�"�*�"3�
!�&���>�!
�!�&���-�
P�O�6���G(
>�
�
F��IH(
,��-Q�(
���G(
**�
�8D�R�

B�"�"#�
P�(
,"�01!-
��(
�����"-�
=�
���:(
-�
���
��������
�������������
	 ���#�
������������
�� �
�����
��
� ������������#	����������!�#
�
�(
���&� !"
�%
���#���
	��!��!"(
 ���
�:F���H(
���
�6���:(
.���"&
���+!3$
�%
	��!��!"(
��33�##!!
�%
�)#�3�#��
���#���
��+
��L�O
#��"(
�		�
���9O�8�E(
**�
G�D:��

B�"�"#�
P�(
,"�01!-
����(
�����"-�
=�
����(
0��
��������������0��� 
��

��� B��������� ��� C ���#/
������ 2������� D �������(
 S�!�&����"
��+
���#���T(
U)��#!��$(
 ���
�:(
���
�(
�		�
�8�9OG:�8(
**�
�DI

,"�01!-
����(
�����"-�
=�
����(
A?!������� �!�������'�����%:�%����:�%#
�
������%���� �� �!� �?�� �������%����'��������
����
�����������%:#
�%�
��*�����������;�����%���
(
	$3*�>�)3
V?*W$�
��L���4�
��
�#�O
�>!��!T(
,��-Q�D=������!
D
�8D�:
�:�
����
F���%!�!��!
*�*!�"H�

,"�01!-
����(
P�!3��X"-�
��(
B�"�"#�
P�(
�����"-�
=�
���G(
���
������	 #
����*��
����������� �	����
��
� ���������	����������!��
�(
&!
��+
�3!O
�����
���%!�!��!
��
�)3��
��L��#���(
�&���'�(
��D�8
=)�!
���G(
.����



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PLK ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


