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Abstract. The human body is exposed to vibrations during various daily activities, which can represent health risks 

depending on the intensity range and exposure period. The vast majority of motor vehicles provide discomfort in work 

posture and safety issues. Furthermore, this condition may be associated with the development of several adverse health 

consequences, including back/neck pain, cardiovascular disorders, neuropathies, digestive problems, and, in the long 

term, even cancer. To carry out an assessment of Whole-Body Vibration (WBV) and Hand-Arm Vibration (HAV), a 

commercial device with local and single measurement point is usually used, requiring multiple devices for accurate 

diagnosis. This can generate a mismatch of information/data to obtain a complete and accurate study of the case. To fill 

this gap and perform a complete and synchronous analysis at all points that affect the operator's health, an 

unprecedented and exclusive device was designed, developed, calibrated, and validated in field tests for the simultaneous 

measurement of WBV and HAV at multiple points (floor, seat, backrest and steering wheel). Three seat pads and one 

hand pad were produced, encapsulating triaxle accelerometers for the characterization of the collected vibration values. 

In the calibration phase, the equipment was taken to a shaker, and tests were carried out at different vibration 

frequencies, comparing the developed equipment with a commercial one. To process the data during the tests, an 

exclusive program was developed using MATLABTM software, which acquired, read, interpreted, and reported to a 

summary document. This way, it is possible to fully explore and formalize hypotheses regarding: WBV, HAV, comfort 

and health classification according to ISO 2631, SEAT transmissibility, and compression impact on the spinal column 

(𝑆𝑑
𝐴). 

 

Keywords: Simultaneous Vibration Measurement Equipment, WBV, HAV, SEAT, ISO 2631.  

 

1. INTRODUCTION  
 
The human body is exposed to vibrations during everyday activities, such as the use of machinery, equipment, and/or 

tools. As a result, exposure to vibration can be uncomfortable, exciting, nauseating, stimulating, or even a source of health 

problems [Griffin, 1996].  

Bruel & Kjaer, 1989, state that the vibration received by the body can be classified into two major groups: Hand-Arm 

Vibration (HAV) and Whole-Body Vibration (WBV). Both forms can pose risks to humans, depending on the intensity 

and duration of exposure to such vibratory modulations, which can be sources of discomfort and also cause health 

problems. Due to its structural complexity, each part of the human body can both absorb and amplify mechanical waves. 

The exposure to WBV and HAV is concerning in the workforce because this condition is associated with the 

development of various adverse health consequences, including back and neck pain [Basri and Griffin 2013; Beard and 

Griffin 2016; Bovenzi et al. 2017; Charles et al. 2018; Du et al. 2018; Palmer et al. 2012], increased risk of cardiovascular 

diseases [Hering et al. 2015], development of neuropathies [Stoyneva 2016], digestive problems [Ronchese and Bovenzi 

2012], headaches, dizziness, and nausea [Butler and Griffin 2009; Donohew and Griffin 2010; Haward et al. 2009], and 

possibly cancer [Jones et al. 2014; Nadalin et al. 2012; Waugh et al. 2016]. 

To assess Whole-Body Vibration (WBV) and Hand-Arm Vibration (HAV), a commonly used approach involves the 

use of a commercial device that measures vibrations at specific contact points (seat, backrest, floor, feet, steering wheel, 

bars, handles, among others). However, multiple devices are usually required to perform all the necessary measurements 

for a comprehensive vibrational diagnosis. This can lead to inconsistencies in the information/data, making it challenging 

to obtain a complete and accurate study of the case. 

With a focus on health, comfort, vibration transmissibility, and potential spinal injuries brought on by impact 

vibrations, the primary goal of this study is to evaluate Whole-Body Vibration (WBV) and Hand-Arm Vibration (HAV) 

experienced by users of various motor vehicles. The following are this paper's specific goals: (a) Building a single 

instrument that complies with the geometry, sensitivity, and dimension recommendations specified in the standards for 

each of these measurements, allowing simultaneous measurement of vibration in WBV and HAV situations at multiple 

points (floor, seat, backrest, and steering wheel). (b) Laboratory calibration of the created device through comparison 
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with a commercial instrument over a range of vibration frequencies. (c) Development of specific and exclusive routines 

in MATLABTM mathematical modeling software for data generation, reading, and analysis from this device. 
 

2. LITERATURE REVIEW 
 
Vibration analysis and the evaluation of its effects on drivers and passengers of vehicles is a recurrent topic in the 

global literature. In most studies, the focus is on assessing the overall comfort by improving vehicle’s seat comfort or the 

harmful effects that vibration can have on users. 

A summary of the connection between low back discomfort and work-related exposures to WBV and mechanical 

shocks is given by Bovenzi et al. (2017). According to their comments, experimental research backs up the conclusions 

of epidemiological studies by showing that, in controlled settings, exposure to WBV can result in mechanical stress on 

the human spinal column. Using commercially available instruments, Fedatto Neto and Gomes assessed the levels of 

Whole-Body Vibration (WBV) in passengers of urban trains in Porto Alegre/RS during typical usage conditions in 2017.  

The goal of Roseiro et al. (2016) was to examine the amount of Hand-Arm Vibration (HAV) and Whole-Body 

Vibration (WBV) exposure experienced by cyclists. In this study, two models of bicycles - a speed bike and a mountain 

bike - were used to quantify bicycle vibration. According to the findings, hits and brief vibrations put a lot of strain on 

the shoulders, arms, wrists, knees, and spinal column. 

In a study by Rampal et al. (2009) on operators of armored military vehicles in Malaysia, 159 respondents were 

evaluated to determine the prevalence of low back pain related to whole-body vibration (WBV), and 64.2% of them 

reported having such pain. The prevalence was higher in tracked vehicles (81.7%) compared to wheeled vehicles (67%). 

A study by Fedatto Neto (2018) examines the levels of Whole-Body Vibration (WBV) affecting comfort and health, 

vibration transmissibility (SEAT), and spinal impact vibration (R-factor and 𝑆𝑒𝑑) in three Leopard I A5BR, Guarani, and 

Urutu armored vehicles used by the Brazilian Army. For each of the investigated military vehicles, numerical models of 

vehicle suspension were created in addition to in-situ measurements using the Newmark method for time-domain analysis. 

For all armored vehicles, accelerations at the center of gravity (CG), on the driver's and passenger's seats, ground reaction 

forces, and suspension workspace were compared. According to the study's findings, there are different levels of comfort 

and safety among the vehicles examined in these circumstances. 

The vibration that motocross riders' hands felt was assessed by Tarabini et al. (2020), and they investigated strategies 

to make it less intense. They examined how much vibration professional and amateur motocross riders were exposed to 

on a track with elements typical of those used in the sport. In order to assess various components' abilities to reduce the 

rider's exposure to vibration, a lab environment was created using an LDS V930 shaker to imitate the vibration patterns. 

Mizushima et al. (2022) show how to build a hand-arm vibration monitor while a lawn mower operator goes about 

their everyday business and simultaneously measures the vibration levels on both hands (in accordance with ISO 5349-

1/2001). Additionally, recommendations for reducing the risks are offered for the examined circumstance together with 

the identification of the associated risks. 
 

3. THEORETICAL-NORMATIVE FOUNDATION 
 
Exposure to Whole-Body Vibration causes a complex distribution of oscillatory movements and forces within the 

body, which may vary among individuals in terms of biological effects. This type of vibration is encountered in vehicles, 

machinery, buildings, and in the vicinity of workplace equipment. The International Organization for Standardization 

(ISO) develops and publishes international standards, tests, and certifications. Regarding vibration, the following 

standards are relevant: ISO 2631-1, 1997(2010) Mechanical Vibration and Shock - Evaluation of Human Exposure to 

Whole-Body Vibration - Part 1: General Requirements, ISO 2631-5 (2018) Mechanical Vibration and Shock - Evaluation 

of Human Exposure to Whole-Body Vibration - Part 5: Method for Evaluation of Vibration Containing Multiple Shocks,; 

ISO 5349-1( 2001) Mechanical Vibration - Measurement and Evaluation of Human Exposure to Hand-Transmitted 

Vibration - Part 1: General Requirements; ISO 8041 (2017)  Human Response to Vibration - Measuring Instrumentation; 

NBR NM ISO 5353 (1999) Road construction machinery, tractors, and agricultural and forestry machinery - Seat 

Reference Point.  

At the Brazilian national level, there is the Regulatory Standard No. 15 (NR-15), which deals with unhealthy activities 

and operations, and its Annex 8, 2014, specifies about vibrations limit exposure. This aims to establish criteria for 

characterizing the unhealthy working condition resulting from exposure to Hand-Arm Vibration and Whole-Body 

Vibration, where the technical procedures for the quantitative assessment of WBV and HAV are established in the 

Occupational Hygiene Standards (NHO) of FUNDACENTRO. In order to contribute to the control of exposure and 

prevention of occupational diseases, in 2013, the Occupational Hygiene Standard (NHO) 09 - Evaluation of Occupational 

Exposure to Whole-Body Vibration, and NHO 10/2013 - Evaluation of Occupational Exposure to Hand-Arm Vibration 

were drafted. 

Simultaneously, the normative Annex No. 1 of NR-09/2021 instrument that regulates the implementation of measures 

to preserve the health and integrity of workers through anticipation, evaluation, and control of risks in the workplace. 

Unlike NR-15/2014, which has a compensatory bias, this standard is preventive. It states that organizations must adopt 

prevention and control measures for exposure to mechanical vibrations that may affect the safety and health of workers, 

eliminating the risk or, where technology is proven to be unavailable, reducing it to the lowest possible levels. 
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The European Directive 2002/44/EC, concerning the exposure of workers to the risks arising from physical agents, 

aims to introduce minimum level requirements for the protection of workers when exposed to risks from vibrations in the 

course of their work. The Directive establishes 'Action Values of Exposure' (AVE) and 'Exposure Limit Values' (ELV). 

The AVE is the amount of daily exposure to whole-body vibration above which measures must be taken to reduce the 

risk, while the ELV is the maximum amount of vibration to which an employee can be exposed in a single day. 

Following similar mathematical formulations and correlations, the NR-15 (2014) regulation, NHO-09 (2013) 

guideline, and European Directive 2002/44/EC have reference values. For a clearer view, Table 1 presents the values: 

 

Table 1. Comparative table of standards and their limit and action values. 

 
 AVE (m/s²) ELV (m/s²) 

WBV   

ISO 2631-1 (1997) 0.43* 0.87* 

EC 44/EU/2002 0.5 1.15 

NR-15 (2014) 0.5 1.1 

NHO-09 (2013) 0.5 1.1 

HAV   

NHO-10 (2013) 2.5 5.0 

ISO 5349-1 (2001) 2.5 (12.04 y**) 5.0 (5.77 y**) 

EC 44/EU/2002 2.5 5.0 

NR-15 (2013) 2.5 5.0 
           *Estimated by graphs     **for 10% of population with hand disorders 

 

According to Griffin, 1996, an important value to characterize vibration is the root mean square (RMS) value of 

acceleration. This allows evaluating the average energy contained in the oscillatory movement, thus revealing the damages 

caused by the vibration effect. The representation of the expression defining the value of the RMS acceleration variable 

is shown below for a continuous variable acceleration function 𝑥(𝑡) defined over a time interval 𝑇1 ≤ 𝑡 ≤ 𝑇2 (Eq. 1). 
 

𝑎𝑟𝑚𝑠 = √
1

𝑇2−𝑇1
∫ [𝑎(𝑡)]²𝑑𝑡

𝑇2

𝑇1
                                                                                                                                                 (1) 

 
Weighting curves were proposed in ISO 2631-1/1997, which assign different weights to RMS acceleration values 

based on their corresponding frequencies in the human body, resulting in weighted acceleration (𝑎𝑤) in m/s², as given by 

Equation 2, where 𝑊𝑖 represents the weighting factors specified by the standard for each one-third octave band of 

frequencies, and 𝑎𝑖 is the corresponding RMS acceleration for each band, which will be detailed in the following section. 
 

𝑎𝑤,𝑗 = [∑(𝑊𝑖𝑎𝑖
2)]

1

2      𝑗 = 𝑥, 𝑦 𝑜𝑟 𝑧                                                                                                                                                 (2) 

 

The respective weighted acceleration values, 𝑎𝑤𝑥 , 𝑎𝑤𝑦 , 𝑎𝑤𝑧  are obtained for the three orthogonal axes representing 

the values of weighted accelerations obtained in 𝑥, 𝑦, and 𝑧 directions, respectively. It is necessary to obtain a single 

acceleration value in order to facilitate comparisons with ISO 2631-1/1997 standard, using the following Equation 3 (total 

acceleration): 
 

𝑎𝑣 = √𝑘𝑥
2𝑎𝑤𝑥

2 + 𝑘𝑦
2𝑎𝑤𝑦

2 + 𝑘𝑧
2𝑎𝑤𝑧

2                                                                                                                                               (3) 

 

where, 𝑘𝑥, 𝑘𝑦, 𝑘𝑧 are the so-called multiplication factors (enhancement factors), which depend on the axis in which the 

acceleration occurs, the measurement position, and the purpose of the evaluation (comfort or health) defined in the 

standard, taking into account uncertainties related to the values of vibration exposure limits. For cases where vibration 

exposure occurs in two or more periods with different durations and magnitudes that correspond to the total duration of 

vibration, it is possible to calculate the equivalent total vibration (𝑎𝑣𝑒) according to the following Equation 4, where 𝑎𝑣𝑖 

is the vibration in m/s² for the duration of 𝑇𝑖 , where 𝑖 is the index that defines the respective period. 
 

𝑎𝑣𝑒 = [
∑(𝑎𝑣𝑖

2×𝑇𝑖)

∑ 𝑇𝑖
]

1/2

                                                                                                                                                             (4) 

 

The ISO 2631-1, 1997 establishes the use of the daily exposure value 𝐴(8), which is given by the Equation 5: 

 

𝐴(8) = 𝑎𝑣𝑒√
𝑇

𝑇0
                                                                                                                                                                      (5) 
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where: 𝑇0 refers to a duration of 8 hours and 𝑇 is the actual exposure time (h). 𝐴(8) is understood as the weighted total 

vibration to which a particular system is exposed during an 8-hour daily period. 

Currently, one of the most popular methods used to assess seat comfort dynamics is the SEAT value (Seat Effective 

Amplitude Transmissibility). This SEAT value can be calculated from a transfer function for various input vibration 

acceleration spectra in relation to a measurement point (output). It is defined as a percentage obtained by dividing the seat 

vibration value by the floor vibration value. If the value is greater than 100%, discomfort may be caused by an increase 

in vibration transmitted through the seat. If the SEAT value is less than 100%, it indicates that the seat has attenuated part 

of the generated vibration. 

ISO 2631-5, revised in 2018, addresses human exposure to multiple mechanical shocks and defines requirements for 

their measurement using a formula. The results of these measurements are then analyzed to provide information for 

assessing the risk of adverse health effects on the vertebral endplates of the spinal column for individuals in a seated 

position due to compression in this region. Two exposure regimes are distinguished: severe conditions and less severe 

conditions. Both methods are based on the calculation of the daily compression dose (𝑆𝑑
𝐴) and the risk factor (𝑅𝐴). 

The compression dose (𝑆𝐴, in MPa) is estimated according to Equation 6, per exposure for all disc levels, where 𝐶𝑑𝑦𝑛,𝑖 

(N) is the sum of peak compressive forces acting on the vertebral endplate area (𝐵, in mm²), and 𝑖 is the exposure year 

counter. 
 

𝑆𝐴 = (∑ (
𝐶𝑑𝑦𝑛,𝑖

𝐵
)

6

𝑖 )
1/6

                                                                                                                                                                      (6) 

 

The equivalent daily compression dose in the lumbar spine (𝑆𝑑
𝐴, in MPa) is calculated using Equation 7, where 𝑆𝑗

𝐴 is 

the dynamic compressive stress of the lumbar spine due to vibration exposure in condition 𝑗, 𝑡𝑑𝑗 is the daily vibrational 

exposure time in condition 𝑗, and 𝑡𝑚𝑗 is the period over which the dynamic compressive stress is measured. 

 

𝑆𝑑
𝐴 = (∑ 𝑆𝑗

𝐴6
𝑗 ⋅

𝑡𝑑𝑗

𝑡𝑚𝑗
)

1/6

                                                                                                                                                                      (7) 

 
The risk factor (𝑅𝐴 in Equation 8) for all levels of vertebral discs is defined for use in assessing adverse health effects 

related to the daily compression dose, where 𝑁𝑖 is the number of days exposed per year, 𝑖 is the year counter, 𝑛 is the 

number of years exposed to that vibration, 𝑆𝑢𝑖
𝐴  is the maximum force (in MPa) on the lumbar spine for a person of age 

(𝑏 + 𝑖) years, where 𝑏 is the initial age of the individual at exposure and 𝑖 is the number of years exposed. 𝑆𝑠𝑡𝑎𝑡,𝑖
𝐴  is the 

average compression-decompression force divided by the area of the vertebral endplate (𝐵, in mm²). 
 

𝑅𝐴 = [∑ (
𝑆𝑑

𝐴⋅𝑁
𝑖

1
6

𝑆𝑢𝑖
𝐴 −𝑆𝑠𝑡𝑎𝑡,𝑖

𝐴  )

6

𝑛
𝑖=1 ]

1/6

      with      𝑆𝑢𝑖
𝐴 = 6,765 − 0,067 ⋅ (𝑏 + 𝑖)                                                                     (8) 

 
Limits for potential health effects derived from exposure to multiple shock vibration are also defined (Table 2). 

 

Table 2. Health effects assessment according to ISO 2631-5/2018. 
 

Probability of 

health effects  
ISO 2631-5:2018 

Low 𝑆𝑑
𝐴 < 0.5 𝑀𝑃𝑎 𝑅𝐴 < 0.8 

Moderate 0,5 < 𝑆𝑑
𝐴 < 0.8 𝑀𝑃𝑎 0,8 < 𝑅𝐴 < 1.2 

High 𝑆𝑑
𝐴 > 0.8 𝑀𝑃𝑎 𝑅𝐴 > 1.2 

 

ISO 5349-1/2001, provides guidelines for the assessment of exposure to manually transmitted vibrations (Hand-Arm 

Vibration), specified in terms of frequency-weighted vibration acceleration and daily exposure time (it does not define 

safety limits related to vibration exposure). The method takes into account factors known to influence the effects of hand-

arm vibration exposure in working conditions, such as vibration frequency spectrum, vibration magnitude, duration of 

exposure per working day, and cumulative exposure. 

The assessment of vibration exposure is based on the combination of the three orthogonal axes, resulting in a total 

vibration value (𝑎ℎ𝑣). To facilitate comparisons between daily exposures with different durations, daily vibration exposure 

can be expressed in terms of an 8-hour equivalent, denoted as 𝐴(8), and presented in Equation 9, where 𝑇 (ℎ) is the 

exposure time to vibration and 𝑇0 is the reference time of 8 hours or 28,800 seconds. 
 

𝐴(8) = 𝑎ℎ𝑣√
𝑇

𝑇0
                                                                                                                                                                      (9) 
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Table 3 presents technical considerations and the recommended actions for the assessed exposure condition. 

 

Table 3. Criterion for judgment and decision-making for hand-arm vibration in exposed workers. 

 

Resultant Acceleration (m/s²) Technical Consideration Recommended Actuation 

0 to 2.5 Acceptable Maintenance of the existing condition 

2.5 to 3.5 Above the action level Adoption of preventive measures 

3.5 to 5.0 Region of uncertainty Adoption of preventive/corrective measures, to reduce daily exposure 

> 5.0 Above exposure limit Immediate adoption of corrective measures 

 

Preventive measures are actions that aim to minimize the probability that exposure to vibration will cause damage to 

the hand-arm system and to prevent the exposure limit from being exceeded. The corrective measures aim to reduce the 

levels of exposure to vibration, and must be adopted based on the recommendations established in the judgment and 

decision-making criteria. 
 

4. METODOLOGY 

 

4.1 Apparatus Construction 
 
For the experimental determination of vibration values effectively transmitted to the body, accelerometers will be 

used, properly positioned on a contact plate compatible with the employed reading equipment and specific norm 

requirements. That is, to generate the input data, three three-axis transducer accelerometers installed in seat pads will be 

necessary. These seat pads consist of a disk with an outer edge made of flexible material to conform to the shape of the 

measurement location, and a rigid core where the accelerometers are encapsulated, in a standardized manner to enable 

triaxle vibration reading. For the determination of vibration values on the hand-arm system, a triaxle accelerometer 

encapsulated within a glove will be used, aiming to obtain the actual contact point between the hand and the vibrating 

object of interest. Figure 1 shows all the equipment used to build the device. 
 

(a)  (b)  (c)  

(d)              (e)  
(f)  

Figure 1. Equipment used for the construction of the simultaneous whole-body and hand-arm vibration measurement 

device: (a) ADXL335 accelerometer, (b) acquisition board, (c) notebook, (d) hand-pad, (e) seat-pad, (f) Shaker used for 

the calibration phase (TIRA Vibration Test Systems 5000/300). 

 

4.2 Programming and Interface 

 

To process all the data collected during the tests, an exclusive program was developed using MATLABTM software. 

This program acquires, reads, interprets, makes decisions according to international standards and imposed rules, and 

finally reports the results. 

The data collection begins in the field, acquiring them at a rate of 2,000 Hz on four surfaces equipped with tri-axial 

accelerometers (floor, seat, backrest and steering wheel), resulting in 12 simultaneous channels for storage on the board 

and streaming recording on the disk. These values are stored in text files in a column and row format, where the first 

column represents time and the remaining columns represent the respective acceleration values collected on the 𝑥, 𝑦, and 

𝑧 axes of each accelerometer used on the surface of interest (Figure 2). 
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Figure 2. Fragment cut from the DataStream of one of the conducted tests. 

 

After the battery of tests and storage of collected data, a specific code is run separately for reading, interpreting, and 

printing final results. This programming phase was internally divided into several cycles of data reading and analysis, 

including some examples: whole-body comfort evaluation on the seat or backrest, floor to seat transmissibility, evaluation 

of hand-arm acceleration, SEAT index. As a sample of a fragment of this code, Figure 3 shows a snippet of the code lines 

from the hand-arm vibration evaluation section. 

 

 
 

Figure 3. Snippet of code lines from the exclusive program for reading and interpreting each of the conducted tests. 

 

After the completion of the entire program run, the data will be printed (report) in a .docx format, ready for better 

readability by the researcher and standardized condensation of results into a single file for each test. This file contains 

values, metrics, assessments, explanations, and graphs generated from the extracted data groups, internally separated into 

chapters: (1) Whole Body Vibration (VCI); (2) Hand-Arm Vibration (VMB); (3) SEAT; (4) Transmissibility. 

In the first chapter, the weighted, total, and maximum accelerations are presented, evaluated according to ISO 2631-

1/1997. Subsequently, the comfort is analyzed following the same standard, and a final classification is provided. The 

extrapolation of values for 8 hours of daily exposure to the collected vibration dose is then performed, demonstrating the 

total acceleration and equivalent VDV values. The health assessment determines whether the data falls within a safe zone, 

action zone, or exceeds the limit according to EC 2002-44-EC and ISO 2631/1997. Acceleration graphs, with and without 

weighting, are generated and saved in the file, along with the formation of the health guidance zone tab, frequency spectra, 

Fast Fourier Transform (FFT) analysis, and comfort classification. 

In the second chapter of the report, the data structure generated from the readings is similar, with the difference being 

the graph and classification of the values for exposure/action of hand-transmitted vibration according to European 

Directive 2002-44-EC and the 𝐷𝑦  exposure graph for 10% of the exposed population experiencing white finger syndrome 

(ISO 5349-1/2001). 
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The third chapter focuses on the SEAT assessment, presenting the values obtained for the three axes and their 

respective graphs. Finally, in the fourth chapter, the document covers transmissibility, input-output, which was designated 

in the main program, for example: floor to seat, seat to backrest, etc. 

 

4.3 Device Calibration 

 

Calibration is the process of setting up an instrument to provide a result for a sample within an acceptable range. It 

involves comparing a known measurement (a defined standard) with the measurement obtained using the instrument in 

question. In this work, for the calibration phase, it was decided to take the equipment developed to the electrodynamics 

exciter (shaker) at the GMAP/UFRGS Laboratory (see Figure 1f), where tests were conducted at different vibration 

frequency/amplitude ranges and compared with the values of the commercially available device QUEST VI-400Pro, 

which was previously calibrated by an accredited company. 

First, a rigid metal device was constructed using screws and nuts to allow the combination of the two vibration meters, 

enabling them to measure the same intensity simultaneously. Initially, it was positioned horizontally to the exciter, and 

later in the vertical position (forming a 90° angle). In this second case, the possibility of measuring in two axes 

simultaneously (X and Y) was created by placing them at a 45° angle to each other. For whole-body calibration 

measurements, the equipment is activated with the set at 5 (five) different frequencies, (7; 14; 28; 56; 80 Hz) each for a 

duration of 2 minutes. And for hand-arm vibration calibration measurements, the equipment is set to vibrate at 7 (seven) 

different frequencies (6,3; 12,5; 25; 50;100; 200; 400 Hz), each for a duration of 1 minute. . These values were chosen 

because they are the maximum achievable with the signal generator driving the shaker, where the minimum adjusted 

value is the lower limit that can be achieved with the equipment used, and the subsequent values were set at double the 

previous value. 

It can be observed, in the graphics (Figures 4 to 8), that there was an almost perfect match between all the measured 

values, and the small 2-second delay is due to the standard delay of the commercial device since the systems (commercial 

and custom-built) were independent in terms of data recording. Some oscillations occur, probably due to the fact that the 

system developed for processing and reading data from the custom-built equipment does not have any analog filter 

between the accelerometers and the A/D data acquisition system, unlike the QUEST VI-400Pro, which has internal analog 

filters that cannot be removed or turned off.  

The peaks appearing in the graphs originated from the signal generation system, resulting in fluctuations of the 

acceleration generated by the shaker, which were detected by both accelerometers. It can be noted that, despite some 

fluctuations and small differences, there is good degree of conformity between the values measured by the two devices 

under the proposed excitations. The plotted graphs are RMS values measured at 20ms, which is the smallest time interval 

for recording in the commercial instrument. The developed device does not have this limitation, being possible to record 

all values at the sample frequency (2 kHz). Summarizing the validation study, we have Tables 4 with the data collected 

to WBV. Tables 5 contain the numerical values of the validation study for HAV (Z and XY axes). 

 

 
 

Figure 4. Comparison chart WBV, Z-axis at 7 Hz. 

 

These data generate a satisfactory percentage difference in the comparison between the values. It can therefore be 

concluded that the constructed equipment is fully capable of performing whole-body vibration measurements. It is 

presumed that the larger variations observed for the 𝑥 − 𝑦 axes are due to the fact that the 45° orientation of these axes 

relative to the Z-axis reference (gravity acceleration) was not perfect in the experiment between the commercial seat pad 

and the seat pad developed. Then, the calibration phase is completed, where it is verified and verified that the developed 

equipment is qualified to carry out Whole Body and Hand-Arm Vibration measurements. 
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Figure 5. Comparison chart WBV, XY-axis at 7 Hz. 

 

 

 
 

Figure 6. Comparison chart WBV, XY-axis at 80 Hz. 

 

 
 

Figure 7. Comparison chart HAV, Z-axis at 400 Hz. 

 

 
 

Figure 8. Comparison chart HAV, XY-axis at 12,5 Hz. 
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Table 4. Data collected and processed with the commercial vibration measuring instrument QUEST VI-400 Pro and 

with the apparatus developed here for WBV. 
 

QUEST VI-400 Pro (WBV) 

 f(Hz) RMS (m/s²) VDV (m/s1,75) A(8) (m/s²) 

Z-AXIS 

7 2.9861 11.324 0.1927 

14  9.3929 34.5144 0.606 

28  2.95 10.927 0.1903 

56  1.9251 7.0496 0.1242 

80  0.5497 2.0251 0.0355 

XY-AXIS 

7  0.6768 1.504 0.0437 

14  0.5887 1.4214 0.038 

28  0.3463 0.9987 0.0262 

56  0.8234 2.891 0.0531 

80  0.822 2.8432 0.053 

 

HM Vibration Meter – Developed Apparatus (WBV) 

  f(Hz) RMS (m/s²) VDV (m/s1.75) A(8) (m/s²) 

Z-AXIS 

7 3.0764 11.563 0.1985 

14  9.5715 35.017 0.6175 

28  2.8567 10.467 0.1843 

56  1.9486 7.1455 0.1257 

80  0.5336 1.9702 0.0344 

XY-AXIS 

7  0.6539 1.5931 0.0422 

14  0.5642 1.4623 0.0364 

28  0.3303 0.9911 0.0263 

56  0.8196 2.9447 0.0529 

80  0.7647 2.7307 0.0493 

 

Table 5. Data collected and processed with the commercial vibration measuring instrument QUEST VI-400 Pro and 

with the apparatus developed here for HAV. 
 

QUEST VI-400 Pro - HAV 

 f(Hz) RMS (m/s²) A(8) (m/s²) 

Z-AXIS 

6.3  2.3876 0.1089 

12.5  3.3659 0.1586 

25  3.1637 0.1491 

50  1.5916 0.0731 

100  0.8824 0.0402 

200  0.4749 0.0216 

400  0.1790 0.0084 

XY-AXIS 

6.3  2.3652 0.0865 

12.5  2.9709 0.1083 

25  3.2701 0.1173 

50  1.5293 0.0562 

100  1.0387 0.0383 

200  0.9909 0.0372 

400  0.5655 0.0183 

 

HM Vibration Meter – Developed Apparatus (WBV) 

 f(Hz) RMS (m/s²) A(8) (m/s²) 

Z-AXIS 

6.3  2.3148 0.0961 

12.5  3.0746 0.1386 

25  3.0212 0.1360 

50  1.4524 0.0648 

100  0.8114 0.0362 

200  0.4406 0.0192 

400  0.1893 0.0086 

XY-AXIS 

6.3  2.3901 0.0849 

12.5  2.9628 0.1054 

25  3.2602 0.1132 

50  1.5915 0.0565 

100  1.1102 0.0389 

200  0.9774 0.0362 

400  0.5809 0.0173 

 

5. CONCLUSIONS 
 

The HM Measuring Device was constructed in accordance with the corresponding standards and calibrated by 

comparison with a similar commercial device using an electrodynamic exciter encompassing various frequency bands. 

To process all the data collected during the tests, a unique and innovative program was developed using a mathematical 

software. This program acquires, reads, interprets, decides according to international standards and imposed rules, and 

finally prints the condensed results in a document/report in ‘.docx’ format. Data is acquired at a rate of 2 kHz 

simultaneously on four surfaces composed of three axis accelerometers. 

The developed equipment stands out from existing commercial devices due to its ability to measure at four different 

points in three axes simultaneously and at a high acquisition rate. The constructed equipment is capable and qualified to 

perform measurements of hand-arm vibration and whole-body vibration. 
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