
Journal of Engineering Science and Technology 
Special Issue on ICE & ICIE 2015, April (2016) 20 - 27 
© School of Engineering, Taylor’s University 
 

20 

POWER SPECTRUM DENSITY (PSD) ANALYSIS OF 
AUTOMOTIVE PEDAL-PAD  

AHMED RITHAUDDEEN YUSOFF
1,
*, BABA MD DEROS

1
, DIAN DARINA 

INDAH DARIUS
2
, LEONARD JOSEPH HENRY

3
 

1Faculty of Engineering & Built Environment, Universiti Kebangsaan Malaysia, Selangor, 

Malaysia. 
2Faculty of Engineering, Universiti Pertahanan Nasional Malaysia, Kuala Lumpur, 

Malaysia. 
3Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia. 

*Corresponding Author: sabarezza@yahoo.com.my 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Vibration at the pedal-pad may contribute to discomfort of foot plantar fascia 

during driving. This is due to transmission of vibration to the mount, chassis, 

pedal, and then to the foot plantar fascia. This experimental study is conducted 

to determine the estimation of peak value using the power spectral density of 

the vertical vibration input at the foot.  The power spectral density value is 

calculated based on the frequency range between 13 Hz to 18 Hz.  This 

experiment was conducted using 12 subjects testing on three size of pedal-pads; 

small, medium and large. The result shows that peak value occurs at resonance 

frequency of 15 Hz.  The PSD values at that resonance frequency are 0.251 

(m/s2)2/Hz for small pedal-pad, followed by the medium pedal-pad is at 0.387 

(m/s2)2/Hz and lastly for the large pedal-pad is at 0.483 (m/s2)2/Hz.  The results 

indicate that during driving, the foot vibration when interact with the large 

pedal-pad contributed higher stimulus compared with the small and medium 

pedal-pad. The pedal-pad size plays an important role in the pedal element 

designs in terms of vibration-transfer from pedal-pads on the feet, particularly 

to provide comfort to the driver while driving. 
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1.  Introduction 

Drivers use their right foot to control the deflection of the accelerator pedal, 

which in turn controls the longitudinal dynamic of the car.  Normally, to operate 

and handle accelerator pedals, the heel rests on the floor of the car and the foot 
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plantar fascia is in contact with the accelerator pedal-pad [1].  An accelerator 

pedal is a device which is used in many types of vehicles that allows an operator 

to control engine power, remotely. Generally, it is paired with a brake pedal and 

sometimes a clutch, enabling a driver to control the speed of the vehicle almost 

exclusively with his feet. An accelerator pedal is typically connected directly to a 

throttle either by using cables or, electronically to a computer that could 

mechanically adjust the throttle based on pedal input.   

 

Vibration occurs in the car when the car engine is turned on and then 

transmitted to the mounting, chassis, car-body parts (e.g. pedal) and human body 

(e.g. foot) [2, 3, 4]. Vibration increases when the vehicle is in a dynamic situation.  

This is caused by uneven road surfaces and change of vehicle velocity [5]. 

Vibration causes discomfort to the driver and passengers, but more so for the 

driver who operates and controls the vehicle. When there is vibration in the 

driver's compartment area, the driver may be distracted and lose focus while 

driving a vehicle. 

 

When discussing the vibration that a driver or passenger experiences in his 

vehicle, it is important to consider the vehicle and human as a coupled dynamic 

system [5]. In addition, there are usually a number of possible sources of vibration 

that can reduce the perceived comfort of the occupants. Two possible vibration 

sources are the road input at the tyre contact patches as well as the induced 

vibration from the power-train and ancillaries [6]. The vibration from these 

sources is filtered by the structural dynamic transmission paths from the points of 

excitation to the pedal-pad, which are usually attached to the car-body or side of 

the engine room of the vehicle. According to Giacomin et al. [6], the resultant 

vibration may be amplified in some frequency regions and attenuated in others, 

depending on structural resonance occurring in the transmission path. As a pedal-

pad is constructed in different sizes, it also results in additional modification of 

the vibration. In addition, since the lower extremities can be modelled as a 

mechanical system consisting of masses connected by spring and dampers, the 

resultant transmissibility will also depend on the foot plantar fascia which is in 

contact with the accelerator pedal-pad – in particular, the size of the pedal-pad 

surface. Finally, the human sensitivity to vibrations is a function of both 

frequency and direction [7]. This should be taken into account when evaluating 

the measurement vibration levels to determine perceived human comfort. 

 

Vibration of foot plantar fascia may contribute to discomfort, annoyance, or 

interference with a driver’s activities, with the sensations varying in strength 

according to the vibration magnitude, the vibration frequency, the direction of 

vibration, and the contact conditions with the vibration surface [7, 8]. Usually 

studies conducted by researchers on vibration transmissibility focus on vibration 

measurement objectives at vertical axis [9, 10].  According to Parsons et al. [11], 

vertical vibration is more effective on the feet compared to horizontal vibration.  

Morioka and Griffin [7] mentioned in their article that at frequencies less than 50 

Hz, the foot is most sensitive to vertical vibration. According to the ISO 2631-

1:1997 standard [12], a frequency range of 0.5 Hz to 80 Hz is considered ideal for 

the perceived health and comfort of a person’s back and feet while seated. 
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Since there is a lack of studies on foot-transmitted vibration from pedal 

acceleration, it is worthwhile to conduct a study on this issue.  At Present most 

car manufacture it not considered pedal-pad size when they produce a car.  More 

over researcher found that different manufacture produce with various size of 

pedal-pad.  The researcher assumed that size of pedal-pad may influence vibration 

transmitted to driver’s plantar facial during interact with pedal-pad. Therefore, the 

objective of this research is to determine foot-transmitted vibration from three 

different sizes pedal-pad with used the power spectral density (PSD) analysis 

method. 

 

2.  Experimental Procedure   

2.1.  Apparatus 

The vehicle used in this experiment is a popular Malaysian-made compact car, 

with a three-cylinder DOHC engine and 989cc capacity.  The vibration 

measurement signal is conducted at the foot during controlling and handling 

accelerator pedal. In this experiment, three different pedal-pad sizes made from 

steel plate grade SS400 are used, as shown in Fig. 1. 

 

A small pedal-pad refers to actual pedal-pad size, which is currently used in 

one of the national cars (8 cm in length and 3.5 cm in width).  The other two 

pedal-pad sizes increase by 2 cm in length and 1.5 cm in width (medium pedal-

pad size is 10 cm x 5 cm and large pedal-pad size is 12 cm x 6.5 cm), as shown in 

Fig. 1.  The Pulse front-end frame model 3560 C with controller module type 

7536 and 6-channel input module type 3039 by Bruel & Kjaer, is used as a 

measurement tool.  The Pulse front-end will be linked to a Compaq laptop by 

Ethernet connection. The Pulse Labshop version 14.0 software is used to analyse 

the data.  Vibration is measured using a lightweight piezoelectric accelerometer. 

 

 
Fig. 1.  Three different sizes of pedal-pads 

 

2.2. Procedures 

Six male and six female participated in this study.  In this study, the respondents 

are selected based on criteria’s; years experienced in driving - more than five 
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years and must hold valid Malaysian driving license. The experiment is conducted 

within the Putrajaya area.  Two subjects are involved in the experiment. One of 

the subjects drives the car while the other subject collects the data using the 

computer. 

To measure the vibration, a single-axis accelerometer is placed on the foot. A 

single-axis accelerometer measures vibration in Z-axis.  The method of fixing 

equipment and accelerometer on the foot is illustrated in Fig. 2.  The 

accelerometer mounting is a clean, flat surface with proper torque or adhesives 

which are crucial for proper vibration monitoring.  Improper mounting of an 

accelerometer onto the test structure can lead to both erroneous data and 

permanent damage to the accelerometer [13]. 

 

 

Fig. 2.  The method of affixing the (a) equipment and                          

(b) accelerometer on the foot 

The effective vibration analysis begins with acquiring accurate time-varying 

signals from accelerometer.  The raw analog signal was processed by Pulse 

Labshop version 14.0 software. In order to obtain the work-flow and data, the 

researcher has to setup Pulse Labshop template which consists of four important 

windows, comprising of; configuration organizer, measurement organizer, 

function organizer, and display organizer.  The time domain for signal-recording 

period was 32 second (512 samples per-second), delta time is 0.001953 second 

and number of samples collected (N) is 16384 samples.  For frequency domain 

are delta frequency 0.03125 Hz, in sampling frequency range 0.03125 Hz to 200 

Hz, and number of samples is 6401 samples.   

 

3. Result and Discussion  

The purpose of this experiment is to determine response or vibration stimulus at the 

foot during plantar facial interacts with pedal-pad in vertical vibration magnitude by 

using power spectral density analysis method. Power spectral density data in unit 

(m/s
2
)
2
/Hz are used in this analysis. Comparative study also conducted with the three 

different sizes of pedal-pad.  Fig. 3 shows the results obtained between the frequencies 

ranges of 0.5 Hz to 80 Hz for the three different sizes of pedal-pad. 

(b) (a) 

Accelerometers 

fixed on the foot. 
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Fig. 3. PSD between the frequency ranges of 0.5 Hz to 80 Hz for the three 

different sizes of pedal-pad 

 

The result indicates that the value of the power spectrum density shows an active 

response to foot vibration during interaction with pedal-pad which are between 

frequency range 13 Hz to 18 Hz.  Based on this result, the three different sizes of 

pedal-pad also found that there are located in the same frequency range. Thus, this 

article only focused on the between frequency range 13 Hz to 18 Hz to make a 

comparison on foot vibration during interacting with the three different sizes of pedal-

pad.  Fig. 4, shows the results for the three different sizes of pedal-pad for between 

frequency range 13 Hz to 18 Hz. 
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Fig. 4.  PSD between the frequency range of 13 Hz to 18 Hz for (a) Small size 

pedal-pad, (b) Medium size pedal-pad, and (c) Large size pedal-pad 
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The results obtained from the foot vibration for the three different sizes of 

pedal-pad for the between frequency range 13 Hz to 18 Hz shows that the peak 

value occurs in resonance frequency   15 Hz.  Fig. 5 shows the result of peak 

value at resonance frequency 15 Hz for the three different sizes of pedal-pad. 

 Fig. 5. Peak value at resonance frequency 15 Hz for the three different 

sizes of pedal-pad 

Figure 5 illustrates that the highest peak value is 0.483 (m/s
2
)

2
/Hz for large 

pedal-pad and the lowest peak value is 0.251 (m/s
2
)

2
/Hz contributed by small 

pedal-pad.  Based on these results, it can be concluded that the foot vibration 

during contacted with large size pedal-pad contributed highest response or 

stimulus compared with the medium and small size pedal-pad. On the other 

hand, small size pedal-pad contributed less response or stimulus to foot 

vibration. 

4. Conclusion  

From the study and the results obtained from vibration transferred pedal-pad to 

the foot, it can be concluded that, pedal-pad size plays an important role in the 

pedal element designs in terms of vibration-transfer from pedal-pads on the feet, 

particularly to provide comfort to the driver while driving. It’s proven that the 

large size pedal-pad contributed strongest vibration transferred compared to the 

small and medium size of pedal-pad. 

 

 

 

 

 

0.251 

0.387 

0.483 

0.000

0.200

0.400

Small Pedal-pad Medium Pedal-pad Large Pedal-pad

(m
/s

2
)2

/H
z 

Sizes of Pedal-pad  



Power Spectrum Density (PSD) Analysis of Automotive Pedal-pad       27 

 
 
Journal of Engineering Science and Technology                Special Issue 4/2016 

 

 

References 

1. Nishiyama, S., Uesugi, N., Takeshima, T., Kano, Y. and Togii, H. (2000). 

Research on Vibration Characteristics Between Human Body and Seat, 

Steering Wheel, and Pedals (Effects of Seat Position on Ride Comfort), 

Journal of Sound and Vibration. 236(1), 1-21. 

2. Yu, Y., Naganathan, N.G. and Dukkipati, R.V. (2001). A Literature Review 

of Automotive Vehicle Engine Mounting Systems, Mechanism and Machine 

Theory. 36(1), 123-142. 

3. Ducan, A.E., Su, F.C. and Wolf, W.I. (1996). Understanding NVH Basic, 

International Body Design and Engineering Conference (IBEC), Detroit, 

Michigan. 

4. Douville, H., Masson, P. and Berry, A.  (2006). On-Resonance 

Transmissibility Methodology for Quantifying the Structure-Borne Road 

Noise of an Automotive Suspension Assembly, Applied Acoustics. 67(4), 

358-382. 

5. Nahvi, H., Fouladi, M. H. and Nor, M. J. M.  (2009). Evaluation of Whole-

Body Vibration and Ride Comfort in a Passenger Car, International Journal 

of Acoustics and Vibration, 14 (3), 143-149. 

6. Giacomin, J., Steinwolf, A. and Staszewski, W. J., (2001), Application of 

Mildly Nonstationary Mission Synthesis (MNMS) to Automotive Road Data, 

ATA 7th Int. Conf. on the New Role of Experimentation in the Modern 

Automotive Product Development Process, Florence, Italy, 23-25 May. 

7. Morioka, M. and Griffin, M. J.  (2010). Magnitude-Dependence of 

Equivalent Comfort Contours for Fore-And-Aft, Lateral, and Vertical 

Vibration at the Foot for Seated Persons, Journal of Sound and Vibration, 

329(14), 2939-2952. 

8. Wee, H. And Voloshin, A. (2013). Transmission of Vertical Vibration to the 

Human Foot and Ankle, Journal of the Biomedical Engineering Society, 

41(2), 1171-80. 

9. Hostens, I. and Ramon, H.  (2003). Descriptive Analysis of Combine Cabin 

Vibrations and Their Effect on the Human Body. Journal of Sound and 

Vibration, 266, 453-464. 

10. Griffin, M. J. (1990). Handbook of Human Vibration, Elsevier Academic 

Press, London. 

11. Parsons, K.C, Griffin, M.J., and Whitham. E.M.  (1982). Vibration and 

Comfort. III. Translational Vibration of the Feet and Back. Ergonomic, 

25(8), 705-719. 

12. International Organization for Standardization, ISO 2631. (1997). 

Mechanical Vibration and Shock - Evaluation of Human Exposure to Whole-

Body Vibration. 

13. Hosseini Fouladi, M., Mohd. Nor, M. J., Inayatullah, O. & Kamal Ariffin, A. 

(2011). Evaluation of Seat Vibration Sources in Driving Condition Using 

Spectral Analysis, Journal of Engineering Science and Technology, 6(3), 

339-356. 


