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ABSTRACT 

 

The steering wheel is ergonomically designed to provide optimal comfort to 

the drivers while grip the steering wheel, especially on the long journey. 

There are significant design differences between the steering wheel car 

models. Therefore, the objective of this research are to analyze the data of 

handgrip pressure towards national cars which is Proton and Perodua. The 

experiment will be performed by using type 2 (two) cars, Proton Saga and 

Perodua Myvi. Tekscan Grip System is a system that will be used to perform 

this analysis. Data of handgrip pressure are collected during driving when 

the device are installed and connect to the respondents. Selection of the road 

for this experiment will start at 92.1 KM intersection traffic lights, entering 

North-South Highway, and will end at Tangkak Toll Exit. During the 

experiment, all volunteers need to maintain speed in the range of 80-100km / 

h and most of the time, they have to drive in the left lane unless overtaking 

other vehicles. Distance from beginning to end is about 68.8km and the time 

taken is about 30 minutes. Drivers will be driving with the hands on the 

steering wheel 9 and 3 because it is the safest position to hold the steering 

wheel. The finding from this study will give a better insight on the effect of 

steering wheel design to the grip pressure of the driver. 
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Introduction  
 

System of steering wheel is a major part and it is the most important 

components of vehicle. Steering wheel is parts that have linkages that will 

allow any type of vehicles to follow the driver’s desired course to move and 

may actually affect the driving. However, until now there are still steering 

wheel which has been designed does not really apply ergonomic feature [1]-

[2]. There are significant differences between the steering wheel ergonomics 

and vice versa. The main purpose of the steering wheel is ergonomically 

designed to provide optimum comfort to the driver while grip the steering 

wheel, especially for the long journey [3]-[4]. Conversely, if the ergonomic 

features are incorporated on the steering wheel, the problems that will arise 

as Musculoskeletal Disorders (MSDs) and Neuromusculoskeletal Disoders 

which can lead to fatigue in the muscles around the hands[5]-[13]. In 

addition, drivers are also at risk of suffering Hand-Arm Vibration Syndrome 

(HAVS) which is caused by excessive vibration while grip the steering 

wheel. Both of these problems will ultimately lead to health problems [14]-

[16]. This research will focused on relationship between the ergonomic 

steering wheel and hand grip pressure of two (2) different types of national 

cars, Proton and Perodua by using Tekscan Hand Grip sensor. The results 

was analyzed and the camera system that was installed to provided videos 

recording to support the results why it is produced. 

 

Methodology 
 

Methodology is the crucial part where this is the first phase of 

implementation the research as shown in figure 1. Both of the cars are using 

standard steering wheel, standard model, and automatic transmission types. 

The results of comparison are gain from data analysis by using equipment of 

Tekscan Hand Grip System during the test drive by the 12 respondent (6 

male, 6 female) left handed and right handed respondents along the way road 

selection.  

 

Identifying the Steering Wheel 
Two types of steering wheel are used which; Proton Saga and Perodua Myvi. 

Both of the cars are using standard steering wheel design. The purpose of 

using same type of steering wheel is to determine which one have more 

ergonomic features steering wheel referred on readings of handgrip 

pressure’s results. The figure 2 and figure 3 below show types of Proton and 

Perodua’s steering wheel.  
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Figure 1: Flow Chart of Experimental Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Steering Wheel Proton Saga         Figure 3: Steering Wheel Perodua  

Myvi 

 
Identifying a Steering Wheel Position 
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For this experimental study, during test drive the best and safe option for the 

respondent put their hand position on the steering wheel, they have been used 

new way which is 9 and 3 o’clock positions. The purpose of using this hand 

position instead of 10 and 2 o’clock is because if an accident happens, the 

force of airbag deployment can cause the hands at the top of the wheel into 

driver’s head or it can cause the break thumbs [17]-[20]. The figure 4 below 

show 10 and 2 o’clock and the 9 and 3 o’clock hand position. 

 

 
 

Figure 4: Left: 10 o’clock and 2 o’clock hand positions 

   Right: 9 o’clock and 3 o’clock hand positions 

 

Grip Force Measurement and Camera System 
To obtain accurate pressure measurements, equipment Handgrip Tekscan 

Pressure System is used during the test drive by respondent. First of all, the 

calibration process must be carried out. Calibration is a method of sensor 

convert to actual pressure units such as PSI or kPA by the raw digital output. 

The procedures of the calibration require that a known weight be placed on 

the sensor. Each sensor must be calibrated individually and the calibration 

must be performed before each new respondent or replace new sensor. 

After the calibration for all the respondent is save in laptop, the data 

is used during the test drive meanwhile the sensors are attached to the both of 

respondent’s hand which connected to the laptop to display the reading of 

handgrip pressure. This Tekscan Hand Grip System can be individually 

positioned over important anatomic sections of the fingers and palm which 

have eighteen sensing regions. During the test drive, the function of this 

sensor to collect the dynamic pressure data while grip the steering wheel. For 

these experimental studies, the sensor is attached to the glove and the 

respondent will wear it during the test driving. The figure 5 and figure 6 

below shows the sensor is installed to the glove and how the driver grips the 

steering wheel while using this equipment. 
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Figure 5: Eighteen sensors are attach to the glove 

 

 
 

Figure 6: While driving using Tekscan Hand Grip System 
        

The Cuffs which is known as VersaTek, is a connection to the 

sensor which is specially designed scanning electronics. The function of it to 

collect data and the data is processed and send it to the computer through the 

USB connection. Besides that, it is also having the ability to add in shoe, 

prosthetic, grip and seating and positioning capabilities to Tekscan Hand 

Grip System. 

 



Mohd Hidayat Ab Rahman et. al. 

94 

 

 

 
 

Figure 7: Tethered model 

 

In the figure 7 above and figure 8 below it shows that how the system was set 

up. During the test drive, the connection between the system and power 

supply is needed to make it function. 

 

 
 

Figure 8: Tethered system 

 

Road Selection 
The road selection was started from KM 92.1 traffic light junction, entering 

North South Highway, and is ended at the Exit of Toll Tangkak. During the 

test drive, all respondent have to maintain the car speed in range 80km/h until 

100km/h. Besides, most of the time they have to drive in left lane unless to 

overtaking other vehicles. The purpose of choosing 80km/h until 100km/h is 

because of to standardize the speed of car among the respondent because it 

will affect the results if the speed fluxes. Besides that, distance from the 

beginning until the end is about 68.8km and will take about 30 minutes. The 

reason why road selection is used North South Highway is because to ease all 
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the respondent to avoid the traffic light. Besides that, the usage auto 

transmission type of both cars has been chosen to reduce the hand 

movements, to change the gear which installed Tekscan Handgrip System on 

both sides’ hands of all the respondent. The uses of these type of cars are also 

to get more accurate reading of the pressure with the hands more focus on 

hand grip on the steering wheel. Figure 9 below show the road selection for 

this experiment. 
 

 
 

Figure 9: Journey of road selection 

 

Result and Discussion 
 

The data collected by using Tekscan Handgrip System have been recorded 

together with the whole journey process by using handycam camcorder in 

order to obtain the relationship between hand movements of left handed and 

right handed of respondant and road condition. This section aims to elaborate 

more data collected for 12 respondents. The result show 12 data separately by 

6 male (3 right handed and 3 left handed) and 6 female (3 right handed and 3 

left handed). 

 

 

Pressure against time result 
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Figure 10: Hand grip pressure against time of Proton Saga for Male Right 

Handed Respondent 

  

 
Figure 11: Hand grip against time of Perodua Myvi for Male Right Handed 

Respondent 
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Figure 12: Graph Hand grip of Proton Saga and Perodua Myvi for Male 

Right Handed Respondent 

 

Based on Figure 10 above for the Proton Saga and Figure 11 above 

for Perodua Myvi, it shows that both of the graph have the higher pressure 

towards right hand. Figure 12 shows graph hand grip of proton saga and 

perodua myvi for male right handed respondent. Most of the graph of 

respondant have high pressure on right hand side, it it because respondant is a 

right handed.  

 

 
Figure 13: Hand grip pressure against time of Proton Saga for Male Left 

Handed Respondent 
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Figure 14: Hand grip pressure against time of Perodua Myvi for Male Left 

Handed Respondent 

 

 
Figure 15: Graph Hand grip of Proton Saga and Perodua Myvi for Male Left 

Handed Respondent 

 
Based on the Figure 13 for the Proton Saga and figure 14 for the 

Perodua Myvi, The graph have highest pressure on left hand showed highest 

pressure on left because the male driver is a left-handed. Figure 15 shows 

graph hand grip of proton saga and perodua myvi for male left handed 

respondent .Some of the grapgh showed that right hand pressure is higher 
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that left, it depend the road condition, driver using his strength to grip the 

steering wheel. 

 

 
Figure 16: Hand grip pressure against time of Proton Saga for Female Right 

Handed Respondent 

 

 
Figure 17: Hand grip pressure against time of Perodua Myvi for Female 

Right Handed Respondent 
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Figure 18: Graph Hand grip of Proton Saga and Perodua Myvi for Female 

Right Handed Respondent 

 
Based on the Figure 16 for the Proton Saga and Figure 17 for the 

Perodua Myvi. Figure 18 shows graph hand grip of proton saga and perodua 

myvi for female right handed respondent, since this female driver is a right-

handed person, both of graph shows that highest value of pressure is right 

hand side.  

 

 
Figure 19: Hand grip pressure against time of Proton Saga for Female Left 

Handed Respondent 
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Figure 20: Hand grip pressure against time of Perodua Myvi for Female Left 

Handed Respondent 

 

 
Figure 21: Hand grip pressure against time of Proton Saga for Female Left 

Handed Respondent 
 

Based on Figure 19 for the Proton Saga and Figure 20 for the 

Perodua Myvi. Figure 21 shows graph hand grip of proton saga and perodua 

myvi for female right handed respondent, some of the graph have same result 

of the hand to lead pressure,  It can happen because of some people are gifted 

to use both of the hand equally. Therefore, while she grips the steering wheel, 

she using the same strength on it. 
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Ergonomic Risk Factor 
During the experiment, there are some ergonomic risk factors that can be 

listed. Firstly, in order to get an accurate data form sensor which attached to 

the hand, have caused limited or static movement to the respondent. They can 

only hold the steering without raising their hands from the steering by using 

9-3 hand position’s concept from beginning to the end of experiment. In 

addition, one of the national car did not have suitable height of the driver seat 

towards steering wheel because it determines the level of arm being hanging 

which help to reduce the fatigue. Next, in highway some of the areas not in 

good condition due to the work of repairing the tar road and there are also 

bumpy areas. Hence, most of the respondent have to grasp the steering wheel 

more stronger and because of that grip strength, can lead to the vibration on 

both hands of respondent. 

 

Conclusion 
 

Based on the research that have been made by using national car which are 

Proton Saga and Perodua Myvi as a comparison, was successfully meets the 

objectives of this research. The comparison of the handgrip pressure between 

these two cars for left handed and right handed among male and female 

respondent has been successfully done by using Tekscan Handgrip System. 

However, there were some unexpected error occurred from the device itself 

which is supposedly the measurement should be in kPA unit but it turns to 

raw for the pressure. 

Besides that, from this research some of the ergonomic limitation 

between Proton Saga and Perodua Myvi ‘s steering wheel were able to 

identify. Even though both of the steering wheel only have slightly difference 

in term of circumference, but most of the respondent more comfort to drive 

by using Perodua Myvi instead of Proton Saga’s steering wheel. It is because 

of the width for the outer and inner of the steering also play an important 

role.  

Referring to the research have been done towards these two type of 

steering wheel, it shows that Perodua Myvi have smaller size for outer and 

inner width, but bigger circumference compared to the Proton Saga. In 

addition, based on observations that have been made the reason why Perodua 

Myvi’s steering wheel is more comfortable is because during the experiment, 

drivers have difficulty to fully grasping at the back-Proton Saga’s steering 

wheel while they are using 9-3 hand position’s concept. Therefore, the study 

of handgrip pressure between left handed and right handed among this 

national car has proven that Perodua Myvi has lower handgrip pressure by 

having ergonomic feature compared to the Proton Saga and by referring to 

the project scope that have been stated, data collected from all the drivers 

shows that the characteristics of right handed and left handed grip strength is 

following to the preferential use of the hands. However, there are also 
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respondent which have hand grip strength does not based on their 

characteristics. This is because they are the ones who able to use both hands 

equally. 

Next, due to the static hand and body posture along the way, most of 

respondents complain they started feel tired and face the problem of fatigue 

on their arm because they have to grip steering wheel for a long period of 

time Besides that, there is some areas of the highway which have bumpy and 

not stable road condition. The impact from this condition, respondents have 

to grip the steering wheel more harder and at the same time this road 

condition has resulted vibration which is one of the ergonomic risk factors. 

Hence, regarding to the collected data from Teskcsan Grip Sytem and the 

video that have been recorded, it shows that there was relationship between 

grip pressure and road condition. 

 

Acknowledgement 
 

We wish to express our gratitude to Universiti Teknikal Malaysia Melaka 

(UTeM). Special appreciation and gratitude to Centre of Research and 

Innovation Management (CRIM) and to Faculty of Engineering Technology 

to be specific Department of Manufacturing from UTeM for giving the fully 

cooperation. This project under following reserach grant scheme : 

PJP/2014/FTK(6D)/S01407. 

 
References 

 
[1] K. Nishikawa, K. Furukawa, I. Kawate, T. Miyazaki, T. Nouzawa, 

and T. Tsuji, “Design of steering wheel characteristics based on 

human arm mechanical properties.” (2014). 

[2] Robert J. Belsole, “Ergonomic safety steering wheel,” US 7895918 

B2, (2011). 

[3] W. Liying, “The Design of the Steering Wheel with Anti-fatigue 

Driving for Vehicles Based on Pattern Recognition,” in 2012 Fifth 

International Conference on Intelligent Computation Technology and 

Automation, (2012), pp. 340–343. 

[4] Juan Humberto Lechuga Priego, “Steering wheel for vehicles with 

ergonomic handles,” US20120152055 A1, (2012). 

 

[5] P. Pandis, J. A. I. Prinold, A. M. J. Bull, D. C. Ackland, M. G. Pandy, 

D. C. Ackland, P. Pak, M. Richardson, M. G. Pandy, R. H. Bilal, D. 

Bryant, R. Litchfield, M. Sandow, G. M. Gartsman, G. Guyatt, A. 

Kirkley, A. Cappozzo, F. Catani, U. Della Croce, A. Leardini, I. W. 

Charlton, G. Johnson, data.gov.uk, A. Haynes, A. E. Kedgley, G. A. 

Mackenzie, L. M. Ferreira, D. S. Drosdowech, G. J. King, K. J. Faber, 



Mohd Hidayat Ab Rahman et. al. 

104 

J. A. Johnson, Q. Li, C. Xian, R. L. Lieber, J. Friden, P. M. Ludewig, 

V. Phadke, J. P. Braman, D. R. Hassett, C. J. Cieminski, R. F. 

LaPrade, H. Minigawa, E. Itoi, OrthoLoad, G. Palmerud, M. Forsman, 

H. Sporrong, P. Herberts, R. Kadefors, S. J. Park, C.-B. Kim, C. J. 

Kim, J. W. Lee, A. J. Pick, D. J. Cole, J. A. Prinold, M. Masjedi, G. 

R. Johnson, A. M. Bull, U. Proske, D. L. Morgan, J. Rasmussen, M. 

De Zee, R. Rebiffe, C. D. Smith, S. Alexander, A. M. Hill, P. E. 

Huijsmans, A. M. Bull, A. A. Amis, J. F. D. Beer, A. L. Wallace, J. 

Solveig, B. Johnsson, H. Sporrong, G. Palmerud, P. Herberts, H. E. 

Veeger, F. C. van der Helm, P. Westerhoff, F. Graichen, A. Bender, 

A. Halder, A. Beier, A. Rohlmann, G. Bergmann, G. Wu, F. C. T. van 

der Helm, H. E. J. Veeger, M. Makhsous, P. Van Roy, C. Anglin, J. 

Nagels, A. R. Karduna, K. McQuade, X. G. Wang, F. W. Werner, B. 

Buchholz, A. Yamamoto, K. Takagishi, T. Osawa, T. Yanagawa, D. 

Nakajima, H. Shitara, T. Kobayashi, T. Yanagawa, C. J. Goodwin, K. 

B. Shelburne, J. E. Giphart, M. R. Torry, and M. G. Pandy, “Shoulder 

muscle forces during driving: Sudden steering can load the rotator 

cuff beyond its repair limit,” Clin. Biomech., vol. 30, no. 8, pp. 839–

846, (Oct. 2015). 

[6] J. Park and S. Park, “Reduction of arm fatigue and discomfort using a 

novel steering wheel design,” Int. J. Precis. Eng. Manuf., vol. 15, no. 

5, pp. 803–810, (May 2014). 

[7] “MUSCULOSKELETAL DISORDERS,” The National Institute for 

Occupational Safety and Health (NIOSH), 2012. [Online]. Available: 

http://www.cdc.gov/niosh/programs/msd/. [Accessed: 23-Apr-2016]. 

[8] Wolfgang Laurig and Joachim Vedder, Encyclopedia of Occupational 

Health andSafety, Fourth. International Labour Office, (1998). 

[9] B. Mcphee, “Practical Ergonomics - Application of ergonomics 

principles in the workplace.” 

[10] “Ergonomics Muscular-Skeletal Disorders,” Environmental,Health & 

Safety. [Online]. Available: http://www.ehsdb.com/ergonomic.php. 

[Accessed: 03-Mar-2016]. 

[11] Mr John Board, Neuromusculoskeletal Disorders. 2013. 

[12] Rebecca Molczan, “Neuromuscular Disease Division,” University of 

Pottsburgh, 2012. [Online]. Available: 

http://www.neurology.upmc.edu/neuromuscular/patient_info/what.ht

ml. [Accessed: 01-Feb-2016]. 

 

[13] “Work-related Musculoskeletal Disorders (WMSDs),” Canadian 

Centre for Occupational Health and Safety, 2016. [Online]. Available: 

https://www.ccohs.ca/oshanswers/diseases/rmirsi.html. [Accessed: 13-

Apr-2016]. 

[14] “Vibration - Health Effects,” 2106. 

[15] N. H. Scotland, “Vibration,” 2015. 



The Comparison Study of Handgrip Pressure on Steering Wheel National Cars 

105 

[16] C. Aström, B. Rehn, R. Lundström, T. Nilsson, L. Burström, and G. 

Sundelin, “Hand-arm vibration syndrome (HAVS) and 

musculoskeletal symptoms in the neck and the upper limbs in 

professional drivers of terrain vehicles--a cross sectional study.,” 

Appl. Ergon., vol. 37, no. 6, pp. 793–9, (Nov. 2006). 

[17] J. A. Thomas and D. Walton, “Measuring perceived risk: Self-

reported and actual hand positions of SUV and car drivers,” Transp. 

Res. Part F Traffic Psychol. Behav., vol. 10, no. 3, pp. 201–207, 

(2007). 

[18] D. De Waard, T. G. M. P. R. Van den Bold, and B. Lewis-Evans, 

“Driver hand position on the steering wheel while merging into 

motorway traffic,” Transp. Res. Part F Traffic Psychol. Behav., vol. 

13, no. 2, pp. 129–140, (2010). 

[19] B. Jonsson, “Hand Position on Steering Wheel During Driving,” 

Traffic Inj. Prev., vol. 12, no. 2, pp. 187–190, Mar. 2011. 

[20] J. Schiro, F. Gabrielli, P. Pudlo, M. Djemai, and F. Barbier, 

“Steering wheel hand position in low-speed maneuvers,” Transp. 

Res. Part F Traffic Psychol. Behav., vol. 21, pp. 133–145, (2013). 

 

 

 


