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ABSTRACT 
The improvement of automotive seating systems, particularly for the driver, has been the subject of deepattention for many years. 

This study observes comfortable driving postures for Koreans. An experiment is directed to plot observed comfortable driving 

postures. A driving posture monitoring system (DPMS), involving of seat, computer, power motor and controller, is advanced for 

this experiment. When subjects adjust to the seat in order to their comfortable postures, this system records the translation range 

and angle of each part of the driver seat. Also, the 3 dimensional motion analysis structures is employed to obtain postural angles 

of segments for relaxed driving postures of employees. In addition, anthropometric data for each subject are directly measured, 

and they are used to examine relationships between anthropometric features (body segment lengths), preferred postural angles 

and seat modification level. After obtained connection is statistically tested, relaxed driving postures and seat modification levels 

according to gender are discussed. Significance to industry we have obtained relationships between anthropometric 

characteristics, desired postural angles and seat adjustment levels can be applied to seat designs for the driving luxury, safety and 

convenient layout of forklift sittings. This study addresses the preferred driving postures of persons and corresponding 

anthropometric characteristics for improved comfort of each driver. The ranges of postural angles for comfortable driving posture 

are provided and the relationships among driving postures of individuals and the corresponding anthropometric data are 

presented. The main objective of this study is to find the relations between preferred driving postures obtained by the 

measurements in the analysis system, seat adjustment level and the anthropometric characteristics of subjects. The obtained 

conclusion can be applied to seat designs for better driving work and comfort. 
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INTRODUCTION 
 

Improving the productivity and occupational health and safety (OHS) of the worker are the major concerns 
in Manufacturing Industries and is mainly influenced by human – machine system design. Any mismatch in this 
leads to anxiety and musculoskeletal disorder (MSDs). In manufacturing industries the Forklift operators are 
common victims of these MSDs. This situation is believed to be a provider to the high absenteeism. A high 
percentage of this problem is due to the acceptance of an unhealthy driving posture causing from inappropriate 
seat design. The main objective of the paper is to design a forklift Seat with highest comfort and safety of the 
operators based on their Anthropometric data. The whole paper is composed of three stages. In the first stage, 
the subjective questionnaire survey was conducted among the operators to obtain the body discomfort 
information during their operation and to analyse the time pattern of development of discomfort at various 
working shift intervals.  
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In the second stage, in order to define the design components and variables of a forklift seat, the existing 
forklift seats were surveyed. Final stage, the interrelationships of design variables was analysed to determine the 
new dimensions of forklift seat. The study revealed that the forklift operators felt higher discomfort at lower 
back and at neck and the discomfort level increased with time of work and was highest at the end of the shift. 
The dimensions proposed to design a seat with higher comfort and safety are as follows: Seat height of 402 mm, 
Seat pan depth of 405 mm, Seat pan width of 428 mm, Seat backrest width of 408 mm (bottom) and 354 mm 
(top), Seat backrest height of 395 mm. 

 
Literature Survey: 

The forklift is one of the most used flexible material handling equipment in industries and its ability to shift 
heavy loads efficiently has led to its universal application within manufacturing industries, warehouses, freight 
terminals and trade environments [2] and these forklifts offers many benefits such as reducing manual handling 
and enhancing productivity. In manufacturing industries the Productivity is an important indicator of economic 
growth. This mainly depends on the operator performance and the same can be achieved when the operators are 
comfortable in their workstations designed for their best performance. Poorly designed work stations, force 
operator to attain awkward postures, which leads to musculoskeletal disorders (MSDs).  

These MSDs are an important occupational problem for both developed and developing countries, with 
rising costs of wage compensation and medical outflows, deduced productivity, and lower quality of life [1,2]. 
Universally musculoskeletal disorders are among the leading evensources of low productivity in today’s work 
environment. The situation is reportedly even poorer in rising countries with appalling working conditions in 
many industries. In addition, there is often an lack of awareness of ergonomics disorders, education and training 
programmes, and certification within developing countries. [3]. Work-related musculoskeletal disorders can 
affect almost all 4 parts of the body especially the back, neck and upper limbs, depending upon the bodily 
movement characteristics, and the ergonomic and mechanical design of work system. Musculoskeletal Pain 
(MSP) may be considered a multi-factorial difficult involving both work-related and non-work-related stress. 
The factors that contribute to the pain may include prolonged sitting posture, poor postures, exposure to whole-
body vibration, long driving time, heavy lifting, manual materials handlingbehaviour , poor diet or other 
psychosocial factors [7]. Awkward postures are postures that when utilized repetitively or for prolonged time 
result in increased risk of fatigue, pain or injury. 

These postures are sustained either action by muscle contractions or passively by compressive or tensile 
loads on bones, muscles, tendons, ligaments, etc. Muscle contractions require energy and produce waste 
products of metabolism. [5. 
 
Methodology: 

 
Fig. 1: methodology 
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Evaluation Of Posture Angles: 
The subjects considered that both seatbacks recline angle and lumbar support were very important factors 

for driving comfort. These factors are essential to be considered for the design of a comfortable seat. In Table 3, 
both trunk} thigh angle and knee angle were larger than the ranges in the literature. Also, larger foot} calf angle 
was preferred compared to the results in the literature. These results indicated that there was a difference of 
desired driving postures amongKoreans and Caucasians. In order to see the variances between genders, a t-test 
was measured on five angles. There were two significant variances by gender (p (0.01) on both shoulder and 
elbow angle. These results indicated differences on the arm posture during Driving depends on gender. 
However, there was not much variance in trunk posture. 

 
Fig. 2: Angle between two attributes 
 
Table 1: Angels between attributes 

Postural angle Minimum Maximum 
Observed Angles 
(Degree) 

Standard 
deviation 

Recommended Angles 
(degrees) 

Shoulder 10.82 63.87 35.6 13.70 0-25 
Elbow 101.8 169 133.9 22.34 80-120 
Trunk thigh 84.69 132.3 108.7 12.20 95-120 
Knee 96.2 145.5 122.0 10.55 95-135 
Foot 50.41 123.2 88.6 17.31 90-110 
Neck 4.57 23.68 12.7 4.62 10-20 
wrist 124.4 177.9 157.8 15.70 170-190 

 
Actual observed driving postures were related with recommendations in the literature.Table 1 represents the 

comparison of postural angles for driving comfort. 
In Table 3, both trunk} thigh angle and knee angle were larger than the ranges in the literature. Also, larger 

foot} calf angle was preferred compared to the results in the literature. These results indicated that there was a 
difference of preferred driving postures between Koreans and Caucasians. 

In order to see the differences between genders, a t-test was performed on "ve angles. There were two 
significant differences by gender (p (0.01) on both shoulder angle and elbow angle. These results indicated 
variances on the arm posture during driving according to gender. However, there was not much difference in 
trunk posture. 

Comfortable joint angles, on the other hand, are based upon theoretical recommendations by Rebiffe [21] 
and Babb’s [22] along with the empirical experience of the packaging engineer. These angles are primarily for 
the joints in the arms and legs and they correspond fascinatingly to a forecast of joint angles under 
weightlessness conditions by Kennedy in 1964 [23]. These combined angles all lie near the mid-range position 
of each joint. There are, however, no numerical recommendations for the location of the motion segments in the 
spine. Several authors [13, 24] have recommended the expanded posture of the spinal column and comfort while 
others [2, 16] have recommended a neutral posture of the spinal column for comfort and health. 

 
Deviation of Posture Angle from Recommended values: 

Fig.3 shows the percentage of cases the postural angles deviate from the recommended values. The results 
revealed that wrist angle is deviated in 74.3 % of subjects out of 35 forklift operators.  
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Fig. 3: Postural angle deviation percentage from Recommended poutural anagles 

 
Conclusion: 

This study investigated relations among drivers' physical dimensions, their driving postures, and desired 
seat adjustments after collecting data concerning the preferred driving postures and adopted seat adjustment 
levels. First, a survey was provided to the subjects to "and out the important features of a car seat in adjusting 
the seat for their relaxed posture. They responded that trunk} thigh angle and lumbar support were very 
important. Then, the experiment for finding data concerning comfortable driving posture and seat adjustment 
level was conducted. Actual observed driving postures were related with recommendations in the literature. 
Both trunk} thigh angle and knee angle were larger than the ranges in the literature. There was a difference in 
the arm posture during driving according to gender, but not much variance in the trunk posture. These results 
indicated that there was a difference in preferred driving postures between Koreans and Caucasians. Therefore, 
the obtained results could be applied to the forklift interior design. 

The descending distances for female subjects were less compared to male subjects. This illustrated that the 
female subjects wished to sit closer to the steering wheel. Considering the inter-relations between postural 
angles, maximum angles were positively correlated with each other. In addition, the fact that there was a 
significant positive correlation between shoulder angle and stature made it possible to conjecture that taller 
subjects preferred a driving posture with their arms outstretched. Based on the results obtained, female subjects 
wished to sit closer to the steering wheel and a higher seat for visual difficulties, while a driving posture with 
arms outstretched was preferred by taller subjects.In order to prevent WMSDs, major risk factors causing 
WMSDs should be quantitatively analysed. 
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