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Abstract— For sustaining in the current market scenario, the 

invention should be innovative & product features should be 

attractive, cost effective & user friendly. While considering 

the today’s demand, the multi-positionable and multipurpose 

seat for an automotive vehicle is always desirable. The aim of 

the study deals with the new concept for the automotive 

vehicles consisting of reverse movement of seat back to 

provide front or rear facing seating position to the occupants 

on the same seat by reversing only seat back. This reversible 

seat back design should meet the regulations such as, IS 

15546, AIS 016, and ECE 17. The performance and design 

criteria for seat systems require that the seat should be lighter 

for reduced fuel consumption while still meeting the safety 

requirements specified by legislation. The safety 

requirements for seats include headrests, seat back static and 

dynamic structural performance etc. as defined by pertinent 

regulation. Also this paper deals with the seat design that 

provides weight reduction in the overall seat as compared 

with conventional seats. Lighter seat improves vehicle fuel 

efficiency, reducing CO2 emissions is another advantage for 

this innovation. Reversible seat mechanism will be useful for 

car, bus, train and aero plane seats. 
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I. INTRODUCTION 

In the current market scenario, unique product feature & 

comfort is one of the rationale component to sustain in the 

automotive market. In the interest of continuous 

improvement in customer demand, a lot of research has been 

completed & in process on the multi positional seats. Out of 

which many articles are focused on weight & cost 

optimization and enhanced features of the product. The main 

interest of this research is to design unique feature in seat with 

reduction or optimization of weight of component to increase 

the mileage of vehicle. 

Automotive seat design has been dependably 

challenge for Engineers as configuration parameters for 

automotive seats are complex. Three configuration 

parameters to be fulfilled are ergonomics, comfort and safety. 

Each seat assembly typically includes a generally a seat 

cushion and upright seat back coupled to the seat cushion for 

supporting the seat occupant in an upright seating position. 

The seat back is commonly coupled by pivots to the seat 

cushion by a recliner mechanism for providing pivotal 

movement of the seat back between a numbers of inclined 

positions. The seat back may also pivot forwardly from the 

upright position to a folded, or dumped, position against the 

seat cushion for providing additional storage space inside the 

vehicle compartment or to allow access behind the seat 

assembly for luggage. In automotive vehicles, such as full-

size vans, also commonly include rear seat assemblies 

mounted to the floor of the vehicle by a swivel pedestal for 

allowing the seat assembly to swivel, or rotate, about its 

vertical axis from a conventional forward facing position to a 

rearward facing position. In some vehicles, it includes both a 

second and third row of seat assemblies behind the front 

driver and passenger seat assemblies wherein the second row 

of seat assemblies are rotatable from the conventional 

forward facing seat facing position to a rearward facing 

position facing toward the third row of seat assemblies. In the 

existing automotive market, it is always desirable to provide 

a multi- position able and reversible seat wherein the seat 

cushion remains fixedly secured to the floor of the vehicle 

and the seat back is positionable or reversible between upright 

forward and rearward facing seating positions. It is also 

desirable to provide a seat assembly that is easily convertible 

between any of the desired reversible and multi-positions as 

it is reflecting in this invention. As a part of automation in 

seat, the reversible seat assembly can be package with single 

latch assembly for securing the seat assembly in each of the 

forward and rearward-facing seating positions. Also seat belt 

buckle can be automatically positioned relative to the seat 

assembly in both the forward and rearward facing seating 

positions. Automatic adjustable mechanism for head restraint 

is also possible in seat assembly between the forward and 

rearward facing seating positions. 

In this innovation of reversible seat, seat back is 

operatively coupled to the risers by a pair of parallel links. 

The upper control link pivotally coupled between upper 

pivots of back & cushion riser and the lower control link 

pivotally coupled between lower pivots of back & cushion 

riser. A seat cushion control mechanism include a pivot at the 

middle part of cushion against which it is rotating by some 

angle to adjust the seat as per seat back movement. The upper 

and lower linkages which is coupled with back & cushion 

riser automatically control the seat reversing mechanism and 

after reversing, the seat reversing position controlled by cam 

on both the sides of seat, thereby defining a forward facing 

seating position and a rearward facing seating position for 

automotive seat. Seat cushion having floating action, as seat 

cushion is free to rotate along with the pivot axis & due to the 

reversing movement of seat back, cushion angle will adjust 

accordingly. Reversing position of the seat back will be 

locked by CAM which is attached with lower link from RH 

& LH side and cam resting pin is attached with cushion on 

both front & rear side of seat along with RH & LH side. When 

seat will reverse in either direction, the movement of back 

will be controlled by cam. Seat cushion rotation will be 

locked due to the biting action from seat back after locking 

by cam. In this innovation, headrest will be manually adjusted 

as per seat back rotation. Slots on headrest rod will be given 

on both sides so that it will be adjusted as per the reversible 

seat mechanism in single side active bezel. While designing 

of the seat, the seat belt buckle (adjustable type) location is 

considered on BIW & not included in seat. 
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II. LITERATURE REVIEW 

The present invention relates generally to a seat assembly and 

more particularly, to a multi- positionable and reversible seat 

assembly for an automotive vehicles. The main interest of this 

research is to design a reversible seat mechanism for 

adjusting it as per the occupant comfort. In 1975, William C. 

Christine worked on reversible seat concept in which he 

defined lot of linkages to run the reversible mechanism. A 

seat was provided for buses, trains & other vehicles and there 

was provided a rockably base unit rest to shift to different 

positions. In addition, as the base unit was rocked or moved, 

the seat will be shifted to assume multi inclined positions 

corresponding to the locations of the seat back [1]. In 2010, 

Zbigniew A. Paluch from US created different design for 

reversible seat in which seat assembly includes a pairs of 

spaced apart risers. A cushion of seat was operatively coupled 

to the risers for movement between a first inclined position 

where in front end is away from the floor than rear end and 

vice versa for second inclined position. The back of seat was 

operatively coupled to the risers for movement between first 

and second upright position [2]. In 2014, Michael L. Deimen 

from US designed a reversible seat generally relates to 

passenger aircraft seats. In some ideas of present invention, a 

passenger seat is provided which utilizes existing standard 

pitch dimensions for multiple seating classes, in combination 

with a proprietary reconfiguration mechanism that allows 

occupants to maintain the sufficient knee clearance according 

to the seat’s orientation [3]. 

Herbert M. Reynolds worked on automotive seat 

design for sitting comfort. The automobile’s evaluation as a 

universal means of personal transportation has focused on 

seat design attention upon the occupant’s comfort, 

ergonomics and health. However, the growth of an 

international automotive market has increased the diversity in 

features of seat design. For comfort evaluation of the seat, the 

static and dynamic geometries of the human body are used in 

seat design. Static geometry is obtained from the 

anthropometric studies of the overall population and dynamic 

geometry is obtained with a mechanical model of the human 

body. The static geometry describes the physical size to be 

accommodated in the seat and dynamic geometry describes 

the functional position to be accommodated in the seat. Seat 

comforts are mainly depend upon stiffness, contour, climate 

& ergonomics of seat [4].  Comfort, however, is an indefinite 

concept and subjective in nature. It is generally defined as 

lack of discomfort [5]. 

Current research and development of seat efforts are 

described as well as areas for future development and the 

projected impact on better performance of these seats [6]. 

While designing new the seat, safety in seat is 

playing an important role in new seat design. For this 

purpose, the seat structure should sustain the loads as 

specified in the regulations. The seat is the most important 

safety device available to the vehicle occupants during the 

accidental cases, and thus the proper seat design and seat 

structural integrity of the seat under expected impact loading 

is essential with some factor of safety. So understanding of 

how various seat design parameters affect both structural 

integrity and occupant protection is essential[7]. 

An important parameter in automotive seat comfort 

is reducing the occupant fatigue during long-term driving. In 

2002, a finite element model of the seat and the human body 

was developed, and stress analysis around the lumbar 

vertebrae of the human body was done. A long-term driving 

test on a vehicle seat was conducted by using a driving 

simulator and measured the stress hormone adrenaline in the 

urine. Correlations between physical seat data and increased 

the level of adrenaline were analyzed and the seat parts which 

causing body fatigue were identified. The results of the long-

term driving test were compared with the results of the finite 

element analysis and an attempt was made to clarify the 

mechanism responsible for the fatigue of occupant on the 

seat. One of the most important aims was to mitigate forms 

of physical fatigue such as low back pain. Methods of 

evaluating physical fatigue [8, 9] have generally depend on 

measurements of surface electromyography data and body 

pressure distribution and fatigue has been estimated based on 

correlation analyses between the results and subjective 

evaluations. Measurement of the stress distribution in the 

lumbar region while seated would provide valuable 

information but stress measurements involve invasive tests 

and the stress on the subjects is intense. Because of these 

problems there has been little research involving analysis of 

physical fatigue mechanisms from a biomechanical 

perspective and the design of material properties and seat 

sections or contours that might lead to a fatigueless seat [10]. 

Other than seat comfort & safety, occupant Pressure 

distribution on seat is one of the factor for comfort of 

passenger’s, so Seigler and Ahmadian [11] formulated two 

techniques, namely, Seat Pressure Distribution and Area 

Pressure Change for the purpose to highlight the relative 

dynamics between different types of seat cushion and their 

effect on occupant comfort. The results shows that the air-

inflated seat cushion can provide noteworthy improvements 

in pressure distribution between the seat cushion and the 

occupant therefore it will provide a more comfortable ride 

[12]. Verver used a finite element (FE) model of the human 

buttocks to predict the static pressure distribution between 

human and seating surface by its detailed and realistic 

geometric description. For seat design & analysis, vibration 

study also playing significant role. According to Van 

Niekerka, 2003, a major portion of the vibrations experienced 

by the occupants of an automobile enters the body through 

the seat. Whole-body vibrations, which are mainly vertical 

vibrations, tend to affect the human body the most. These 

vibrations are transmitted to the back and buttocks of the 

occupant along the vertebral axis via the base and seat back 

[13].Since the natural frequency for the human trunk falls in 

the range of 4-8 Hz, it is expected that the whole-body 

vibrations that will most largely affect passengers will occur 

in this frequency range [14] 

For a new seat design, Computer Aided Engineering 

(CAE) methods such as finite element analysis and 

simulation techniques have also been used to study and to 

develop vehicle seats [15]. CAE methods providing stress 

strain analysis which is helpful for making modifications in 

the design as per requirements in the design stage itself which 

will reduce the cost of physical tests. So for a new seat design, 

all the above factors should be considered which is directly 

proportional to the customer’s expectations. 

III. DISCUSSION 

From the above literature survey by various surveyors 

following discussion is made.  



A Review on Design and Analysis of Reversible Seat using CAE 

 (IJSRD/Vol. 5/Issue 03/2017/128) 

 

 All rights reserved by www.ijsrd.com 490 

A. Design Characteristics 

The basic text books for structure design give the basic design 

equations for the design of structural components. Design of 

seat as per anthropometry and ergonomics also provides the 

basic assumptions at the concept level of seat design. As after 

seat design, the occupant should feel comfortness in the sitted 

position in all areas of the seat.  

B. Material 

The results of the studies have recommended lot of materials 

from different grades for seat design. The process/material 

determined based on the specifications for the seating system. 

The seatback has to have enough stiffness to support the loads 

in case of accidents. It also needs to have the necessary 

strength and toughness to endure the high loads generated in 

the safety tests. While considering the regulatory load 

requirements, lot of materials from different grades has been 

used & proved in seat structure design. In general, in seating 

structure, the below material can be used for better strength 

as per load requirement. In this design, the following 

materials from different grades will be validated. 

For seat risers, back side stamp member - JSC440C, 

for upper & lower links – JSC550C, for back & cushion  tube- 

HSLA 350, for wires: IS-7887, for CAM : E34, cam lock pin 

& headrest rod: EN8 D, Headrest sleeve: ERW1 and for 

foam: PU (Poly Urethane) has been used. 

C. Modeling and Drafting 

Modeling & drafting of reversible seat done in CATIA V5 

R24. All joints of seat simulated by using kinematics 

workbench in which actual behavior of joint can be done. 

Same has been represented in the following figure. 

D. Finite Element Analysis 

Hyper mesh is a finite element preprocessor with high 

performance capabilities of preparing largest models, 

receiving high quality meshes in short time span. Whole 

meshing of seat can be done in hyper mesh software. 

 

 
Fig. 1: Reversible Seat Assembly 

 
Fig. 2: Working of Reversible Seat 

After meshing of seat, the complete simulation can 

be done in LS Dyna. It is an advanced general purpose 

multiphysics simulation software. It contain more and more 

possibilities for the calculation of many complex, real world 

problems, its origins and core-competency lie in highly 

nonlinear transient dynamic finite element analysis (FEA) 

using explicit time integration. LS-DYNA is used by the 

automobile, aerospace, construction, military, 

manufacturing, and bioengineering industries. The designed 

reversible seats should meet the following criteria for the 

following specified regulatory test. Seat back strength will be 

conducted as per IS 15546 (Indian Standard), AIS 016 

(Automotive Industry Standards), ECE 17 (Economic 

Commission for Europe) regulations. 

For validation of seat back, the following test is 

specified as per above regulation. 

1) SBS (Seat Back Strength) Test 

 
Fig. 3: Seat Back Strength (SBS) set up 

This test helps to evaluate strength of seat back structure 

during impact to provide safety to occupant. 

2) Test Acceptance Criteria 

Seat Back Strength test is a regulatory test for safety as 

specified in IS 15546, AIS 016, ECE 17 etc. regulations. As 

per this regulation, seat should sustain a 530Nm moment 

about H point which is applied to the seat back at 290mm 

from H point along Torso Line.  

The deflection of seat back frame can be calculated 

by, 

δ = FL3 ∕ 3EI                              (1) 

Also for the angular deflection, 

θ = FL2 ∕ 2EI                           (2) 

For calculating bending moment & bending stress, 

M/I = σ/Y = E/R                        (3) 

Where, 

M= Bending Moment 

I = Moment of Inertia about neutral axis 

σ = Bending Stress 

Y= distance of extreme fiber from the neutral axis 

E= Young’s modulus 

R= Radius of curvature 

Stress = Force / Area = F/A 

Mi = Force*Distance from the pivot that the force is 

applied, 
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Mi/I = σ/Y, (Z = I/Y) 

The bending stress can be calculated by, 

σ = M/Z                                  (4) 

Mi = σ*Z                                 (5) 

Mr = σyt * Zp                           (6) 

Where, 

Mi- Induced moment 

Mr- Moment Resisting capacity of structure 

Zp- Plastic section modulus 

I- moment of inertia 

Y- Dist from neutral fiber to extreme fiber 

σyt- yield strength of material 

When Mr> Mi, then material pass, 

If Mr< Mi, then material fail 

If the material fail then either to increase σyt (high 

strength material) or increase Zp (plastic section modulus) to 

meet above condition. 
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