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Abbreviations 
OEM Original Equipment Manufacturer 

CAE Computer Aided Engineering 

FEA Finite Element Analysis 

SAE Society of Automotive Engineers 

J826 

VSA

Standard outlining devices for Use in Defining and 
Measuring 

Vehicle Seating Accommodation 

H-Point Hip Point 

SgRP Seating Reference Point 

BOM Bill of Materials 

FE Finite Element 

CAD Computer Aided Design 

Quad Quadrangular 

Tria Triangular 

ILD Indentation Load Deflection 

CFD Compression Force Deflection 
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Introduction 
Automotive seats are usually designed for structural safety, road visibility 
and reachability to dashboard controls. In the last few years, design for seat 
comfort is gaining momentum as many automotive OEMs (Original 
Equipment Manufacturers) and seat suppliers want to make the seats 
comfortable for customers since it is given more preference as a recent 
trend. Seat comfort is evolving with the growing automotive market, giving 
automotive OEMs a leading advantage to compete. Seat comfort is often 
connected to how well the occupant is seated and supported inside the car. 
The overall seat comfort can be described through a combination of factors 
like static comfort, dynamic comfort, thermal comfort, pressure distribution, 
etc. Seat comfort is very subjective to occupants and it varies from person 
to person. However, automotive OEMs and suppliers have done many 
studies and benchmarked a few standards to design seats which provide 
the best comfort to most occupants. CAE (Computer Aided Engineering) 
helps to virtually evaluate seat designs against these standards and do 
iterations to get the best design in the early development stage. This paper 
aims to discuss various seat comfort standards, CAE evaluation and design 
recommendations. 

Fig-1: Automotive front seat 
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Classifications of seat 
comfort 
Seat comfort can be defined as an ergonomically best suited posture and 
orientation of the occupant with minimised presence of discomfort in the 
seat. 

It is a subjective concern since the comfort feeling varies from occupant 
to occupant. A seat might be comfortable for an occupant and might be 
felt less comfortable for another occupant. This is due to the occupant’s 
comfort hanging on various aspects and attributes of the interior of the 
vehicle. To minimise this discomfort, the seat is designed considering 
various seat comfort attributes through various comfort studies. 

Seat comfort can be classified as below. 

i) Static comfort – Static comfort defines the posture of the occupant. 
The posture of the occupant is decided by the proximity of the 
occupant to the steering column, pedals and seating reference point 
(SgRP). It provides the occupant with lumbar and mechanical comfort. 

ii) Dynamic comfort – It is more related to the occupant’s experience of 
vibrations. Dynamic comfort is decided by how well the occupant is 
isolated from the vibrations. 

iii) Thermal comfort – Study of the temperature at the interface and its 
variation between the occupant and the seat. Thermal comfort is 
defined mostly by the air conditioning in the car. Seats need to be 
designed with enough ventilation to supply thermal comfort. Seats in 
premium cars are designed with heating/cooling modules to supply 
more thermal comfort. 

iv) Pressure distribution – Pressure distribution is another comfort 
requirement which ensures better pressure distribution on the occupant 
by the seat. High pressure on spinal discs can cause the occupant more 
discomfort. Thighs also need to be supported well at the front end to 
avoid high-pressure peaks at the buttocks. 

Fig-2: Types of seat comfort 

1. Static comfort 
(Posture) 

2. Dynamic comfort 
(Vibrational isolation) 

3. Thermal comfort 
(Air conditioning and 
ventilation) 
(Posture) 

4. Pressure distribution 

Response 

Vibration 
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Measurement of seat 
comfort 
Seat comfort can be measured by the following parameters and methods 
based on the type of comfort. 

i) Static comfort – Static comfort is measured by the H-Point study and 
overall harness and softness study of cushion and back foam. H-Point is 
the hip point of the occupants, as shown in Fig-3. H-Point should lie as 
much closer as possible to the Seating Reference Point (SgRP). The 
SgRP is the point defined during the first conceptualisation of the 
vehicle and provided as a reference point to other teams (steering, 
pedals, etc.) to position their components. The static comfort 
measurement method is discussed in detail in this paper. 

ii) Dynamic comfort – The response of the occupant to induced 
frequencies is measured using transfer functions and kept at a minimum 
to keep the occupant at best comfort. Fig-4 explains the level of 
isolation at induced frequencies. Dynamic comfort measurement 
method is not discussed in detail in this paper. 

iii) Thermal comfort – Thermal comfort is measured by draft (difference 
between atmospheric and cabin pressure), heat radiation and vertical 
temperature gradient. The thermal comfort measurement method is not 
discussed in detail in this paper. 

iv) Pressure distribution – Pressure distribution is measured by the softness 
and hardness of the foam and metal beneath the foam by placing the 
SAE J8926 indenters on the dedicated location of the foam (Backrest 
and Cushion Foam). The pressure distribution method is discussed in 
detail in this paper. 

Seat CAE model for comfort 
simulations 
Since the seat is a safety product, the structural integrity of the seat, like 
bending, buckling and tearing of sheet metal frames and mounting 
brackets, is evaluated. CAE Model for structural simulations would focus 

Fig-3: H-Point of the occupant Fig-4: Transfer function Vs 
Frequency 
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more on the correct modelling of metal frames, bolts, welds and material 
plasticity. However, the CAE model for comfort simulation would focus 
more on foam, trim cover, paddings, suspension mat, lumbar mat, head 
restraint, etc. Hog rings and velcros are used to hold the trim cover with the 
foam and should be modelled at given locations as per design intent. Seat 
components considered for comfort simulations are shown in Fig-5 and its 
mesh types and materials are shown in Table 2. 

A foam can have mono or dual firmness based on the stiffness of the foam. 
For dual firmness, the foam is divided into insert and bolster, as shown in 
Fig-6. In the case of dual firmness foams, cushion or back foam is divided 
into insert and bolster and assigned with proper materials. 

Seat component Mesh type Material 

Seat frames 2D shell (Quad and 
Tria) 

Rigid / steel grades 

Cushion and back 
foam 

3D Tetra Young Modulus, density and 
rate dependent stress-strain 
curve 

Trim cover 2D Shell (Quad and 
Tria) 

Vinyl, leather, fabric material 
with orthotropic properties 

Padding (3 to 10 mm 
thickness) 

3D Hexa and Penta Young Modulus, density and 
rate dependent stress-strain 
curve 

Velcro 2D Shell (Quad) Vinyl, leather, fabric material 
with orthotropic properties 

Hog rings strips 2D Shell (Quad) Vinyl, leather, fabric material 
with orthotropic properties 

Other accessories 
(Heating /Colling 
Module, Massage 
Systems, etc.) 

2D Shell (Quad and 
Tria) 

Relevant material as per Bill 
of Material or BOM 

Fig-5: Seat components for comfort modeling 

Table 1: Seat components, mesh type and materials 

Head 
Restraint 

Back foam Trim cover (Fabric/ 
vinyl/ leather) 

Lumbar mat 

Padding 

Cushion 

Foam 

Seat frames 
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Fig-6: Dual stiffness foams with insert and bolster 

Table 2: CAE tools used 

CAE tools 

Measurement of static 
comfort 
Static comfort is ensured by measuring and meeting two factors to a given 
target. These are -

1. H-Point prediction 
2. Overall hardness and softness study of cushion and back foam 

Importance of H-Point 
H-Point is not only considered a comfort factor, but it also defines safety, 
road visibility and entry and exit of the occupant. The importance of H-Point 
is discussed below: 

Safety – As per the safety standard, H-Point defines the important 
attributes which decide the safety of the occupant. For instance, head 

Headrest 

Wing or vertical 
bolster 

Seat insert 

Back insert 

Bolster 

Task Tools Task description 

FE modeling ANSA / hypermesh Meshing of trim cover, 
foams, seat structure, etc. 

FE connections Visual environment Hog rings, velcro, etc. 

Solver Pamcrash Debugging and simulation 

Post processing Visual environment Viewing animations and 
results 
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Upward Headrest 

Backrest 

Cushion 

Frame 
Heel point 

Torso angle 

H point 

Forward 

clearance from the headliner, knee clearance from the instrument panel, 
door trim clearance and proximity to the steering wheel for airbag inflation 
due to frontal impact are important safety attributes. 

Visibility – The visibility of the occupant through the windshield on the road 
is another important feature of the vehicle. H point and torso angle are 
considered important parameters to decide the visibility of the occupant. 
Better visibility is important for the safety of the vehicle and the occupant. 

Ease of entry or exit – Better designed vehicle has good entry and exit 
features of the vehicle. This is measured with reference to the H-Point 
values. During the underbody design, SgRP values are decided early to 
measure the other parameters of the interiors of the vehicle. If the H-Point 
meets the SgRP values, then the other aspects of the underbody are also 
synchronised. 

H-Point prediction test 
H-Point is predicted by placing a 95th percentile H-Point manikin on the 
seat, as shown in Fig-7. H-Point manikin is a standard physical device as per 
the SAE J826 standard. The seat is positioned to its design position. H-Point 
manikin is placed on the seat at the given foot angle and heel point. The 
torso angle is initially kept at five degrees and moved towards the seat 
back. H-Point and torso angles are noted down from the H-Point manikin 
and compared with the SgRP and design torso angle. 

Target for H-Point prediction 
As per the generic standard, the acceptable deviation of the H-Point from 
the nominal values (SgRP) should be less than 10mm (about 0.39 in) and, 
for the torso, less than 2 degrees. Table 1 shows the target for H-Point 
prediction. 

Fig-7: H-Point manikin 

Table 3: H-Point prediction target 

Parameter Target Reference 

H-Point ≤ ±10 mm From SgRP 

Torso angle ≤± 2° From design torso angle 
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If the deviation is more than 10mm (about 0.39 in) of the SgRP and 
more than two degrees for the torso, then a redesign of the seat needs 
to be considered. CAE iterations will be more helpful in finding design 
improvements, which will save cost overrun and accelerate the seat 
development process. 

CAE setup and evaluation of H Point 
H-Point is measured in CAE by placing the H-Point manikin into the seat 
and applying a little load into butt and torso. Loading on the butt and torso 
is done in four steps, as shown in Fig-8. 

1. H-Point manikin is placed on top of cushion foam and a little load is 
applied 

2. The torso is rotated towards the seat back by applying a little load 

3. Loads on the butt and torso are removed and allowed to load using 
self-weight 

4. H-Point manikin is allowed to relax and get to an equilibrium position 
without any load 

Step 1: Loading on butt 

Step 3: Loading due to 
self-weight 

Step 2: Loading on back 

Step 4: Relaxation 

1. Fig-8: H-Point manikin loading steps 

With the above-mentioned loading steps, the simulation is run in pamcrash 
and the result is post-processed in the visual environment to check the H 
Point and torso angle. 

Post-processing of CAE results for H-Point prediction 
Measured H-Point from the simulation of two different seats are shown in 
Fig-9 and Fig-10 with respect to the design H-Point (SgRP). Both the 
measurement points are within the tolerance window (less than 10 mm) in 
both horizontal and vertical directions from design H-Point. The torso angle 
is not explicitly shown but should be within the tolerance of two degrees. If 
the measured H-Point or torso angle is not within the limit, CAE Iterations 
are carried out to get within the limit. 



11 
Advancing seat comfort in modern vehicles 
through CAE and standards-based design

-15 

-10 

-5 0 

0 

5 

10 

15 

- 1 5 - 1 0  -5 5 10 15 

Ve
˜ic

al
 d

is
ta

nc
e 

(Z
) m

m
 

Horizontal distance (X) mm 

H-Point measurement 

Tolerance Limit Measure Point 1 Measured Point 2 

Fig-9: Measured H-Point from design H-Point (SgRP) 

Fig-10: Measured H-Point in the tolerance window 

Table 4: Measured H-Point and torso angle from Design Target 

H-Point X distance from 
SgRP (mm) 

Z distance from 
SgRP (mm) 

Torso angle 
difference from 
Design Target 

(Deg) 

Measured Point1 
(Seat1) 

5 7 -0.9 

Measured Point2 
(Seat2) 

-8 -5 0.6 
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Overall hardness and 
softness study of foams 
Overall hardness and softness study is part of the static comfort 
requirement. It is done to ensure the softness or hardness of the foam is 
adequate to provide better comfort. Both cushion and back foams are 
evaluated for their hardness and softness profile. Force versus 
Displacement plot is used to study the softness or hardness profile. An 
indenter is used to compress the foam at a certain velocity and Indenter 
Force versus Displacement is plotted to evaluate the softness of the 
hardness profile. Test methods are the same for cushion and back foams. 
But they vary between softness and hardness profile tests. Table 5 shows 
the difference between hardness and softness profile tests in terms of 
indenter size, input velocity, reaction force and target, etc. 

Foam hardness profile test 
In the overall hardness study of the cushion foam, a butt form indenter, as 
shown in Fig-11, is placed on the cushion foam to measure the force vs 
displacement curve. The indenter is positioned with reference to the h point 
and placed a few distance away from the foam. Then, the indenter can 
compress the foam at 140 mm/s until it realises a reaction force of 950N. 
Once the reaction force of 950N is reached, the indenter is moved back to 
its initial position, followed by the relaxation of the cushion foam. 

Test parameters Hardness test Softness test 

Indenter size Back form - Back foam 
Butt form - Cushion 
foam 

25 mm (about 0.98 in) 
cylindrical 

Indenter velocity 140 mm /s 280 mm/s 

Reaction force 
limit 

500 N - Back foam 

950 N - Cushion foam 

20 N 

Target More than 80% of 
Force Vs. 
Displacement curve 
within the upper and 
lower boundary 

More than 80% of Force Vs. 
Displacement curve within 
the upper and lower 
boundary 

Table 5: Softness and hardness test methods for foams 

Fig-11: Butt form loading for foam hardness test 
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The force vs displacement curve is plotted and checked; the percentage of 
compliance, which is the percentage of the curve, falls within the generic 
standard force vs displacement tolerance band, as shown in Fig-12. 

Foam softness profile test 
In the softness profile study of the cushion foam, a 25mm (about 0.98 in) 
cylindrical indenter is placed on the cushion foam, as shown in Fig-12, to 
measure the force vs displacement curve at multiple dedicated locations. 
The indenter is mapped at these dedicated locations with reference to the 
h point and placed a few distance away from the foam. Then, the indenter is 
allowed to compress the foam at 280 mm/s until it realises a reaction force 
of 20N. Once the reaction force of 20N is reached, the indenter is moved 
back to its initial position, followed by the relaxation of the cushion foam. 

From the result, the force vs deflection curve is plotted and checked; the 
percentage of compliance, which is the percentage of the curve, falls within 
the generic standard force vs deflection tolerance band, as shown in Fig-13. 

Fig-11 Force vs Displacement Curve for foam hardness 

Fig-12: Cylindrical indenter loading for foam softness test 
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Fig-13: Force vs Displacement Curve for foam softness 

Fig-14: Pressure mapping test 

Pressure mapping and 
meat to metal proximity 

Pressure mapping test is done to ensure the occupant is well supported 
by foams and frames without causing much stress to them. The 
meat-to-metal gap is the main criterion for the pressure mapping test. 
The pressure mapping test is done in CAE, along with the H-Point 
prediction test. There is no separate test setup or analysis done. It can be 
measured based on how much pressure the H-Point manikin is applying 
to the seat. If the H-Point is more rearward and downward along the x and 
z direction, respectively, then the manikin will apply more pressure on the 
backrest and cushion foam, which can be understood by plotting the 
pressure mapping on both the backrest and cushion foam. This will lead 
to more displacement of the lumber and the suspension assembly. More 
pressure on the foam may lead to overall discomfort for the occupant. 

Meet to metal proximity measurement is important for the comfort study. 
In case the manikin is much rearward and downward, thus applying more 
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pressure on the backrest and cushion foam, respectively, then the manikin 
may come much closer to the seat structure and may cause discomfort. 
This is called the meat-to-metal proximity, which measures how much the 
manikin is coming closer to the seat structure by compressing the foam in 
rearward (+x) and downward (-z) directions. This measurement helps to 
check the proximity of the manikin with the individual seat structural parts 
and detect the least distance for possible human intervention in CAE. 
Usually, a meat-to-metal gap of 30 mm (about 1.18 in) provides good 
comfort to the occupant. 

Design recommendations 
for seat comfort 
To have good static comfort and meat-to-metal proximity following design 
recommendations are usually implemented in CAE:

1. By changing the ILD/CFD value of the foam 
2. By coring out the B-Side (bottom side) of the foam 
3. By adding the material to foam 
4. By adding foam wires 

Changing the ILD/CFD value of the foam 
In comfort, the material properties of the foam are gauged by indentation 
load deflection and compression force deflection values, which are 
measured in Newton (N) and KiloPascal (kPa), respectively. By increasing or 
decreasing the ILD or the corresponding kPa values, stiffness or softness 
of the foam can be achieved. This will bring the h point values within the 
tolerance limit or meet the nominal SgRP values. 

Fig-14: ILD / CFD curve of foams 
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Coring out the B side of the foam 
In an H-Point study, if X Distance is forward and Z Distance is upward from 
SgRP, then coring out the material or removing the foam from the B side of 
the backrest and cushion will improve the X and Z Distances closer to the 
SgRP. This design improvement will bring the H-Point within the tolerance 
limit with a better torso angle. 

Adding material to the foam 
Unlike in the previous design solution, instead of removing, adding material 
to the foam can also improve the h point and the torso angle. In cases like 
the manikin is too rearward where X Distance is more than 10 mm (about 
0.39 in) and torso angle is more than two degrees rearward, then adding 
material to the backrest foam of the B side will bring a notable 
improvement. This design solution will bring the X distance and torso angle 
with the tolerance limit. 

Adding wires to the foam            
Another important design solution recommended, where the Z distance 

Fig-15: Coring out B side of the foam 

Fig-16: Adding material to the foam 
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and torso angle are failing to meet the tolerance limits, is increasing the 
stiffness of the foam by adding bolster wire to the cushion foam.  If the 
manikin is downward and Z distance is more than the tolerance limit of 
10mm (about 0.39 in), the torso angle is forward and failing by more than 
two degrees, then adding 5mm (about 0.2 in) diameter wire in the bolster 
region of the foam, will increase the stiffness of the foam and will improve 
both the Z distance and the torso angle to meet the target SgRP values. 

Standards related to 
comfort 
SAE J826 - 
Devices for use in defining and measuring vehicle seating accommodation. 
This regulation defines how to position the manikin, which represents the 
human body. The standard specifies a two-dimensional (2D) template and 
an HPM manikin that is used to define and measure the accommodation in 
vehicle seats. The procedures of how the HPM should be positioned are 
also described to measure the H-point. (SAE International, 2015) 

SAE J8926 – 
This regulation refers to measuring the softness or stiffness of the foam 
using different types of indenters. It defines the type of indenters to be 
used and the locations on the seat with loading conditions. 

SAE J1100 - 
Motor vehicle dimensions: This is a standard that defines the most relevant 
points and dimensions of the vehicle interior. For example, it defines the 
H-point, the SgRP, the torso angle and other important definitions of the 
driver. 

For occupant packaging, important dimensions are also defined, such as 
leg room, shoulder room, knee clearance and other dimensions in the 
vehicle interior. (SAE International, 2009) 

Fig-17: Adding wires to the foam 
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Conclusion 
In the seat comfort test methods and studies discussed it can be concluded 
that the use of CAE can help to determine the comfort and other 
parameters of the seat early in the design phase. CAE tools help to measure 
seat comfort factors and do design iterations to meet the required target. It 
reduces physical tests and helps to bring down the cost. It compresses the 
design timeline. In the initial phase of the seat design, design suggestions 
can be made using a CAE comfort study. Each seat design parameter can 
be measured and regulated through CAE iterations to meet the seat’s 
design standards. Thus, designing and CAE iterations can be in sync with 
seat development for a better comfort design in a vehicle. 
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