
Engineering Anthropometry and 
Biomechanics

In Vehicle Design
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Static anthropometric dimensions for 
vehicle design

1. Maximum seat cushion width can be estimated by considering the 
95th percentile hip width of females.

2. Minimum seat cushion length can be estimated from the 50th

percentile value of buttock-to-popliteal length of females.

3. Space above the driver’s head can be estimated by considering the 
99th percentile value of sitting height of males, torso angle, and top 
of deflected seat.

4. Interior shoulder width (W3) can be evaluated with half shoulder 
width of the 95th percentile male (or 95th percentile male 
forearm-to-forearm breadth).
� W3 is defined as the cross-car distance between door trim panels at shoulder 

height.

5. Length of interior grab handles and exterior door handles can be 
estimated by considering the 95th percentile value of palm width 
without thumb.
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W3
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W20
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Applications of biomechanics in vehicle 
design

� Biomechanics is applied here to study and evaluate 
vehicle design issue in the following four problem areas:

1. Seating comfort (designing seats and their adjustment 
features)

2. Comfort and convenience during entry and egress

3. Evaluating non-seated postures during loading and unloading 
of items in trunks or cargo areas, changing tires, servicing 
vehicles, refueling, and so forth.

4. Protecting occupants in impacts with interior hardware 
during accidents.
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Applications of biomechanics in vehicle 
design

� Most biomechanical research studies reported how humans 
get injured due to
a) Cumulative trauma (i.e., repetitive movements and stresses in body 

tissues while performing tasks)
b) Accidents that subject the human body to high levels of 

deceleration and forces during impacts.

� Further, during the normal usage of vehicles, the drivers and 
passengers do not perform tasks the require application forces 
at higher magnitudes.

� Thus, the problems of cumulative trauma injuries in vehicle 
usages are not at all as common or severe as in the industrial 
tasks.

� However, since discomfort can be associated with stresses at 
submaximal levels in the human body and in awkward 
postures.
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Basic biomechanical considerations

� Human strength depends on many factors. They include 
gender, age, duration of the exertion, static versus 
dynamic nature of exertion, anthropometry (lengths of 
body segments), posture (angles of various body 
segments), training, motivation and so forth.
1. Male versus female strength: Women typically have 65%-70% 

of the strength of men.

2. Effect of age: The maximum force-producing capabilities (i.e. 
muscular strength) of adults decrease with age (about 5% -
10% decrease on average every decade after about the4 age 
of 25 years.

3. Muscular contraction: A muscle generates it s strength during 
contraction. The maximum strength is reached at about 4s 
after, muscular contraction begins.
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Fig 2.2
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Basic biomechanical considerations

4. Endurance time and strength
trade-off: The time over which a
human can continuously exert
force (celled the “endurance
time”) increase with a decrease
in the level of exerted force
(strength). At about 15%-20% of
the maximum voluntary
contraction strength, a human
can maintain exertion for a long
period.

5. Design load: For tasks involving
large internal loads (e.g., during
lifting), the job should be
designed around the 50th

percentile load exertion
capability. Thus 95% of the
population can perform the
task.
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Biomechanical considerations in seat design

1. Load in the L5/S1 region: One important consideration in seat 
design is to reduce the load on the spinal column of the seated 
person.

� Biomechanical research has shown that during seating, the L5/S1 (the 
joint between the fifth lumbar vertebra and the first sacral vertebra) 
experiences the highest concentration of stress due to compressive 
force.

� The stresses in the L5/S1 can be reduced by providing a lumbar support 
that maintains the natural shape of the spinal column in the lumbar 
region (the natural shape of the spinal column is observed when a 
person is standing erect).

� The natural shape of the spinal column in the lumbar region is convex 
toward the front of the body.

� If the seatback provides the right amount of protrusion in the lumbar 
region at the correct height, and if the user can recline and support his 
or her torso on the seatback, the natural shape of the lumbar can be 
maintained.
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Biomechanical considerations in seat design

2. Effect of seatback angle and lumber support: Fig 2.5 shows
the effect of lumbar support (protrusion in centimeters) and
seatback angle on the compressive force in the L5/S1 region
of seated persons).

� The Fig shows that as the seatback angle is increased from vertical
(90-degree to 120-degree seatback angle with respect to the
horizontal), the L5/S1 force will reduce due to transferring of the
upper body (torso and head) weight into the seatback as compared
with that in the spinal column.

� Further, the L5/S1 force can be also reduced as the amount of
protrusion (i.e., the lumber support) is increased (compare the lower
four bars with the four darker bars just above in Fig2.5

� We can see that the load in the L5/S1 can be reduced below this
standing load of 320 N when the seatback reclined 20-30degrees
form the vertical (110-120 degrees from the horizontal) and lumbar
support of 20-50 mm is provided
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Fig 2.5
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Biomechanical considerations in seat design

3. Effect of armrests: The research also showed that the 
L5/S1 load can be further reduced when the hands 
(lower arms) are supported on the armrests as 
compared with when the arms are not supported (i.e., 
left hanging). Thus, use of properly designed armrests 
will increase seating comfort by reducing load in the 
L5/S1 region.
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Other seat design considerations

4. Avoid long cushion length: Fig 2.6(upper figure) shows 
that with a very long seat cushion, a seated person will 
leave a gap behind the user’s buttocks and the lumbar 
region of seatback.

� The seat cushion length should be shorter than the buttock-
to-popliteal length of the person so that the user can support 
some of his or her upper body weight on the seatback and 
thus reduce L5/S1 load.

� It is best to design the seat cushion length of the shorter (50th

percentile) female buttock-to-popliteal length.

14



Fig 2.6
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Other seat design considerations

5. Avoid dangling feet: Fig 2.7 (upper fig) shows that if the 
seat cushion is too high, then the user’s feet will dangle, 
and as a result, the pressure under the thighs will 
increase, crating discomfort (due to pinched veins and 
nerves in the back side of the knees during expended 
periods of driving).

� Thus, dangling feet should be avoided by either providing a 
footrest or reducing the seat height so that user’s feet can be 
supported on the floor.
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Fig 2.7
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Other seat design considerations

6. Avoid curvature in the seat cushion: the curvatures in the 
seat cushions (Fig 2.8), in general, should be avoided as they 
will put higher pressure on the body tissues surrounding the 
ischial tuberosity (i.e. the sitting bones-The lower protruding 
parts of the pelvic bones) and restrict body movement in the 
seat.

� A flatter seat cushion will allow the seat occupants to make small 
movements and posture changes that can increase overall seat 
comfort, especially during long trips.

� Provision of side bolsters in the seat cushion can increase effective 
curvature of the seat cushion.

� Therefore, tall (or heavily padded) bolsters should be avoided to 
improve long-term seat comfort.

� Increased seat curvatures and thicker bolsters also make the tasks of 
entry into the vehicle and exit from the vehicle more difficult.
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Fig 2.8
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Other seat design considerations

7. Avoid curvature in the seatback: Provision of curved 
seatbacks or taller bolsters on the seat backs can force the 
driver’s shoulders forward and also restrict small body 
movements, which especially during long trips, can reduce 
comfort and increase driver fatigue.

� Thus, flatter seatbacks should be provided (Fig 2.9) to allow small 
body movements and increase overall seating comfort especially 
during longer trips.

� Provision of side bolsters in the seatbacks can also increase effective 
curvature of the seatback.

� Therefor, heavily padded bolsters should be avoided to improve long-
term seat comfort. 

� Increased seatback curvatures and thicker bolsters also make the 
tasks of entry into the vehicle and exit from the vehicle more 
difficult.
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Fig 2.9
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Seat design consideration related to driver accommodation
Seat Height:

� The seat height in vehicle package is measured using
dimension H30.

� Vehicles with overall low height (e.g., sports cars) typically have
very low H30 (about 150-250mm), whereas heavy commercial
trucks have large H30 (about more than 405mm)

� If the seat is too high, the short driver’s feet will dangle, and if
the driver is unable to rest his or her heels on the vehicle
floor/carpet(or on a foot rest), the driver will find the seating
posture to be very uncomfortable.

� Therefore, based on the comfort of 50th tile female seated
popliteal height of 351 mm, the top of the seat from the
vehicle floor should not be more than about 320 mm. Power
seats generally allow adjustment of the seat height so that
drivers with different leg length can be accommodated.
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Seat Height:
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� The horizontal distance between the accelerator heel 
point and seating reference point (L53) increase as the 
H30 value is decrease. 

� Thus, to minimize the horizontal space required to 
accommodate the driver in commercial vehicles (truck 
products), the seat height is increased (as compared with 
the passenger cars) and the driver sits more erect 
(seatback angle typically is more vertical, around 12-18 
degrees from the vertical).

� In sport cars, the seatback angle will be more reclined to 
about 22-28 degrees from the vertical.



L53
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Adjustable seat:
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1. Seat height

2. Seat cushion angle

3. Seatback angle (reclining seatback)

4. Height and protruding fore-aft length of the lumbar 
support

5. Headrest height and for-aft location

6. Seat cushion length

7. Armrest height and length and its lateral locations from 
the driver centerline

8. Seat cushion and seatback bolster heights and/or angles



Seat cushion length:
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� The seat cushion length should not be longer than the driver’s 
buttock-to-popliteal (back of knee) distance.

� Thus, if this length is restricted to 50th percentile female 
buttock-to-popliteal distance (about 440 mm). The n most 
drivers can use the seat and still use the back rest.

� Drivers with longer upper legs would prefer longer seat 
cushion lengths, but shorter females will not be able to use the 
seatback without a pillow on the seatback.

� Further, in case of longer seat cushion lengths, shorter females 
will find operation of pedals difficult as they will be 
compressing the seat cushions with their thighs while 
depressing the pedals. Thus, an adjustable cushion length will 
reduce these problem.



Seat cushion angle:
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� The seat cushion should slope backward by about 5-15 
degrees.

� This will allow the user to slide back and allow the transferring 
of torso weight on the seatback.

� Provision of an adjustable seat cushion angle will allow user to 
find preferred seat cushion angle.

Seat Width:
� Since females have larger hip widths (breadths), the seat 

cushion width should be greater than 95th percentile female 
sitting hip width (about 432 mm)

� In addition, clearance should be provided for clothing 
(especially thick winter coats); thus, a width of 500 -525 mm at 
the hips can be recommended.



Seatback angle (A40):
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� The seatback angle (seat recline angle) should allow drivers to 
assume their preferred back angles. 

� For passenger cars, drivers generally prefer to set the seatback angle 
between about 20 and 26 degrees.

� In trucks, due to the higher seat height (H30) drivers prefer to sit 
more erect with seatback angles between about 12 and 18 degrees.

Seatback height:

� The maximum seatback height can be selected as the 50th

percentile female acromial height, which is about 509 mm 
above the seat surface.



A40
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Lumbar area:
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� The seat contour in the lumbar area affects the shape of the seated 
person’s spinal column.

� The most important characteristic of the seat contour in the lumbar region 
is that it should maintain the natural curvature of the spinal column in the 
lower back region of the seated person. A protrusion location would allow 
accommodation.

Lateral location of the seat: (W20)

� Defines the lateral distance between the vehicle centerline and the driver’s seating
reference point.

� It should be designed so that the driver will have sufficient elbow clearance from
the driver’s door trim panel between the shoulder-and - elbow heights.

� This distance from the driver centerline to the door trim panel should be larger
than half of 95th percentile elbow-to-elbow width of males plus elbow clearance to
avoid elbows rubbing against the door trim panel while grasping the steeling wheel.



Armrest height:
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� A properly designed can reduce the load on the driver’s 
spinal column and thus increase the perception of 
comfort and reduce driver fatigue.

� The preferred height of the armrest will depend on the 
lateral location of the arm rest from the driver centerline.

� Since, it is difficult to position an armrest that can be 
perceived to be optimal by most drivers, the armrest 
height and lateral distance from the driver centerline 
should be adjustable.



Bolster height:
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� The bolsters on the sides of the seat cushion and 
seatback can provide the driver feeling of sitting “snug or 
cuddled” in seat and provide a sense of stability and 
security while negotiating curves and driving on winding 
roads.

� The bolsters restrict the seated person’s movement in 
the seat.

� The taller bolster on the seatback may also move the 
minimum reach distance to controls and door handles 
more forward.

� Further, taller bolsters will increase the difficulty in sliding 
on the seat during entry and egress.



Padding:
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� Cushioning/padding is desirable because it reduces pressure by increasing 
support area.

� Seats should be covered with padded material to allow to distribute the 
pressure under the buttocks and things.

� The padding also helps in reducing discomfort caused by vehicle body 
vibrations under dynamic driving conditions.


