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Seat Technology of the Future
The work load and stress on people
employed in the agricultural sector
is very high. Suitable workplace de-
sign is a viable preventive measure.
This paper shows how workplace
design can be operator-friendly, as
well as innovative, using a driver’s
seat in commercial vehicles as an
example.
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Maximo Evolution
The cabins of commercial vehicles, in-
cluding agricultural machinery, serve as

workplaces. As such, they must be designed
above all to satisfy functional, anatomical,
anthropometric and bio-mechanical criteria
with the goal of preserving the user’s, in
other words the driver’s health and ability to
optimally perform.

The potential economic benefits of doing
this are very large, because the costs in-
curred by worker disability are enormous
[1]. Muscular and skeletal problems account
for the largest single share of employee ab-
senteeism, with a rising tendency [2]. 

Especially in the agricultural sector, the
externally applied stresses, to which workers
are subjected, are very great. Because of this,
a higher-than-average proportion of agricul-
tural workers complain of muscle pain in the
arms, legs, or back (for a total of 70 % [3],
compared to the average of 50 % for all other
sectors of the economy [3]).

Agricultural workers spend many hours on
tractors, in other words seated. This sitting is
not problematic in and of itself except when
vehicle operators take the brunt of vibrations
that affect the entire body, which is the case
when ploughing or even merely transporting
loads. This can cause injuries to the spine
ranging in severity all the way to chronic vo-
cational disabilities (BK2100). Seat manu-
facturers have the obligation and responsibi-
lity to help prevent health problems by ergo-
nomically designing driver seats to serve as
workplaces. 

Development of appropriate seats

The driver seat is the main interface between
a vehicle’s operator
and the cabin, and as
such greatly impacts
working conditions.
Here it is necessary to
distinguish between different types of ma-
chines. The job of a forklift operator differs
significantly from that of a tractor or harves-
ter operator.

However, it is always the same comfort
and ergonomics factor that determine the
overall comfort of a driver seat in the cabin
(Fig. 1). Depending on the application, indi-
vidual factors need to be prioritised diffe-
rently, because each work situation places
different demands on the driver. This com-
fort should not be confused with luxury,
however; it is primarily intended to protect
the operator’s health by directly or indirectly
enhancing their sense of well-being. 

But these are not mutually independent
parameters, but rather complexly interacting
factors. This makes it especially important to
optimise each product for its intended use.
However, all of the factors and the associa-
ted physical parameters must always satisfy
certain minimum requirements.

Biomechanics

As the statistics on lost working hours show,
there is a considerable need for preventive
action. To respond appropriately, it is neces-
sary to possess in-depth knowledge of peo-
ple and how they function. In connection
with seating systems, this applies in especi-
ally great measure to human biomechanics.
In recent years, Grammer has promoted
know-how transfer through close ties bet-
ween industry and research and supported
basic spine research with the annual Gram-
mer European Spine Journal Award [4], the
distinction in this field that comes with the
largest purse, 20000 €. In addition, in 2001
Diplom-Physikerin Alexandra Polster works in the
driver and passenger seat predevelopment depart-
ment at Grammer AG, Köferinger Str. 9-13, D-92245
Kümmersbruck, Germany; e-mail: alexandra.pol-
ster@grammer.com
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Fig. 1: A lot of parame-
ters influence the seat

comfort
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Grammer organised the „Ergomechanics
Congress“, an interdisciplinary international
spine convention. Another such event is
planned for 2005. In the process, we have
learned that current biomechanics research
findings can call into question and even re-
fute received ergonomics wisdom. A case in
point is the traditional assumption that sit-
ting is more stressful than standing, and the-
refore a standing posture should be imitated
as closely as possible by promoting an
upright position. This assumption has been
shown wrong by various measurements [5].
The latest findings indicate that it is best to
shift among various sitting positions; no
single position is beneficial if too long. Dy-
namic sitting helps nourish the intervertebral
disks by varying the movements and loads
involved.

Vibration  absorption

In addition to static, forced postures, lateral
inclination and torsion of the spine as well as
strenuous work and abrupt lifting, another
risk factor involved in causing back ailments
are vibrations that affect the entire body. 

The load-stress model (Fig. 2) of mecha-
nically induced whole-body vibrations [6]
shows how the seat itself can influence the
stresses involved. The seat and its suspensi-
on determine which physical stresses are
transmitted to the driver with a given vehicle
and trajectory. 

The principal factors that determine how
well a seat mitigates vibrations are its inhe-
rent frequency and the available suspension
travel. These parameters must be adapted to
the vibration source. 

This seat function ranks among the most
important ones for keeping drivers healthy.
Unfortunately, it is often counterintuitive to
use, as a result of which it is often neglected
or incorrectly set. For this reason, Grammer
has equipped the Maximo Evolution with ac-
tive weight adjustment. Appropriate sensors
and electronics automatically adjust the seat
to each driver’s weight. The same seat has so-
called a low-frequency suspension, which al-
so absorbs lower-frequency vibrations to re-
duce further the stresses to which the driver
is exposed. Besides good vertical suspensi-
on, it is naturally important to buffer hori-
zontal jolts and vibrations. Especially when
driving in difficult terrain or with trailers and
rear attachments, these can be quite consi-
derable. That is why the new Maximo Evo-
lution is fitted with longitudinal and lateral
horizontal suspension as a standard feature. 

User-friendly operation 

Modern technology makes it feasible to inte-
grate more and more functions into seats, yet
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users hardly ever read the instructions, as
studies commissioned by Grammer have
shown. Even very important seat functions
are commonly ignored or incorrectly used.
Considering the work that seat users do,
however, this should not come as a surprise.
Sitting is not the actual goal in and of itself.
Consequently, drivers will tend to only use
those seat functions that are indispensable
for allowing them to do their jobs (e.g., fore
/aft adjustment so they can reach the pedals
with their feet).

When beginning to develop a seat, it is
therefore important to ask which functions
will actually be used by drivers, and especi-
ally how they can be designed to permit their
use without consulting the manual. Gram-
mer therefore begins each product develop-
ment project with an in-depth user input stu-
dy, the findings of which are incorporated
into the development processes and then
continually monitored by appropriate eva-
luations. This is what gave rise to the Gram-
mer „Design for Use“ operating concept.
The basic principle is that seat functions
must be self-explanatory and easy to learn.
This is achieved by a hierarchical logic, a
placement logic, and a shape logic. In addi-
tion, feedback from the system as a whole is
just as important as feedback from the indi-
vidual controls. 

User studies have also shown that hard-to-
understand but vital functions ought to be
automatically controlled. As already men-
tioned, this principle has been put into prac-
tice in the Maximo Evolution.

Active seat climate control

Seat climate plays a major role in determi-
ning comfort, because the driver constantly
notices it. People continuously generate heat
as a result of metabolic processes. On the
other hand, we are homoiothermic, or warm-
blooded, organisms and must maintain our
core body temperature at fairly exactly 37°C.
To accomplish this, excess heat has to be gi-
ven off. 90% of this heat is removed via the
skin through heat radiation, heat conduction,
and evaporation. To offer drivers a pleasant
seat climate (thus permitting relaxed wor-
king), Grammer has developed an active seat
climate control system. Consisting of a fan,
a storage layer, and a ventilation layer, this
system removes moisture and heat from the
area between the driver and the seat. Dummy
and human physiological measurements 
were applied to create an active climate mo-
dule that, in contrast to existing climate sys-
tems, even improves the seat climate in pas-
sive mode (compared to  conventional seats),
and in active mode prevents health hazards
by circulating air. This system is included in
the Maximo Evolution as a standard feature.

Outlook

The goal of efforts to develop vehicle cabins
and seats has consistently been to reduce the
stresses to which drivers are subjected.

Looking ahead, we see potential for im-
proving matters by more closely harmoniz-
ing the seat with the vehicle in which it is
used. The user studies cited here should be
extended to illuminate the overall vehicle ca-
bin so that the needs of people using it as a
workplace can be met better.

Also in order to comply with future regu-
lations for mitigating vibrations, like the
2002/44/EC directive, it is indispensable to
closely coordinate the relevant endeavours.
This EC directive establishes ceilings for the
vibrations that workers may be exposed to.
They are defined by the interplay of the ve-
hicle and the seat. A seat with excellent sus-
pension characteristics, such as our Maximo
Evolution, can make a substantial contribu-
tion in  protecting vehicle operators.
Fig. 2: Load-strain model for mechanical whole body vibrations (acc. to [6])
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