THEORY & PRACTICE
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THE AIR DRYER REMOVES THE MOISTURE IN THE AIR—AND PROTECTS
THE PNEUMATIC SYSTEM.

UNDER SEVERE PRESSURE:

PNEUMATICS IN COMMERCIAL VEHICLES

In medium- and heavy-duty commercial vehicles with gross
vehicle weights upwards of around 7.5 tons, a number of com-
ponents are operated pneumatically. A compressor—driven by
the vehicle’s engine—takes in clean air via the air filter and
compresses it to approximately 11 bar of pressure. The com-
pressed air is stored in several compressed air vessels on the
towing vehicle and trailer. All loads are supplied from these
vessels.

THE PRESSURISED COMPONENTS IN COMMERCIAL

VEHICLES INCLUDE:

A The pressurised components in commercial vehicles include

A The passenger doors of buses (during opening and closing)

A The pneumatic spring bellows on the entrance side of buses
(during lateral lowering, referred to as “kneeling”, to allow pas-
sengers to enter and exit comfortably)

1 Air compressor

2 Pressure regulator
3 Air dryer 6
4 Regeneration air vessel

A The pneumatic suspension of the vehicle and the trailer 5 Compressed air vessel

A The height adjustment of trucks during loading and unloading 6 Brake cylinder

A The airsprung driver’s seat

A The clutch (with pneumatic clutch support)

A The transmission (with pneumatic shifting of the automatic
transmission) Depending on the region in which the vehicle is operated, the ambient temperature

A The exhaust gas treatment system (by pneumatic dosing of and relative humidity, the air contains up to 50 g of water vapour per cubic metre of
urea) air. This water must not enter the pneumatic system under any circumstances because

A The external connections for tools (impact screwdriver, tyre it would cause corrosion and lead to severe secondary damage. To protect the system,
pressure gauge, etc.) air dryers are used.
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THE AIR DRYER—SMART DESIGN WITH INTRINSIC
VALUES

The housing of the air dryer consists of a thick-walled steel car-
tridge and an end plate with a screw-on thread. The core—a
container filled with desiccant—is located in the interior of the air
dryer. The desiccant is composed of granules measuring
approximately 1 to 3 mm made of a very open-pored material.
Given the large number of small, regular pores, channels and
cavities, the active inner surface is enormous. One gramme of
desiccant has an active surface of more than 1,000 square
metres—making the available surface area of one kilogramme
of desiccant, which is the amount normally used in trucks,
approximately 1,000,000 square metres. This corresponds to
the surface area of 200 football pitches.

The chemical and structural properties of the granules allow
water vapour from the air to deposit on their surface. This is
referred to as adsorption (in contrast to absorption, see below).
The majority of the granules’ surface is saturated after a com-
pressor operating time of approximately 3 to 5 minutes—and
must therefore be regenerated. For this purpose, the delivery of
the compressor is interrupted, compressed air from the separate
regeneration air vessel (see Fig. 4 in the diagram “Design of a
pneumatic brake”) is blown in the opposite direction through the
air dryer and discharged to the outside. The water vapour
adsorbed by the desiccant is removed by relieving the pressure
in the air dryer, carried away by the air flow and discharged to
the outside, together with the regeneration air, through a silencer.

REGENERATION—ALSO BENEFICIAL FOR THE COM-
PRESSOR

Regular regeneration of the air dryer is required for proper oper-
ation. At the same time, the operating pause resulting from the
regeneration phase gives the compressor the opportunity to cool
down. With uninterrupted operation, the compressor would run
too hot, causing the oil content in the compressed air to rise
drastically—and, as a result of overheating, the oil in the air would
also chemically decompose. The pneumatic system is therefore
designed to operate the compressor for no more than two thirds
of the time... while the remaining time is used to prevent over-
heating.

PRESSURE FAULT IN THE SYSTEM?

What happens when there is a leak in the pneumatic system?
Potential causes include a defective brake cylinder on the towing
unit or trailer, a leaking hose coupling on the compressed air
supply of the trailer, a rupture on a pneumatic spring bellows or
a blockage on the vent hose. At times, a leak is simply due to
human error—for example, if the driver has forgotten to close the
valve after venting. In all these instances, the compressor reaches
the necessary system pressure much too late (or never). If the
system pressure is not reached, the control unit does not receive
a signal to regenerate the air dryer. As a result, the air dryer is not
regenerated often enough or not at all. When the desiccant is
saturated, i.e. when its surface is fully covered with a layer of
moisture, water condenses in the dryer and floods the granules.
Instead of adsorption, absorption takes place: all the pores of the
granules become filled with water. Moisture and condensation
water thus penetrate further into the pneumatic system—uwith
severe consequences. After all, a large number of components,
such as directional control valves, brake cylinders or gearbox
parts, are made of aluminium and steel. If water finds its way to

these parts, corrosion is inevitable. Moving parts, such as elec-
tromagnetic valves, can malfunction. And the desiccant suffers
too: the excessively high water content makes it very heavy, the
desiccant clumps—and the vibrations that develop during driving
as well as the pulsations of the compressor literally crush the
granules and grind them into fine powder. The ensuing fine dust
escapes from the air dryer, mixed with condensation water, and
contaminates the pneumatic system. This abrasive granule pow-
der destroys all mechanical pneumatic components.

INSPECTIONS AND MAINTENANCE—PROTECTION FOR
THE PNEUMATIC SYSTEM

Inside the pneumatic system, the air dryer is an important, safety-
relevant component. Defects in the pneumatic system also always
affect the air dryer, render it inoperational and destroy it. Regular
inspections of the vehicle’s (and trailer's) pneumatic system for
leakage, observing warnings from the on-board electronics sys-
tem, and maintaining and replacing the air dryer at regular inter-
vals are critical for the safety of the vehicle and for preserving its
value.

MAHLE Original and Knecht air dryers are available for value-
preserving repairs. MAHLE Aftermarket is also active when it
comes to the heart of the compressed-air system—the compres-
sor—and is continuously expanding the recently launched basic
range of MAHLE Original air compressors. In addition, we offer
spare parts and repair kits for a large number of compressors,
which enable the replacement of pistons, valves and seals in air
compressors with recycled or refurbished parts.

DESIGN OF AN AIR DRYER

Pressure-resistant housing

Steel spring
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An air dryer
destroyed by defects in
the pneumatic system.

REGENERATION IN THE
PNEUMATIC SYSTEM

Pressure

» Time

A Turbocharging the pressure system

B Regeneration

C Maintaining the pressure

D Consumption of compressed air
Replenishment of the pressure system
Regeneration

mm

Intermediate regeneration

Regeneration

Consumption of compressed air
Consumption of compressed air to minimum
pressure

Replenishment of the pressure system
Regeneration

Regeneration during engine shut-off
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Plastic container

Granules

Oil separator

End plate

AFTERMARKET
MAHLE N [€ (W |S 13



