
Ultra-fine Transmission 
Oil Filters to Increase 
the Efficiency of 
Automatic Transmissions

Modern automatic transmissions 

make an important contribution 

towards reducing CO2 emissions. 

At the same time, they provide 

a pivotal element for driving 

comfort and driving pleasure. 

Transmission oil filtration plays 

a key role in this case. After all, 

only clean oil prevents wear, and 

with it, losses in efficiency and 

comfort. Hengst has developed 

transmission oil filter concepts 

that meet these requirements.
© Hengst
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MARKET TRENDS

Reducing CO2 emissions and fuel con
sumption are the core development objec
tives of the automotive industry. More
over, customers place high demands on 
modern vehicles for reliability and driving 
comfort. Against this backdrop, develop
ments have been and continue to be pur
sued to optimise automatic transmissions. 
Market penetration of automatic trans
missions throughout the world is increas
ing steadily and the forecasts show that 
this trend will continue in the coming 
years. The market share of the various 
types of automated or semiautomated 
transmissions varies widely between 
regions [1]. Efficient transmission oil fil
tration responds to the demands of the 

market in several ways: the filter itself 
can significantly contribute to efficiency 
if the pressure drop necessary for filtra
tion is minimised. Moreover, protecting 
the transmission components against 
wear also leads to an increase in service 
life and to a reduction in losses due to 
friction. Finally, excluding contaminating 
particles ensures that the transmission, 
and thus the drive train, runs smoothly 
without any obstructions.

REQUIREMENTS TO PROTECT 
AUTOMATIC TRANSMISSION 
COMPONENTS

In recent years, the degree of complexity 
of automatic transmissions has risen 
steadily and the number of gears has 

further increased. The overall efficiency 
level of the drive train could thus be 
optimised in the various driving cycles. 
In doing so, modern automatic transmis
sions enable a more effective and fuel 
efficient driving environment compared 
to manual transmissions.

In contrast to manual transmissions, 
automatic transmissions require their own 
active oil circuit system. The most impor
tant tasks of the automatic transmission oil 
are cooling and lubrication of individual 
components as well as pressurespecific 
control of hydraulic actuators. If losses in 
today’s automatic transmissions are ana
lysed, you will find that the oil supply 
makes up a significant proportion of this 
[2]. This is a key to increasing the effi
ciency of the entire transmission.
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Automatic transmission oil purity is 
essential for service life of the individ-
ual components. If the degree of con-
tamination is too high reliability of 
the hydraulic control valves is quickly 
affected. This results in limitations due 
to restricted movement and jerking. The 
result of such contamination can even 
be total transmission failure. To coun-
teract these functional impairments, 
sensitive components are protected by 
filtering the transmission oil. FIGURE 1 
shows the schematical arrangement 
of filters in automatic transmission oil 
circuit systems.

Suction oil filters are integrated as 
full flow filters in the oil circuit system 
upstream to the pump. These filters 
are often located directly in the trans-
mission oil pan. The filtration efficiency 
of suction oil filters is limited due to 
the small installation space and low 
possible differential pressures during 
the suction operation. After all, a suffi-
cient supply of oil must be ensured 
even at low temperatures.

To produce high oil purity classes, 
additional pressure oil filters are there-
fore used which are arranged on the 
downstream side of the oil pump. These 
filters protect the hydraulic actuators 
directly and usually clean only a partial 
stream of the oil. Nevertheless, they 
ensure a continuous reduction of very 
fine particles in the entire transmission 
oil cycle. With a pressure oil filter, ultra-
fine filtration can be effectively used due 
to the lower flow speed and arrangement 
on the pressure side.

In principle, the finer the mesh of 
the filter, the greater the flow resistance. 
This is particularly the case with regard 
to cold starts, when the oil is highly vis-
cous, this is why the pressure oil filter 
is bypassed using a bypass valve. This 
ensures an oil supply to the pressure 
controlled actuators even in this state, 
albeit with unfiltered oil. Dirt particles 
thus get into the vulnerable transmission 
components in spite of the filter.

The challenge in developing pressure 
oil filters is therefore to reduce the flow 
resistances as far as possible despite the 

highest filtration efficiency. The goal 
must be to keep the amount of time at 
which the filter must be bypassed due to 
its flow resistance as small as possible.

KNOWN PRESSURE OIL FILTRATION 
CONCEPTS ON THE MARKET

Efficiency of transmission oil filters is 
determined according to ISO 16889 [3] in 
a multi-pass test. Typical demands on oil 
filtration for automatic transmissions are 
with a filter efficiency of β(16 µm) > 200 
and higher [4]. This means that, in the 
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FIGURE 1 Schematic representation of an automatic transmission oil circuit system with 
oil filtration on the suction and pressure side (© Hengst)
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case of particles measuring 16μm in size 
or greater, for every 200 particles that 
are measured in front of the filter, no 
more than one particle passes through 
the filter.

Filter media made of fine fibres are 
used in order to achieve such a filter 
 efficiency and corresponding oil purity 
in the transmission oil circuit system. 
In particular, media with glass micro
fibres can achieve very high degrees of 
separation due to the small fibre diame
ter. Moreover, glass microfibres are also 
characterised by their high chemical 
and thermal resistance. Glass microfi
bres are frequently mixed with certain 
types of thermoplastic fibres to achieve 
benefits in terms of handling properties 
and processability. The construction 
and combination of these fibre mixtures 
is a key factor for developing efficient 
transmission oil filters.

Two geometrical concepts for process
ing filter media have a dominant position 
in the market, these are compared in 
FIGURE 2. For the wrapped filter (in the 
image on the left), a filter medium is 
wrapped in several layers onto a sup
porting, flowpermeable dome. During 
filtration, liquid passes through the 
media layers one after another.

In the pleated filter element (in the 
image on the right), the medium is folded 
in a zigzag shape and then inserted into 
the cylindrical space. Due to the folding, 
the surface of the pleated filter element 
is considerably larger than that of the 
wrapped filter. The concept, which is 
also referred to as the “starshaped filter”, 
has therefore been dominant in oil and 
fuel filter applications for many years.

In the case of a pleated filter element, 
the filter medium is fitted with a support 
grid on the downstream side. The pur
pose of the support grid is to stabilise 
the flow through the pleat while in oper
ation, to counteract flow forces and to 
ensure the flow of oil.

The advantage of the pleated filter  
elements compared to the wrapped fil
ters in terms of flow resistance is shown 
in FIGURE 3. The differential pressure 
characteristics of the different transmis
sion oil filters of both types found on the 
market are compared here. The inherent 
design advantage of the pleated filter ele
ments is clearly visible.

Due to the higher flow resistances, 
wrapped filters are bypassed through the 

bypass valve at longer time intervals 
than the pleated filter elements. As a 
result, correspondingly more unfiltered 
oil reaches the hydraulic actuators with 
the mentioned disadvantages in terms of 
their functional safety. Moreover, high 
wrapped filter pressure drop can lead 
into an increase in the required pump 
capacity, and thus unnecessarily high 
energy usage.

FILTRATION CONCEPTS FOR 
AUTOMATIC TRANSMISSIONS

The focus of development at Hengst was 
on filtration concepts with high filter 
efficiencies and a flow resistance as low 
as possible. To achieve this, Hengst has 
spent a great deal of time deliberating 
over how to design and adapt individual 
media layers. The pleated filter element 
consists of different functional layers, 
each of which is composed of specific 
fibres. In addition to the fibre geometry, 
fibrous materials and stabilisation in the 
media composite play an important part. 
High filter efficiencies require very fine 
fibres, but at the same time maximum 
rigidity must be obtained to minimise 
flow resistances. Mixtures of thermo
plastic polyester fibres and glass micro
fibres led to the breakthrough in this 
regard. Moreover, individual functional 
layers must be designed in such a way 
that the particulate load is uniformly 
deposited and filter clogging is pre
vented. FIGURE 4 shows schematically 
the structure of such a filter concept, 
consisting of individual perfectly bal
anced functional layers.

The media composite also includes 
the support grid mentioned above, the 
design of which is also crucial for the 
 filter element’s ability to perform. The 
individual filaments, their arrangement 
and also the shape of the nodal points 
must be specifically designed in such a 
way that the support grid can keep the 
individual pleats open even when sub
jected to high flow forces.

The processing of the media layers 
in the filter element also plays an impor
tant part. Thanks to an optimised set
ting of the pleat process, Hengst has 
 succeeded in achieving high pleat 
strength and rigidity. For this purpose, 
processing parameters have been spe
cifically adapted to the materials used 
in individual media layers in an exten
sive development program.
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FIGURE 3  
Comparison of 
wrapped  filter ele-
ments and pleated 
filter elements with 
regard to their dif-
ferential pressure 
characteristics  
(© Hengst)

FIGURE 2 Comparison of the most common 
geometrical concepts for transmission  
oil filters on the pressure side: wrapped filter 
 element (left) and pleated filter element (right)  
(© Hengst)
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Considering all the factors mentioned 
(media layers, support grid and process-
ing) led to significant optimisation of 
flow resistances. The results are shown 
in FIGURE 5. Hengst’s solution for trans-
mission oil filters with graduated filter 
efficiencies are shown, which are char-
acterised by very low flow resistances 
compared with state-of-the-art technol-
ogy. This allows smaller oil pumps to 
be used and thus leads to a reduction 
in CO2 emissions.

Especially for pressure oil filters, it is 
appropriate to integrate additional func-
tions which go beyond filtration. Hengst 
draws on its extensive expertise in oil 
and fuel filter module functional integra-
tion. With regards to developing these 
types of fluid management modules, 
Hengst is already at an early stage of 

the product development process and 
remains engaged in an in-depth, cooper-
ative dialogue with its customers’ devel-
opment departments. A classic example 
of this is the integration of a flow-opti-
mised oil-water heat exchanger to keep 
the automatic transmission oil within 
the permissible temperature range, 
even in other areas of application. 
Oil ducts, valves, sensors or even the 
transmission oil pump can be integrated 
in the module.

The development results shown here 
in the example of pressure oil filters can 
also be used to design transmission oil 
filters for the suction side. Hengst devel-
ops these types of suction oil filters for 
automatic transmission series applica-
tions and electric rear drives with mod-
ern oil management systems.

SUMMARY AND OUTLOOK

CO2 requirements are an accelerating 
development of increasingly efficient 
automatic transmissions. An ideal start-
ing point is optimising the oil supply, 
which is still responsible for consider-
able deficiencies in the transmission. 
The new filter systems developed by 
Hengst for automatic transmissions 
offer decisive differential pressure 
advantages with the highest filter 
 efficiencies. The energy expended for 
the oil filtration is thereby minimised 
while filtration performance is main-
tained at the same time, even at cold 
temperatures. Wear and frictional 
losses in the transmission are signifi-
cantly reduced in this way. 

Hengst uses its experience in fluid 
 filtration to create a new filter series for 
transmission oils. For the customer, this 
contributes significantly to the reduction 
in CO2, and to the reliable, long-lasting 
operation of the automatic transmission.
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FIGURE 4 Schematic representation of a pleated filter medium from individual, perfectly balanced  
functional layers (© Hengst)
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FIGURE 5 Perfor-
mance capability 
of the Hengst trans-
mission oil filter con-
cepts compared with 
state-of-the-art tech-
nology on the market: 
filter efficiency as 
β-value according 
to ISO 16889 
and differential 
 pressure according 
to ISO 3968 [5]; 
standardised 
 representation 
for taking different 
sizes in account  
(© Hengst)
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