
VALVE TRAIN

In the commercial vehicle industry, the 

focus is on increasing efficiency. MAHLE 

highlights how these requirements for the 

valve train can be answered.

COOLING

MAHLE has investigated the potential of 

indirect cooling systems in commercial 

vehicles with respect to greater cooling 

capacity and reduced complexity when in-

tegrating additional cooling requirements.

Aluminum or steel pistons in modern pas-

senger car diesel engines? MAHLE has sys-

tematically tested both piston systems and 

evaluated their advantages and disadvan-

tages with respect to further development.

PISTON SYSTEMS

Developments for powertrain and thermal management 



2 MAHLE Performance 2014

CONTENT

Valve train  |  Valve train technologies for modern commercial vehicle engines 4

Engine components  |  Piston ring design and coating—interactions within the power cell unit 10

Engine components  |  Polymer-coated thrust washers and bearing shells 11

Piston systems  |  Aluminum or steel? Prospects for passenger car diesel pistons 12

Engine peripherals  |  Modularity and functional intergration in the engine periphery of commercial vehicles 16

Fuel management  |  Active fuel prefilter module for diesel engines used around the world 18

Oil management  |  New MAHLE stainless steel oil coolers for medium- and heavy-duty applications 18

Oil management  |  Combined oil-vacuum pump 19

Air management  |  

Air intake modules with integrated cascaded charge air cooling for passenger car diesel engines 20

Air management  |  Potential of exhaust gas recirculation in gasoline engines 24

Cooling  |  Benefits of indirect cooling systems in heavy commercial vehicles 26

Cooling  |  Lightweight design for commercial vehicle cooling systems in Euro VI applications 30



 MAHLE Performance 2014 3

EDITORIAL

Ladies and Gentlemen,

 “Moving the future”—this is a very apt motto for the 

2014 IAA Commercial Vehicles. But it also captures 

the development trends at MAHLE very well. After 

all, Euro VI means that there is no way that techni-

cal development will come to a halt. Cost-efficient 

solutions are required, both to save fuel and to 

increase transport efficiency—tracking the “Total 

Cost of Ownership.”

In this edition of MAHLE Performance, we would 

like to demonstrate that MAHLE’s comprehensive 

systems competence is a decisive factor in address-

ing the rising complexity of the entire powertrain, and 

reflects the increasing level of interaction between 

engine and thermal management. 

In the area of engine components, temperatures 

and cylinder pressures will continue to rise. Steel 

pistons from MAHLE are used in the most powerful 

commercial vehicle engines as well as in engines 

with highest specific torque output. These activities 

are flanked by compact design and highly resistant 

coatings on piston rings and cylinder liners. The 

result: lower fuel consumption without increased 

oil consumption or blow-by. The newest polymer- 

coated bearing shells make their contribution, and 

allow the use of start-stop systems and new valve 

train technologies, such as CamInCam®, in medium- 

sized and heavy-duty commercial vehicle engines.

In filtration and engine peripherals, we are focusing 

on ongoing modularization along with continuous 

improvements in filtration. Global engine families 

are in a special area of conflict, as they must meet 

the strict emissions limits with appropriate technol-

ogies and simultaneously ensure competitive solu-

tions for varying fuel qualities in emerging markets.

With Euro VI, the requirements for cooling capacity 

in commercial vehicles are rising. With its consistent 

use of lightweight design in cooling systems, MAHLE 

contributes significantly to transport efficiency while 

simultaneously increasing operational strength and 

service life. Engine responsiveness, reduced fuel 

consumption, or higher specific output can be 

achieved with indirect charge air cooling. MAHLE 

has already implemented multifaceted series appli-

cations in the passenger car sector and sees addi-

tional potential for commercial vehicles as well.

One important topic for the future where we are 

applying our collected innovative strength is exhaust 

gas heat recovery using the Rankine cycle. Heat 

exchangers will be transferred to series production 

projects in the near future, and together with the 

feed pump and expansion machine developed by 

MAHLE, they contribute to a significant reduction 

in fuel consumption. 

As you can see, systems competence is the key 

that makes MAHLE an innovative partner for its cus-

tomers around the world and helps them to meet 

the upcoming challenges. 

We hope you’ll find the articles interesting and 

look forward to continuing our close collaboration 

with you.

Matthias Fix

Vice President Sales and 

Application Engineering Commercial Vehicles
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VALVE TRAIN TECHNOLOGIES FOR  

MODERN COMMERCIAL VEHICLE ENGINES 

Following the introduction of the Euro VI exhaust gas standard, no further tighten-

ing of emissions limits is expected for commercial vehicles in Europe in the near 

future. This does not mean, however, that technical development will stagnate. In 

the cost-sensitive commercial vehicle sector, the focus is once again on increasing 

efficiency. MAHLE demonstrates the requirements that this places on the valve 

train system, and what solutions are being developed. 

VALVE TRAIN 
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Overall costs over the service life of a 

vehicle—and the closely related factor 

of efficiency in transportation—are now 

the primary drivers for new development 

in commercial vehicles. The primary fo-

cus is on further reductions in fuel con-

sumption, e.g., by means of downsizing 

and downspeeding. The use of alterna-

tive fuels, such as compressed natural 

gas (CNG), may also be an interesting 

option. These changes affect the compo-

nent stresses in the valve train system. 

In order to reduce the procurement costs 

of a commercial vehicle, components 

must be kept as simple as possible. For 

example, low-cost alternatives are be-

ing sought for the exhaust gas after-

treatment system, which is currently very 

complex. New functionalities are also 

needed. This makes the introduction of 

valve train variability, such as the MAHLE 

CamInCam®, an attractive strategy.

Requirements and solutions in 
the valve assembly
The valve assembly, consisting of the 

valve, the valve guide, and the valve seat 

insert, is severely exposed to rising com-

bustion pressures and temperatures, on 

account of its proximity to the combus-

tion chamber. Measures are therefore 

needed to compensate for the tempera-

ture stresses. At the same time, they 

must meet the requirements relating to 

the ongoing costs of a commercial ve-

hicle. In order to reduce these costs fur-

ther, enormous service life requirements 

of up to 1.6 million kilometers must be 

met, while service intervals are increas-

ing to as long as 400,000 kilometers. 

The introduction of nitrided intake valves 

represents a lower-cost approach than 

the chrome-plated valves commonly 

used today. The completely nitrided com-

ponent needs only a blasting or polish-

ing process during manufacturing. The 

low process temperature of nitriding 

limits the loss of hardness at the end of 

the valve stem. This means that greater 

specific loads can be handled without 

extensive efforts, while meeting the ex-

tended service life and service interval 

requirements. The nitrided intake valve 

is characterized by excellent wear pro-

tection, significantly increased fatigue 

strength, and robustness against thermo-

mechanical fatigue (plating cracks).

   Figure 1: Examples of temperature distributions from the simulation  

for a 13-liter commercial vehicle engine: solid valve (left) and hollow 

valve (right)



 MAHLE Performance 2014 7

Sodium-filled hollow valves, which can 

reduce valve temperature peaks thanks 

to the “shaker effect” of the molten so-

dium, Figure 1, can withstand thermal 

loads particularly well. The temperature 

in the hollow neck can be lowered by 

about 80 to 130 K. This reduces the over-

all wear in the system of the valve and 

valve seat insert, and can bring substan-

tial advantages in gas applications in 

particular, as well as in challenging diesel 

applications. 

The MAHLE EvoTherm® valve provides 

even greater protection against thermo-

mechanical fatigue, Figure 2. This is an 

extension of the classic sodium-filled 

hollow valve, with an additional cavity 

in the valve head. The shaker effect of 

the molten sodium in the spherical cav-

ity near the valve head smoothes out the 

thermal stresses to further increase the 

service life. 

The valve guide is also subjected to great-

er stresses due to the higher tempera-

tures. MAHLE has therefore developed 

a new material: the valve guide material 

PL S 131 is a Bainite matrix with uniform-

ly distributed solid lubricants and wear- 

reducing hard phases. The material is 

easy to machine and provides substan-

tially improved wear resistance at high 

temperatures, very good tribological com-

patibility with chrome-plated and nitrided 

valve shafts, and excellent boundary lu-

brication properties in situa tions where 

lubrication is inadequate. 

A new material has also been developed 

for the valve seat insert. Rising thermal 

loads require greater creep resistance 

at this location, in order to prevent the 

valve seat insert from falling out (“drop-

out”). The new PL 510 material consists 

of a martensitic matrix with a chromium- 

molybdenum-vanadium network and 

increased cobalt content. This gives the 

material high compressive strength and 

creep resistance at high temperatures, 

as well as good tribological compatibility 

with common valve and valve plating 

materials. 

   Figure 2: Classic hollow valve and  

MAHLE EvoTherm® valve
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Lightweight design  
and flexibility with assembled 
camshafts
MAHLE camshafts already contribute 

to weight reduction. Series production 

of an assembled camshaft for commer-

cial vehicles has been running since 

2012. Cast iron camshafts have long 

been used for light commercial vehicles, 

while medium to heavy commercial ve-

hicles have primarily relied on forged 

steel camshafts. Assembled cam-

shafts, Figure 3, allow higher 

contact pressure between 

the cam lobe and cam fol-

lower in comparison with 

cast camshafts, and offer 

significant weight advan-

tages of up to 50 percent over 

steel camshafts made from solid 

material or raw forgings. The great de-

sign flexibility of the assembled single 

parts also provides cost advantages with 

respect to materials and design. For ex-

ample, very durable cam lobes are made 

of roller bearing steel and then induc-

tively hardened, while the drive input and 

output elements can be made of lower- 

cost materials, as needed. Assembled 

camshafts for commercial vehicles from 

MAHLE therefore enable modern com-

mercial vehicle engines to fulfill increas-

ing requirements related to service life 

at a low cost, while simultaneously reduc-

ing weight and optimizing fuel consump-

tion. A clear trend toward the use of 

assembled camshafts can be seen in 

the development of future commercial 

vehicle engines.

  Figure 3: The assembled camshaft from 

MAHLE provides weight advantages of 

up to 50 percent in comparison with steel 

camshafts made from solid material or 

raw forgings.

Highlights

  New coatings help to increase service life in the valve assembly. 

  Sodium-filled hollow valves, from the classic variant to the MAHLE  

EvoTherm® valve, provide increased resistance to thermodynamic fatigue.

  Assembled camshafts provide a weight advantage of up to 50 percent in 

commercial vehicles.

  The MAHLE CamInCam® can improve emissions, performance, and fuel 

consumption within minimum installation space.



 MAHLE Performance 2014 9

Expanded functionality with  
the MAHLE CamInCam®

Many medium- and heavy-duty engines 

on the market today still have OHV or 

SOHC valve trains. With the MAHLE 

Cam InCam® technology, Figure 4, these 

engines can have the functionality of a 

DOHC without requiring design changes 

to the basic engine or the cylinder head. 

With minimal changes to the package 

constraint, they also support functions 

that are increasingly in demand for im-

proving engine efficiency, Figure 5:

  Exhaust gas temperature manage-

ment: opening the exhaust valves 

sooner allows the exhaust gas tem-

perature to be increased. Exhaust 

gas with a higher enthalpy allows 

SCR catalyst light-off, or regenera-

tion of the particulate filter. 

  Miller cycle: closing the intake valves 

earlier or later allows the effective 

compression ratio to be reduced, 

thereby lowering the combustion 

temperature and pressure. Part of 

the compression work is then trans-

ferred to the turbocharger (in com-

bination with charge air cooling).

  Variable internal exhaust gas re-

circulation: modern engines use a 

secondary stroke to implement inter-

nal exhaust gas recirculation (EGR). 

The EGR rate is defined for every 

speed and load point, and is not 

flexible. A switchable or variable in-

ternal EGR system would improve 

the transient behavior of the engine 

by reducing the EGR rates and there-

by ensure reliable compliance with 

   Figure 5: Advantages of CamInCam® in 

OHV/SOHC applications (left): independ-

ent phase adjustment of intake and  

exhaust timing (DOHC functionality).  

In 4V DOHC applications (right), the 

MAHLE CamInCam® can provide variable 

opening duration, variable effective 

compression ratios, and charge motion 

in the intake.

emissions limits. This can be imple-

mented with variable valve timing us-

ing the MAHLE CamInCam® system.

In summary, the MAHLE CamInCam® 

has great potential for further improving 

emissions, performance, and fuel con-

sumption in commercial vehicles with-

out a substantial increase in installation 

space. 

   Figure 4: Principle of the MAHLE CamInCam®



PISTON

PIN

  MonoLite piston design for  
highly loaded engine and low  
compression height
  MonoLite piston design with  
reduced weight and potential  
improved cooling
  eSC2 (elevated salt core) to  
reduce bowl rim temperature
  TopCast for increased bowl  
rim service life

  DLC coating to improve  
wear resistence and reduce  
friction losses

TOP ring

  PVD multiplayer MIP290/300 
  Low axial width

Oil ring

  2-piece design with low Ft 
(x taper/V shape)
  PVD coatings to combine  
wear resistence and low  
friction coefficient.

LINER

  Smooth honing contributes to friction reduction.
  Coatings allow friction reduction and corrosion  
protection.

2ND ring

  Optimized design
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PISTON RING DESIGN  

AND COATINGS 

—INTERACTIONS WITHIN  

THE POWER CELL UNIT

ENGINE COMPONENTS

The development of new engine components is driven by continuously rising requirements for modern 

commercial vehicle engines, such as downsizing and reduced fuel consumption and emissions, along 

with the demand for longer service life of up to 1.6 million kilometers without an engine rebuild. The 

complexity and need for current ongoing developments in the engine have also increased overall, and 

so have those of the PCU (power cell unit).

The high thermal loads and pressure ratios put the piston rings 

in particular in a critical role. In order to achieve low emissions, 

less and less oil is available for lubrication. Primarily the first 

compression ring is subject to this high load. MAHLE has 

therefore developed innovative PVD coatings, such as Nano-

Bium MIP290: a breakthrough in the development of high-

strength coatings. 

In order to minimize friction losses at the oil control ring and 

to increase service life, MAHLE has further developed the 

V-shape design and combined it with a chromium nitride PVD 

coating. 

However, in order to achieve the greatest possible optimiza-

tion of individual PCU components, the entire PCU system 

needs to be considered. The individual components, such 

as the piston, piston rings, cylinders, and piston pins influence 

each other in constant interaction, so that the best possible 

improvements can only be implemented through coordinated 

development and design.

This type of systems concept, from fundamental development 

to sales, has been pursued at MAHLE for years. This approach 

will become even more critical in the future in consideration of 

stricter legislations and shorter development cycles, in order 

to ensure engine development is optimized as much as pos-

sible with respect to costs and resources. 

Highlights

  New piston ring designs and coatings reduce friction 

losses and compensate for increased thermal loads. 

  Increasing complexity and requirements can be met 

only by considering the overall PCU system.

  Summary of new and ongoing  

PCU development
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POLYMER-COATED THRUST WASHERS  

AND BEARING SHELLS

Functional polymer lubricant layers were introduced in MAHLE bearing shells back in 2009. 

Improved load capacity, wear resistance, and seizure resistance are the basic require-

ments toward the most critical engine measures for reducing CO
2
, such as turbocharging, 

direct injection, hybridization, or stop-start operation. MAHLE has now extended this technol-

ogy to thrust washers, thus greatly improving their wear resistance.

ENGINE COMPONENTS

The need for reducing CO
2
 and emissions leads to increased 

loads on engine components, such as bearing shells or even 

thrust washers. The use of smaller oil pumps and low-viscosity 

engine oil, in particular, as well as the increasingly widespread 

use of new hybridization technologies, such as stop-start, 

sailing mode, or boosting all increase the requirements on 

these components. 

In order to counteract this increased wear and associated 

failure of the components, MAHLE has applied a functional 

polymer lubricant layer to the surface. It is made up of a high- 

performance polyamide imide, a solid lubricant, and metal 

particles. The combination provides excellent mechanical 

strength and outstanding thermal and chemical resistance. 

The coating protects the bearing shells and thrust washers 

against direct metal-to-metal contact. Homogeneously dis-

tributed metallic particles, aligned in the running direction on 

the surface, provide very good wear resistance, mechanical 

strength, and thermal conductivity.

The potential material combinations for the bearing shells 

have multiplied since the introduction of this coating. While 

the polymer layer was applied only to an aluminum substrate 

alloy at first, now it can be successfully applied to sintered 

and cast bronze alloys as well as to an aluminum-tin sputter 

coating. This means that a wide range of gasoline and diesel 

applications in both passenger cars and commercial vehicles 

can now be covered.

Results for thrust washers
MAHLE has transferred this technology to thrust washers with 

great success. Tribological testing at MAHLE has shown that 

thrust washers coated in this manner are over 15 times more 

wear resistant than uncoated washers. This is a signifi cant 

improvement that contributes to the ability of current and 

future engine design measures to reduce consumption and 

emissions without increasing wear. 

Highlights

  A wide range of material combinations is  

currently available for bearing shells.

  Polymer-coated thrust washers are over  

15 times more wear resistant.
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In recent years, in view of rising power densities, the question of whether 

aluminum or steel pistons will dominate in modern diesel engines has 

gained in importance. MAHLE has therefore systematically investigated both 

piston materials and compared the advantages and disadvantages of each 

of the piston variants with the requirements for additional development 

steps in diesel engines. 

ALUMINUM OR STEEL? PROSPECTS FOR 

PASSENGER CAR DIESEL PISTONS

Steel pistons are not only characterized 

by their high strength. Most importantly, 

in comparison with aluminum pistons, 

they have also demonstrated lower fuel 

consumption with comparable nitrogen 

oxide emissions. This makes steel pis-

tons viable even for engines with lower 

stresses. The first large-scale production 

application of MAHLE steel pistons for 

mid-range power density diesel engines 

is currently launching.

Owing to upcoming emissions targets, it 

can be assumed that power density in 

diesel engines will increase, on average, 

Figure 1. Series production applications 

for sporty diesel engines are trending 

toward 100 kW/L. For the 24 Hours of 

Le Mans, an extreme application in motor-

sport, engines with around 109 kW/L 

were in use in 2012. These diesel racing 

engines and the current engines are 

equipped with steel pistons from MAHLE.

PISTON SYSTEMS

Steel pistons have proven successful 

under ultrahigh stresses in motorsport 

and show interesting potential for fuel 

savings in series production applications. 

This raises the question of whether steel 

pistons will be the definitive solution for 

new engines in the future.

Stresses on passenger car 
diesel pistons
Because of its proximity to the combus-

tion process, the piston is subjected to 

some of the highest thermal and me-

chanical stresses occurring in the engine. 

The service life of a diesel piston is typi-

cally determined by the rim of the com-

bustion bowl, which is subjected to par-

ticularly heavy stresses resulting from 

the peak cylinder pressure in conjunc-

tion with the high temperatures occurring 

in that area. Under the highest stresses, 

temperatures there reach 400 –500°C, 

depending on the material. The critical 

mechanical stress at the bowl rim results 

from the alternating bending of the pis-

ton around the piston pin under gas 

pressure. The critical thermomechanical 

load results from the cyclical change from 

full load to partial load or idle. Which of 

the two load types is more critical in 

the piston development process for a 

specific drive unit essentially depends 

on the definition of the operating condi-

tions for the engine.

  Figure 1: Peak cylinder pressures and specific outputs of diesel engines will 

continue to rise. This means that stresses on the piston will also increase.
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Properties of aluminum  
pistons
Aluminum is a material that is character-

ized by a dramatic drop in strength at 

temperatures above 300°C. The thermal 

conductivity of aluminum alloys is around 

three to four times greater than that of 

steel varieties used for pistons; see Table. 

In aluminum pistons, the heat arising 

from combustion is therefore distributed 

relatively quickly and dissipated mostly 

through the cooling oil, piston rings, and 

piston skirt to the cylinder wall and from 

there into the cooling water. 

The shape and location of the cooling 

channel, its fill level, and the flow rate of 

the oil are the defining parameters for 

optimal cooling, Figure 2. With the latest 

generation of cooling channels, the tem-

perature at the bowl rim can be lowered 

by about 35 K in comparison with a stan-

dard cooling channel.

The currently available measures for in-

creasing the strength locally at the bowl 

rim include microstructure refinement by 

means of an optimized casting process 

or a remelting procedure. 

It appears that complex fiber reinforce-

ment of the aluminum piston provides a 

possibility for utilizing the advantages of 

aluminum in terms of heat transfer, with-

out any disadvantages in mechanical 

load capacity.  

Material properties at  
room temperature

Aluminum Steel Effect on the piston

Density [g/cm3] 2.7 7.8 Weight

Fatigue strength under  
reversed bending stress [MPa]

110 > 370

Compression height, 

peak cylinder pres-

sures   20 MPa

Thermal conductivity [W/mK] 130 < 45
Component  

temperature

Thermal expansion [10-6/K] 21 12 Frictional loss

Material properties

  Figure 2: Effects of changes in cooling 

channels in aluminum pistons on the 

bowl rim temperature
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Properties of steel pistons
The height of a piston is determined by 

the material strength. Because of the 

lower strength of aluminum, the compres-

sion height of an aluminum piston is intrin-

sically greater than that of a steel piston, 

Figure 3. The ring spacings in steel pis-

tons are also smaller. Lower piston height 

is therefore possible only with a steel 

piston, which allows a reduction in the 

overall height of an engine. Double- digit 

savings in kilograms are thus conceivable 

for the entire engine, with potential ad-

vantages for the entire vehicle in terms of 

the position of the center of gravity, pe-

destrian protection, aerodynamic resis-

tance, and ultimately fuel savings. The 

compression height of the piston can be 

reduced and a shorter piston pin can 

be used in order to produce steel piston 

assemblies that weigh the same, or even 

less, under favorable conditions.

The development of steel pistons was 

initially defined by the goal of raising the 

peak cylinder pressure limit for highly 

stressed diesel engines to above 200 bar. 

Steel pistons are undoubtedly extremely 

robust when the peak cylinder pressure 

is increased above 200 bar. For com-

mercial vehicles, peak cylinder pressures 

of up to 240 bar are already used in 

series, albeit with power densities that 

are usually less than 35 kW/L at present 

and much lower engine speeds at rated 

power. In systematic tests with a live 

passenger car diesel engine on a friction 

power test bench, steel pistons showed 

a fuel- saving potential of three to five 

percent in comparison with aluminum 

pistons. This potential for savings was 

roughly divided into a frictional loss por-

tion and a portion due to thermodynamic 

effects on combustion. In these tests, 

the steel piston demonstrated potential 

CO
2
 savings of about three percent over 

the entire operating map area. Because 

of the lower thermal expansion of steel 

pistons, a greater frictional loss advantage 

can be expected with cast-iron crank-

cases than with aluminum crankcases.

Changing the specified test for CO
2 
emis-

sions from the New European Driving 

Cycle (NEDC) to the Worldwide har-

mo nized Light Vehicles Test Procedure 

(WLTP cycle), which is currently under 

discussion, will allow the advantages of 

the steel piston to come more strongly 

to the fore because of the higher loads.

Is the steel piston the ideal 
plug-and-play solution?
A steel piston appears to be ideal, be-

cause the application clearly allows not 

only a robust solution for increasing per-

formance while increasing peak cylinder 

pressure but also a reduction in emis-

sions. In addition, more compact dimen-

sions and lower oscillating masses are 

conceivable.

The advantages can already be imple-

mented for engines with low and me-

dium power density. For higher power 

densities, the use of a steel piston is not 

a “plug-and-play” replacement for an alu-

minum piston because the advantages 

listed are offset by certain challenges. 

Power density is listed here only as a 

synonym, because the piston tempera-

tures are also substantially affected by 

the combustion parameters and the cool-

ing of the surrounding components. 

Steels also have a temperature limit, al-

though it is higher than that of aluminum. 

They form a noticeable scale layer from 

  Figure 3: Greater material strength means that steel pistons can have  

a significantly lower compression height.
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Highlights

  The average power density of diesel engines will increase in connection 

with upcoming emissions targets.

  Future aluminum pistons, with measures to increase their strength,  

will be able to withstand peak cylinder pressures of over 200 bar,  

and power densities of about 100 kW/L.

  Steel pistons have the potential for fuel savings of three to five percent 

in comparison with aluminum pistons. 

  The goal is therefore to find solutions for high power densities that  

solve the problem of oil cracking.

550°C, which weakens the material. 

Cracks in the layer can lead to cracks 

in the substrate. The material may also 

break down. Bowl rim undercuts used 

to optimize combustion in passenger car 

diesel engines allow a much more sig-

nificant rise in temperatures than with 

aluminum. 

On the one hand, the different thermal 

properties of steel in comparison with 

aluminum may represent an advantage 

for combustion. On the other hand, 

however, the lower thermal conductivity 

may lead to problems with piston cool-

ing. In contrast to aluminum, the heat 

is “trapped” in the piston crown to some 

extent, which can result in high surface 

temperatures in the cooling channel. If 

these temperatures exceed a threshold 

of around 350° C, the cooling oil can 

crack. Insulating oil carbon is produced 

and the cooling oil ages substantially. 

The bowl shape can be modified to im-

prove cooling, e.g., by reducing the under-

cut or using a stepped shape, Figure 4. 

The use of two cooling oil nozzles can 

harmonize heat dissipation. Local mate-

rial optimization at the bowl rim is also 

conceivable, which increases its strength. 

The goal is thus to find solutions for high 

power densities that solve the problem 

of oil cracking.

  Figure 4: Potential measure for increasing 

the strength of steel pistons: local material 

variations

The process of deciding between alu-

minum and steel will, in the medium term, 

involve looking not only at aspects relat-

ing to the engine but also at the life 

cycle analyses for crankcases and pis-

tons, in order to find the optimal variant 

for the long term.  
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All of MAHLE’s current commercial vehicle applications have 

highly integrated functionality and—depending on the appli-

cation—use customer-specific modular solutions. In order 

to provide even more cost-effective solutions in the future, 

MAHLE is pursuing the advanced approach of a standard-

ized, modular filter system.

Cylinder head cover module and oil separator
MAHLE has developed cylinder head cover modules with 

integrated oil separation for a commercial vehicle engine plat-

form that allows ultrahigh separation levels and a modular 

concept for use in four- and six-cylinder engines, Figure 1. 

This is now the second generation of impactor separators 

from MAHLE for oil separation. In addition to a uniform oil 

separator system, additional functions such as pressure regu-

lation, clean gas supply, and part of the compression intake 

line have been integrated in the cylinder head cover modules. 

This eliminates the need for additional hoses. High-pressure 

oil valves have also been successfully integrated in a plastic 

cover, thus demonstrating that plastics allow functional inte-

The use of identical components and modular solutions makes it possible to  

implement engine-specific requirements for peripheral systems, such as oil or 

fuel management, at a significantly lower cost. The required additional functions  

of a module are also easier to integrate. For this reason, MAHLE is increasingly 

pursuing a modular systems approach for commercial vehicles.

MODULARITY AND FUNCTIONAL  

INTEGRATION IN THE ENGINE PERIPHERY  

OF COMMERCIAL VEHICLES

   Figure 1: MAHLE cylinder head cover module with 

integrated oil separation

gration in addition to economic efficiency. MAHLE has intro-

duced the new production process of hot-gas welding, which 

allows these high-precision, durable components to be pro-

duced.

ENGINE PERIPHERALS 



 MAHLE Performance 2014 17

Highlights

  All of MAHLE’s current commercial vehicle applications 

have highly integrated functionality and use customer- 

specific modular solutions.

  Advanced approach of a standardized, modular filter 

system under development.

  Figure 2: MAHLE fuel filter module for  

heavy commercial vehicles

Fuel filter modules
Modern MAHLE fuel filter modules for heavy commercial vehi-

cles are characterized by a very high level of functional inte-

gration, Figure 2. Valves for regulating the pressure and quan-

tity have been integrated here in addition to particle and water 

separation, the fuel cooler, the prefilter for protecting the me-

chanical low-pressure pump, and the pressure sensor on the 

dirty side. Also included are a manual priming pump, a valve 

for initial filling by the OEM, two nonreturn valves in the form 

of tank connectors, and a manual water disposal system. The 

difference between the diverse module variants is primarily 

limited to their varying connections and water disposal systems. 

In addition to being highly flexible, the modular system of the 

fuel filter module has extremely small package requirements 

and its design is optimized for strength and weight.

Oil filter modules
The development and production of complex oil filter modules 

has long been one of MAHLE’s core competences, Figure 3. 

Besides filtration and cooling of lubricating oil, additional 

functions can be integrated into the overall system of “oil man-

agement.” Thanks to the integration and use of state-of-the-

art materials—especially of high-performance plastics—signifi-

cant cost and weight savings can be achieved. Modern long- 

life filter elements play an indispensable role in extending 

service intervals.

MAHLE oil cooler modules for heavy commercial vehicle ap-

plications have a high degree of functional integration on 

both the oil and coolant sides, which also results in minimal 

package requirements. In addition to the coolant and oil ther-

mostats, the coolant pump is also integrated in the module. 

In addition to highly functionally integrated oil cooler mod-

ules, MAHLE has developed an oil filter module system for 

off-highway applications that maximizes the use of identical 

components. 

   Figure 3: MAHLE oil cooler module for 

heavy commercial vehicle applications 

with a high level of functional integration

Outlook
Current commercial vehicle systems from MAHLE already 

have a high level of functional integration with minimal pack-

age requirements and weight, as well as optimal functionality 

under all operating conditions. A modular filter system from 

MAHLE is currently being developed as a new solution for 

customer-independent applications, using as many identical 

components as possible for commercial vehicle applications. 

With standardized internal interfaces within the complete 

module, it will be significantly easier to integrate individual 

components into the module in the future, so that a greater 

focus can be placed on customer-specific interfaces. The 

modular system means higher numbers built, thus reducing 

tooling, development, and manufacturing costs. This will also 

make the product more interesting in the future for commer-

cial vehicle customers with small-quantity projects. 
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MAHLE has thus developed an active fuel prefilter for diesel 

engines that allows the engine to be used around the world on 

the basis of its reliable separation of water and contaminants. 

By shifting the active prefilter to a low-pressure system, MAHLE 

has been able to produce a highly efficient water separation 

system that achieves a very high degree of performance. The 

module thus allows a diesel engine to be used throughout 

the world, regardless of fuel quality and biofuel content. At 

the same time, the design of the components that are subject 

to loading can be simplified by shifting them out of the high- 

pressure region, which nearly compensates for the additional 

effort of providing a separate circuit. The active prefilter was 

constructed as a functional prototype at MAHLE and tested 

extensively on the test bench and engine test rig. The applica-

tion is currently being prepared for predevelopment together 

with a manufacturer. 

ACTIVE FUEL PREFILTER MODULE FOR  

DIESEL ENGINES USED AROUND THE WORLD

The trend toward a “world engine” presents substantial technical challenges. On the one 

hand, the engine must meet the partly strict exhaust gas legislation, which leads to a  

high level of technological advancement. On the other hand, it is this sophisticated level  

of technology that is confronted with different biofuel contents and fuel quality levels. 

MAHLE is developing new oil coolers made of stainless steel for medium-sized and 

heavy-duty commercial vehicles. In comparison with competing products, these have  

significant advantages with regard to weight and package constraint. Overview of  

the benefits of the new MAHLE oil coolers:

FUEL MANAGEMENT 

NEW MAHLE STAINLESS STEEL OIL COOLERS 

FOR MEDIUM- AND HEAVY-DUTY APPLICATIONS

OIL MANAGEMENT 

  Great heat exchange performance: 

In order to achieve great heat ex-

change performance and low oil 

pressure drop, MAHLE uses a tur bu-

 lator with optimized contours, strik-

ing the balance between large heat 

exchange surfaces and openings 

and low oil pressure drop on the oil 

passage side.

  New plate shape: In order to opti-

mize oil flow, the infeed has been split 

into two internal channels. This de-

sign achieves great heat exchange 

performance and low oil pressure 

drop while ensuring sufficient strength 

against pressure peaks in the engine. 

Furthermore, plate shapes are de-

signed to channel the water flow ac-

tively toward the core area, thus guar-

anteeing excellent heat exchange 

performance.

 

  Simple assembly structure, parts 

combination: This plate shape de-

sign ensures sufficient stability by 

combining thin plates without rein-

forced parts. 

  Simultaneous stamping of plates 

and brazing materials: During the 

production process, plates, braz-

ing material, and plate material are 

stamped together for immediate 

assembly.  
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COMBINED OIL-VACUUM PUMP

MAHLE’s patented controlled pendulum-slider oil pump has already proven itself  

in combustion engines. The pendulum-slider pump’s high level of flexibility also offers  

additional potential. The combination of an oil pump and a vacuum pump provides  

an innovative variant of the pendulum-slider oil pump.

OIL MANAGEMENT 

Highlights

  Locating the vacuum pump directly on the oil pump 

reduces its speed and makes it more compact.

  The ability to control the pump on demand means 

that fuel can be saved.

Pendulum-slider oil pump
Depending on the control strategy and driving cycle, the pen-

dulum-slider oil pump alone can reduce the CO
2
 emissions 

of a vehicle by three to four percent. In the MAHLE pendulum- 

slider oil pump, pressure and volume flow are generated only 

on demand, reducing the required power consumption to a 

minimum.

The main advantages over other controlled oil pumps, such 

as external-gear pumps and vane pumps, include its ability to 

withstand dirt (particles, soot), its high overall efficiency over 

the entire service life, and its ability to work at high speeds. 

Various control strategies with short adjustment and response 

times are possible.

Vacuum pump
Vacuum pumps are used to create the vacuum required to 

boost pneumatic brake performance in diesel and, increas-

ingly also, in gasoline engines. Generally, the vacuum pump is 

located on the camshaft. The speed of the camshaft is half 

the rotational speed of the crankshaft. Due to the low drive 

speed, the pump requires large volumes and the vacuum 

pump requires a lot of package space. Owing to the existing 

requirements for impact protection for people, this package 

is seldom available, particularly in the upper region of the 

engine in the direct vicinity of the hood. “Hard” components are 

removed from this area so as to avoid expensive active mea-

sures, such as the hood opening in the event of an accident.

Combination
Positioning the component directly on the oil pump and actu-

ating it with the same shaft increases the speed of the vac-

uum pump. The increased speed enables the vacuum pump 

to have a more compact design. The individual elements 

must be designed to be more speed- and wear-resistant 

due to the increased load.

If required, the vacuum pump can be driven via a special 

clutch, thus adapting its speed on demand, and enabling 

or disabling the vacuum pump. As the vacuum does 

not need to be generated constantly, this provides for 

a corresponding savings potential with regard to the pump’s 

power input and thus fuel consumption. The control system 

for the vacuum pump does not influence the oil pump’s con-

trol strategies. All variants are possible, from a simple single- 

stage control system to characteristic map control. 
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AIR INTAKE MODULES WITH INTEGRATED 

CASCADED CHARGE AIR COOLING FOR 

PASSENGER CAR DIESEL ENGINES

AIR MANAGEMENT

Increasingly high charge air pressures and the associated rising temperatures, 

as well as more stringent emissions regulations, require more efficient charge 

air cooling systems that allow further reductions in charge air temperature. 

MAHLE has already developed integrated cascaded charge air cooling in the 

air intake module for gasoline engines. Motivated by these positive results, 

the potential for two-stage charge air cooling in diesel engines has now been 

quantified as well.  
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  Figure 1: Prototype of the MAHLE air intake module with  

integrated cascaded charge air cooling for diesel engines

capacity and the ability to regulate the cooling capacity. The 

pressure losses in the air path for this variant are also re-

duced significantly.

Cascaded charge air cooling, also integrated in the air intake 

module, provides even greater increases in cooling capacity, 

in addition to full control flexibility. This approach is necessary 

if the heat dissipation of the low-temperature circuit is no 

longer sufficient. The controllability of cascaded charge air 

cooling can also be used to prevent condensate formation.

MAHLE has investigated the effects of integrated cascaded 

charge air cooling in a 2.2-liter four-cylinder turbocharged 

passenger car diesel engine. The charge air cooling system 

has been integrated in a completely new air intake module 

with the throttle valve connected upstream, Figure 1. It con-

sists of two stages: a compact high-temperature stage from 

the engine cooling circuit and a larger low-temperature stage 

in which the precooled charge air is cooled further by the 

low- temperature coolant circuit in a second indirect charge 

air cooler, Figure 2.

Advantages of the different charge  
air cooling concepts
Assuming an initial basis of direct charge air cooling, convert-

ing to an indirect solution integrated in the air intake module 

provides tremendous potential because of the higher cooling 



 Low-temperature coolant circuit

 High-temperature coolant circuit

 Charge air

 Exhaust air
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Highlights

  Advantages in diesel engine soot emissions under 

partial-load operation and optimized combustion 

under high loads.

  Complete control flexibility due to cascaded,  

integrated charge air cooling.

Engine results
The low charge air temperature and increased air mass in 

partial-load operation show particular potential for emission 

control. The improvement in soot performance in the soot-

NO
X
 trade-off, in particular, is very clear: if the diesel engine 

is designed for high EGR rates (for Euro 5 emissions require-

ments), a temperature reduction of 30°C causes a 50 per-

cent drop in soot emissions. The design implementation of 

indirect charge air cooling allows the charge air temperature 

to be regulated independently of the ambient air. Particu larly 

at low loads and near-idle speeds, there is a positive effect 

on emissions.

Under full load, the low charge air temperature can be used 

to reduce consumption for a constant power output by main-

taining a greater distance from the soot limit. Alternatively, 

performance can be increased while maintaining a constant 

consumption rate by raising the absolute quantity of the mix-

  Figure 2: Schematic design of integrated cascaded charge air cooling for diesel engines

ture. In addition, the greater mass flow increases the charger 

speed and thus improves engine responsiveness. Even though 

the basic engine is already very efficient, the design opti-

mized for fuel consumption produces a significant improve-

ment of 5 g/kWh b
e
. The cascaded system also provides suffi-

cient cooling capacity to allow the future application of high- 

and full-load low-pressure exhaust gas recirculation. 
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POTENTIAL OF EXHAUST GAS RECIRCULATION 

IN GASOLINE ENGINES

Highlights

  Cooled exhaust gas recirculation is an effective 

method to achieve operation at λ =1 across the 

operating map in a gasoline engine.

  High- and low-pressure EGR each provide  

advantages in the critical operating map areas.

Critical engine operating  
map areas
In this case, there are two critical ranges 

in a modern gasoline engine: the enrich-

ment range that protects components, 

and the range of flushing combustion 

(scavenging) to increase torque. A three- 

way catalytic converter can no longer 

com plete the conversion process; emis-

sions limits will therefore likely be ex-

ceeded if measured across the operat-

ing map.

MAHLE was able to demonstrate under 

both test bench and actual vehicle con-

ditions that cooled exhaust gas recircu-

lation (EGR) is an effective method to 

achieve operation at λ=1 across the 

operating map. 

As it is already standard for diesel engines, 

cooled exhaust gas recirculation designs 

for gasoline engines include high-pres-

AIR MANAGEMENT 

NEDC is being replaced by the WLTC 

(Worldwide harmonized Light duty driv-

ing Test Cycle), there are also consider-

ations to implement “Real Driving Emis-

sions” (RDE) at the same time. In the 

worst-case scenario for a gasoline en-

gine, RDE could require compliance 

with more stringent emissions regula-

tions across the operating map.

The appeal of the gasoline engine at its 

latest level of development, with direct 

in jection, turbocharging, and a high level 

of downsizing, includes its simple ex-

haust gas aftertreatment with a three-

way catalytic converter in operation with 

λ=1. Within the current New European 

Driving Cycle (NEDC), stoichiometric 

operation can be maintained without a 

problem for gasoline engines. As the 

With the introduction of “Real Driving Emissions,” the range of the engine operating 

map that is relevant for emissions has been greatly expanded. Even in downsizing 

engines, it can now cover typical operating ranges that are nonstoichiometric. Based 

on a modern turbocharged series production gasoline engine, MAHLE demonstrates 

how suitably applied high- and low-pressure cooled exhaust gas recircu lation can be 

used to obtain comprehensive operation optimized for consumption with λ =1.
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  Cooled exhaust gas recirculation in gasoline engines: possible designs 

(above: low-pressure EGR, below: high-pressure EGR)

sure (HP) and low-pressure (LP) variants. 

In the former variant, the exhaust flow 

is taken off upstream of the exhaust gas 

turbocharger, while in the latter it is down-

stream. The two systems offer different 

advantages with respect to the specifics 

of RDE operation with gasoline engines.

In the scavenging range of the engine 

operating map, LP EGR is sensible when-

ever the wastegate is not completely 

closed with standard calibration. The dis-

advantageous consumption of an alterna-

tive application using a substoichiometric 

cylinder mixture is thus largely compen-

sated for. Despite the loss of air charge 

resulting from the LP EGR application, 

torque losses can be largely prevented, 

in both static and dynamic operation.

With respect to a potential series pro-

duction application, the use of LP EGR 

is interesting from a cost-benefit per-

spective. The temperature loads on the 

components in an LP EGR line are much 

lower, and the exhaust gas is cleaner, 

as compared with an HP EGR line.

At high speeds and high loads, on the 

other hand, an HP EGR line is a good 

alternative to more complex solutions 

to achieve operation at λ=1, such as a 

water-cooled integrated manifold with 

appropriately qualified exhaust valves 

and exhaust gas turbocharger. 

Additional advantages of 
cooled EGR in gasoline engines
In addition, HP or LP EGR also makes it 

possible to reduce partial-load consump-

tion using exhaust gas recirculation for 

dethrottling. Quantity control in modern 

gasoline engines demands precise regu-

lation of the EGR mass flow, which can 

be achieved dynamically using the right 

EGR valve technology. 

The introduction of RDE in 2017 sets a 

course for successful series application of 

gasoline EGR in homogeneously oper-

ated turbocharged engines, not only in 

terms of reducing consumption, but pri-

marily in terms of reducing pollutant emis-

sions in real customer driving operation.  
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BENEFITS OF INDIRECT COOLING SYSTEMS  

IN HEAVY COMMERCIAL VEHICLES

COOLING

cooling system, the core of which is indirect charge air cooling. 

It is now increasingly becoming the standard for passenger car 

applications, but until now its use in the commercial vehicle 

market has been limited to two-stage turbocharging. Such an 

indirect cooling system has significant benefits for commer-

cial vehicles with single-stage turbocharging systems as well. 

Potential advantages include lowering fuel consumption, in-

creasing the installed cooling capacity, and substantially re-

ducing the complexity of integrating future cooling tasks into 

the vehicle.

With the introduction of the Euro VI emission standard, many 

innovations were needed in the cooling system and its com-

ponents in order to meet the additional requirements for 

cooling capacity without increasing fuel consumption. Radia-

tors, charge air coolers, and EGR coolers with high power 

density, fan drives with high control accuracy, and for the first 

time, a Visco® drive for the coolant pump are typical examples. 

With direct cooling, Figure 1, the air conditioning condenser, 

the charge air cooler, and the radiator are cooled directly with 

external air. Changing to an indirect cooling system, Figure 2, 

promises another significant improvement in the vehicle 

To date, indirect cooling systems have been found primarily in passenger car applications. 

In commercial vehicles, direct cooling is still widespread today; indirect charge air coolers 

are used only in combination with two-stage charging concepts. MAHLE has investigated 

the potential of greater cooling capacity and reduced complexity when integrating addi-

tional cooling requirements in commercial vehicles.
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Energy-efficient, dual-circuit cooling system
In current commercial vehicles, the cooling module consists 

essentially of the air conditioning condenser, the charge air 

cooler, and the radiator, Figure 1. Depending on the level of 

equipment, various other cooling tasks are also necessary, 

such as cooling of transmission oil, power steering oil, com-

pressed air, or in the future, of the electric drive, power elec-

tronics, and the battery of a hybrid powertrain. In a conventional 

direct cooling system, additional air-cooled coolers handle 

these tasks, sometimes even with their own dedicated fans. 

The purpose of an indirect cooling system is to significantly 

simplify the heat sink and thus the cooling module. It then 

consists of just a low-temperature radiator (LT R) and the 

existing high-temperature radiator (HT R), Figure 2. In addition 

to simplifying the cooling module, the benefit for the vehicle 

is that the cooling capacity of the LT R can be distributed as 

needed among the individual cooling tasks. This results in a 

better ratio of installed cooling capacity and pressure loss in 

the cooling air flow. For the systems and media to be cooled, 

the benefit is that local cooling has functional advantages, 

because the lines are shorter and the fill levels can be re-

duced. Control of the cooling capacity on the coolant side 

is thus simplified. 

The core of the indirect system is indirect charge air cooling 

(iCAC). With iCAC, coolant is cooled down to almost ambient 

temperature by means of an LT radiator. This coolant is used 

to cool the charge air in a charge air /coolant cooler, which 

is mounted on the engine. An indirectly cooled condenser, 

LT EGR cooling, and cooling of a potential hybrid powertrain 

are all conceivable as further development stages. 

  Figure 1: Schematic diagram of a directly cooled cooling system

  Figure 2: Schematic diagram of an indirectly cooled cooling system
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Reduced complexity 
In addition to charge air cooling and air conditioning, there 

are additional cooling tasks that require a low temperature 

level. They will increase further in the future, for example, by 

cooling a hybrid powertrain with power electronics, electric 

drive, and battery, intercooling of a two-stage turbocharger 

 —particularly with respect to further downspeeding—, recool-

ing of an air conditioning system powered by waste heat, or 

LT EGR cooling, Figure 3. With an indirect system, this does 

not require any changes to the cooling module architecture. 

The additional heat sources are incorporated in the existing 

LT circuit. This is possible because the maximum quantities 

of heat are not all required simultaneously. Even the wide 

range of variants used in commercial vehicles can be imple-

mented simply with an indirect system. In a direct system, 

the additional effort required is substantial.

Effect on cooling capacity
The use of a charge air cooler with an LT R reduces the instal-

lation depth of the cooling module, which can be used for im-

proved flow rates. If the direct condenser is also replaced by an 

indirect version, then the cooling air flow is dethrottled further.

Dethrottling allows the amount of cooling air to be increased 

by over ten percent. The fan switch point can thus be shifted 

to a higher torque, which reduces the installed fan capacity. 

This benefit opens the way for higher engine outputs or for 

additional future cooling capacity requirements. The higher 

thermal inertia of the overall system reduces the number of 

times the fan is switched on under brief loads.

Effect on fuel consumption
In order to understand how the positive properties of indirect 

charge air cooling affect emissions, fuel consumption, and 

torque, the system was investigated on a representative 

Euro VI engine. Because conventional charge air cooling is 

part of the vehicle cooling system and is air-cooled, it was 

necessary to represent these conditions on the engine test 

bench as well, in order to compare them with iCAC. Various 

transient driving profiles were considered for this purpose. 

The result showed potential consumption savings of about 

one percent due to improved cooling capacity as well as the 

transient effects, Figure 4.

 Figure 3: Reduced complexity in vehicle integration with an indirectly cooled system
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During engine testing, the potential of iCAC for thermal man-

agement was also investigated, Figure 5. At the low end of 

partial load, which is critical for catalytic converter efficiency, 

the outlet temperatures at the turbocharger are below 100°C, 

so that no boiling can occur. It is therefore possible to shut off 

the coolant flow and thus charge air cooling. As a result, ex-

haust gas temperatures can rise by over 20 K. This means that 

high- consumption measures for heating up the catalytic con-

verter are not necessary, even at low ambient temperatures.

For Euro V EGR solutions, engine testing confirmed that fuel 

consumption can be reduced by two percent by means of an 

LT EGR cooling system, which can be implemented in the LT 

circuit together with charge air cooling. Under Euro VI bound-

ary conditions, this potential is reduced as a result of the 

combination with SCR (selective catalytic reduction). This in 

turn lowers EGR rates, but the savings are still about one per-

cent according to the known trade-off curves. Altogether, the 

indirect cooling system provides a fuel consumption advan-

tage of two percent for long- distance hauling, in addition to the 

advantages of vehicle integration. 

 Figure 4: Transient advantages of indirect charge air cooling

  Figure 5: Thermal management using indirect charge air cooling—comparison of WHTC with (red) and without (blue) charge air cooling
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LIGHTWEIGHT DESIGN FOR COMMERCIAL VEHICLE 

COOLING SYSTEMS IN EURO VI APPLICATIONS

COOLING 

The Euro VI emission standard increases the demands on the cooling system in commer-

cial vehicles. With lightweight design and increased specific capacity of components,  

MAHLE has been able to design the cooling system without increasing weight. The devel-

opment measures have simultaneously improved cooling capacity relative to Euro V  

systems without increasing fuel consumption.

to advances in drive train technology. 

Despite increased efficiency, systems 

complexity, and performance, additional 

In the cost-sensitive commercial vehicle 

sector, transport efficiency is a signifi-

cant factor in the purchasing decision. 

In addition to the purchase price and 

operating costs of a vehicle, the payload 

potential also contributes to this factor. 

Efficient powertrains must therefore be 

implemented at reasonable cost, wher-

ever possible without increasing weight. 

The introduction of Euro VI therefore pres-

ents a great challenge, as the nec es sary 

technical steps negatively impact con-

sumption. Nevertheless, the new Euro VI 

trucks have similar or even lower con-

sumption than Euro V versions, thanks 

weight is not needed, as MAHLE impres-

sively demonstrates with the cooling sys-

tem for Euro VI applications.

Highlights

  Despite increased cooling capacity for Euro VI applications,  

consistent use of lightweight design and improved specific output 

have made it possible to implement cooling systems with no  

increase in weight.

  Operational strength and service life were simultaneously increased. 
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Actions
As one of the engine measures taken to 

meet the Euro VI standard, cooled ex-

haust gas recirculation (EGR) has be-

come virtually universal. The resulting 

increase in cooling capacity requirements 

must be compensated for without neg-

atively affecting consumption. This is 

possible with a cooling system that is 

up to 25 percent larger than in a Euro V 

system, with aerodynamic optimization. 

Extensive measures are needed, how-

ever, to achieve this system without in-

creasing weight: lightweight design, for 

one thing, and increasing the specific 

output of the components for another.

The radiator required significantly great-

er operational strength in addition to 

improved efficiency, because the vari-

able pressure and temperature cycles 

increase in both intensity and frequen-

cy. At the same time, vehicle manufac-

turers demand a planned service life of 

1.6 million kilometers. With a significant 

increase in power density and light-

weight design measures (optimization 

of cooling air ribs and tubes), increased 

weight associated with larger cooler 

surface areas was not only avoided but 

even overcompensated. Thin-walled, 

pressure-resistant, multichamber tubes 

were developed for this purpose. New 

tube penetration geometries relieve the 

tube-to-floor connection that defines 

the strength of the system. New pro-

duction processes had to be developed 

for all of these individual components. 

The Euro VI charge air cooler required 

only a slight increase in size due to the 

introduction of Euro VI, because while 

the use of EGR does increase boost 

pressure, turbocharger exit tempera-

tures, and the loads, the air ratio is re-

duced. Similar to the radiator, here again 

the power density was increased and 

wall thickness reduced by optimizing 

each of the components.

Larger cooling modules also require lar-

ger fans. Greater performance require-

ments can be applied while reducing 

weight by increasing CFD-based power 

density and introducing FEM-based 

structural optimization.

By optimizing the fan and the cooling 

module, the high-speed fan mode is no 

longer needed. This eliminates the sec-

ond belt level and the associated bearing 

  Figure 1: Comparison of weight balance in Euro V and Euro VI vehicles:  

typical values

block, belt pulleys, and belt. The weight 

savings correspond approxi mate ly to the 

weight of an EGR cooler. 

Result
Overall, the theoretical increase in weight 

resulting from the increased perfor-

mance of the cooling system could be 

compensated for with measures such as 

lightweight construction and improved 

power density of all cooling compo-

nents, Figure 1. MAHLE cooling com-

ponents also prevent a theoretical in-

crease in consumption of up to two per-

cent in comparison with a Euro VI cool-

ing system. The overall system there-

fore sustainably contributes to transport 

efficiency.  
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