
What do the following have in common: a coolant that 
doesn’t flow, a battery with an on-board charger, and a ther-
mostat that can see into the future? They are all products of 
ingenious ideas. Ideas that are being developed in MAHLE’s 
ten research and development centres and relentlessly test-
ed in MAHLE’s numerous test laboratories before they go 
into series production, where they will also ultimately sup-
port the automotive aftermarket in the repair and mainte-
nance of vehicles and engines. We therefore visited a few of 
our engineers for this issue of the MAHLE Aftermarket 
news: we talked to the developers of the MAHLE coolant 
pump with patented valve control, took a look at the two 

“extended versions” of the MAHLE range extender, and 
looked over the shoulders of the MAHLE filter testers in the 
Austrian town of St. Michael as they put our filters through 
their paces. And, as befits a newsletter for the automotive 
aftermarket, we were on location in the repair shop—not 
least in the desert, where both our turbochargers and turbo 
experts could show us what they are made of. So, as you 
can see, we have put together an interesting read—but if 
you would like to know even more about our new ideas, 
there is a great opportunity on the horizon: from 16 to 20 
September you can meet us at Automechanika Frankfurt. 
We look forward to talking to you.

3/2014

A F T E R M A R K E T

w
w

w
.m

a
h

le
-a

ft
e

rm
a

rk
e

t.
c

o
m

1 FOR ALL
MAHLE. DRIVEN BY PERFORMANCE

MAHLE IS ONE OF THE WORLD’S LEADING RESEARCH AND DEVELOPMENT COMPANIES IN THE 
AUTOMOTIVE INDUSTRY. OUR TRADE AND REPAIR SHOP CUSTOMERS ALSO BENEFIT FROM THIS: 
THEY OBTAIN FUTURE-PROOF, MARKET-RELEVANT TECHNOLOGIES AND PRODUCTS DIRECTLY 
FROM THE COMPANY THAT DEVELOPED THEM. 

More info: throughout this entire issue—especially on pages 2, 3, 8, 9, and 15—and of course at the Automechanika in Frankfurt 
in Hall 3.0, Stands A11 and A20.
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XEDITORIAL

Olaf Henning (47), a fully qualified car mechanic and graduate engineer, has worked in the 
automotive aftermarket for 31 years. He can look back on more than 20 years of manage-
ment experience with leading automotive suppliers—with entrepreneurial and managerial 
responsibility for the areas of aftersales services and automobile repair shop equipment at 
European, Asian, and global level. He has been the Managing Director of MAHLE 
Aftermarket GmbH and member of the MAHLE Management Committee since July 2014.

MAHLE has long seen itself as a systems supplier to the automotive industry. 
In the field of engine components and systems, MAHLE delivers not only 
pistons but also essential parts of the crank mechanism with pistons, piston 
rings, piston pins, pin bushings, cylinder liners, conrods, and conrod bearings. 

In terms of optimising the crank mechanism as a complete system, reducing 
friction and optimising combustion—which creates significant added value for 
our original equipment customers—offers significantly greater potential for 
reducing fuel consumption than the equally noteworthy contributions to opti-
misation by individual components. The same applies to expertise in the valve 
train, an area in which MAHLE guarantees significant advances in engine 
efficiency with valves, valve guides, and valve seat rings in combination with 
adjustable camshafts or entire camshaft modules.

After the majority takeover of Behr by MAHLE in 2013, MAHLE’s systems 
approach expanded to include air conditioning and engine cooling. Completely 
new approaches have been adopted, particularly in engine cooling, in parallel 
with the filtration and engine peripheral systems from MAHLE. With integrated 
and indirect—that is, water-cooled—intercoolers in the intake module, we are 
facilitating significantly reduced displacements, a smaller number of cylinders, 
and thus improved efficiencies in new generations of engines. Our extensive 
expertise in engine cooling is constantly being expanded: we are currently 
making further progress in the optimisation of combustion engines with the 
addition of highly efficient regulated coolant pumps. 

MAHLE is one of the world’s major systems providers of HVAC systems for 
mobile use—not just in passenger cars and vans but also in trucks as well as 
agricultural and construction machinery. We are a leader in the development 
and testing of new components and systems, such as the environmentally 

friendly CO2 refrigerant-based systems being expedited by some of our Euro-
pean customers. 

MAHLE’s technological systems approach also makes itself felt in the repair 
and service business. Firstly, the design and production of our components for 
the repair shop are characterised by the same quality standards we also offer 
our demanding original equipment customers. Secondly, our aftermarket cus-
tomers can rely on competent technical advice and support in all communica-
tion channels. The technical advice of our experts is always practical and 
comprehensible, and is based on the far-reaching systems expertise of more 
than 4.500 technicians in our research and development centres, who deal 
extensively with the vehicle drive and its environment, creating solutions for the 
car of tomorrow. 
 

For decades it has been our ambition to also place our added value in develop-
ing and manufacturing our products in immediate proximity to our customers 
and markets. With our ten international research and development centres and 
over 140 production sites worldwide, we develop and manufacture closely in 
line with our customers’ needs, and predominantly in their currencies. This way, 
we limit the exchange rate risk for both us and our customers and can offer 
stable and competitive prices in the long term. If price adjustments are neces-
sary because of changes in exchange rates, we limit them to the absolute 
minimum required so that we are able to market our products economically. In 
doing so, we take into account the competitive situation in the respective target 
markets and the interests of our customers. 

The recent events in Ukraine have led to a noticeable burden on the economy 
in the region. In recent years, MAHLE has laid a strong foundation for optimally 
supplying the Eastern European markets with its two major aftermarket distri-
bution centres in Krotoszyn/Poland and Obninsk/Russia. Like many of our 
partners in the automotive industry, trade and the economy as a whole, we are 
counting on a timely, peaceful, and sustainable resolution of the interests of the 
parties involved on the basis of international law. In the medium term, we are 
hoping that sound economic development resumes in the region, and support 
efforts to achieve further trade liberalisation.

We are looking forward to the biggest event in the automotive aftermarket: the 
Automechanika, which is held every two years in Frankfurt am Main. 2014 is 
an exciting year—industry, trade, and repair shops need to get fit for the future. 
Frankfurt will certainly provide a great deal of food for thought. Come and visit 
us at our new stand in Hall 3.0 and find out more about MAHLE’s systems 
competence, our products, and our repair shop solutions. Ensuring your busi-
ness remains successful—with products and solutions from MAHLE.

Sincerely, 

Olaf Henning

 
Dear readers,

THE AFTERMARKET ALSO BENEFITS FROM 
THE FAR-REACHING SYSTEMS EXPERTISE OF 
MAHLE’S DEVELOPMENT TEAMS—THROUGH 
COMPETENT TECHNICAL SUPPORT.
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THE IDEA: A STOP-START 
SYSTEM IN THE COOLANT 
CIRCUIT 
In addition to the all-important drive 
energy, a combustion engine also 
produces heat—waste heat, that is. 
This is normally discharged to the 
coolant circuit. However, in the warm-
up phase it makes sense to utilise the 
waste heat to reach the operating 
temperature more quickly rather than 

simply transferring it to the coolant. How? By using a coolant pump that can 
be controlled so that the coolant flow stops completely on demand. For this 
purpose, MAHLE has developed a valve control mechanism whose functional 
principle is so simple and brilliant, it has been patented.

HOW DOES THE HYDRAULIC VALVE CONTROL FROM  
MAHLE WORK?
When the coolant flow needs to be completely stopped, a bell-shaped slider 
closes the impeller outlet of the pump. The coolant pressure generated in the 
pump housing is used to move the slider. A peripheral impeller pump is also 
installed to ensure there is sufficient pressure at lower engine speeds. This 
pump is characterised by a single-piece, robust design. A solenoid valve con-
trols the generation of hydraulic pressure. 

THE PERMANENT BYPASS TRICK
Under normal driving conditions with a warm engine, the solenoid valve on 
the peripheral impeller pump creates a direct permanent bypass from the 
pressure side to the suction side, preventing the build-up of pressure that 
allows the slider to be moved. When the engine is cold—for example, after a 
cold start—the solenoid valve receives an electrical signal from the engine 
control unit and closes the permanent bypass. The peripheral impeller now 
generates a hydraulic pressure that acts directly on the valve slider and causes 
the impeller to be covered. 

SIMPLE DESIGN, LOW SYSTEM WEIGHT, UNIVERSAL APPLICATION
With the hydraulically controlled coolant pump, the MAHLE engineers have 
developed a system that is not only simple, robust, and reliably built but also 
has a low system weight and is easily adaptable to existing engine cooling 

circuits. Another advantage is the use of coolant as an auxiliary medium. As 
a result, the system does not require additional dynamic seals in the coolant 
pump.

CONVINCING IN THEORY AND IN PRACTICE
The controlled mechanical coolant pump with the patented hydraulic valve 
control has been successfully demonstrated in tests on the component test 
bench as well as in the combustion engine: at pump speeds of 800 rpm and 
above, the peripheral impeller provides sufficiently high coolant pressure to 
move the slider. The measured volume flow rates of less than 0.5 L/min with a 
fully covered impeller lead to a significant shortening of the engine warm-up 
phase and thus represent an important contribution to further reducing CO2 

emissions in passenger cars. 

HIGHLIGHTS

n e w s
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The controlled coolant pump with 
peripheral impeller and valve slider.

Impeller

Mechanical seal

Return spring
Impeller outlet

Peripheral impeller

Pump bearing

Wiper

Slider seal

Valve slider

In the engine warm-up phase, the 
impeller outlet remains closed. 

Open impeller outlet: the coolant flows 
and dissipates the waste heat. 

Valve slider

Impeller

Pump housing

Solenoid valve

Belt pulley

Peripheral impeller

THE FASTER A COMBUSTION ENGINE REACHES THE IDEAL TEMPERATURE, THE MORE EFFICIENTLY IT WORKS—AND 
THE LOWER ITS CO2 EMISSIONS. TO SHORTEN THE CONSUMPTION- AND POLLUTANT-INTENSIVE WARM-UP PHASE, 
MAHLE ENGINEERS HAVE DEVELOPED AN AMAZINGLY SIMPLE SOLUTION: A MECHANICAL COOLANT PUMP WITH 
HYDRAULIC VALVE CONTROL. 

All

ARE SIMPLEIDEAS
INGENIOUS 

Developed by MAHLE: the hydraulically 
controlled coolant pump.
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In future, one can expect to see more cars on 
the road with a second tank cover, which 
conceals the charging plug. 

Because of its very compact design, the 
MAHLE range extender excels in all three 
performance levels. It can therefore be 
integrated almost anywhere on the electric 
vehicle. To achieve its high efficiency, the 
highly soundproof combustion engine is 
constantly operated in the optimum engine 
speed range.

The range extender engine developed by 
MAHLE was installed in a demonstration 
vehicle for test purposes.

MAHLE range extender 30 kW/40 kW.

In day-to-day driving, purely electric cars don’t manage much 
more than 100 kilometres. This is quite sufficient for the daily 
commute to work or for travelling short distances in city traffic. 
But those who want to take the vehicle for a longer spin often 
live in fear of ending up stranded somewhere with a dead battery, 
a long way from the nearest charging station—this is known as 
“range anxiety”. To solve this problem, renowned vehicle and 
engine manufacturers attach the range extender: a small, petrol-
driven “emergency power unit” that can charge the battery on 
demand.  MAHLE has already developed and tested a compact 
power unit of this kind—and has now come up with two addi-
tional performance levels.

The compact range extender, which was developed by MAHLE 
in 2011 and installed in a demonstration vehicle for test pur-
poses, has an output of 30 kW and was designed for a maximum 
vehicle weight of 1,600 kg. For use in heavier vehicles, such as 
in mid-range and high-end vehicles or in minibuses and vans, a 
correspondingly higher engine output is required: in the vehicle 
simulation it was determined that an output of 40 kW is required 
for vehicle weights of up to 2,100 kg, and for weights above this, 
an engine output of 50 kW.
 
When developing the output-enhanced versions, the MAHLE 
engineers placed particular importance on maintaining the 
compact dimensions of the engine and used the highest pos-
sible number of identical parts in order to ensure efficient series 
production.
 
For both of the more powerful versions, it was decided that the 
maximum peak cylinder pressure of 75 bar should be main-
tained. Flow calculations proved that an output of 40 kW is 
already feasible with an increase in the rated speed from 4,000 

to 5,500 rpm. Further analysis showed that a 50  kW range 
extender engine variant can be achieved by increasing the 
rated speed as well as with turbocharging of up to 0.5 bar.

FOR MEDIUM-WEIGHT VEHICLES:  
40 KW RANGE EXTENDER ENGINE
On the basis of the weight and installation volume of the 30 kW 
range extender engine, MAHLE engineers were able to calcu-
late, simulate, and realise the necessary higher speeds for the 
40 kW variant—by providing additional protection for some 
engine components such as the intake system, valve train, and 
crankshaft.
 
FOR HEAVIER VEHICLES:  
50 KW RANGE EXTENDER VARIANT
To minimise the changes to the engine, the combustion engine 
of the most powerful MAHLE range extender is charged by an 
electrically driven compressor without intercooling. Since the 
selected position of the electrical compressor is relatively flexible, 
the relevant installation space requirements can be easily met.
 
In the turbocharged variant, the installation space increases from 
a box volume of 65 to 85 litres and the weight of the engine 
generator unit by almost 5 kg to 70 kg. In a series solution, the 
electric compressor can be controlled directly by the range 
extender’s engine control unit—and the power electronics can 
be integrated into those of the generator.

Current engine tests will show what impact the very compact 
arrangement without intercooling has on both combustion and 
knocking behaviour as well as on the overall efficiency of the 
50 kW range extender—and what an optimal series concept for 
heavy vehicles will look like.

MAHLE RANGE EXTENDER: NOW IN ADDITIONAL PERFORMANCE LEVELS.

6

range anxiety 
OUTPUT

TO COMBAT 

TRENDS
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MAHLE range extender 50 kW.

n e w s
A F T E R M A R K E T



A cluster of people around the repair shop on the outskirts of Sharjah. 
Wary glances at a businessman in a suit who removes his jacket, rolls 
up his sleeves, and tinkers with a truck engine. Beads of sweat on his 
forehead, traces of oil on his forearms, communicating with hands 
and feet—and eventually a pat on the back from the local mechanics. 
What was going on? 

Dirk König, MAHLE Turbocharger Product Manager, had solved a repair prob-
lem—and discovered the cause of the clearly non-functioning truck turbo-
charger: a clogged fuel line. Because the injection system could not do its job, 
a drop in performance occurred, thereby preventing boost pressure from 
building up sufficiently. The defective part was replaced—and the next day an 
enthusiastic call came from the repair shop: the vehicle is running again! 

This scene is just one of many experienced by the MAHLE Aftermarket team 
on its “road trip” from repair shop to repair shop—in Dubai, Abu Dhabi, Sharjah, 
and Kuwait. Also there were wholesale representatives, the Area Sales Manag-
ers from the MAHLE Aftermarket Middle East Branch, Haris Babu and Anil 
Pillai, and the Head of the MAHLE Aftermarket Middle East Branch, Ulrich 
Müller—and Dirk König, of course. A good two dozen truck repair shops were 
visited, far more than originally planned—since word of the activities of the 
MAHLE Aftermarket team had spread like wildfire during the tour, and the 
wholesalers added some more addresses because of the positive feedback.

The team covered thousands of kilometres on its trip through the desert—and 
during this time was able to get to know the conditions man and machine are 

exposed to on the dusty roads of the Arabian Peninsula: 50°C during the day 
in summer, whilst the temperatures dip below freezing in the clammy nights. 
The sand, micro-dust, and continuous loads further test the endurance of the 
components. The trucks are mostly used in three-shift operation, basically 
running around the clock while the drivers alternate. This all takes an enormous 
toll on the rotating assembly and puts strain on the piston rings, the heat shield, 
and of course the turbocharger: if its “normal” operating temperature is 950°C, 
here it needs to withstand a rise in temperature up to 1,150°C.
 
During the flying visits, the MAHLE Aftermarket team was able to demonstrate 
its technical expertise to repair shop employees, when it came to trouble-
shooting in the engine bay of a truck again—and vice versa: “Their logical 
approach to repairing, the mechanics’ improvisation skills, and their openness 
to new technologies impressed us time and again”, reports König. However, 
the MAHLE Aftermarket team did not just prove convincing on the topic of 
turbochargers—naturally, the repair shops also took advantage of this oppor-
tunity to ask the MAHLE Aftermarket experts questions about pistons, filters, 
and electronic components. 

And so an exchange of information on an equal footing ensued, which is bound 
to be continued in other areas. Or, as Dirk König summarised: “Through the 
mutual transfer of expertise on site we were able to gain an overview of the 
everyday repair challenges in this demanding region, and also assist in tricky 
repair situations a couple of times. However, it is equally important to us that, 
by doing this, we were able to actively strengthen the link between MAHLE 
Aftermarket and our partners in the wholesale trade and repair shops.”

Crowd puller: mechanics, wholesalers, 
and passers-by are fascinated by Dirk 
König’s active troubleshooting.

Successful detective work by the MAHLE 
Aftermarket team: the drop in turbocharger 
performance was due to the ruptured oil 
feed line—the turbocharger itself was fully 
functional. 

The MAHLE Aftermarket team literally 
crawls into the mechanism.

A broken exhaust pipe—the reason for  
oil loss and decreased turbocharger 
performance.

Turbo dialogue: the MAHLE Aftermarket 
team in discussion with the repair 
experts on site.

Exchange on an equal footing: MAHLE 
Aftermarket in discussion with repair shops 
and trade.

A peek at a repair shop warehouse in 
Kuwait.

ON A ROAD TRIP ACROSS THE ARABIAN PENINSULA, 
MAHLE AFTERMARKET SEEKS DIRECT DIALOGUE 
WITH THE REPAIR SHOP—AND IS RECOGNISED AS A 
TURBO EXPERT.

through the 

desert

The heavily contaminated oil was responsible 
for the failure of the turbocharger.

The trucks are usually in three-shift operation around the clock 
—so every repair minute counts.

TURBO ACCELERATION 

n e w s
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RING SET
For commercial 
vehicles
Part no.

Astra/Iveco; 12.9 L, 6 cylinders, 302–412 kW 
(engines: F3BE3681A/B/C/D)
007 RS 00104 0N0 (MAHLE Original)
47 90859 0 (Perfect Circle)

FUEL FILTER ELEMENT
For passenger cars
Part no.

Toyota Yaris III 1.4 L D-4D; 4 cylinders, 66 kW, (engine: 1ND-TV)
KX 245/4 D (both MAHLE Original and Knecht)

TURBOCHARGER
For passenger cars

Part no.

BMW 3 Series (E46), 3 Series Touring (E46), 
X5 (E53); 4 cylinders, 135 kW
082TC14411000 

TURBOCHARGER
For passenger cars

Part no.

Opel Vectra C (GTS), SAAB 9-3 (YS3D, YS3F), Volvo S80I (TS, XY);  
4 cylinders, 92 kW 
011TC17498000 

n e w s
A F T E R M A R K E T 8



NEW ON THE MARKET

n e w s
A F T E R M A R K E T 9

YOU CAN F IND DETAILED INFORMATION ABOUT THE NEW PRODUCTS IN THE REGU-
LARLY UPDATED ONLINE CATALOGUES UNDER WWW.MAHLE-AFTERMARKET.COM

PISTON
For passenger cars
Characteristic features
Part no.

VW Bora, Golf IV; 1.6 L, 4 cylinders, 77 kW (engines: ATN, AUS, AZD, BCB)
Graphitised 
030 99 00 (MAHLE Original)  
56 14998 0 (Perfect Circle)

MAIN BEARING SET
For passenger cars

Part no.

Ford Fiesta V+VI, Fusion; Mazda 2; Peugeot Bipper, 107, 206, 207; 
1.4 L, 4 cylinders, 50–66 kW (engines: DV4TED4, F6JA, F6JB) 
039 PS 21520 000

TURBOCHARGER
For passenger cars

Part no.

Smart Cabrio, City Coupé, Crossblade, Roadster;  
3 cylinders, 40–52 kW
222TC15242000 

AIR FILTER
For passenger cars

Characteristic features
Part no.

Volvo S80, V60, V70, XC60, XC70, XC90; 1.6–3.2 L,  
4–6 cylinders, 80–179 kW (engines: B 4164 T2, D 5244 T)
Panel insert with bevel cut and foam pad 
LX 1591/9 (both MAHLE Original and Knecht)

THERMOSTAT
For passenger cars

Part no.

BMW 535i, 550i, 640i, from model 
10/2009; 3.0/4.4 L, 6/8 cylinders,  
225–300 kW (petrol engines)
TM 21 103 (both MAHLE Original and Behr)
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In order to ensure a sustainable quality of repair, it is not only the actual 
repair procedure that should be carried out exactly according to specifica-
tions. A number of visual and functional tests also need to be carried out in 
advance, a series of if-then statements need to be observed in the process, 
and corresponding parameters have to be checked—and if any defects are 
detected, further conclusions need to be drawn regarding consequential 
damages. (If this is not done, there is a significant risk that immediately after 
the repair, another repair will be due!) 

For example, for every defect in the turbocharger, the oil pressure should be 
measured and the oil throughput checked. A flow rate that is too low indicates 

a clogged oil circuit, which in turn may be caused by a small oil strainer installed 
in the oil intake section being clogged. This means that the oil intake section 
should be closely inspected as well. 

To facilitate the repair of a vehicle with a damaged turbocharger, we have made 
a small flow chart for you showing key test and work steps—the example is for 
Peugeot DV6 engines (1.6 L HDI, turbocharger types 039TC17217000 and 
039TC17308000).

THEORY & PRACTICE
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TURBO CHECK:
Working on turbocharged engines and the replacement of turbochargers and neighbouring compo-
nents are complex procedures that require a distinct diagnostic flair—placing high demands on the 
competence and diligence of the repair shop.

ONE BY ONE.

Turbo repair in detail: the strainer insert of the hollow 
screw on the turbocharger oil supply line should also 
be checked.

n e w s
A F T E R M A R K E T

STEP BY STEP TO AN OPTIMAL REPAIR RESULT

PHASE 1: PRIOR INVESTIGATION
Read off the fault memory

Electrical problem with the control  
unit or control line?

Remove injection nozzles, replace 
gaskets on the cylinder head and  
leakage oil lines

Evidence of inadequate lubrication 

Clean the filter

Replace!

Clean thoroughly

Test oil circuit (oil intake, pump,  
pressure control valve, lines)

Exact analysis using MAHLE  
Aftermarket damage brochure  
for turbochargers!

Remove the air filter 

Perform a VTG vacuum test 

Check the air mass flow meter 

Check the vacuum pump 

Check EGR valve 

Perform oil analysis

Measure the oil pressure  
(N.B.: first check the oil level  
and top up if necessary)

Remove the exhaust gas 
system 

Check exhaust gas after- 
treatment units

Check the air guide 

Check the turbocharger 

Dismantle and clean or replace 

Measurement result less than 2 bar  
at 2,000 rpm? 

Thoroughly clean the air filter hous-
ing and air path from the inside

If necessary, remove it, clean it,  
and reinstall with new gaskets

Deposits? 

Excessive amount of fuel? 

Foreign objects/oil in the pipes 

Broken shaft/loose nut on the 
impeller? 

Remove the hollow screw on the 
turbocharger oil supply line, clean/
replace the strainer insert on the 
screw 

Foreign objects between the turbo 
and particulate filter? 

Particulate filter clogged or service 
life exceeded (max. approx. 
120,000 km)

Carbon build-up on the turbo? 
Pressure sensor, vacuum pump,  
or solenoid valve defective? 



THEORY & PRACTICE
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The MAHLE Original turbocharger is 
installed.

Prior to the initial start-up: disconnect plugs from the injectors and let the 
engine run with just the starter motor for 30 seconds. Then replace the plugs 
so they click into place.

A visual inspection should be performed 
when the engine is fired for the first time.

Everything tight? Then the test drive can 
begin.

A diagnosis is made before the actual repair. There isn’t much space to work here. Assembling the new gasket on the intake flange.The turbocharger is fitted at the front of this engine.

PHASE 2: THE ACTUAL REPAIR 

PHASE 3: INITIAL START-UP

Drain the oil

Pull out the plugs on all injectors and start the engine for 30 seconds  
(a non-fired start-up allows the oil pump to completely fill the oil circuit with  
engine oil before the turbocharger turns for the first time)

If necessary, identify leaks and 
seal, making sure the correct 
tightening torque is used

Heavy deposits and  
deformations? 

Replace in case of heavy 
contamination

Observe the tightening torque

Check and top up the oil level. 
Determine the amount of oil in 
the return line. 

Check oil level and top up.

Check screw connections

Replace, otherwise clean 

Oil line must not be under tension 

Throughput less than 0.3 L/60 s?  
Defect in the oil circuit! (Indicates 
clogged lines, e.g. by the oil 
strainer in the oil intake)

Pressure less than 2 bar/2,000 
rpm? Defect in the oil circuit not 
yet remedied. Replace oil pump 
and pressure control valve

Install a new oil filter

Fill with flushing oil (for removing deposits inside the engine) 

Delete the fault memory (When the injectors were taken off, a fault was stored in 
the control unit)

Test run the engine (in accordance with the specifications—N.B.: carbon build-up 
in the engine could destroy the new turbocharger!) 

Check the heat shields

Drain the flushing oil

Check wiper cover for proper fixation and leak tightness (should this have had to 
be removed to check the air filter, air mass flow filter, and EGR valve) 

Test drive

After around 100 km, change the oil and replace the filter again

Remove the oil sump 

Replace the oil pick-up pipe and strainer

Inspect oil sump 

Remove the turbocharger

Clean the air guide

Clean the exhaust gas system

Clean the crankcase ventilation system 

Install new oil supply line 

Visually inspect and perform leak tightness test in the engine bay 

Check the heat shields

Fill new turbocharger with fresh engine oil, turn for one minute by hand (lubricates 
the bearings before the first start-up) and assemble (see mounting instructions)

Replace intercooler (N.B.: it is not possible to thoroughly clean the old intercooler 
and remove all foreign objects!)

Install new oil return line  
(The coated rubber hose tends to become brittle and can become clogged)

Install the new oil filter and fill with fresh engine oil as per the manufacturer’s lat-
est instructions using a dipstick (N.B.: oil sump modified by the manufacturer. 
Larger amount of oil necessary)

Check the oil throughput of the turbo 

1 2

6 7 8

3 4

5

Start the engine and perform a leak tightness test 

Measure the oil pressure in the turbo oil supply line 
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Combustion engines require the temperature level to be as constant as possible in all operating 
situations. This is regulated via the coolant—by the thermostat. Conventional thermostats carry 
out their work by responding to changing conditions. State-of-the art electronic map-controlled 
thermostats, however, go one step further: they work by looking ahead. They receive the stimulus 
for this from the control unit.

TEMPERATURE REGULATORS 
Map-controlled thermostats:

THAT CAN SEE INTO THE FUTURE  

When the engine is cold, the coolant only 
circulates in the small circuit.

As the engine temperature increases, the wax 
core warms up and liquefies: the piston rod is 
pushed out of the housing so that the coolant 
also flows through the large circuit.

The engine at the operating temperature and 
under high load: the heating element is 
supplied with current—and the entire coolant 
flow is channelled through the large circuit.

THE PRESSURE TRICK
In the thermostat there is an expansion element, which consists 
of a very sturdy, thick-walled, thermoformed housing filled with 
a special wax, and a rubber cover in which a piston rod is 
inserted. The guide component sits on the housing. This is 
closed by a flange—so only the piston rod protrudes. 

Coolant circulates around the expansion element: in a cold 
state, the wax is solid and when it reaches the specified tem-
perature for the respective application, it begins to melt—and 
increases its volume. The increase in temperature brings about 
a rise in pressure up to 300 bar, which pushes the piston rod 
out of the housing. This moves the valve disc on the thermo-
stat—whilst, simultaneously, a spring tightens and pushes the 
piston rod back into the housing again as the wax cools. This 
interplay between solid and liquid, or “closed” and “open” takes 
place within a temperature range of approximately 12°C.

THE CONVENTIONAL THERMOSTAT:  
A HANDICAP IN THE COMBUSTION PROCESS
In a passenger car engine, the operating temperature lies ideally 
around 110°C. The engine oil then has the ideal flow character-
istics as a result of the reduced viscosity, the drive operates 
effectively because of the reduced friction, and the pollutant 
emissions level falls within the optimum range. 

However: an engine requires a certain cooling output reserve 
to be able to also work smoothly at full load—for example, uphill. 
Therefore, conventional thermostats open the coolant circuit at 
around 90°C as a precaution. As a result, the engine never gets 
to experience absolutely ideal conditions.

THE CONVENTIONAL THERMOSTAT COMBATS THE 
INCREASE IN TEMPERATURE
After a change in temperature has taken place, the thermostat 
begins—after an appropriate reaction time—to regulate the 
change, and then the engine still needs some time to reach the 
targeted temperature. So conventional thermostats only oper-
ate on request.

The diagram (Fig. 1) shows a typical process: the thermostat 
regulates the engine at 90°C. During the subsequent ascent, 
the engine temperature rises, after which the thermostat opens 
and the coolant passes through the vehicle radiator until the 
temperature has again levelled out at 90°C. As a result, the 
increase in temperature—at the start of the ascent and during 
the thermostat’s reaction period—is still in the safe range, i.e. 
below 110°C.
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MAP-CONTROLLED THERMOSTAT:  
ACTIVE RATHER THAN REACTIVE—TO PROVIDE THE 
IDEAL TEMPERATURE
The map-controlled thermostat additionally contains an electrical 
heating resistor. The heater is located in the wax of the expansion 
element and is supplied with current by the engine control unit 
on demand. The wax itself is designed to have a higher melting 
point than is the case with conventional thermostats. In this way, 
the cooling system can regulate the ideal engine operating tem-
perature of 110°C—with positive effects on fuel consumption.

However, the hard work to maintain the temperature limit of 110°C 
calls for a sophisticated protection system, since a higher tem-
perature—for example, under full load on a hill—would inevitably 
destroy the engine. The electronics provide proactive protection: 
using a variety of sensors, the control unit receives information 
about the current load and operating conditions. As soon as there 
is a change, such as moving down a gear or pressing the accel-
erator down fully, the control unit recognises that there will soon 
be an increase in temperature—and immediately sends power to 
the heating element in the map-controlled thermostat, which in 
turn heats up the wax even more. This all happens so fast that 
the engine doesn’t become even a single degree warmer—on the 
contrary: the map-controlled thermostat even receives the order 
to lower the coolant temperature so that the engine remains at 
90°C (Fig. 2).

PLAYING IT SAFE
The control unit is designed to maintain a sufficiently large dif-
ference between the actual and maximum permitted engine 
temperatures. The heating performance and therefore the cool-
ant temperature can be selected from a wide range (see exam-
ple figure for the defined operating map) via the voltage 
level—which is done before the temperature rises as a result of 
travelling uphill, for example. And because there is less cooling 
airflow available on the steepest part of the hill, with a coolant 
temperature of 90°C, the drive unit now has a sufficient buffer 
before reaching 110°C. 

When the engine signals that it is under less stress, the map-
controlled thermostat intervenes proactively and promptly, sup-
plying less current to the heating resistor, or none at all. This 
combination of conventional regulation of the coolant circuit and 
control via the heating element increases the engine tempera-
ture again to the ideal 110°C: the drive unit can work within the 
optimum range again, which in turn has a positive effect on fuel 
consumption and emissions (Fig. 3).

DISCREET HELPER 
The driver remains oblivious to this complex interplay of the 
various components in the coolant circuit—it would only irritate 
him. Even if a temperature display is available on the dashboard, 
it is influenced by the control unit in such a way that it will remain 
unchanged in the event of electrical control intervention. A warn-
ing only appears in the event of faults.

Fig. 3 
Control range of a map-controlled 
thermostat.

Fig. 2
Right on the edge: the map-controlled 
thermostat oscillates between 110°C 
and 90°C under high loads. 

Fig. 1
The conventional thermostat works 
with a threshold value of 90°C, which is 
exceeded in the short term until the 
thermostat readjusts.

The map-controlled thermostat 
works discreetly—the driver is 
deliberately not informed of the 
fluctuations in temperature.
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A FEW TIPS ON REPAIRING THE COOLANT CIRCUIT
Thermostats, thermal switches, and temperature sensors are designed for the service life of an engine and are maintenance-free. However, they need to be exchanged 
when accidents occur or as a result of external influences. During the mandatory inspection, attention should be paid to the following components and circumstances:
 Do the radiator and/or coolant pump have any defects?
 Is the coolant hose damaged (e.g. as a result of rodent gnawing)? 
 Is the V-belt torn? 
  Was the cooling system opened beforehand, for example, to change the timing belt or replace the water pump? Then be sure to thoroughly bleed the system (for about 

30–60 minutes)—otherwise a more expensive fault may occur after driving a few kilometres! 
  Is there previous damage caused by thermal overloading or contamination due to previous work on the system? These are also additional failure risks for thermostats—and 

often the reason for repeated overheating or even system failure!

Therefore, when carrying out any work on the coolant circuit, we urgently recommend that you don’t just replace the defective part, but also all the coolant and all thermostats, 
thermal switches, and sensors. This is not just more economical than repeating the repair process—it also prevents complaints and thus increases customer satisfaction!

90°C

110°C

90°C

110°C
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If you ask a repair shop when the best time to change the cabin air filter is, you 
will usually be told: in spring. The filter ultimately helps the HVAC system to 
operate efficiently in the summer. However, what is often underestimated is that 
the air is particularly heavy with pollen and pollutants during the warm, dry 
months. They become firmly deposited in the filter—and only become really 
noticeable in winter: fogged, icy window panes can no longer be cleared by 
the blower, heating performance decreases, and the level of pollution increases, 
producing unpleasant odours—particularly troublesome during the cold sea-
son, when the windows are better left closed. 

Aside from the best time to change, many motorists are also unaware of the 
potential consequences of postponing a filter change for too long. A bit of 
background information as a basis for argumentation… 

CLEANER IN ACTION
During a one-hour drive, up to 100,000 litres of air are transported through the 
interior of a passenger car; in a commercial vehicle, this figure may be as high 
as 540,000 litres. The air drawn from the outside contains pollen, dust, soot, 
smoke, tyre and brake abrasion dust, ozone, gases, and benzene and sulphur 
compounds. Fine particulates especially pose significant health risks because 
they penetrate deep into the lungs and can cause inflammation, allergies, and 
cancer. Cabin air filters keep this harmful pollution well away from the cabin: 
they provide purified breathing air, prevent the window panes from fogging, 
and thus safeguard health, the ability to concentrate, and well-being. Because 
they are installed before the heating or HVAC system, they also protect these 
against deposits from the contaminated air.

CONDITIONS FOR EFFECTIVE FILTRATION
Effective cleaning can only be ensured if three conditions are met: the filter 
element and housing have an exact fit, a high-quality filter medium with uni-
form, stable pleat geometry is used, and there is a low level of contamination. 
The first two conditions are met by MAHLE Original and Knecht filters. 
Regular filter replacement is essential for even a small degree of contamination. 
This is because:

  The impurities filtered from the air form an ideal breeding ground for mould 
and bacteria. The consequences are unpleasant odours and health risks. 

  A clogged filter has little or no intake capacity anymore. The consequences 
for the occupants: a pollutant concentration that is up to six times as high 
as at the roadside. And for the heating and cooling system: a loss of 
performance verging on complete failure because dirt particles that were 
not filtered out collect on the heat exchanger and evaporator.

  As the contamination increases, so does the flow resistance of the filter. 
The consequences: fogged window panes and increased stress on the fan 
motor, which can lead to failure as a result of overheating.

TIME FOR A CHANGE!
The cabin air filters from MAHLE are technically designed according to the 
replacement intervals specified by the vehicle manufacturers, which can some-
times be more than 12 months. However, for the above reasons, replacement is 
generally recommended at least once a year and after a maximum of 15,000 km. 
To convince customers of the need for a new filter, just show them the old one. 
Once they have seen everything that has been caught in it, they will appear 
promptly when the next replacement is due. Our tip: your MAHLE Aftermarket 
sales partner can provide you with eye-catching mirror tags on which you can 
note the date of the cabin air filter change and the date for the next change. 

MORE CARBON, MORE OUTPUT 
The cleaners are available as pure particulate filters (LA), holding back solid 
substances such as pollen or fine particulates, or as powerful three-layer com-
bination filters with activated carbon layer (LAK), which also absorb odours and 
gaseous substances such as nitrogen oxides, petrol fumes, and ozone. 

FROM COARSE TO FINE 
The filter medium is designed in such a way that the coarser particles are 
trapped first and then the finer particles. The correct installation direction is 
therefore essential to ensure optimal dirt-holding capacity. Detailed installation 
instructions can be found on the inside of the folding carton and at www.
mahle-aftermarket.com. 

A focus on service: the MAHLE Aftermarket mirror tag 
documents the filter change—and reminds you of the 
next one.

Correct use is important: the arrow shows in which 
direction the filter needs to be installed.

Surface effect: a filter containing 200 grams of activated 
carbon has a filter surface area of close to 100 football 
pitches.

WHY NOW IS A GOOD TIME TO REPLACE 
THE CABIN AIR FILTER. AND WHY THE 
FILTER NEEDS TO BE CHANGED SO REGU-
LARLY AT ALL. clean!
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The extreme 

IN THE MAHLE TEST LABORATORY IN THE AUSTRIAN TOWN OF ST. MICHAEL, FILTERS MUST WITHSTAND STRESSES MANY 
TIMES GREATER THAN THOSE THAT AWAIT THEM LATER IN THE VEHICLE.

THE MAHLE ENGINEERS IN ST. MICHAEL ARE NOT 
ONLY DEVELOPMENT EXPERTS, THEY ALSO HELP 
WITH QUESTIONS AND COMPLAINTS. AND DIS-
COVER TIME AND AGAIN: IN GENERAL, IT IS NOT 
THE FILTER ITSELF THAT IS THE CAUSE BUT RATHER 
THE WAY IN WHICH IT WAS FITTED. HERE ARE A 
FEW TIPS FOR THE REPAIR SHOP.

  NO CORNERS OR EDGES, PLEASE
    If an engine no longer starts after the filter change, the 

laboratory often finds that the gaskets are damaged and 
therefore bleed air is being sucked out of the tank instead 
of fuel. For that reason, sharp-edged tools (e.g. screw-
drivers) should never be used when installing gaskets 
and O-rings.

  WELL-LUBRICATED?
    We recommend that you always lubricate the gasket with 

the medium that will be used for sealing later—i.e. fresh 
diesel for gaskets on fuel filters, and engine oil for oil filter 
inserts and oil screw-on filters.

 KNOW HOW—AND WHERE! 
    Trade and repair shops can register for the “Technical 

Messenger” newsletter at www.mahle-aftermarket.com. 
“TechCheck”, which supports the repair shop with the 
latest technical tips for the motorist, is also available here. 
There is further useful information in the Download Centre.

CUSTOMER SERVICE

The filters are checked by machine in the 
filter laboratory.

A filter element would never get so heavily 
contaminated in normal operation.

Right for every application: MAHLE filter modules.

ENDURANCE TEST 

XXON SITE
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Filters need to be tough. They need to be able to withstand high 
pressure, extreme temperatures, and strong vibrations—and, 
depending on the road conditions, also be able to absorb a lot 
of dust or sand. Therefore, before they are used in motor vehi-
cles, MAHLE Original and Knecht filters are not only put through 
their paces but exposed to extreme conditions that far exceed 
the stresses of their “normal working life” under the bonnet.

All this takes place at MAHLE Filter Systems Austria GmbH in 
St. Michael, where there is a test laboratory in addition to the 
quality assurance measures that are directly integrated into the 
manufacturing process. Across an area of roughly 1,000 square 
metres, there are more than 30 test stations in which 40 engi-
neers and technicians stress the material as far as it will go… 
and beyond. For instance, with a pressure of up to 40 bar—or 
pressure pulsations at extreme temperatures of -40°C or 150°C, 
which the complete filter modules must withstand several hun-
dred thousand times. Chemical attacks, strong vibrations, and 
fine dusts also need to be withstood without damage.

It is a long, hard road to series production release, and the first 
steps are virtual ones. The design loads are determined using 
simulations on high-performance computers. The highly complex 
components of the filter are stripped down into tiny, easier-to-
calculate cubes, and joined together. “Using this finite element 
method, we are able to realistically analyse strengths, welded 
connections, and deformations without having to build compli-
cated assembly systems and produce expensive injection-
moulded parts”, says Hans-Peter Lang, Head of Development at 
St. Michael. The first parts, which often come from 3D printers, 
are only produced after this development phase. Afterwards, the 
in-house mould making department manufactures the tools for 
the filter module components.

The filter is developed in close co-operation with engineers from 
the engine and automotive industry, who often present the 
MAHLE engineers with special challenges. After all, beautiful 
bodywork and aerodynamic forms often mean that space is 
limited. To achieve good performance, fine fuel filtration, and the 
longest possible replacement intervals, the MAHLE developers 
need to dig deep into their bag of tricks and pull out some spe-
cial materials. For example, glass fibre reinforced filter papers or 
sophisticated chemical materials are used for the housing. And 
to ensure MAHLE products perform reliably for as long as pos-
sible, they naturally need, first of all, to reach their destination 
safely and in good condition. That’s why the engineers also 
develop optimal packaging and transport units—for both original 
equipment and the aftermarket.
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  Product-specific background knowledge, e.g. from the Technical Messenger
  Concrete assistance with product verification—helps prevent consequential 

damage due to installation of incorrect parts
  Makes it easy to determine exactly which other parts fit with the product (for 

pistons, e.g. rings and cylinder liners)
 Continuous updates of stored data

In addition to providing a high degree of security against counterfeiting, the 
labels now also give direct access to the comprehensive pool of information 
that MAHLE Aftermarket has built up and continuously expands and updates 
for its partners in trade and repair shops.

If you want to know what exactly is in the box—you won’t need to open it 
straight away in future. A scan of the QR code on the label can tell you much 
more than the product itself—and prevents you from unnecessarily opening 
and thus damaging the packaging. 

The QR code is printed on the labels of MAHLE Original, Perfect Circle, and 
Behr packaging for engine parts, turbochargers, and thermostats. It is directly 
linked to each product in the MAHLE Aftermarket online catalogue—and simul-
taneously to a wealth of information about the spare part:
 Product details including dimensions
 Engine or vehicle classifications
 Fitting instructions

16

ACTIVE ADDED VALUE: THE QR CODE ON THE NEW LABELS PROVIDES DIRECT ACCESS TO THE 
COMPREHENSIVE PRODUCT EXPERTISE IN THE MAHLE AFTERMARKET ONLINE CATALOGUE.

The QR code on packaging for 
engine parts, turbochargers, 

and thermostats: know the 
product even before opening 

the packaging.
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