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Exhaust-gas turbocharger

History of exhaust-gas turbocharger

Alfred Bichi
1879-1959

1924 Ship's engine 1938 Commercial vehicle (Saurer) 1974 BMW 2002 Turbo 1978 Mercedes Benz 300 SD
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Exhaust-gas turbocharger

Turbocharging concept

In case of mechanical supercharging, a compressor is driven
directly by the internal combustion engine. Mechanically driven
compressors are available as positive displacement
superchargers (compressor) with different designs (e.g. roots
charger, sliding-vane supercharger, spiral-type supercharger,
exhaust-driven screw-charger) or as the centrifugal turbo-
compressor (e.g. radial compressor). The power to drive a
mechanical turbocharger is up to 15 % of the engine output.
Therefore, fuel consumption is higher when compared with a
naturally aspirated engine with the same power output.

The main components of an exhaust-gas turbocharger are -
an exhaust-gas turbine and a compressor, whose wheels
are arranged on a common shaft. These components are
seated in the exhaust-gas system, so that the exhaust-gas
can drive the exhaust-gas turbine. The compressor
compresses the aspirated air and thus, increases the
cylinder charge.

Exhaust-gas turbocharging
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Exhaust-gas turbocharger

Exhaust-gas turbocharger with charge regulation

Aneroid capsule

Lubricating oil inlet

Swirl duct

Aneroid capsule adjustment
Control flap

Turbine housing

Exhaust gas

Turbine wheel

. Swirl duct

10.Shaft

11.Bearing housing

12.Axial bearing

13.Swirl duct

14.Compressor wheel
15.Compressor outlet
16.Intake air

17.Compressed air to the intercooler
18.Compressor housing
19.Control line
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Exhaust-gas turbocharger

Exhaust-gas Turbocharger - Compressor

Compressor housing backplate
Swirl duct

Compressor wheel

Compressor housing

Fresh air from the engine

Lock nut

Compressed air to the intercooler
Surge limit

. Maximum permissible ATL-speed
10.Choke line

M P,=981 mbar

Total pressure ratio
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Compressor map of a turbo-charger
for passenger cars

The compressor consists of the impeller, diffuser, and compressor housing. As with the exhaust gas
turbine-, the compressor is tuned optimally to meet the engine specifications.

The radial-flow compressor impeller transfers the majority of the kinetic energy, provided by the turbine,
to the air flow. The required pressure increase is then generated in a diffuser in the compressor
housing.
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Exhaust-gas turbocharger

Exhaust-gas turbocharger — Turbine

1 4
1. Turbine housing
2 2. Swirl duct
M ( 3. Rotor shaft=Turbine wheel
4. Exhaust gas flow

Generally, the turbine of a turbocharger consists of the turbine wheel and the turbine housing. The turbine
converts the engine exhaust gas into mechanical energy to drive the compressor. The gas, which is
restricted by the turbine's flow cross-sectional area, results in a pressure and temperature drop between
the inlet and outlet. This pressure drop is converted by the turbine into kinetic energy to drive the turbine
wheel.
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Exhaust-gas turbocharger

Exhaust-gas turbocharger - Lubrication

Piston-ring seal
Bearing housing

Rotor shaft

Oil inlet

Axial bearing

Radial bearing bushing
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Water inlet
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Exhaust-gas turbocharger

Exhaust-gas turbocharger - Cooling
1

1. Oil inlet connection
2. Water inlet connection

The cooling system of the turbocharger is integrated in the cooling circuit of the engine. After the
engine is shut down, it is possible to actuate an electrical water pump that further drives the small
engine cooling circuit.

Gasoline engine 900-1050°C

Diesel engine 650-850 °C.
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Exhaust-gas turbocharger

Exhaust-gas turbocharger - Divert-air valve

Divert air valve open
(overrun mode)

A back pressure acts during the overrun mode and
during deceleration; this back pressure slows down the
compressor wheel (turbo lag). In order to avoid this, the
divert air valve is opened by an electric actuator.

Divert air valve closed
(load mode)
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Exhaust-gas turbocharger
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Exhaust-gas turbocharger
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Exhaust-gas turbocharger

2V vTan *7717'97 NIN1 X% AT'ND Y1an N vTan
*7219'0 X771 TRIM Mwa X' 0'wn 7272 21'On

*N2DXN 721 5 '9 ¥ nIN'fAna 2amon wTann

*1"70 17,500 x'n wTaANnN 7w n'Mojnn 212'0N NINAN

D"™'wn 7271 11'dn

[aLallelh]

Automotive Aftermarket 2N
11 Department AA-DG/TSS12| © All rights reserved by Robert Bosch GmbH, even in the event of industrial property rights. We reserve all rights of .\HI B os c H

disposal such as copying and passing on to the third parties.




Exhaust-gas turbocharger

Turbocharger with Variable Turbine Geometry (VTG)

Compressor wheel Turbine wheel
Guide vane . . Electrical
Intake air Pneumatic Guide vane adjustment  Actuator motor _
J control unit control unit
/ Guide vanes
|

Vaccuum S &5 .
\ ‘\“§L< y r ; : ‘ \
Atmospheric pressure 7 %-”?"’;‘»ﬁw / \
Cooler \\ At J =

’ e
Exhaust-gas

Exhaust-gas
Functional principle VTG Turbocharger with pneumatic VTG Turbocharger with  temperature

control electrical control sensor

Varying the rate of gas flow through the turbine by means of variable turbine geometry (VTG) is another
method by which the exhaust-gas flow rate can be limited at high engine speeds. The adjustable deflector
blades (3) alter the size of the gap through which the exhaust gas flows in order to reach the turbine

(variation of geometry). By doing so, they adjust the exhaust-gas pressure acting on the turbine in
response to the required turbocharger pressure.
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Exhaust-gas turbocharger

Boost pressure control - VTG

.
3
Boost

pressure

Exhaust-gas
pressure

Boost
pressure

Exhaust-gas
pressure

Engine speed high
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1. Atmospheric pressure
2. Vaccuum

3. Solenoid valve

4. Vaccuum unit




Exhaust-gas turbocharger

Boost pressure control - Electro-pneumatic pressure transducer

Test: Signal recording with FSA
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Acceleration

The core piece of the EPW is a double-seated valve. On the one hand, the supply pressure VAC is
actuated by a diaphragm; on the other hand, a controlling magnetic force acts upon the double-seated
valve via an armature. Hence, the EPW forms a mixed pressure from the vacuum and the ambient

pressure (control pressure). The vent connection should be equipped with a filter to protect the EPW
from contamination. The control unit provides a PWM-signal, to actuate the EPW.
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Exhaust-gas turbocharger

Diagnosis in the vehicle using KT Sxxx

Selection of required function
Continue with >>.

Identification
Error memory

Corva i dngossn W Dl EDE 50

Selection of required function
Continue with >>.

Erase error memory
Actual values

Quantity comparison
Engine test: exhaust-gas recirg
Engine test: boost pressure co
Control unit enable

FGR operating unit: activation

Exhaust-gas recirculation
solenoid valve

Actuator test in progress.
Next actuator with F2.

Air-conditioning system input/output

Boost pressure solenoid valve

=

|dentification
Error memory
Erase error memory

Actual values
Actuators

Quantity comparison
Engine test: exhaust-gas recirculs

Control unit enable
FGR operating unit: activation

Engine test running.
Observe service documentation.

Engine test: boost pressure control

speed

Selection of required function
Continue with >>.

Boost trol
p
Boost pressure

Solenoid valve Boost-press. control

[ 1197 1imin
[ o

[ 950.40 hPa
[ 100 %

ESC F5

Identification
Error memory
Erase error memol

Actuators

Quantity comparison

Engine test: exhaust-gas recirculatior|
Engine test: boost pressure control

Control unit enable
FGR operating unit: activation

Select max. 4 actual values.

Continue with >>.

Idle switch

Idle increase

Operating state cruise control
FGR operating unit, activation
Air-mass, nominal

Air-mass, actual

Boost pressure, nominal

Boost pressure, actual

Limitation amt. (due to air mass)

Boost pressure, nominal

L 1213 hPa
Boost pressure, actual

&3 995 hPa
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Exhaust-gas turbocharger

Checking shaft play

Inspection for the ease of movement and
for grinding noises

Checking axial and radial play

Testing the shaft play

1. Hold the shaft and move it radial. Thereby, a (required) radial play of 1/10 mm — 6/10 mm is
permitted. Depends on the manufacturer

2. Lift the shaft slightly and rotate. In the process, no grinding noises should be noticeable and the turning
resistance should not change. Otherwise, bearing damage can be expected.

3. Missing clearance indicates bearing problems, which would arise due to coked oil.
4. An axial clearance (to and fro movement of the shaft) should not be (significantly) perceivable.
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Exhaust-gas turbocharger

Turbocharger damage types 1

Fault: . . .
Foreign objects in the compressor or

Poor lubrication or oil loss the turbine. Poor oil quality

Fault pattern:

Discoloration and bearing metal deposition Damage caused by foreign bodies Dirt ridges on the shaft

—

Twisting of the bearing bush due to lack Compressor wheel damaged by hard Ridges on the radial bearing bush

of ol foreign bodies due to dirt particles
Automotive Aftermarket

Department AA-DG/TSS12| © All rights reserved by Robert Bosch GmbH, even in the event of industrial property rights. We reserve all rights of
17 disposal such as copying and passing on to the third parties.



One-stop Solution
Bosch-Diagnostics fur die Werkstatt
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