
SEN00176-00 10 Structure, function and maintenance standard

2 114E-3 Series

Intake, exhaust system 1
Intake system 1
General Information

1. Intake air inlet to turbocharger
2. Turbocharger air to charge air cooler
3. Charge air cooler
4. Intake manifold (integral part of cylinder head)
5. Intake valve

The combustion air system on the engine consists
of an air cleaner, intake air piping, turbocharger,
charge air piping, charge air cooler (CAC), and
intake air heater.
Air is drawn through the air cleaner and into the
compressor side of the turbocharger (1). It is then
forced through the CAC piping (2), to the CAC (3),
the intake air heater (if applicable), and into the
intake manifold (4). From the intake manifold, air is
forced into the cylinders (5) and used for combus-
tion.
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Exhaust system 1
General Information

1. Exhaust valve
2. Exhaust manifold (pulse type)
3. Dual-entry turbocharger
4. Turbocharger exhaust outlet
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Turbocharger 1
General Information

1. Exhaust in
2. Sliding nozzle open
3. Exhaust gas low velocity flow

4. Sliding nozzle closed
5. Exhaust gas high velocity flow

The turbocharger uses exhaust gas energy to turn
the turbine wheel. The turbine wheel drives the
compressor impeller that provides pressurized air
to the engine for combustion. The additional air pro-
vided by the turbocharger allows more fuel to be
injected to increase the power output from the
engine.

The turbine, compressor wheels, and shaft are sup-
ported by two rotating bearings in the bearing hous-
ing. Passages in the bearing housing direct filtered,
pressurized engine oil to the shaft bearings and
thrust bearings. The oil is used to lubricate and cool
the rotating components. Oil then drains from the
bearing housing to the engine sump, through the oil
drain line.
a An adequate supply of good, filtered oil is very

important to the life of the turbocharger. Make
sure that a high-quality oil is used and that it
and the oil filter are changed according to
maintenance recommendations.

Variable geometry turbocharger
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Wastegated turbochargers are used to optimize
performance. The wastegated design allows maxi-
mum boost to be developed quickly while making
sure that the turbocharger does not overspeed at
higher engine rpm's.
Wastegate operation is controlled by an actuator
that senses compressor pressure and balances it
against a preset spring load. The wastegate valve
is located in the turbine inlet passage. When open,
it diverts a portion of the exhaust gas away from the
turbine wheel, thereby controlling the shaft speed
and boost.

The variable geometry turbocharger functions as a
standard turbocharger with the addition of the fol-
lowing:
q A speed sensor (1) in the bearing housing to

monitor turbocharger operation 
q Water-cooled bearing housings (in addition to

oil lubrication) 
q The sliding nozzle (2) is actuated by a pneu-

matic actuator attached to the vehicle (brake)
air supply system 

q The pneumatic actuator (3) operated by an air
control valve (4) and receives air from the air
supply tank (5) 

q When the variable geometry turbocharger
mechanism opens, a noise can be heard as air
is released from the actuator (3) through the
control valve (4).

The wastegated turbocharger is a Holset Model
HX40. It is comprised of a turbocharger, wastegate
actuator, and wastegate valve in the turbine hous-
ing. A wastegated turbocharger provides improved
response at low engine speeds without sacrificing
turbocharger durability at high speeds. This is
accomplished by allowing the exhaust gases to
bypass the turbine wheel during certain modes of
engine operation.
During low rpm operation, the turbocharger oper-
ates as a closed-system turbocharger where the
gases' energy is transferred to the compressor
wheel and used to compress intake air.
During high rpm operation however, the turbo-
charger becomes an open-system turbocharger
and allows exhaust gas to bypass the turbine.
Since the exhaust gas is gated around the turbine
wheel, less energy is absorbed through the turbine
and transferred to the compressor, reducing the
intake manifold pressures and turbine speeds.
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The wastegate actuator is mounted on the turbo-
charger and consists of a pressure canister, dia-
phragm, and rod. As the pressure changes in the
canister, as dictated by the wastegate controller,
the actuator rod adjusts the wastegate valve
accordingly.
The wastegate valve is mounted inside the turbo-
charger in the turbine housing. As the valve opens,
exhaust gas is allowed to bypass the turbine wheel,
lowering turbine speed to adjust the intake manifold
pressure.
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Lubricating oil system 1
General Information

1. Gerotor lubricating oil pump
2. Lubricating oil cooler
3. To lubricating oil pan
4. Full flow lubricating oil filter

5. Filter bypass valve
6. From lubricating oil filter

1. From lubricating oil cooler
2. Main lubricating oil rifle
3. To camshaft
4. To piston cooling nozzle

5. From main lubricating oil rifle
6. To connecting rod bearing

Lubricating oil cooler flow

Lubrication for power components 
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1. Lubricating oil supply from filter
2. Turbocharger lubricating oil supply
3. Turbocharger lubricating oil drain

1. From cam bushings
2. Transfer slot
3. Rocker lever support
4. Rocker lever shaft
5. Rocker lever bore
6. Rocker lever

Lubrication for turbocharger

Lubrication for the overhead
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Cooling system 1
General Information

1. Coolant inlet from radiator
2. Water pump suction
3. Coolant flow through lubricating oil cooler
4. Block lower water manifold (to cylinders)
5. Coolant filter inlet (optional)
6. Coolant filter outlet (optional)
7. Coolant supply to cylinder head
8. Coolant return from cylinder head
9. Block upper water manifold
10. Thermostat bypass
11. Coolant return to radiator

Conventionally cooled engines with automatic
transmissions typically use oil-to-water transmis-
sion torque converter coolers plumbed between the
radiator and the engine water pump.
A torque converter cooling system with a remote
bypass allows the torque converter to receive cool-
ant flow when the thermostat is closed (engine
cold).
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Fuel system (common rail) 1
General Information

1. Fuel from supply tank
2. Fuel filter and water separator
3. OEM fuel supply connection
4. Fuel supply to ECM mounted fuel lift pump
5. ECM cooling plate
6. ECM mounted fuel lift pump
7. Fuel outlet from ECM mounted fuel lift pump
8. Fuel gear pump
9. Fuel from gear pump to fuel filter
10. Primary fuel filter
11. Fuel inlet to fuel pump actuator

12. High-pressure fuel pump
13. Fuel outlet from high-pressure pump
14. High-pressure pump drain flow connection
15. Fuel rail
16. High-pressure injector supply lines
17. High-pressure fuel connector
18. Fuel injector
19. Fuel pressure relief valve
20. Fuel injector drain flow line
21. Fuel return to supply tanks
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Common rail fuel system
The Common Rail Fuel System is a high-pressure
common rail injection system. A fuel rail is used to
store pressurized fuel for fuel injection. There are
four components that provide or receive input to the
electronic control module (ECM). The ECM powers
the electric fuel lift pump (located behind the ECM)
for approximately 30 seconds at key on to make
sure the fuel system is primed.
The normally open fuel pump actuator receives a
PWM signal from the ECM to open or close in
response to the signal from the fuel rail pressure.
The injectors have individual solenoids. The ECM
powers each injector individually to provide fueling
to each cylinder.

The high-pressure fuel pump can be divided into
four distinct assemblies. They are the fuel gear
pump, fuel pump actuator housing, cam housing,
and high-pressure fuel pump head. Fuel flows
through the gear pump to a 3-micron pressure side
filter. After the pressure side filter, fuel enters the
fuel pump actuator housing. The fuel pump actua-
tor housing includes an air-bleed fitting and the fuel
pump actuator.
Some fuel continuously returns to drain through the
air-bleed orifice fitting. Fuel that is metered through
the fuel pump actuator enters the high-pressure
fuel pump head where it is pumped to fuel rail pres-
sure and exits at the high-pressure outlet fitting.

Common rail fuel system

High pressure 
pump

Main filter

Priming pump

Pre-filter

Fuel tank




