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Module Title
Air Induction and Exhaust Systems.

Module Description
This module covers the knowledge and skills of Air Induction and Exhaust Systems. Upon
satisfactory completion of this module students will be able to competently service and repair Air
Induction and Exhaust Systems.

Pre-Requisites
The following module(s) must be completed prior to delivery of this module:

APLBUS006 Follow Workplace Occupational Health and Safety Procedures

APLTCL011  Mechanical Principles

APLTCL035 Diesel Engine Fundamentals.

Learning & Development
Delivery of this facilitated module requires access to the Air Induction and Exhaust Systems
Activity Workbook.

The successful completion of the curriculum provides the knowledge for competency assessment,
on further learning outcomes, by an Accredited Workplace Assessor.

Suggested References
APLTCL011 Facilitator Guide

APLTCL001 Facilitator Guide.

Assessment Methods

Classroom and Workshop
To satisfactorily complete this module, students must demonstrate competence in all learning
outcomes. Consequently, activities and assessments will measure all the necessary
module requirements.

For this module, students are required to participate in classroom and practical workshop activities
and satisfactorily complete the following:

Activity Workbook

Knowledge Assessments

Practical Activities.

Workplace
To demonstrate competence in this module students are required to satisfactorily complete the
Workplace Assessment(s).



AIR INDUCTION AND EXHAUST SYSTEMS MODULE INTRODUCTION

APLTCL001

2 © Caterpillar of Australia Pty Ltd



KNOWLEDGE AND SKILLS ASSESSMENT

AIR INDUCTION AND EXHAUST SYSTEMS

APLTCL001

© Caterpillar of Australia Pty Ltd 3

Learning Outcome 1: Identify the components and explain the operation of naturally
aspirated air intake and exhaust systems on a Diesel Engine.

Assessment Criteria
1.1 Identify the components in the air intake and exhaust system

1.1.1 Pre-cleaner

1.1.2 Air cleaner

1.1.3 Intake manifold

1.1.4 Exhaust manifold

1.1.5 Muffler

1.1.6 Exhaust stack

1.2 Explain the purpose of components in a naturally aspirated air 
intake system

1.2.1  Purpose of the air intake system

1.2.2  Donaspin pre-cleaner

1.2.3  Cyclone tube

1.2.4  Donaldson cyclapac

1.2.5  Donaldson donacline

1.2.6  Dry element type air cleaners

1.2.6.1 Vacuator valve

1.2.6.2 Air cleaner service

– Air cleaner service indicator

1.2.7 Inlet manifold

1.3 Explain the purpose of the components in a naturally aspirated 
exhaust system

1.3.1 Purpose of the exhaust system

1.3.2 Exhaust manifold

1.3.3 Piping

1.3.4 Mufflers

1.3.4.1 Straight through mufflers

1.3.4.2 Reverse flow muffler

1.3.4.3 Spark arrester muffler

1.3.4.4 Muffler service

1.3.5 Exhaust stack

1.3.6 Catalytic converters

1.3.7 Australian Design Rules for noise pollution, gas emis-
sions (Catalytic Converter).
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Learning Outcome 2: Identify the components and explain the operation of forced air
intake and exhaust systems on a Diesel Engine.

Assessment Criteria
2.1 Demonstrate knowledge of an induction system on a diesel 

engine

2.1.1 Air volumes required of an engine are compared:

2.1.1.1 Naturally aspirated

2.1.1.2 Fitted with a turbocharger

2.1.1.3 Fitted with a blower

2.1.1.4 Volumetric efficiency

2.2 Identify the components of a turbocharger system

2.2.1 Air intake

2.2.2 Compressor

2.2.3 Turbine

2.2.4 Bearing housing assembly

2.2.5 Exhaust manifold

2.2.6 Wastegate

2.2.7 Oil supply

2.2.8 Intercooler

2.3 Describe the operating principles of a turbocharger

2.3.1 Types of turbochargers

2.3.1.1 Constant pressure

2.3.1.2 Pulse

2.3.2 Turbocharger location

2.3.3 Unfiltered air

2.3.3.1 Damage to components

2.3.3.2 Dusty operating conditions

2.3.3.3 Air intake condition

2.3.4 Lubrication and cooling

2.3.4.1 Oil as per manufacturer's specifications

2.3.4.2 Oil and oil filter change recommendations

2.3.4.3 Turbocharger oil requirements

2.3.5 Volumetric efficiency

2.3.6 Engine performance

2.3.7 Boost pressure

2.3.8 Exhaust gas circulation

2.3.9 Pressure control

2.3.9.1 Pressure ratio control

2.3.9.2 Electronic

2.3.9.3 Altitude effect

2.3.10 Two stage turbocharging (series)

2.3.11 Compound turbocharging

2.3.12 Start up procedure
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2.3.13 Shut down procedures

2.3.14 Turbine shut down timer delay

2.4 Describe the operating principles of a Rootes type blower

2.4.1 Blower location

2.4.2 Volumetric efficiency

2.4.3 Engine performance

2.4.4 Forced air pressure circulation

2.4.5 Lubrication and cooling

2.4.6 Pressure control.

Learning Outcome 3: Determine faults and the requirements of disassembly, inspection
procedures and assembly of a turbocharged forced induction and
exhaust system.

Assessment Criteria
3.1 Determine faults and the requirements for disassembly, 

inspection procedures and assembly of a turbocharger

3.1.1 Determine faults

3.1.1.1 Hot and cold side oil leakage

3.1.1.2 Hot shutdown

3.1.1.3 Restricted air cleaner

3.1.1.4 Plugged engine crankcase breathers

3.1.1.5 Air leaks in intake system

3.1.1.6 Leaks in exhaust system

3.1.1.7 Overfuelling

3.1.1.8 High altitude operation

3.1.1.9 Failure to prelube:

– After service 

– After oil filter change

– Long shutdown periods

3.1.1.10 Dirty air cleaners

3.1.1.11 Leaking oil lines

3.1.1.12 Loose or over torqued mounting bolts

3.1.2 Disassembly

3.1.2.1 Collection of fluids

3.1.2.2 Turbocharger disassembly

3.1.3 Inspection

3.1.3.1 Cleaning prior to inspection

3.1.3.2 Turbine wheels and shaft assemblies

– Blades

– Back face of turbine wheel

– Oil seal ring grooves

– Bearing journals

– Shaft areas

– Shaft bend

3.1.3.3 Compressor wheels
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– Blades

– Nut face

– Back face

– Bore

3.1.3.4 Centre housing

– Snap rings and grooves

– Oil seal ring bore

– Bearing bore

– Flange area

– Thrust washer retaining pins.

3.1.3.5 Compressor housing

– Contour bore and vanes

– Turbine housing
Cracks
Bolt holes
Contour bore

– Inlet flange

– Outlet bore

3.1.3.6 Thrust collar and ring

3.1.3.7 Wheel shroud

3.1.3.8 Finger sleeves and thrust spacer

3.1.3.9 Compressor end insert

3.1.3.10 Thrust plates

3.1.3.11 Thrust bearings

3.1.3.12 Bearings

3.1.4 Assembly

3.1.4.1 As per manufacturer's specifications

3.1.4.2 Tolerance checks

– End play

– Bearing and shaft play

3.1.5 Installation

3.1.5.1 Loose or foreign materials

3.1.5.2 Manifold bolt torques

3.1.5.3 Gaskets

3.1.5.4 Torques.

3.2 Determine the requirements for disassembly, inspection 
procedures and assembly of an exhaust system

3.2.1 Inspection prior to disassembly:

3.2.1.1 Locating leaks

3.2.1.2 Vibration

3.2.1.3 Back pressure

3.2.1.4 Exhaust noise

3.2.2 Disassembly

3.2.2.1 Hard to remove components

3.2.2.2 Decoking exhaust systems components

3.2.3 Manifold checks



AIR INDUCTION AND EXHAUST SYSTEMS KNOWLEDGE AND SKILLS ASSESSMENT

APLTCL001

© Caterpillar of Australia Pty Ltd 7

3.2.3.1 Cracks

3.2.3.2 Mounting surface for warpage

3.2.3.3 Threaded bores

3.2.3.4 Studs

3.2.4 Assembly

3.2.4.1 Cylinder head surface

3.2.4.2 Gaskets

3.2.4.3 Multi-sectional manifolds

3.2.4.4 Connection to turbochargers

3.2.4.5 Torques

– Manufacturer's specifications

– Sequence

– Special requirements.

Learning Outcome 4: Explain boost pressure tests for the inlet manifold of a
turbocharged Diesel engine.

Assessment Criteria
4.1 Explain the components used and the purpose of boost 

pressure tests conducted on the inlet manifold of a 
turbocharged Diesel Engine

4.1.1 Pressure gauge

4.1.2 Compound pressure gauges

4.1.3 Differential pressure gauges

4.1.4 Calibration of gauges

4.1.5 Water manometer

4.1.5.1 Filling

4.1.5.2 Cleaning

4.1.5.3 Reading

4.1.6 Conversion of kPa or PSI to inches of Mercury (inHG)

4.1.7 Inlet restrictions

4.2 Explain the procedure for conducting inlet manifold pressure 
tests on a turbocharged Diesel Engine

4.2.1 Inspect for intake and exhaust system blockages

4.2.2 Connection of the pressure groups to the engine

4.2.3 Running the engine

4.2.4 Recording the value and compare to manufacturer's
specifications

4.2.5 Disconnection of test equipment

4.2.6 Exhaust back pressure

4.3 Explain the procedures for testing exhaust noise and 
emissions

4.3.1 Dba analyser

4.3.1.1 Components

4.3.1.2 Operation

4.3.1.3 Test procedure
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4.3.2 Exhaust gas analyser

4.3.2.1 Components

4.3.2.2 Operation

4.3.2.3 Test procedure.

Learning Outcome 5: Inspect and test an exhaust system on a Diesel Engine.

Assessment Criteria
5.1 Visual inspect an exhaust systems and check for:

5.1.1 Pipework

5.1.2 Flanges

5.1.3 Mufflers

5.1.4 Spark arrestors

5.1.5 Mountings

5.1.6 Exhaust system restrictions are identified

5.2 Noise and emission control tests

5.2.1 Tests are conducted according to manufacturer's speci-
fications

5.2.2 Results are recorded

5.3 Exhaust system faults are identified and recommended repair 
action is submitted

5.4 Facilitators are to ensure that the tasks are completed:

5.4.1 Without causing damage to components or equipment

5.4.2 Using appropriate tooling, techniques and materials

5.4.3 According to industry/enterprise guidelines, procedures
and policies

5.4.4 Using and interpreting correct information from the
manufacturer's specifications.
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Learning Outcome 6: Remove, disassemble, inspect, assemble and refit a turbocharger
fitted to a Diesel Engine.

Assessment Criteria
6.1 Conduct

6.1.1  Visual checks on the air inlet and exhaust system

6.1.1.1 Intake scoop

6.1.1.2 Prefilters

6.1.1.3 Filters

6.1.1.4 Pipework

6.1.1.5 Elements

6.1.1.6 Hoses

6.1.1.7 Clamps

6.1.1.8 Mounts

6.1.2 Functional tests of turbocharger and exhaust system

6.1.2.1 Test equipment used to determine inlet system 
restrictions

6.1.3 Removal of turbocharger

6.1.4 Disassemble turbocharger

6.1.5 Inspect turbocharger components

6.1.6 Repair action identified

6.1.7 Assemble turbocharger

6.1.8 Refit turbocharger to engine

6.1.9 Function test

6.2 Facilitators are to ensure that the tasks are completed:

6.2.1 Without causing damage to components or equipment

6.2.2 Using appropriate tooling, techniques and materials

6.2.3 According to industry/enterprise guidelines, procedures
and policies

6.2.4 Using and interpreting correct information from the
manufacturer's specifications.
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REVIEW MATERIAL
Intake and Exhaust Systems

REVIEW OF FOUR STROKE CYCLE

Intake Stroke

 
Figure 1

Air flows through the intake ports in the cylinder head. On the intake stroke (Figure 1),
the inlet valve opens just before the piston starts to travel down the cylinder and air
will then flow into the cylinder.

Compression Stroke

Figure 2

On the compression stroke (Figure 2), the piston is travelling upwards and both intake
and exhaust valves are closed. The air that is trapped in the cylinder is therefore
compressed. Compressing the air raises it’s temperature to a level where the fuel will
ignite when it is injected into the cylinder.
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Power Stroke

Figure 3

When the piston nears the top of it’s travel (Figure 3), fuel is injected into the cylinder
as a fine mist, as a result of the very high pressure developed in the injector. The fuel
mixes with the hot air and ignites. This type of combustion process is the reason why
the diesel engine is also referred to as a “compression ignition engine”.

The energy produced by combustion forces the piston down to produce the power.

Exhaust Stroke

Figure 4

Near the end of the power stroke (Figure 4), the exhaust valve opens. The upward
movement of the piston will force the hot gas into the exhaust manifold. Near the top
of the exhaust stroke, the exhaust valve closes and the inlet valve opens in
preparation for the cycle to be repeated.

It takes two crankshaft revolutions for the completion of the four stroke cycle, for each
cylinder in the engine.

Purpose of intake and exhaust 
Diesel engines require sufficient quantities of air to burn the fuel.

Air induction systems must provide enough clean air for combustion. The design of the
air induction system must be adequate to prevent leakages into the systems &
minimise restrictions. The exhaust system must remove heat and combustion gases,
and provide for efficient operation of turbochargers, where used. Any reduction in the
flow of air or combustion gases through the systems reduces engine performance.
The exhaust system discharges spent gases to the atmosphere.
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Internal combustion engines require sufficient quantities of air to burn the fuel. Air
induction systems must provide enough clean air for combustion.

The design of the air intake system should ensure air leakage does not occur &
ensure minimum restriction to air flow.

The purpose of the exhaust system is to remove the spent combustion gases from the
engine & discharge them into the atmosphere. The design of the system must ensure
that there is minimum restriction to gas flow & ensure that the noise level is reduced to
satisfy appropriate standards.

Excessive exhaust pressure has a detrimental effect on engine performance in that
more work has to be expended on pushing the exhaust out of the engine so less is
available for useful work. This becomes apparent as a loss of power & an increase in
fuel consumption. Another indication of increased exhaust back pressure is higher
than normal coolant temperature because of increased cooling required due to higher
pressure & temperature of the exhaust gases.

TYPES OF SYSTEM

 
Figure 5

There are three types of air induction systems (Figure 5): 

1. Naturally aspirated

Air intake systems that have neither a tubocharge or aftercooler are known as
naturally aspirated or “NA” systems. These types of systems are rarely used on
present day diesel engines.

The system relies on the downward movement of the piston, to draw in air
through the air intake system.

2. Turbo-charged

These systems are known as “T” systems. The exhaust gas drives a pump known
as a tubocharger, which causes air to be forced into the engine under pressure.

3. Turbo-charged and after-cooled

Presently in Caterpillar machine, these systems are the most common. These
systems are known as “TA” systems and have a turbocharger & after cooler.
Different types of aftercooler can be used.
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TOPIC 1
Naturally Aspirated Intake and Exhaust

Systems

COMPONENTS AIR INTAKE

Figure 6

PURPOSE OF INTAKE SYSTEM
Diesel engines require sufficient quantities of air to burn the fuel.

Air induction systems must provide enough clean air for combustion. The design of the
air induction system must be adequate to prevent leakages into the system &
minimise restrictions. Any reduction in the flow of air or combustion gases through the
Air Intake system reduces engine performance.

1. Pre cleaner
2. Air cleaner
3. Intake manifold

4. Exhaust manifold
5. Muffler
6. Exhaust stack.
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Pre-cleaner

Figure 7

Many engines use a pre-cleaner. The pre-cleaner is located before the inlet to the
main air cleaner (Figure 7). The purpose of the pre-cleaner is to collect much of the
dirt or contaminants before the air cleaner. This increases the service life of the air
cleaner.

The simplest type of pre-cleaner is a mesh cap at the top of the air filter housing inlet.

Donaspin Pre-cleaner

Figure 8

The Donaspin pre-clear (Figure 8) is designed to remove heavy containments from
incoming air. The contaminants will then spiral out by centrifugal force, hitting the
clear cover and falling to the bottom, where it builds up to the fill marker and will need
to be emptied by the service personnel or operator.
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Cyclone Tube Exhaust Dust Ejected Pre-cleaner

Figure 9 - Cyclone Tube Exhaust Dust Ejected Pre-cleaner

On earthmoving machinery pre-cleaners are often exhausted through the muffler
using the pulsing pressure differences created by the exhaust system (Figure 9).

Figure 10

The advantage of this system over a conventional pre-cleaner includes the use of a
low pressure scavenging line vented in the exhaust pipe (Figure 10). The particles are
carried out into the exhaust, therefore no mechanical maintenance is needed to clean
out the pre-cleaner system.
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Donaldson Fin Cyclopac

Figure 11

In the Donaldson Fin Cyclopac pre-cleaner (Figure 11), inducted air is forced to move
around the steel casing of the filter assembly by the plastic fins of the filter element.
This creates a swirling movement, forcing the heavy particles to the outside by
centrifugal force. The heavy particles are forced out to the steel casing where they fall
down to the base of the unit and are expelled via the lower flap.
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Donaldson Donalcine SBG

Figure 12

In a Donaldson Donacline SBG pre-cleaner (Figure 12) veins inside the tube impart a
cyclonic twist inside the unit, causing the heavy particles to be thrown to the outside,
which then fall to the bottom of the unit, known as the dust cup. This dust is expelled
by the vacuum valve, or manually by opening the cover, i.e. like on 789 Off-Highway
Trucks.

Dust Tubes

Figure 13

Here is a close-up view of how the dust tubes work (Figure 13). With the air coming in
at the side, and being drawn down to the bottom, and then sucked up the middle
intake tube with the heavy particles being cyclonically removed from the air and
dropped to the bottom to be collected in the dust cup.

Another type of pre-cleaner that is used on Caterpillar equipment is a spirally fanned
drum. The vanes cause the incoming air to spin.
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Because the dirt that is drawn in is heavier than the air, the dirt is forced to the outside
due to the spinning action. The dirt then falls into a collection bowl, and the partially
cleaned air flows down the centre tube to the air cleaner.

Pre-cleaners should be inspected and emptied on a daily basis.

Vacuator Valve

Figure 14

The installation of a vacuator valve on the dust cup will eliminate the need for regular
dust cup service, as this valve will automatically eject dust and water. The vacuator
valve is made of rubber and fits on to the bottom of the dust cup, as shown in
Figure 14. Even though the dust cup is normally under a slight vacuum when the
engine is running, pulsing of the vacuum opens and closes the valve, expelling dust
and water. The vacuator valve will also unload and expel dust when the engine is
stopped.

1. Pre-cleaner fins
2. Outer air cleaner element
3. Inner or safety air cleaner element
4. Connection for service indicator

5. Air cleaner housing
6. Dust cap
7. Vacuator valve.
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Air Cleaner

Figure 15

Air Cleaner or filter Air Cleaner Air is drawn into the engine through the Air Cleaner
(Figure 15). The air cleaner houses a filter element that removes smaller foreign
material from the air before it enters the engine. There are several different types of
air cleaners currently available on Caterpillar engines.

The assembly shown in Figure 15 contains a simple vane structure that spins the air
and ejects particles by cyclone effect to the bottom of the housing. A pulsating rubber
assembly ejects the particles.

NOTE: 
Always refer to the operation and maintenance manual of the engine for the most accurate
maintenance procedures.

Dry Air Cleaner Element

Figure 16 - Dry Element Air Cleaner

Dry element air cleaners (Figure 16) are by far the most common type of air cleaners
used on Caterpillar engines. Dry element air cleaners are typically composed of a
pleated paper filter media that is used to remove the dirt from the incoming air.
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Figure 17 - Dry Element Cleaning 

Dry element air cleaners (Figure 17) can usually be cleaned with filtered, dry air with a
maximum pressure of 207 kPa (30 psi). The element should be cleaned from the clean
side out, holding the tip of the air nozzle parallel to the pleats of the air cleaner.

NOTE:
Most mine sites have banned the act of cleaning filters with an air blower. Some
companies offer cleaning and / or exchange elements that have been serviced.

NOTE:
When conducting this operation, be sure to wear safety glasses and breathing mask.

Heavy-duty air cleaners, as used on construction machines, also contain a safety or
secondary element inside the primary element, in case the primary fails and to
increase air cleaning efficiency.

Without the use of a secondary element, major engine damage would result from dirt
ingestion, should the primary element fail.

For this reason it is essential to ensure that the intake manifold is always sealed.



AIR INDUCTION AND EXHAUST SYSTEMS

APLTCL001

© Caterpillar of Australia Pty Ltd 25

Caterpillar Air Filter with a New Radial Seal

Figure 18

Air Cleaner Service

Figure 19 - Typical Twin Air Cleaner, each with its own Service Indicator 

Engine air cleaners should be serviced on a regular basis. Many air cleaners are
equipped with a service indicator (Figure 19). The indicator monitors the amount of
restriction through the air cleaners. The service indicator is the most accurate method
to use to determine when the air cleaners are in need of service.

A. Radial seal design
B. All steel adapter ring
C. One-piece moulded urethane end 

caps with integral seal
D. Densely pleated filter paper

E. Built-in pleat support and positive 
pleat spacing

F. Heavy-duty metal inner and outer 
wrap

G. Baked-on enamel outer filter wrap.
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Dial Indicator

Figure 20

A dial indicator (Figure 20) can have colours of green and yellow for indication. Red
indicates high vacuum reading in inches of water.

Filter Indicator

Figure 21

When the yellow indicator has reached the red zone of the filter indicator (Figure 21),
it is time to replace the air cleaning element.

Operating Conditions

Figure 22

Operating conditions will dictate when the air filter service limit / period needs to be
done either more or less regularly, depending upon conditions (Figure 22).
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Figure 23

Before servicing the air system:

turn the engine off, and place a danger tag on the ignition (Figure 23)

remove the air cleaner element, blocking off the intake tube

clean old element away from intake of engine

check for any faults in filter element, i.e. by the way of a light

reset the air filter indicator.

Engine air cleaner elements should be serviced, cleaned or replaced, when either the
yellow diaphragm enters the red zone or the red piston locks into the visible position,
which means that the service indicator has tripped. Cleaning entails washing with air,
water or detergent.

Over-servicing can be bad too. Air cleaning can be an environmental issue, as silicon
dust can be spread.

EXHAUST SYSTEM

Purpose of the Exhaust System
The purpose of the exhaust system is to remove the spent combustion gases from the
engine & discharge them into the atmosphere. The design of the system must ensure
that there is minimum restriction to gas flow & ensure that the noise level is reduced to
satisfy appropriate standards.

COMPONENTS EXHAUST SYSTEM

Inlet Manifold

Figure 24
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From the air cleaner and turbocharger/after-cooler, if equipped, the incoming air
enters the inlet manifold (Figure 24) and is directed to the inlet ports for each cylinder.

Exhaust Manifold

Figure 25

Exhaust gases, leaving the cylinder through the exhaust ports, enter the exhaust
manifold (Figure 25) and are then routed to the exhaust system.

Mufflers
Mufflers or silencers are used in the exhaust system to reduce the level of exhaust
noise by the use of internal baffling. Whenever gas flows through a muffler, its velocity
decrease and pressure increase. The more effective the silencing, the greater the
back-pressure in the system. Therefore, muffler selection by the engine manufacturer
is a compromise between noise reduction and back-pressure increase.

The two most commonly used exhaust mufflers are the straight-through and reverse-
flow types.

Straight-through muffler

Figure 26

The straight-through muffler design, as shown in Figure 26, carries the exhaust gas
straight through the muffler via a perforated tube, which is surrounded by a sound-
absorbing material. The vibrating exhaust gas passes through the holes in the
perforated tube and penetrates into the sound-absorbent material — generally metal
shavings or glass wool. This process lowers the frequency of the gas vibrations, which
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lowers the pitch of the exhaust sound. There is very little back-pressure with this
design of muffler, which makes it suitable for use on two-stroke diesel engines that
operate on the Kadency principle of exhaust scavenging.

Reverse-flow muffler

Figure 27

The reverse-flow muffler, as shown in Figure 27, helps to reduce sound levels by
channelling the exhaust gas back and forth through expansion chambers within the
muffler. The effect of this is to reduce the pressure and temperature of the gas as it
passes through baffles and tubes where its turbulence dies out and noise levels are
reduced. The degree of noise reduction in reverse-flow mufflers can be varied by the
size of the expansion chambers within the muffler. When comparing the two muffler
designs, the reverse-flow type can achieve the lowest noise levels.

Spark arrester muffler

Figure 28

The reverse-flow muffler can be varied in its design so as to act as a spark arrester for
engines operating near combustible material. This type of muffler is therefore dual
purpose in that it acts as a sound-suppressing unit as well as extinguishing any
burning pieces of carbon which may be present in the exhaust gas. With reference to
Figure 28 the spark arrester inserts, so-called ‘lip screens’. When the exhaust gases
flow through these screens, they cause the screens to rotate, thereby forcing any
sparks towards the muffler outer jacket, where they are extinguished.

On some underground mining equipment, special provision is made to eliminate
sparks in high fire-hazard areas. The design of muffler used on such equipment is a
wet type which allows the exhaust gas to mix with water as it goes though the exhaust
system and, in so doing, quench sparks, cool the exhaust and lower the sound levels.
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Catalytic Converter
Catalytic converters are fitted in the exhaust system the same way as mufflers. They
are used on petrol vehicles, which use unleaded fuels to reduce emissions. They are
not used on diesel engines.

Figure 29

The converter (Figure 29) is a honeycomb structure chemically coated with thin
deposits of Platinum and Rhodium. These elements act as a catalyst for a chemical
reaction to take place that will convert harmful gases into harmless ones. The reaction
has no effect on the materials in the converter during normal operation.

The converter must never be used with leaded fuels because the converter would
become contaminated and rendered useless. To operate correctly, the converter must
not be overheated with incorrect fuel ratios or misfires.

The converter converts three pollutant gases into harmless ones.

Carbon Monoxide is converted to Carbon Dioxide.

Hydrocarbons are converted to water.

Oxides of Nitrogen are converted to Nitrogen. 
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Exhaust Back Pressure
Exhaust back pressure is the pressure created in the exhaust manifold due to the
restriction to the flow of the exhaust gases as they flow through the muffler and
exhaust piping. Increased back pressure in the exhaust system can be caused by a
partially blocked muffler, incorrect exhaust pipe sizing, too long an exhaust pipe, too
many bends in the pipe or a restriction in the pipe.

The least amount of exhaust back pressure is desirable to maximise engine efficiency.
Too much back pressure causes exhaust overheating and significant power loss.

To measure exhaust back pressure a water filled manometer is recommended for
maximum accuracy or for a general guide, a low pressure gauge can be used.
Measurement should be taken with the engine running at full load (maximum fuel)
condition. The normal measurement point is in the elbow outlet from the turbocharger. 

The general specified maximum amount for Caterpillar turbocharged diesel engines
fitted to machines is 27 inches (686 mm) of water or 6.75 kpa and 34 inches water
(864 mm) or 8.5 kpa.

Australian Design Rules (ADR)
There are laws covering the construction of heavy vehicles. These laws place
responsibility on the vehicle and component manufacturers, vehicle dealers,
mechanics and operators. The ADR's which relate to vehicle noise and emissions are
identified below.

ADR 28 for motor vehicle noise.

The intention of this ADR is to define limits on external noise emitted from motor
vehicles in order to limit the contribution by motor vehicles to community noise.

This ADR applies to diesel powered heavy vehicles.

ADR 28A for motor vehicle noise.

This ADR is a later revision of ADR 28A and reduces the noise emission
requirements.

ADR 30 for diesel engine exhaust smoke emission. 

The intention of this ADR is to limit the opacity (density and colour) of diesel engine
smoke emissions.

ADR 36 for diesel engine pollution.

The intention of this ADR is to limit emissions from motor vehicles in order to reduce
pollution. 
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Exhaust Stack

Figure 30

The exhaust stack (Figure 30) connects directly to the muffler & carries exhaust gases
into the atmosphere, away from the operators compartment.

Some models use exhaust stacks that are fitted with a rain trap. This rain trap
prevents rain entering the engine via the muffler & turbocharger when the machine is
parked. Exhaust pressure forces the trap open when the machine is operating.
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TOPIC 2
Forced Air Intake System

VOLUMETRIC EFFICIENCY
There are many ways to increase engine output. Engine output, for a given engine
cylinder size, is determined by the amount of fuel mixture that is burnt during each
combustion stroke. Therefore, the most effective method of increasing an engines
output is to get more fuel/air mixture into the cylinders. An effective means of
achieving this aim is by applying a positive pressure, or forcing the air into the
combustion chamber. This is accomplished by turbocharging or supercharging, which
increases the volumetric efficiency of the engine.

Volumetric efficiency can be defined with the following formula.

A well designed, naturally aspirated, four stroke, overhead valve, diesel engine has a
volumetric efficiency of approximately 85%.

A turbocharged or supercharged diesel engine has a volumetric efficiency of
approximately 130%.

In other words, turbocharging or supercharging allows the designer to achieve more
power output from a smaller engine. Additional benefits are increased fuel efficiency,
a more complete combustion and reduction of the production of pollutants.

COMPONENTS

Figure 31

The air induction and exhaust system contains the following components (Figure 31),
in addition to pipework: 

1. Pre-cleaner

2. Air cleaner

3. Turbocharger

4. Intake manifold

VE Airflow (metres cubed per minute) x 2000
Displacement (litres) x rpm

-------------------------------------------------------------------------------------------------------------=
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5. After-cooler

6. Exhaust manifold

7. Exhaust Stack

8. Muffler.

FUNCTIONS
Normalize air supply

Boost air supply.

Turbo functions:
Turbochargers serve two functions, normalizing air supply and boosting air supply to
engines.

Normalizing means keeping air supply the same as is normal for a naturally aspirated
engine at sea level. When engines operate at altitudes above sea level, the air
becomes less dense, and a turbocharger is needed to gather in more of the thinner
air. If normalization is not maintained, the fuel settings must be decreased when the
air becomes less dense to avoid over-fuelling the engine. Thus, normalizing allows
engines to develop normal horsepower over a broad range of altitudes.

Some turbochargers have what is called a “waste gate”, which bypasses exhaust
gases around the turbo when boost reaches a specified pressure. This allows the
engine to be operated at various altitudes and yet maintain a stable, normalized air
supply.

The technician should be aware that while turbochargers can concentrate thinner air
at higher altitudes to give normal oxygen supply and normal power, higher turbo
speeds are required to do so. Thus, for operation above about 2,100 meters (7,000
feet) fuel de-rating is often suggested to avoid turbocharger overspeed.

Side benefits of using a turbocharger include quieter exhaust, better combustion, and
cleaner emissions.

The second function of a turbocharger is boosting air supply to give the engine more
than normal oxygen. This enables increased fuel settings while still providing better
combustion and quieter exhaust. Improved combustion means not only better fuel
economy, but also cleaner exhaust emissions.
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Lubrication System

Figure 32

The lubrication system (Figure 32) is also vital to trouble free turbocharger operation
because it performs three important functions: lubricating, cooling and cleaning.
Interruptions of oil supply for only a few seconds can cause disastrous results. It is
essential that sufficient quantity of oil continually flows through the turbocharger to
provide suspension and stabilization of the full floating bearing system and to remove
heat. There are many ways that lubricant can be restricted or lost before it reaches the
turbocharger. The lubricant can contain large abrasive particles that can bridge the
lubricant film and cause physical damage to rotating parts. Thus, not only must
adequate lubricant quantity be present, but the lubricant quality must also be good.
Before inspecting the failed turbo, gather basic quantity and quality facts about the
lubrication system such as:

1. Type and viscosity of oil used

2. Oil level on the dipstick

3. Oil filter evaluation, includes opening and inspecting the paper

4. SOS oil sample

5. Operators comments about lube pressures or other problems prior to the failure.
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Air Flow Restrictions

Figure 33

Air inlet and exhaust system problems account for many failures (Figure 33). For
example, when air inlet restriction is too high:

1. Excessive end loading can occur and cause accelerated thrust bearing wear

2. Turbocharger RPM can increase significantly.

Abnormally high exhaust temperatures can cause marginal lubrication problems and
metallurgical damage.

Foreign material can be introduced into the turbocharger from either the inlet or
exhaust systems. Thus, the technician should always gather basic information about
air inlet and exhaust systems when investigating turbo failures.

COMPONENTS
Turbochargers are free-spinning components, which often spin faster than 80,000
RPM. At peak RPM, journal bearing surface speeds can be greater than 30 meters
(100 feet) per second, and the energy stored in rotating components can equal engine
horsepower. These conditions demand near perfect balance and alignment of all
moving parts, as well as proper operating and maintenance environments. Although
problems with the turbo can cause failures, usually simple problems in the working
environment, such as air inlet restriction, cause most failures.
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Figure 34

Figure 35

The turbocharger (Figure 34 & Figure 35) was invented by a Swiss named Buchi in
1906, and has been seen from time to time in various versions ever since. However, it
is only in the past two decades that it has been developed to such a degree of
reliability and performance that it is now being fitted to continually increasing
percentage of new IC engines.
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Figure 36 - Turbocharger sub-assemblies

The turbocharger is made up of three sections, the centre bearing housing assembly,
the turbine housing (exhaust driven) and the compressor housing (intake side), as
shown in Figure 36. The bearing housing contains two plain bearings, piston-ring-type
seals, retainers and a thrust bearing. There are also passages for the supply and
dumping of oil to and from the housing.

Cross Section

Figure 37 - Sectional view of a typical turbocharger

Turbocharger structure is quite simple

– Hot (exhaust) and cold (inlet) wheels are mounted on a shaft

– The shaft is supported by journal bearings and thrust bearings

– A heat shield keeps heat from the centre housing

– Engine oil provides cooling as well as lubrication.

When assembled, the compressor wheel, the centre shaft, and the turbine wheel
become one solid piece that turns in free-floating journal bearings. A stationary thrust
bearing located near the compressor wheel controls endplay. Larger turbochargers
have two separate journal bearings while some small ones have a single cartridge
style bearing. Thrust washers are positioned on each side of the thrust bearing with a
spacer in the middle. When the compressor wheel is installed, the retaining nut forces
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the wheel, the thrust washers and the spacer against the shoulder on the centre shaft,
making all of the parts into a rotating assembly. All bearings ride on a cushion of oil
during turbocharger operation.

The turbine back plate, or heat shield, and the air space behind it serve as insulators
to keep high exhaust temperatures from penetrating the centre housing. Heat that is
conducted into the centre shaft from the hot wheel is removed at the bearing near the
turbine wheel by lubricating oil.

Thus, even though temperatures can be as high as 760 degrees C (1400°F) at the
turbine wheel, normal temperatures are under 150 degrees C (300°F) at the journal
bearing because of the cooling effect of the lubricating oil.

Thrust bearings are quite easily damaged

Good balance of parts is critical

Perpendicularity and parallelism of parts is critical.

Rotating parts must be very carefully balanced. This means that both component
balance and component assemblies must be correct. Component balance is the
balance of each individual part about the part centreline. Component assemblies
relates to the perpendicularity and parallelism of assembled components.
Perpendicularity defines the squareness of surfaces relative to the bore, while
parallelism defines the alignment of component end surfaces. If these two aspects are
incorrect, when the compressor wheel nut is tightened the tensile load on the centre
shaft will not be axial, bending of the shaft can occur, and serious unbalance can
result. Thus, both individual component balance and component assembly must be
very carefully controlled. During field reconditioning and repair these facts should be
kept in mind and much care used when handling and assembling the rotating parts.
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Welding and Hardening

Figure 38

Centreshaft and Turbine Wheel
Turbo parts are made to withstand the heat and loads applied during operation. The
shaft and turbine wheel may be welded together by:

Inertial welds

Electron beam welds.

The centre shaft and turbine (hot wheel) are made separately and then welded
together with one of two processes: friction welding or electron beam welding.
The centre shaft and turbine wheel shown in Figure 38, are inertial welded (spin
welded) together then straightened and balanced.

Centre shafts are made from high strength steel that is very magnetic. After
inertial welding to the hot wheel, the shaft is induction hardened where bearings
fit to obtain about Rockwell C-55 hardness.

Wheels are nonmagnetic and temperature resistant

This shaft is not designed to withstand and should not be exposed to high
temperatures.

Turbine wheels are made of a cast nickel alloy containing over 10% chrome and
less than 1% cast iron. This metal is essentially nonmagnetic and can withstand
high temperatures without deterioration.
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Compressor Wheels

Figure 39

Compressor wheels are made from high quality, high strength aluminium alloys
(Figure 39). Special care is taken in processing these alloys to prevent stringers and
inclusions that could weaken the metal and cause cracks to start. This metal is not
designed to withstand and should never be exposed to high temperatures.

Compressor wheel blade design can either be straight or back curved. Perhaps the
easiest way to notice the difference is to compare the two (Figure 42). Notice the
slope of the blades on the bottom wheel is more severe than the slope of the blades
on the top wheel. The bottom wheel is a back curve design. When RPM increases,
centrifugal force tries to straighten the back curved blades. Thus, as RPM increases
and then decreases a cyclic bending load is placed on back curve blades, and the
cyclic loading from centrifugal force is much more severe than the cyclic load from
compressing air. It is cyclic loads that cause fatigue fractures. Blades must be
designed to withstand these heavy cyclic bending loads as well as the lighter loading
from compressing air.

The centre shaft hole is drilled using a special machine that calculates the precise
location of the hole for the closest wheel balance. Sometimes material is removed
from the nose of the wheel, near the drilled hole, for more exact balancing.

Journal Bearings

Figure 40

The free-floating journal bearings (Figure 40) can be made either from a copper/tin/
lead alloy or from aluminium, depending on the turbo design. On older turbochargers,
many bearings were completely saturated with lead, while newer bearings have a
lower lead content. The lead acts as a lubricant during short periods of marginal
lubrication (such as during startups). Some bearings have a thin tin flash over the
copper/tin/lead alloy to increase lubricity on startups.
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Bearing inside and outside diameters are carefully controlled to insure correct
clearances and oil film thickness. Notice that some of the bearings have oil holes that
are chamfered to remove any drilling irregularities and to allow free flow of oil as the
bearing is spinning. Other bearings will have oil grooves on the sides.

Retaining Rings

Figure 41

Journal bearing retaining snap rings (Figure 41) are stamped from high strength steel.
The stamping operation gives one side rounded edges, and the other side sharp
edges. The smooth, rounded edge should always be installed toward the bearing to
minimize abrasive contact.

Thrust Bearings

Figure 42

Thrust bearings (Figure 42) are made from copper/tin/lead and high strength
aluminium alloys. Some are tin flashed to improve lubricity on startups, but most thrust
surfaces bushings have a bronze appearance. Thrust bearings are stationary while
adjacent thrust washers turn at full shaft RPM. Because of this, thrust bearings absorb
more energy than any other turbo bearing and therefore are more sensitive to
marginal lubrication, foreign material and abnormal end loading.

Some thrust bearings have drilled oil passageways as seen here to provide direct
lubrication to the thrust contact surface.
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Seal Rings

Figure 43

Hot side seal rings (Figure 43) are made from a high chrome alloy ductile iron that can
resist high temperatures. Cold side seal rings are made from cast iron and should
never be exposed to high temperatures. Both are carefully made to insure roundness,
smooth surface finish, and adequate spring force. These aspects keep the seal ring
from turning in the bore and from leaking. When seal rings are installed, end gap
should be about 0.250 mm (0.010”) (refer to service manuals for exact specifications
for a particular turbocharger).

Housings

Figure 44

The turbocharger housing (Figure 44) is made up of a compressor housing, centre
housing and turbine housing.

Compressor housings are made of a cast aluminium alloy. Bore perpendicularity and
parallelism are carefully controlled to insure uniform compressor wheel clearances
(usually somewhat less than 0.250 mm (0.010”) refer to service manuals for exact
specifications for each turbocharger). These housings are designed to withstand the
forces of a high-speed compressor wheel separation.

Centre housings are made from cast iron and are normally not subjected to either high
temperatures or high loads. Bore parallelism and perpendicularity are carefully
controlled, as well as the inside diameter and surface finish where journal bushings fit.

Turbine housings are made of ductile irons or nickel alloyed ductile irons. These
housings must withstand loads of any attachments at temperatures as high as 760o C
(1400°F) without creeping (permanently changing size or shape). The housings are
also carefully machined to insure bore parallelism and perpendicularity and maintain
uniform turbine wheel clearances.
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Backing Plate

Figure 45

The turbine backing plate (Figure 45), or heat shield, acts as an insulator to protect
the centre housing from high exhaust temperatures. The shield is made of ductile iron
and provides insulation by creating a dead air space between the turbine wheel and
the centre housing.

TURBOCHARGER LUBRICATION

Figure 46

In most applications, turbochargers are lubricated by the lubrication system of the
engine to which they are fitted (Figure 46). Oil under pressure from the engine oil
pump enters the top of the bearing housing and flows around the shaft and to the
thrust bearings and oil seals. The oil flows both inside and around the outside of the
shaft bearings, which fully float in oil during operation. The oil also flows to the piston-
ring-type oil seals at either end of the rotating shaft to aid in sealing and lubrication.
The thrust bearing located at the compressor end of the rotating assembly is
lubricated by the same oil before it leaves the bearing housing and flows back to the
engine sump.

On large diesel engines such as those used in marine and power-generation
applications, the turbocharger has its own oil reservoir in the main bearing housing
and does not rely on engine oil for lubrication.
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Figure 47

Continuous, clean oil supply is vital to good turbocharger performance.

The oil flow through the turbocharger is shown in Figure 47 above. Arrows show oil
flow.

The lubrication system is also vital to trouble free turbocharger operation because it
performs three important functions: lubricating, cooling and cleaning. Interruptions of
oil supply for only a few seconds can cause disastrous results. It is essential that
sufficient quantity of oil continually flows through the turbocharger to provide
suspension and stabilization of the full floating bearing system and to remove heat.
There are many ways that lubricant can be restricted or lost before it reaches the
turbocharger. The lubricant can contain large abrasive particles that can bridge the
lubricant film and cause physical damage to rotating parts. Thus, not only must
adequate lubricant quantity be present, but the lubricant quality must also be good.

Exhaust Manifold

Figure 48

The exhaust manifold on turbochrged engines (Figure 51) is similar in construction to
those on naturally aspirated engines. The significant difference on turbocharged
engines is that the exhaust manifold is connected to the turbine housing of the
turbocharger to direct the hot flowing gases to the turbine. The exhaust gases, are
removed from the centre of the turbine housing via an elbow and then to the exhaust
stack.
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Wastegates

Figure 49

To control the boost pressure, the turbocharger is fitted with a wastegate, or bypass
valve, which controls the turbocharger speed. The wastegate controls the flow of
exhaust gas to the turbine wheel, and so controls the turbine speed. It can allow some
gas to go to the turbine and some to go directly to the exhaust outlet. In this way, the
turbine speed can be controlled.

Figure 50

A wastegate (Figure 50) primarily consists of a valve and a base assembly that is
cooled by water from a cooler to the turbocharger. This base assembly contains the
valve guide. When the valve is retracted into the base assembly, the wastegate is
open. This allows exhaust gas to bypass the turbocharger. When the valve is
extended to the normal position, the wastegate is closed. This prevents exhaust gas
from bypassing the turbocharger.

1 Valve
2 Water cooled base assembly with 

valve guide
3 Supply for inlet air
4 Diaphragm

5 Springs
6 Washers or spacer
7 Valve stop
8 Fitting
9 Breather.
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Force from two springs extends the valve for the wastegate. Two forces try to open
the valve. One force is based on the amount of air pressure behind the diaphragm.
The second is the pressure of the spring.

After-Coolers

Figure 51

Aftercoolers (Figure 51) are fitted to high performance turbocharged or supercharged
diesel engines and are in effect a heat exchanger.

After-coolers are used to cool the engine incoming air so that the volume of air
available is increased.

Some engine manufacturers refer to the aftercooler as an intercooler.

Aftercoolers are required because intake air, which is compressed by either a
turbocharger or supercharger, heats up due to the laws of physics.

Hot air occupies a larger space than cold air, therefore more air can be forced into the
combustion chamber when colder.

Figure 52

There are two basic designs of after-cooler: one uses engine coolant for cooling of the
intake air, (Figure 52) and the other uses the air flow by vehicle movement and cooling
fan to create an air draft.
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Figure 53

In the latter case, the after-cooler is positioned in front of the engine coolant radiator
(Figure 53).

Figure 54

The core of the after-cooler, which uses engine coolant (Figure 54), appears similar to
a compressed radiator core, with coolant flowing through the core and the intake air
being blown across the fins, releasing heat to the coolant. Coolant taken from the
bottom of the block enters the cooler core and then exits to the thermostat housing,
where it will pass through the engine radiator. The core is a neat fit into the specially
designed intake manifold.

Some machines use a separate aftercooler circuit, where a portion of the radiator is
used only for aftercooler water. In this system, cooler water is normally available to
cool the engine intake air.
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TURBOCHARGER OPERATION

Figure 55

Turbochargers are free-spinning components, which often spin faster than 80,000
RPM. At peak RPM, journal bearing surface speeds can be greater than 30 meters
(100 feet) per second, and the energy stored in rotating components can equal engine
horsepower. These conditions demand near perfect balance and alignment of all
moving parts, as well as proper operating and maintenance environments. Although
problems with the turbo can cause failures, usually simple problems in the working
environment, such as air inlet restriction, cause most failures.

In general terms, there are two types of turbocharger - the pulse type and the constant
pressure type - each with its own operating characteristics. However, both operate in
the same basic way.

Figure 56 - Turbocharger Operation

Figure 57
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Exhaust gas from the engine passes through the exhaust manifold and into the
turbocharger turbine housing, where it impinges on the turbine blades, causing the
turbine, shaft and compressor wheel assembly to rotate.

The turbine wheel is connected by a shaft to the compressor wheel, and exhaust
gases push the turbine and the compressor wheel to about 80,000 -130,000 RPM,
depending on turbo design. This compresses the intake air.

When the load on an engine increases, more fuel is injected into the cylinders. The
increased combustion generates more exhaust gases causing the turbine and
compressor wheel to turn faster, forcing more air into the engine. The maximum RPM
of the turbocharger is controlled by the fuel setting, high idle speed setting, height
above sea level, and by the wastegate, where used (Figure 57).

As the compressor rotates, air is pressurised by centrifugal force and passes from the
compressor housing to the engine inlet manifold, the quantity and/or pressure of the
air being proportional to the speed of rotation.

Pulse Type

Figure 58 - Pulse-type exhaust manifold

The pulse-type turbocharger requires a specially designed exhaust manifold to delver
high energy exhaust pulses to the turbocharger turbine. This design, with its individual
branches as shown in Figure 58, prevents interference between the exhaust gas
discharges from the separate cylinders, thus promoting a high-speed pulsing flow not
achieved with other designs.



AIR INDUCTION AND EXHAUST SYSTEMS

APLTCL001

© Caterpillar of Australia Pty Ltd 51

Split Pulse

Figure 59 - Split-pulse turbine housing

In some applications, a split-pulse turbine housing can be used to further aid in the
excitation of the rotating assembly. This design has two volute chambers instead of
one. The term ‘volute chamber’ is used in reference to the spiral-shaped turbine
housing, which decreases in volume towards its centre in the manner of a snail shell.

Each chamber receives half of the engine exhaust flow; for example, in a four-cylinder
engine the front two cylinders are fed into the first chamber, while the back two are fed
into the second chamber as shown in Figure 59.

Constant Pressure Type
With the constant pressure type of turbocharger, the exhaust gas from all cylinders
flows into a common manifold, where the pulses are smoothed out, resulting in
exhaust gas entering the turbine housing at an even pressure.

With both types of turbocharger, the exhaust gas then enters a volute-shaped annular
ring in the turbine housing, which accelerates it radially inwards at reduced pressure
and increased velocity on to the turbine blades. The blades are so designed that the
force of the high-velocity gas drives the turbine and its shaft assembly.
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Figure 60 - Turbocharger compressor housing

The compressor assembly (in Figure 60) is of similar design and construction in both
pulse and constant-pressure turbochargers. The compressor consists of a wheel and
a housing incorporating a single volute or diffuser. Air in the compressor chamber
mainly lies between the blades of the compressor wheel, and is thrown out radially by
centrifugal force into the volute during rotation of the wheel. Here the air velocity
decreases and a corresponding increase in air pressure results. As the air progresses
around the volute, its velocity decreases further and the pressure increases as the
cross-sectional diameter of the chamber increases.

Summary
In summary, the pulse-type turbocharger offers a quick excitation of the rotating
assembly due to the rapid succession of the exhaust gas pulses on the turbine
assembly. It is predominantly used in automotive applications, where acceleration
response is important.

Constant-pressure turbochargers are used mainly on diesel engines in earth moving
equipment and in marine applications. In these applications, acceleration response is
not so critical.
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Air Intake Condition

Figure 61

Air inlet and exhaust system problems account for many failures. For example, when
air inlet restriction is too high:

Excessive end loading can occur and cause accelerated thrust bearing wear, and

Turbocharger RPM can increase significantly.

Abnormally high exhaust temperatures can cause marginal lubrication problems and
metallurgical damage.

Foreign material can be introduced into the turbocharger from either the inlet or
exhaust systems. Thus, the technician should always gather basic information about
air inlet and exhaust systems when investigating turbo failures.

Lubrication
As discussed, turbochargers have extremely high rotational speeds and high energy
factors and are lubricated with engine oil. To achieve reliable turbocharger operation
and predictable life, the correct quality and viscosity oil is essential and the oil must be
in good condition and clean:

Oil and Filters must be changed on time and correct levels maintained on the
dipstick at all times

Oil filters should be cut open and examined at change interval

Engine oil pressure should always be at specified levels.

Boost Pressure
Boost pressure is defined as the pressure existing in the inlet manifold when the
engine is operating at nominal or rated power output. Boost pressure is specified for
each engine model.

Boost pressure is measured at a location in the inlet manifold and the units used for
boost pressure measurement are either mm Hg when a mercury manometer is used or
kPa when a gauge is used.

When measuring boost pressure, this should always be compared with standard inlet
and fuel conditions of:

99 kPa dry barometric pressure

29 degrees celsius

35 API rated fuel.

If the standard conditions are not present at the time of test, correction factors should
be applied.
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Pressure Control

Figure 62

The chart shown in Figure 62 is a typical performance comparison between a
standard turbocharger and a turbocharger fitted with a wastegate.

Problems with wastegates are normally reported as low power complaints. This will
occur when the wastegate sticks open. If the wastegate diaphragm fails or the
wastegate sticks in the closed position, over boosting and high exhaust temperatures
will result.

Figure 63

The wastegate (Figure 63) turbocharger is of a higher output capacity and capable of
delivering sufficient charge air for complete combustion of the fuel during acceleration
as well as in high-torque situations. As the engine speed and exhaust-gas energy
increase, so the turbocharger speed increases and the charge-air pressure rises.
Without the wastegate charge, pressure would continue to rise with considerable risk
to both the engine and the turbocharger.

However, the increasing air pressure acts on the diaphragm in the wastegate until, at
a predetermined pressure, the resulting force is sufficient to compress the spring and
open the exhaust bypass passage. This allows sufficient exhaust gas to bypass the
turbine to prevent any further rise in turbocharger speed and subsequent charge-air
pressure.
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Wastegate turbochargers are generally fitted to faster moving earthmoving equipment
- for example, dump trucks and road scrapers - as well as high-performance
automotive vehicles. They are also fitted to vehicles to achieve both low and high
altitude capability without de-rating.

Electronically Controlled Wastegate
Air is supplied to the wastegate solenoid. If boost pressure exceeds a predetermined
value a sensor will send a signal to the ECM and the ECM will open the wastegate
solenoid. The open wastegate solenoid will allow air pressure to open the exhaust
bypass valve. When the exhaust bypass valve is open, exhaust at the turbine side of
the turbochargers is diverted through the muffler. When the exhaust at the turbine side
of the turbochargers is diverted through the muffler the speed of the turbochargers will
decrease. This will reduce the boost pressure to the cylinders.

The wastegate solenoid can be controlled with the ET service tool for diagnostic
purposes. Connect a multimeter to the wastegate solenoid. Set the meter to read
‘DUTY CYCLE”. Overrise the wastegate solenoid with the electronic service tool. Use
the multimeter to measure the corresponding duty cycle.

Application
Use of wastegates almost disappeared from Caterpillar engines, however, their use is
now becoming more frequent. The use of wastegates is driven by emission
requirements as well as a need for superior performance from the turbocharger over a
wide speed range.

Wastegates are used on Caterpillar 3500 engines installed in the larger mining off-
highway trucks and in the C9 to C16 on-highway truck engine. In addition, some
smaller machines also use a wastegate. In the 793 off-highway truck, the wastegate is
used to allow the vehicle to operate at high altitudes without engine derating.

The 793-off highway truck is the only current example of a rebuildable type of
wastegate in the Caterpillar system. The 793 wastegate is similar in design to those
used on earlier engines apart from the fact that the 793 wastegate is controlled
electronically.

EFFECTS OF ALTITUDE ON TURBOCHARGED DIESEL
ENGINES
When an internal combustion engine is operated at a high altitude where the air is less
dense than at sea level, the quantity of air (and oxygen) entering the engine cylinder
on the induction stroke is insufficient for combustion of the normal fuel charge. As a
result, the performance of the engine falls in proportion to the altitude at which it is
being operated.

Turbocharged engines are not affected to the same degree. As the air becomes less
dense with altitude, the turbocharger spins faster due to the reduced pumping load,
producing a compensating effect. However, there is still a decrease in engine
performance, although this is much less than for naturally aspirated engines.

On turbocharged engines, power output is reduced by approximately 1% per 300m
rise in altitude above sea level. When the operating altitude is in the vicinity of 2000m,
the fuel delivery to the engine must be decreased according to engine specifications
to prevent damage to the turbocharger due to over speeding.
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Series Turbocharging

Figure 64

Series turbocharging (Figure 64) is used occasionally in high performance heavy duty
diesel engines to improve the efficiency of the air intake system. It uses a large (low
Pressure) turbocharger to provide a supply to a small (high pressure) turbocharger.
This arrangement provides an air supply to the small turbocharger which is
pressurised to a level above atmospheric pressure.

The 3516 engine fitted to the 793 off-highway truck was the first engine in the
Caterpillar system to use series boosting.

The advantages of the series boost system are: 

improved fuel consumption

reduced smoke especially on acceleration

increased peak torque

higher overall efficiency.

Compound Turbocharging
In an effort to increase engine efficiency and performance, some engine
manufacturers are turbocompounding their engines. In a conventional turbocharged
engine, the exhaust gas is directed to the turbine wheel and then exits into the
atmosphere via the exhaust pipe.
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Figure 65 - Schematic diagram of a turbocompounded diesel engine

With turbocompounding, the exhaust gas leaves the turbocharger and is redirected
through a second turbine assembly, which harnesses some of the remaining exhaust
energy to help drive the engine’s flywheel as seen in Figure 65.

This second turbine assembly directs its rotational force via a stepped-down gear
reduction into a fluid coupling. A fluid coupling consists of a driving and driven
member, which are connected to each other by a fluid. Since the coupling is through a
fluid, it absorbs shock loadings and speed variations brought about by varying engine
operating conditions. In this way, it protects the system from undue stress. The drive
from the fluid coupling is further reduced in speed as it is geared down and coupled
directly to the flywheel.

Overall, the drive through the fluid coupling and gear reductions combine to link a
turbine spinning at a maximum of 55 000 RPM to a crankshaft, which runs at a speed
of up to 2200 RPM.

Some of the advantages of using turbocompounding are lower specific fuel
consumption, reduced exhaust emission, better power-to-weight ratio and increased
thermal efficiency. Claims have been made by some manufacturers that, by using
turbocompounding, the thermal efficiency of their engines has risen from 44% to 46%.

Engine Starting Procedure
A turbocharged engine should always be allowed to idle when it is started until the
engine oil pressure has built up to normal operating pressure.

Starting an engine with the throttle wide open will result in the turbocharger operating
at high speed with very little oil being circulated through its bearings, with resultant
accelerated wear on the rotating assembly and bearings of the turbocharger.

Engine Shutdown
Before a turbocharged diesel engine is shut down, the engine should be run at idle
speed for three to four minutes. This will allow the high-speed rotating assembly to
slow down, allow the engine operating temperature to normalise, and allow excessive
heat to be dissipated from the turbocharger.

If a turbocharged engine is shut down while operating at high speeds or under load,
the turbocharger rotating assembly will continue to rotate for some time without oil for
essential lubrication and cooling. Because the exhaust turbine shaft operates at high
temperature during engine operation, once the oil flow to the bearing housing stops,
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the heat in the shaft and housing is sufficient to decompose the oil to form gums and
varnish, leaving no lubricating residue and causing premature wear to the rotating
shaft, its support bearings and the bearing housing.

There are now ways of protecting the turbocharger against sudden engine shutdown.
An automatic timer unit can be fitted to the engine shutdown system, which overrides
the stop control and allows the engine to idle for a number of minutes before stopping.

Another method utilises an oil accumulator mounted on the engine, which is charged
by the engine lubrication system during operation. When the engine is shut down, oil
is forced from the accumulator, via a check valve, to the turbocharger bearing
housing, and lubricates the bearings for approximately 30 seconds.

ROOTES TYPE SUPERCHARGER

Function

Figure 66 - Scavenge air flow through two-stroke diesel engine

Supercharging is the action of pressurisation of the air intake change for combustion.
The term ‘blower’ is used to refer to the air supply pump that supplies the air under
pressure to two-stroke engines, the primary purpose being to scavenge burnt gas from
the engine cylinder. As a secondary function, blowers usually ensure that the cylinder
is completely filled with fresh air by raising the cylinder pressure to above atmospheric
pressure. The primary function is achieved by having both the inlet and exhaust ports
open together, allowing the fresh air to sweep through the entire cylinder, while the
secondary function is performed by closing the exhaust port (or valve) before the inlet
port (or valve), thus allowing the pressure to build up in the engine cylinder before the
air supply is shut off. Almost all engine manufacturers use Roots blowers for this
purpose.

The supercharger can be fitted in any location where a drive is accessible.

Some installations are belt driven, however the superchargers used on ‘V’
configuration Detroit two stroke diesel engines are mounted on top of the engine and
blow directly into the air intake system. This model uses a gear drive from the front
timing gears.
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SUPERCHARGER CONSTRUCTION

Figure 67 - Exploded view of blower assembly and drive

The basic Roots blower consists of three major sub-assemblies: an oval housing, a
pair of rotors and associated bearings, gears and seals, and two end covers
(Figure 67).

The rotors are geared, one to the other, and turn in opposite directions in the housing,
supported in antifriction bearings in the end covers.

Each rotor consists of a steel shaft with (usually) three lobes surrounding it. These are
generally twisted along their length and are known as helical rotors. Rotors with two
lobes only are also used in some blowers.

Although designed to pump air, the blower rotors are not fitted with seals, but rely on
the precise and limited clearances between the rotors themselves and between the
rotors and the housing.

OPERATION
The operation of a blower is similar to that of a gear-type oil pump. The lobes on the
rotors fit together like gears in mesh, and turn in opposite directions. As one lobe
moves from the valley between the two lobes on the other rotor, it creates a void that
is filled with air. This is the inlet action.
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The air between adjacent lobes is carried to the outlet as the rotors turn; it is then
forced from the valley by the re-entry of the meshing lobe. This creates the discharge
and pressurisation of the air.

In order to eliminate the typical pulsating action associated with a gear or lobe pump,
the helical rotors are used and provide a continuous and uniform air displacement
from the blower. Blowers fitted to two-stroke diesel engines rotate at approximately
twice engine speed.

The rotor gears have to be timed to each other, otherwise the required clearance
between the rotor lobes will not be maintained and damage to the lobes and engine
can occur. Due to normal wear, the running clearances will alter and may have to be
adjusted during the blower’s service life. To alter this clearance, the helical drive
gears are shim adjusted.

Because the rotor lobes turn within close tolerances and never contact one another,
no form of lubrication is necessary within the blower housing. However, the support
bearings and timing gears at the end of the rotors need constant lubrication from the
engine lubrication system. To prevent engine oil from entering the rotor compartment,
lip or piston ring-type oil seals are fitted within the blower end plates to separate the
two sections of the blower and prevent the entry of oil into the air chamber.

The drive coupling used between the engine and the blower is a flexible or dampening
type, which reduces the torsional twisting loads placed on the blower drive shaft
during normal engine operation (Figure 67).

Figure 68 - Measuring blower pressure with ‘U’ tube manometer - schematic view

When in service, the efficiency of the blower is checked by measuring the discharge
pressure by means of a mercury-filled manometer - a ‘U’-tube device that indicates
pressure by means of the difference between fluid levels in the arms of the tube
(Figure 68). To check blower output (or air-box pressure), connect the manometer to
an air-box drain, usually located on the lower side of the cylinder block, just below
inlet-port level. (The air box is the compartment that surrounds the tangential ports
area of the cylinder liners).

To carry out a static inspection of the blower, the air inlet housing and safety screen
leading into the blower inlet must be removed. The safety screen is a wire gauze
screen located at the blower inlet to prevent the entry of foreign objects.
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To detect a worn flexible drive coupling, hold the driving rotor and try to rotate it. The
rotor should move, against the flexing of the coupling, from 10-16mm as measured at
the lobe crown. On release, the rotor should spring back at least 6mm. If the rotors
cannot be moved as described above, the drive coupling should be inspected and
replaced if necessary. A faulty blower drive coupling can be detected by a rattling
noise within the vicinity of the coupling during engine operation.

The rotors should be examined for evidence of contact by visually checking the edges
of the rotor lobe crowns and mating rotor roots for signs of scoring or contact wear
marks. At the same time, the drive gear backlash should be checked by mounting a
dial indicator on the blower housing with the indicator probe perpendicular to, and in
contact with, the side of the lobe. The backlash is measured by moving the rotor in
one direction and then the other within the limits of the gear teeth clearance (the
second rotor must not move). The allowable backlash is generally 0.1mm; if this is
exceeded, the blower drive gears will have to be renewed.

During an inspection, oil on the blower rotors indicates leaking rotor shaft oil seals,
which may be the result of worn rotor bearings, worn seals or lip-type seals that have
been turned inside out due to the closure of the emergency shutdown flaps during
high-speed engine operation. The emergency shutdown flap is a shutter mounted on
the inlet to the blower, which, when operated, closes off the air supply to the blower
(and engine), thereby stopping the engine. The emergency shutdown flap is to be
used only in an emergency when the normal method of engine shutdown is
inoperative.

Finally, the safety screen should be checked for signs of damage and, after the
emergency shutdown flap has been refitted, the latch checked to ensure that the flap
remains open during engine operation.
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TOPIC 3
Causes of Failure, Inspection and

Repair Procedures for Turbochargers

IDENTIFY CAUSES OF TURBOCHARGER FAILURE
Turbochargers fail in many different ways and for many different reasons. Some
examples of failure causes are provided below.

Hot and Cold side oil leakage.

Figure 69 - Restricted oil return line

Hot and cold side oil leakage (Figure 69) can be caused by a restricted or blocked
crankcase breather or turbocharger return oil line. Sometimes the leak can be bad
enough to show on the outside of the turbocharger. Minor leaking will show in the
exhaust by excessive black smoke.

Hot Shutdown 
Repeated hot shutdowns will result in bearing failure and complete turbocharger
failure due to lack of lubrication. 

Restricted Air Cleaner 
High exhaust temperature can result from this as well as turbocharger overspeeding
due to creation of a partial vacuum on the inlet side.

Air Leaks in the intake
This can result in dust injestion.

Exhaust leaks
Exhaust leaks upstream of the turbocharger will result in reduced power output.
Damaged or worn seal rings or failed gaskets, missing or loose bolts will cause this
and be clearly visible on inspection. 
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Overfuelling
When overfuelling occurs, the turbocharger will overspeed.

High altitude Operation
The air is less dense at high altitudes, therefore less air will be provided by the
turbocharger. In high altitude operations, derating (reduction of fuel setting) is
required to prevent turbocharger overspeeding.

If the turbocharger is fitted with a wastegate, this system is sometimes designed to
allow high altitude operation without the need for derating.

Failure to prelube
Prelubing of the turbocharger should be done after service, after oil filter change and
after long shutdown periods. This will cause lack of lubrication type failures.

Leaking oil lines
Turbocharger supply and return lines should be aligned so that they fit without stress,
and be correctly torqued.

Turbocharger mounting bolts
Mounting bolts and clamps need to be tight and correctly torqued.

TURBOCHARGER INSPECTION

WARNING:
Disconnect batteries before performance of any service work.

Hot engine components can cause injury from burns. Before performing maintenance on
the engine, allow the engine and the components to cool.

 Personal injury can result from rotating and moving parts.

Never attempt adjustments while the machine is moving or the engine is running unless
otherwise specified.

The machine must be parked on a level surface and the engine stopped.

NOTICE:
Keep all parts clean from contaminants.

Contaminants may cause rapid wear and shortened component life.
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NOTICE:
Care must be taken to ensure that fluids are contained during performance of inspection,
maintenance, testing, adjusting and repair of the product. Be prepared to collect the fluid
with suitable containers before opening any compartment or disassembling any
component containing fluids.

Dispose of all fluids according to local regulations and mandates.

Before beginning an inspection of the turbocharger, be sure that the inlet air restriction
is within the specifications for your engine. Be sure that the exhaust system restriction
is within the specifications for your engine. Refer to Systems Operation/Testing and
Adjusting, “Air Inlet and Exhaust System - Inspect”.

The condition of the turbocharger will have definite effects on engine performance.
Use the following inspections and procedures to determine the condition of the
turbocharger.

Inspection of the Compressor and the Compressor Housing

Inspection of the Turbine Wheel and the Turbine Housing

Inspection of the Wastegate.

Inspection of the Compressor and the Compressor Housing
Remove air piping from the compressor inlet.

1. Inspect the compressor wheel for damage from a foreign object. If there is
damage, determine the source of the foreign object. As required, clean the inlet
system and repair the intake system. Replace the turbocharger. If there is no
damage, go to Step 3.

2. Clean the compressor wheel and clean the compressor housing if you find
buildup of foreign material. If there is no buildup of foreign material, go to Step 3.

3. Turn the rotating assembly by hand. While you turn the assembly, push the
assembly sideways. The assembly should turn freely. The compressor wheel
should not rub the compressor housing. Replace the turbocharger if the
compressor wheel rubs the compressor wheel housing. If there is no rubbing or
scraping, go to Step 4.

4. Inspect the compressor and the compressor wheel housing for oil leakage. An oil
leak from the compressor may deposit oil in the aftercooler. Drain and clean the
aftercooler if you find oil in the aftercooler.

a. Check the oil level in the crankcase. If the oil level is too high, adjust the oil
level.

b. Inspect the air cleaner element for restriction. If restriction is found, correct
the problem.

c. Inspect the engine crankcase breather. Clean the engine crankcase breather
or replace the engine crankcase breather if the engine crankcase breather is
plugged.

d. Remove the turbocharger oil drain line. Inspect the drain opening. Inspect
the oil drain line. Inspect the area between the bearings of the rotating
assembly shaft. Look for oil sludge. Inspect the oil drain hole for oil sludge.
Inspect the oil drain line for oil sludge in the drain line. If necessary, clean the
rotating assembly shaft. If necessary, clean the oil drain hole. If necessary,
clean the oil drain line.



APLTCL001

66 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

e. If Steps 4.a through 4.d did not reveal the source of the oil leakage, the
turbocharger has internal damage. Replace the turbocharger.

Inspection of the Turbine Wheel and the Turbine Housing
Remove the air piping from the turbine outlet casing.

1. Inspect the turbine for damage by a foreign object. If there is damage, determine
the source of the foreign object. Replace the turbocharger. If there is no damage,
go to Step 2.

2. Inspect the turbine wheel for buildup of carbon and other foreign material. Inspect
the turbine housing for buildup of carbon and foreign material. Clean the turbine
wheel and clean the turbine housing if you find buildup of carbon or foreign
material. If there is no buildup of carbon or foreign material, go to Step 3.

3. Turn the rotating assembly by hand. While you turn the assembly, push the
assembly sideways. The assembly should turn freely. The turbine wheel should
not rub the turbine wheel housing. Replace the turbocharger if the turbine wheel
rubs the turbine wheel housing. If there is no rubbing or scraping, go to Step 4.

4. Inspect the turbine and the turbine wheel housing for oil leakage. Inspect the
turbine and the turbine wheel housing for oil coking. Some oil coking may be
cleaned. Heavy oil coking may require replacement of the turbocharger. If the oil
is coming from the turbocharger centre housing go to Step 4.a. Otherwise go to
"Inspection of the Wastegate".

a. Remove the turbocharger oil drain line. Inspect the drain opening. Inspect
the area between the bearings of the rotating assembly shaft. Look for oil
sludge. Inspect the oil drain hole for oil sludge. Inspect the oil drain line for
oil sludge. If necessary, clean the rotating assembly shaft. If necessary,
clean the drain opening. If necessary, clean the drain line.

b. If crankcase pressure is high, or if the oil drain is restricted, pressure in the
centre housing may be greater than the pressure of the turbine housing. Oil
flow may be forced in the wrong direction and the oil may not drain. Check
the crankcase pressure and correct any problems.

c. If the oil drain line is damaged, replace the oil drain line.

d. Check the routing of the oil drain line. Eliminate any sharp restrictive bends.
Make sure that the oil drain line is not too close to the engine exhaust
manifold.

e. If Steps 4.a through 4.d did not reveal the source of the oil leakage, the
turbocharger has internal damage. Replace the turbocharger.

Inspection of the Wastegate
The turbocharger senses boost pressure which actuates the wastegate valve. The
wastegate valve controls the amount of exhaust gas that is allowed to bypass the
turbine side of the turbocharger. Regulating the amount of exhaust gas that enters the
turbocharger regulates the RPM of the turbocharger.
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Figure 70

Typical Example
When the engine operates in conditions of low boost (lug), a spring presses against a
diaphragm in canister (2). This moves actuating rod (1) in order to close the wastegate
valve. Then, the turbocharger can operate at maximum performance.

As the boost pressure increases against the diaphragm in canister (2), the wastegate
valve opens. The RPM of the turbocharger becomes limited. This limitation occurs
because a portion of the exhaust gases bypass the turbine wheel of the turbocharger.

The following levels of boost pressure indicate a problem with the wastegate valve:

Too high at full load conditions

Too low at all lug conditions.

To check the operation of the wastegate valve, verify the correct pressure for the
wastegate valve. On Caterpillar engines this can be accomplished by referring to the
letter designation that is stamped on the actuating lever of the wastegate valve. This
letter designation indicates a corresponding amount of pressure. 

Note: Refer to Table 1 for the letter designation and the corresponding amounts of
pressure.

Remove the air line, and slowly apply the corresponding amount of pressure to the
canister. DO NOT EXCEED 200 kPa (29 psi).

When the external supply of air that is connected to line (3) reaches the corresponding
pressure for the wastegate valve, the actuating lever should move by 0.50 ± 0.25 mm
(0.020 ± 0.010 inch). If the actuating lever does NOT move by this amount, replace
the turbine's housing assembly of the turbocharger. This housing assembly includes
the wastegate valve. If necessary, replace the complete turbocharger.

1. Actuating Rod
2. Canister
3. Line
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NOTE:
The housing assembly for the wastegate turbine is preset at the factory and no
adjustments can be made. 

 

The boost pressure controls the maximum RPM of the turbocharger, because the
boost pressure controls the position of the wastegate. The following factors also effect
the maximum RPM of the turbocharger:

Engine rating

Horsepower demand on the engine

High idle rpm

Height above sea level for engine operation

Inlet air restriction

Exhaust system restriction.

Amount Of Pressure That Is Required To Check The Wastegate Valve

Letter Designation kPa psig

B (156) (23)

C  (153) (22)

D (124) (18)

E  (130)  (19)

F (135) (20)

G (180) (26)

H (144) (21)

J (188) (27)

M (200) (29)

V  (161) (23)

W (164)  (24)

Table 1
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Turbocharger Failure Indicator

Figure 71

First indication of turbocharger problems is usually low power or black exhaust smoke.

Figure 72

Too often the root cause is simply a dirty air filter which restricts inlet air supply. Be
sure to check inlet air systems before stating that there is a turbocharger problem.

Lack of Lubrication
For example, lack of lubrication can be caused by low oil level, low oil pressure, wrong
oil quality, high oil temperatures, etc.

Lack of lubrication produces indicators such as:

1. Temper colours and cooked oil in bearing areas

2. Adhesive wear

3. Weakened metal

4. Hot side seal ring overheating, weakening, collapse, wear and destruction.

5. Wheel contact with housings

6. Occasional wheel separation from the centre shaft.
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Figure 73

Temper colours and black carburised oil are evidence of inadequate oil supply
(Figure 73).

Figure 74

Continued operation without adequate lube supply allows adhesive wear of bushings
and can weaken the centre shaft (Figure 74).

Figure 75

Eventually the shaft can break (Figure 75). The fracture face is usually rough and
discoloured from heat. A magnet can be used to verify that centre shaft material is
present on the turbine wheel, and that the friction weld has not failed.
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Figure 76

Adhesive wear and presence of temper colours on the centre shaft indicate
inadequate oil supply and heat removal (Figure 76).

Figure 77

One journal bearing is seized in the centre housing due to excessively high
temperatures (Figure 77).

Figure 78

Fractures should be inspected and classified. The fracture shown in Figure 78
appears to be a fast, secondary fracture originating at the fillet where the diameter
changes.



APLTCL001

72 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

Figure 79

The other side of the fracture (Figure 79) shows plastic deformation and temper
colours - definite signs of high temperatures and a resultant ductile fracture.

When resultant damage tells the story of lack of lubrication the remaining question
that must be answered is: “WHY was there a lack of lubrication?”. There are many root
causes, such as low oil level, cold startups, wrong oil, restricted passages,
contaminated oil and high temperatures.

Abrasives in Lube

Abrasive Damage
Abrasive material in the oil can damage bearings, cause excessive shaft motion and
lead to total failure. Signs that abrasives have been present in the oil include:

1. Scratches, cuts or grooves in rotating parts

2. Little heat build-up

3. Rapid wear

4. Embedded debris in bearings

5. Excessive bearing wear and centre shaft motion

6. Hot and cold wheel contact with their housings

7. Seal rings leaking, collapsed, worn, missing

8. Occasional wheel separation from the centre shaft.

Careful inspection of the internal parts yields important facts.
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Figure 80

The heat shield and centre bearings of the turbo shown in Figure 80 are covered with
sludge and varnish, and discoloration of the journal bearings is present. The oil
present appears to be contaminated with carbon and other small unfiltered debris.
These signs indicate a need to get facts about oil quality, such as maintenance
intervals, filters and blowby amounts.

Figure 81

The hot side bearing shown in Figure 81 has extreme wear, while the cold side
bearing looks normal.

Figure 82

Closer inspection of Figure 82 shows that the seal ring came out of its groove during
installation. This may be the root cause, which allowed hot exhaust and carbon to
enter and cause abrasive wear.

Large foreign material can be introduced during engine or turbocharger assembly,
during repairs when engine lubrication systems are open, or during maintenance
operations. Because turbocharger RPM is extremely high, it only takes a short time for
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serious damage to occur, produce shaft motion and allow wheels to contact housings.
Abrasive damage will be worse on the outer surface of journal bearings than on the
inner surface due to tight clearances and centrifugal force.

Since identification of debris is often the key to finding the root cause of abrasive
wear, whenever possible the recessed areas should be carefully inspected for trapped
debris particles, gently remove and clean them and examine them with good lighting
and magnification.

Figure 83

Large, hard debris has cut and grooved shaft bearings (Figure 83).

Figure 84

Abrasive damage is more severe on outside surfaces than inside (Figure 84).

Figure 85

General inspection shows that abrasive cutting is present (Figure 85), and a first
preconceived idea might be that the customer has allowed debris to enter and cause
the damage.
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Figure 86

Only by inspecting the wear surface with magnification (Figure 86) can the abrasive
particles be identified as spherical, uniform size, hard particles with temper colours.

High Exhaust Temperatures
Look for high exhaust temperature facts:

Heat damage

Worn bearings

Wheel to housing contact

Wheel to centre shaft separation.

High exhaust temperature can force heat to penetrate the centre housing of the
turbocharger and damage rotating parts. Heat also causes parts, such as the turbine
housing and centre housing, to oxidize and distort.

Indicators of high exhaust temperature include:

1. Extreme heat damage

a. Cooked or carburized oil

b. Oxidation/scaling of metal parts

c. Temper colours

d. Turbine seal ring collapsed.

2. Worn bearings.

3. Wheel contact with housings.

4. Occasional wheel separation from the centre shaft.
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Figure 87

Visual examination of the exterior of a turbocharger subjected to extremely high
temperatures usually shows extreme oxidation of all metals as well as wheel contact
with housings (Figure 87).

Figure 88

Upon disassembly, internal parts should also show signs of high temperatures, such
as cooked oil throughout, heavily oxidized heat shield, temper colours and bearing
wear.

Foreign Object Damage
When foreign objects enter a turbocharger it is immediately and seriously damaged.
Unbalance can be more destructive than the physical distortion created by foreign
material.

Indicators of foreign object damage include:

1. Bent and torn wheel blades, where usually all blades are damaged

a. at the inside diameter of compressor wheel blades

b. at the outside diameter of turbine wheel blades.

2. Bent centre shaft.

3. Normal wear and colour of bearings (except that wear may be misaligned if the
centre shaft is bent).

4. Occasional wheel separation from the shaft if foreign material was large.
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Figure 89

Figure 90

When foreign objects enter the turbine wheel, the outer edges of the blades are
twisted and torn (Figure 89 & Figure 90) when the high speed blade hits a stationary
object (even small, light foreign material will seem heavy to a high speed blade).

Figure 91

When large foreign material enters the compressor wheel, the inner edges of the
blades are twisted and torn (Figure 91).
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Figure 92

Smaller foreign material will do less severe damage at the same location. Dirt tracks
trailing from the damage indicate that use after damage has occurred (Figure 92).

Hot Shutdown Damage

Figure 93

After full load operation, turbochargers have maximum temperature and require
several minutes of no load operation, at idle, to allow lube oil to remove excess heat.
When hot shut down occurs, heat is allowed to penetrate the centre housing,
carburize residual oil, and at times lower strength of parts (Figure 93).

Figure 94

The hot side bearing has fine abrasive wear from the carburized oil and the surface
has been scratched to show the new carburized oil layer (Figure 94).
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Figure 95

Figure 96

If the cooked oil causes a bearing to stick to the centre shaft, full RPM and excessive
wear will occur on the outside surface (Figure 95 & Figure 96).

Figure 97

When bearings are removed from the centre shaft after hot shutdowns, it is common
to find quench dots and rings (Figure 97) where residual oil has dripped onto a hot
shaft through oil passages and around bearings. Repeated hot shutdowns usually
produce several quench dots. More recent dots will be bright and older ones will fade
with wear.
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Inertial Weld Failures

Figure 98

Turbine wheels are either friction or electron beam welded to centre shafts. If a
mistake is made during this process, proper melting and adhesion may not occur, as
seen in Figure 98. Since the turbine wheel is non-magnetic and the shaft is magnetic,
a magnet can be used to check for weld failure.

Figure 99

Weld failures are smooth and flat with little shaft metal remaining on the turbine wheel
fracture face (Figure 99).

Figure 100

Exhaust energy is sufficient to keep the broken wheel spinning until it gets small
enough to escape from the turbocharger (Figure 100).



AIR INDUCTION AND EXHAUST SYSTEMS

APLTCL001

© Caterpillar of Australia Pty Ltd 81

Figure 101

A magnet sticks to this fracture, telling us that the shaft has broken and that the weld
was ok (Figure 101).

Figure 102

Visual inspection in good lighting shows both temper colours and sheared shaft metal,
also indicating that this is not a weld failure (Figure 102).

Design and Material Problems
Errors in design or materials can cause compressor wheels to fracture at high speeds.
These failures are nicknamed "wheel burst" because of the massive damage done
when the wheel separates at high speed. Wheel castings can have inclusions that
create local weaknesses and lead to fractures. Or it is possible that those who
designed the turbo wheel underestimated normal cyclic loads it would have to carry.
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Wheel Burst

Figure 103

When asked: “What made this compressor wheel break?” (Figure 103), the most
common answer is “Foreign material!”. All surfaces should be examined and all
fractures classified before giving an opinion.

Figure 104

The largest fracture should be carefully studied. When held at arms length, it is hard to
see details on the fracture face (Figure 104). The face should be looked at with good
lighting and magnification.

Figure 105

Now the fracture face clearly shows a semicircular area that is smoother and brighter
at the lower right side of the shaft bore (Figure 105). This is a fatigue crack and
resulting 'wheel burst”, caused by cyclic centrifugal force.
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Casting Inclusions
Although uncommon, it is possible to have inclusions, trapped gas or other casting
problems which cause discontinuity and weakness in a metal part. Since severe
stresses in rotating parts are often caused by centrifugal force and high RPM, it
should be expected that severe damage can be created if a casting flaw is present.

Figure 106

Casual inspection may lead one to think that this turbine wheel shown in Figure 106
has suffered resultant impact damage.

Figure 107

But when a magnet is used to check for weld failure (Figure 107), the magnet is
attracted, indicating that the shaft has broken, a result of an overload.

Figure 108

As each fractured blade is inspected, one blade has a different, more interesting
fracture and should be studied in good lighting with magnification (Figure 108).
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Figure 109

A casting flaw is now easily seen, which has caused fatigue fracture of the blade
(Figure 109), creating the other impact damage, overloading and breaking the centre
shaft.

Other Turbocharger Problems

Figure 110

When aluminium has been removed up to or under the nut seat area during nose
balancing, the remaining aluminium may yield, cause off-centre shaft stress, bend the
shaft, and cause wheel contact with the housing (Figure 110).

Figure 111

The lubrication passageway was not drilled in the thrust plate shown in Figure 111
and caused immediate adhesive wear.
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Figure 112

Drilled passageways can be mislocated. The off-centre oil inlet passage shown in
Figure 112 caused marginal lubrication of bearings.

Figure 113

At times a hot or cold wheel may have one blade missing and only minor damage
present on other blades (Figure 113). A first preconceived idea is usually that foreign
material has entered.

Figure 114

Closer inspection, however, shows that fatigue fracture of the blade has occurred,
initiating at the centre (smoother and flatter) and ending toward the outside (rougher
and woody) (Figure 114).
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Workmanship

Figure 115

If compressor wheel retaining nut faces are not flat and square with the threads, they
may cut into the aluminium wheel and cause clamping force to relax (Figure 115).

Figure 116

When housing bores are rough and bearings do not rotate freely, full RPM and
excessive wear occur on the other side of the bearing (Figure 116).

Figure 117

Rough shaft installation into the centre housing can cause impact damage to seal
rings and grooves (Figure 117), creating oil leakage problems.
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Figure 118

Rough handling or side loading while tightening retaining nuts can bend centre shafts
(Figure 118), creating imbalance, excessive bearing wear and wheel-to-housing
contact.

DISASSEMBLY OF TURBOCHARGER

Turbocharger Removal Procedure
Start by:

Remove exhaust extension

Remove pre-cleaner

Remove muffler

Remove air-cleaner.

NOTE:
Install caps and plugs on all openings in order to prevent dirt or debris from entering the
system. Cleanliness is an important factor. Before the removal procedure, the exterior of
the component should be thoroughly cleaned. This will help to prevent dirt from entering
the internal components. 

For easier assembly, mark all hose assemblies, tube assemblies, wire harnesses and
cables for identification purposes.

Figure 119

1. Remove clamps (1) and (2) from tube assembly (3). 

2. Remove tube assembly (3) from the turbocharger (4). 



APLTCL001

88 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

Figure 120

3. Remove two bolts (5) that secure hose assembly (6) to turbocharger (4).

4. Move hose assembly (6) away from turbocharger (4).

Figure 121

5. Remove clamp (7) from tube assembly (8).

6. Remove tube assembly (8) from turbocharger (4).

Figure 122

7. Remove hose assembly (9) from turbocharger (4).

8. Remove four bolts (10) and the locknuts that secure turbocharger (4).

9. Remove turbocharger (4) and the gasket. 
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Disassembly Procedure
Required Tools

9S6363 Turbocharger Fixture group.

Start By: 

Remove the turbocharger. Refer to Disassembly and Assembly, "Turbocharger -
Remove".

NOTE:
Keep all parts clean from contaminants. Contaminants may cause rapid wear and
shortened component life.

Figure 123

1. Install the turbocharger onto Tool (A). 

2. Apply alignment marks to the two housings and the cartridge assembly for correct
alignment during assembly. 

3. Loosen clamp (3) and remove compressor housing (4) from cartridge assembly
(2). 

4. Loosen the remaining clamp on turbine housing (1) and remove cartridge
assembly (2) from the turbine housing. 

Disassembly Procedure
Required Tools

Tool A 9S6363 Turbocharger Fixture group;

Tool B 9S6343 Fixture assembly;

Tool C 5S9566 T-wrench;

Tool D 1P1861 retaining ring pliers.

Start By:

Remove the turbocharger. Refer to Disassembly and Assembly, "Turbocharger -
Remove".
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Figure 124

1. Install turbocharger (3) on Tooling (A). 

NOTE:
Mark the alignment of the three turbocharger housings for installation and assembly
purposes. 

2. Remove four bolts (1) and the lockwashers. 

3. Remove the four plates, the turbocharger gasket, the compressor clamp
assembly, and compressor cover (2).

Figure 125

4. Remove two locks, two plates, and four bolts (4) that hold cartridge housing (5) to
the turbine housing (6). 

5. Remove cartridge housing (5). 
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Figure 126

NOTE: 
When the nut is loosened, don’t put a side force on the shaft because the shaft can bend. 

6. Put the cartridge assembly (8) on Tool (B), as shown. 

7. Use Tool (C) and the correct size socket to remove the nut that holds compressor
wheel (9) on the shaft (7). 

8. Hold the cartridge assembly (8) down in Tool (B). Lift compressor wheel (9) and
turn compressor wheel (9) at the same time in order to remove compressor wheel
(9) from the shaft (7).

Figure 127

9. Remove cartridge assembly (8) from the shaft (7). 

Figure 128

10. Remove bearing (10) and ring (11) from the shaft (7).
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Figure 129

11. Remove retaining ring (13) from the housing assembly (12) with Tool (D). 

Figure 130

12. Remove the insert (14), sleeve (15), and deflector (16) from the housing
assembly (12) as a unit. Use two screwdrivers in order to remove the unit, as
shown. 

Figure 131

13. Remove O-ring seal (17) from insert (14). 

14. Remove sleeve (15) from insert (14) and deflector (16). 

15. Remove ring (18) from sleeve (15).
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Figure 132

16. Remove bearing (19) from the housing assembly (12). 

Figure 133

17. Flip the housing assembly (12) to the opposite side.

18. Remove shroud (20) and the gasket from the housing assembly (12).

 INSPECTION
The wrong care of parts during disassembly and assembly can cause a future failure
of the turbocharger.

Inspect the parts for defects to be sure that the parts can be used again.

Use a heavy duty carbon solvent, Magnus 763NF or a similar solution, to loosen the
carbon from the parts. A small, closed, agitated cleaning tank and solvent will give the
best results. After the carbon is loosened, use a hard, bristle type brush and remove
all dirt particles. Clean all drilled passages with air under pressure.

NOTICE:
Do not use caustic solutions, wire brushes, or wire wheels to remove carbon deposits from
any turbocharger part.

Some parts with carbon deposits that are hard to remove with solvent can be cleaned
by glass beading. Use glass beads of 80 to 150 micron (size 10) with 80 to 90 psi (550
to 620 kPa) air pressure. There must be no aluminium oxide in the glass beads.

Some turbocharger parts have to be polished with 6V83 (Grade 4/0) Emery Polishing
Paper. Turbocharger parts that are glass beaded or polished with emery polishing
paper must be cleaned in a solvent before reassembly.

Put oil on cleaned parts to prevent corrosion.
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Turbine Wheels and Shaft Assemblies

Figure 134

Use masking tape for protection of the shaft and bearing journals when glass beading
(Figure 134).

Figure 135 - Turbine wheel after cleaning

NOTICE:
Do not let the glass beads hit the bearing journals.

The carbon deposits must be removed from the seal ring groove(s) before seal ring
side clearance can be checked. Carbon deposits that are difficult to remove with a
hard, bristle brush can be removed with a piece of the metal oil seal ring or by glass
beading. After the carbon is removed from the seal ring groove(s), lightly polish the
side walls of the groove with 6V83 Emery Polishing Paper.

Lacquer and carbon deposits that can not be removed from the shaft with a heavy
duty carbon solvent and bristle brush can be removed with 3M Company's Scotch-
Brite General Purpose Pad No. 7447 (Type A, very fine). Before the Scotch-Brite Pad
is used, put a clean, lightweight oil on the surface of the shaft. For best results with the
Scotch-Brite Pad, turn the wheel and shaft assembly in a lathe.
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After the wheel and shaft assembly is cleaned, dry thoroughly with clean, moisture-
free air. Put lightweight oil on the bearing journals and seal surfaces to prevent rust
and corrosion.

Compressor Wheels

Figure 136 - Compressor wheel after it was cleaned with glass beads

NOTICE:
Do not use glass beads on the compressor wheel bore or the mounting faces around the
bore. Use tape or plugs to protect this area during glass beading. Thoroughly wash the
compressor wheel in solvent after glass beading.

Centre Housing

Figure 137

If the glass beading procedure is used to clean the centre housings (Figure 137), use
plugs that extend into the bore area so they are over the complete length of the
bearing bore.
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Figure 138

To remove some of the carbon deposits on the inside of the centre housing, use glass
beads through the oil return hole at the bottom of the centre housing.

Remove carbon deposits from drain cavity with a carbon scraper (Figure 138). The
carbon scraper can be made from 1.5 mm (0.06 inch) thick mild steel.

NOTICE:
Never assemble a turbocharger before the centre housing is thoroughly cleaned with a
heavy duty carbon solvent.

Figure 139

Dimensions to make carbon scraper from 1.5 mm (0.06 inch) thick mild steel
(Figure 139).

Compressor and Turbine Housings
After cleaning, use air under pressure to remove foreign material from the inside of the
housings.
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Inspection Procedures

Turbine Wheel and Shaft Assembly

Figure 140

1. Hub area
2.  Blade

3.  Oil Ring Groove
4.  Bearing Journals
5.  Threaded Area.
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Blades
Turbine Wheel and shaft assemblies with cracks in the blades or broken blades
cannot be used again.

Turbine wheel and shaft assemblies can be used again if the blades are slightly bent.
Turbine wheel and shaft assemblies with severely bent blades cannot be used again.
Make sure there are no cracks present in the bent blades.

NOTICE:
Do not straighten bent blades.

Figure 141

Turbine wheel has cracks in one blade and one broken blade (Figure 141). Do not use
again.

 
Figure 142

Turbine wheel has one slightly bent blade and there are no cracks present
(Figure 142). Use again.
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Figure 143

Turbine wheel has severely bent blades (Figure 143). Do not use again.

Figure 144

Turbine wheel has large amount of damage from foreign material (Figure 144). Do not
use again.
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Figure 145

Turbine wheel has a small nick and can be used again after the burrs are removed.
Use a small file or a medium emery cloth to remove the burrs (Figure 145). Use again.

Figure 146

Turbine blades show light rubbing 360° around the turbine wheel (Figure 146). Use
again.
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Figure 147

Turbine blades show heavy rubbing (Figure 147). Do not use again.

Back Face of Turbine Wheel

Figure 148

Turbine wheel shows heavy back face rubbing (Figure 148). Do not use again.

Oil Seal Ring Grooves
Before the groove(s) are checked, the carbon deposits must be removed. Use the
following procedure to find the width of the seal ring groove(s).

1. Measure the width of a new oil seal ring. Make a record of this dimension. 

2. Install the oil seal ring in the seal ring groove that is to be measured. Measure the
clearance between the seal ring and the side wall of the groove with a thickness
(feeler) gauge. 

3. Add this dimension to the dimension for the width of the seal ring. This dimension
will be the width of the seal ring groove.

If the width of the seal ring groove is more than the dimension given under Maximum
Seal Ring Groove Width in the chart-Wear Specifications, the turbine wheel and shaft
assembly cannot be used again.
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Figure 149

Seal ring groove has a wear step (wear in the outboard groove) (Figure 149). Do not
use again.

Some wheel and shaft assemblies have two seal ring grooves. These wheel and shaft
assemblies can be used again if the wear of the outboard groove (next to turbine
wheel) is within the wear specifications, even if there is wear in the inboard groove.
Use both oil seal rings on these wheel and shaft assemblies.

If the wear of the outboard groove is not within the wear specification, the wheel and
shaft assembly cannot be used again.

NOTE:
At all times, use Silicone Grease, as specified by the manufacturer, in the seal ring
groove(s) before the seal rings are installed. This grease gives assistance to the seal rings
to prevent leakage when the turbocharger is first put into operation.

Figure 150

Inboard groove has wear, but the outboard groove width is within the wear
specifications (Figure 150). Use again.
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Figure 151

There is too much wear in both seal ring grooves (Figure 151). Do not use again.

Figure 152

Wheel and shaft assembly has damage to the seal ring groove (Figure 152). If the
wheel and shaft assembly has two seal ring grooves, both grooves must be free of
damage to be used again. Do not use again.

Figure 153

Wheel and shaft assembly shows erosion in the hub area of the shaft (Figure 153).
Use again.
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Bearing Journals

Figure 154

Bearing journal has deep scratches and excessive wear (Figure 154). Do not use
again.

Figure 155

Bearing journal has metal deposits from the bearing (Figure 155). Do not use again.

Wheel and shaft assemblies that show light scratches or shiny areas on the bearing
journals can be used again after the journals are polished and if they are within the
wear specifications. Polish the bearing journals with 6V83 Emery Polishing Paper.

After the bearing journals are polished, measure each journal diameter with a
micrometer. If the dimension measured is less than the dimension given under
Minimum Bearing Journal Diameter in the Specifications, the turbine wheel and shaft
assembly can not be used again.

NOTE:
Some bearing journals in turbochargers that have been remanufactured can be a size
smaller than standard. Replacement bearings for these journals must be the correct size.
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Figure 156

Bearing journal has light scratches and can be used again after it is polished with
Emery Polishing Paper and if the diameter is within specifications (Figure 156). Use
again after polishing.

Figure 157

The same bearing journal after it was polished (Figure 157).

Figure 158

Bearing journal has a single deep scratch. It can be used again after it is polished and
if the diameter is within specifications (Figure 158). Use again after polishing.



APLTCL001

106 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

Shaft Areas
Wheel and shaft assemblies that show discoloration, carbon deposits and/or lacquer
deposits can be used again after they are cleaned.

Figure 159

Shaft shows discoloration and can be used again after it is cleaned (Figure 159). Use
again after cleaning.

Before the wheel and shaft assembly is assembled in the turbocharger, the bearing
journals must be polished with Emery Polishing Paper, and then cleaned in a good
solvent.
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Figure 160

Shaft was cleaned to remove discoloration, carbon deposits and/or lacquer deposits
(Figure 160). Use again.

Figure 161

Shaft shows damage from a compressor wheel that has turned on the shaft
(Figure 161). Do not use again.
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Figure 162

Shaft has damage to its threads but it can be made usable by the use of the correct
thread die. Use again.

NOTE:
Do not use wheel and shaft assemblies with severely damaged threads. Wheel and shaft
assemblies that have threads, which have been pulled or stretched, must not be used
again.

Shaft Bend

Figure 163
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Shaft is bent more than (0.05 mm) (0.002 inch) but can be used again after the shaft is
made straight. The scale is used for illustration purposes only. Do not use a scale or
straight edge to check for a bent shaft (Figure 163). Use again after shaft is
straightened.

Figure 164

How to Measure:

Use the 5P-6518 Fixture Group (Figure 164) and the following procedure to measure
the bend in wheel and shaft assemblies.

1. Place the wheel and shaft assembly in 5P6518 Fixture Group so the bearing
journals are on the “V” blocks. 

NOTE:
See Special Instruction Form No. SMHS6998-01 for complete instructions on the use of
the 5P-6518 Fixture Group.

2. Place the dial indicator next to the threaded area on the shaft. Adjust the dial
indicator to zero. 

3. Turn the wheel and shaft assembly in the "V" blocks from the wheel end of the
shaft. 

NOTE:
When the wheel and shaft assembly is turned, do not push the wheel down or to the side.
For best results, use one finger to turn the wheel.

4. While the wheel and shaft are turned, look at the dial indicator to get the T.I.R.
(Total Indicator Reading). If the T.I.R. is 0.05 mm (0.002) inch or less, the wheel
and shaft assembly can be used again.

How to Straighten:

If the T.I.R. is more than (0.05 mm) (0.002 inch) put a mark with pencil on the shaft at
the highest indicator reading and use the procedure that follows to straighten the
shaft.

1. Remove the wheel and shaft assembly from the 5P-6518 Fixture Group. Make
sure the mark on the shaft is visible.
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2. Put the wheel and shaft assembly on a piece of SOFT wood. Turn the shaft until
the mark is up. Lightly hit the shaft in the lower bearing journal area with a plastic
or lead hammer.

Figure 165

Hit the shaft lightly with a plastic or lead hammer. Shaft must be on a piece of soft
wood as shown in Figure 165.

NOTICE:
Do not put the threaded end of the shaft on a metal table or other hard surfaces when the
shaft is hit. These surfaces will damage the threads on the shaft.

3. Put the wheel and shaft assembly in the 5P-6518 Fixture Group and check the
T.I.R. again. If the T.I.R. is more than 0.05 mm (0.002 inch) the shaft must be
straightened until the T.I.R. is correct.

TURBOCHARGER - ASSEMBLY

Assembly Procedure

NOTE:
Verify that all of the components of the turbocharger are clean and free of foreign material
prior to installation. 

Check all of the components and all of the O-ring seals for wear or for damage. Replace
the components, if necessary. Lubricate the O-ring seals lightly with the lubricant that is
being sealed.

Figure 166

1. Put shaft (7) in position on Tool (A). Install ring (11) and bearing (10) in the shaft
(7), as shown.
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Figure 167

2. Put shroud (20) in position on the shaft (7), as shown.

Figure 168

3. Put gasket (21) in position on the shroud (20). Install housing assembly (12) over
the shaft (7).

Figure 169

4. Install bearing (19) in the housing assembly (12). Ensure that the bronze side of
bearing (19) is facing up.



APLTCL001

112 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

Figure 170

5. Put deflector (16) in position over sleeve (15).

6. Install ring (18) in the groove on sleeve (15). Push sleeve (15) into insert (14).

7. Install O-ring seal (17) on insert (14).

Figure 171

8. Install the insert (14), deflector (16), and sleeve (15) as a unit in the housing
assembly (12), as shown.

Figure 172

9. Install ring (18) in the groove in the housing assembly (12) with Tooling (B).

NOTE:
Do not put a side force on the shaft when the nut that holds the compressor wheel in
position is tightened. The shaft can bend.
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Figure 173

10. Put compressor wheel (9) in position on the shaft (7).

Figure 174

11. Install the nut that holds the compressor wheel (9) in position. Tighten the nut to a
torque of 19 ± 2 Nm (166 ± 15 lb in).

Figure 175

12. Put turbine housing (6) in position on Tooling (C).

13. Put cartridge assembly (8) in position in turbine housing (6).

NOTE:
Ensure that the mark on the turbine housing (6) lines up with the mark on the cartridge
assembly (8).

14. Put 5P-3931 Anti-Seize Compound on the threads of the bolts that hold cartridge
assembly (8) to the turbine housing (6).
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15. Install two locks, two plates, and four bolts (4) that hold the cartridge assembly (8)
to the turbine housing (6). 

16. Tighten the bolts (4) to a torque of 16 ± 1 Nm (142 ± 9 lb in).

17. Bend the locks over the bolts (4).

Figure 176

18. Put the compressor housing (5) in position on the cartridge assembly (8).

NOTE:
Ensure that the mark on the cartridge assembly (8) lines up with the mark on cartridge
housing (5).

19. Put 5P-3931 Anti-Seize Compound on the threads of the bolts that hold the
compressor housing (5) to the cartridge assembly (8).

20. Install the four plates, eight bolts, and lockwashers that hold the compressor
housing (5) in position.

21. Tighten the eight bolts to a torque of 6.8 Nm (60.2 lb in).
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Required Tools
Tool A 9S6363 Turbocharger Fixture group.

NOTE:
Keep all parts clean from contaminants. Contaminants may cause rapid wear and
shortened component life.

Figure 177

1. Put cartridge assembly (2) in position on turbine housing (1). Make sure that the
identification marks are in alignment. Tighten the clamp that secures cartridge
assembly (2) to turbine assembly (1) to a torque of 14 ± 1.1 Nm (125 ± 10 lb in).

2. Put compressor housing (4) in position on cartridge assembly (2). Make sure that
the identification marks are in alignment. Tighten clamp (3) that secures
compressor housing (4) to cartridge assembly (2) to a torque of 14 ± 1.1 Nm (125
± 10 lb in).

3. Remove the turbocharger from Tool (A).
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Installation Procedure

NOTE:
Verify that all of the components of the turbocharger are clean and free of foreign material
prior to installation. 

Check all of the components and all of the O-ring seals for wear or for damage. Replace
the components, if necessary. Lubricate the O-ring seals lightly with the lubricant that is
being sealed.

Figure 178

1. Position turbocharger (4) and the new gasket.

2. Apply 5P-3931 Anti-Seize Compound onto bolts (10). Install four bolts (10) and
the locknuts that secure turbocharger (4). Tighten bolts (10) to a torque of 55 ± 5 Nm
(40 ± 4 lb ft). 

3. Install hose assembly (9) to turbocharger (4).

Figure 179

4. Install tube assembly (8) to turbocharger (4).

5. Install clamp (7) to tube assembly (8). 
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Figure 180

6. Install hose assembly (6) to turbocharger (4). 

7. Install two bolts (5) that secure hose assembly (6) to turbocharger (4).

Figure 181

8. Install tube assembly (3) to turbocharger (4). 

9. Install clamps (1) and (2) to tube assembly (3). 

Cleaning Compressor Housing and Compressor Wheel
If there is an oil deposit or dirt on the compressor wheel, housing, or connecting link,
the components should be cleaned, otherwise maximum performance (boost
pressure) cannot be maintained. Some manufacturers suggest cleaning these
components after 50,000 mi (80,450 km) or 1,000 hours of operation.

When servicing the components the compressor wheel should be checked for nicks
and burrs. If the compressor components are only lightly covered with dirt or oil,
remove only the compressor housing. Take care not to damage the compressor wheel
or the diffuser when removing the housing. Use only a recommended metal cleaner
solvent and a soft bristle or nylon brush to wash the components. Never use a caustic
solution, wire brush, sharp object, or glass bead cleaner because all of these will
damage the components. This is particularly true of the compressor wheel which may
lose its balance.
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Tolerance Checks

Figure 182 - Checking turbine shaft end play with a dial indicator

In order to determine the condition of the bearing(s) and/or turbine shaft, several
checks have to be made. To check the end play of the turbine shaft, install a dial
gauge so that the dial pointer rests on the compressor end of the shaft (Figure 182).
When moving the shaft back and forth against the dial indicator pointer, the total
indicated dial movement is the total end play. Check manufacturer’s specifications for
tolerance limits.

If the end play is less than the minimum tolerance limits, it is an indication of carbon or
oil residue buildup. If the end play is more than the maximum tolerance limits, the
bearings or the thrust bearing are worn. In either case the turbocharger should be
serviced immediately.

Figure 183 - Checking radial clearance

To check bearing and shaft wear (radial clearance), remove the oil return line and in
its place install a dial gauge with an extension through the opening created by the
removal of the oil return line (Figure 183). The extension must pass through the
bearing hole and rest on the turboshaft. Exerting equal force on both ends of the shaft,
move it against and away from the dial indicator pointer. When moving the shaft back
and forth against the dial indicator pointer, the total indicated dial movement is the
total bearing clearance. If the total indicated clearance exceeds specifications, the
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turbocharger should be serviced. Servicing a turbocharger requires special tools and
is usually conducted in a specialized repair facility. Because of the many types of
turbochargers used, always refer to the manufacturer's service manual when servicing
a turbocharger.

Installing Turbocharger
Before installing a turbocharger, check the intake and exhaust manifolds for loose
foreign materials such as bolts, lock washers, etc. Before placing the turbocharger
onto its mountings, be sure that all the manifold bolts are torqued to specification, that
the mounting flanges are clean, and that the gaskets are in the correct positions.

Install all hex bolts fingertight using an antiseizing lubricant on the turbocharger
mounting bolts. Loosen the V clamps that fasten the turbine housing and compressor
housing to the centre housing in order to align the compressor and turbine housing
outlets; then tighten the mounting bolts and V clamps to the recommended torque.

Connect the turbocharger to the inlet manifold (or aftercooler), the oil inlet, and the oil-
return line. When installing the oil-return line, avoid sharp bends and avoid an angle of
more than 30o from the vertical. Keep the air intake cover on to prevent foreign
material from entering the turbocharger.

Disassembly Inspection Procedures and Assembly of
Exhaust System

Prior to disassembly
Identify and locate all exhaust leaks especially manifold seals and sealing rings.
Check the muffler

Check the owner or operator for reports of vibration. Start the engine and check
for vibration

Check exhaust back pressure to ensure the system is not restricted

Check for excessive exhaust noise.

Disassembly
In most cases the manifold can be steam cleaned; however, when carbon deposits or
scale are present, the manifold must be cleaned with a sand or glass bead cleaner. It
is especially important with a turbocharged engine to prevent loose scale from
entering and damaging the turbine.

Manifold Checks
Check the manifold for cracks. Using a straight edge, cheek the mounting surface for
warpage. If warpage is sufficient to prevent effective sealing, the mounting surfaces
must be machined or the manifold replaced, Check the threaded bores for damaged
threads or broken studs, and cheek the stud bolts in the cylinder head for thread
damage When installing new stud bolts, use an antiseize lubricant to prevent thread
corrosion and seizure.
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Figure 184 - (1) Right hand exhaust manifold

To prevent damage to the engine, remove all loose deposits and cleaner dust
(residue) from the manifold, particularly when a turbocharger is used (Figure 184).

Assembly
After checking the cylinder head surface, place new manifold gaskets over the stud
bolts or install temporary stud bolts.

When a multisectional manifold is used, install the centre section first but do not
tighten the bolts. Then slide each end section into place or assemble the manifold on
the workbench and install it as a unit. Apply an antiseize lubricant to the threads of the
studs or manifold bolts and tighten the manifold bolts to the specified torque and in the
recommended sequence. Check the service manual in the event special washers are
required on the manifold bolts.

Install the exhaust elbow or the connecting link to the turbine. If the turbocharger is
not to be installed immediately, cover the exhaust opening.
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TOPIC 4
Pressure Testing

1U5470 ENGINE PRESSURE GROUP

Introduction

Figure 185

The 1U5470 Engine Pressure Group is the replacement for the 6V3150 and 6V9450
Engine Pressure Groups. It is also a replacement for the 4S6553 Engine Evaluation
Test Group.

The piece parts in the 6V3150 and 6V9450 Engine Pressure Groups are still serviced.
But the parts in the 4S6553 Engine Evaluation Test Group are no longer serviced. 

Either the 6V3150 or the 6V9450 Engine Pressure Group can be updated to the status
of the 1U5470 Engine Pressure Group. Refer to the topic entitled Procedure for the
Update of a 6V3150 or a 6V9450 Engine Pressure Group in this publication.

The 1U5470 Engine Pressure Group can be used to check the performance of both
diesel and natural gas engines, and to make operating adjustments to natural gas
engines. Refer to the Service Manual of the engine being serviced, or, the Fuel
Setting and Related Information Microfiche Library, Form SBFY1108, for the operating
specifications that are needed.

The gauges in the 1U5470 Engine Pressure Group are gauge pressure instruments
that indicate pressure relative to ambient atmospheric pressure. This type of
instrument will read ZERO when the pressure port is open to the atmosphere.

Engine boost or manifold pressure is the difference between atmospheric pressure
and the pressure in the engine intake manifold. The 1U5469 Pressure Gauge can read
boost directly in kPa and inches of Hg.

The 8T0839 Differential Pressure Gauge reads directly in kPa and inches of H2O. All
other gauges in the group read directly in kPa and psi.

The chart in the lid of the case can be used to convert kPa or psi to inHg (inches of
mercury) as shown in the Fuel Setting and Related Information Microfiche. No
allowance for atmospheric pressure is needed in the conversion.
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NOTE:
The metric portion of the new pressure gauges is shaded in yellow.

Components of the 1U5470 Engine Pressure Group

Figure 186

1The 8T0835 Union, 8T0836 Elbow Fitting, 8T0837 Straight Connector and 8T0838
Bulkhead Fitting are reusable " tube fittings for applications in the pressure range of
vacuum to 1720 kPa (250 psi) and in temperatures from -12°C to 200°C (10°F to
400°F). 

2The optional 8T3117 Foam Block can be positioned in the lid of the 8T0841 Case to
hold the optional 8T0452 Water Manometer in the case with the 1U5470 Engine
Pressure Group. 

3The 8T0821 Tubing is a coil of 16 m (52.5 ft) of clear nylon tubing that permits the
user to see fluid in it before and during use.

The 6V6132 Cable Tie can be used to fasten tubing to the engine so it does not come
in contact with hot surfaces. These ties are reusable. To loosen a tie, push back on
the tang and pull OUT on the strap.

The SEES5677 Conversion Chart uses the SI unit kPa as its base unit of
measurement. The chart has been rounded to the nearest practical measurement. It
also allows conversion from kPa to psi, inHg, mmHg, cmHg, inH2O, ftH2O, cmH2O,
atm, bar, and kg/cm2. The chart is printed on a material that is resistant to oil and
water. 

1. 8T0841 Case.
2. SEES5677 Conversion Chart.
3. 8T0846 Pressure Gauge.

4. 8T0838 Bulkhead Fitting (eight)1

5. 1U5469 Pressure Gauge (or optional 
8T0840 Pressure Gauge).

6. 8T0839 Differential Pressure Gauge.
7. 8T0848 Pressure Gauge (three).

8. 8T3153 Foam Block2

9. 6V6115 Packing Set Base.

10. 8T0835 Union1 (two).
11. 8T0452 Water Manometer (optional) 

and 1U5554 Panel Assembly 
(optional).

12. 8T0837 Straight Connector (six)1

13. 8T0836 Elbow Fitting (six)1

14. 8T0821 Tubing3, 16 m (52.5 ft).
15. 6V6045 Accessories Case and 

NEEG2061 Accessories Label.1/8.
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Optional Accessories

8T3047 Buttons (Finger Release)

Figure 187

 
Figure 188 - 8T3047 Buttons installed on the tool group.

The 8T3047 Buttons (1) snap on the bulkhead fittings as shown. Installation of these
buttons on the bulkhead fittings permits tubing removal without the need of a tool. To
remove tubing from a fitting that is equipped with a button, press down on the button,
then pull the tubing out of the fitting. 

For permanent mounting, the buttons can be glued to the fittings. 

8T0452 Manometer

Figure 189

The 8T0452 Manometer is used to read static pressure, vacuum, or differential
pressure over a range of 50 cmH2O - 0 - 50cmH2O (for a total range of 100 cmH2O). 
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Specifications
Operating Temperature Range:

-1° C to 60° C (30° F to 140° F) for differential pressure gauges.

-18° C to 71° C (0° F to 160° F) for all other gauges.

Gauge Accuracy:

± 2 percent of full scale for differential pressure gauge. SAE Grade A (± 1.5 to 1 percent
of full scale for all other gauges).

Vacuum and Pressure Ranges:

100 kPa (15 psi) for differential pressure gauge. Full scale for all other gauges
(vacuum below lowest reading and pressures above full scale will destroy accuracy of
all such gauges).

Operating Position:

Position has no effect on differential pressure gauge, if gauge has been mechanically
adjusted to ZERO in the test position. On all other gauges, position has no effect on
accuracy.

Pressure Media:

Differential pressure gauge - clean air and gases only (no liquids).

All other gauges - air, gases and liquids (oil, water, antifreeze, fuel, etc.).

NOTICE:
DO NOT use any acids or other highly corrosive liquids in the gauges. 

Size: 390 mm x 310 mm x 190 mm (15.4" x 12.2" x 7.5").

Weight: 6.8 Kg (13.1 lbs).

Description of Gauges

Figure 190
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Differential Pressure Gauge
The 8T0839 Differential Pressure Gauge (1) can read the difference between two
pressures. It has a range of 0 to 12 kPa (0 to 50 inH2O) and is accurate within ± .25
kPa (± 1.0 inH2O).

The 8T0839 Differential Pressure Gauge has two inlet ports. These ports are identified
as follows:

* One port is for the higher pressure and is identified by the word PRESSURE.

* The other port is for the lower pressure and is identified by the word VACUUM. The
gauge will indicate the difference between the two pressures.

If one port is left open to the atmosphere, the gauge can be used to measure the
difference between atmospheric pressure and the test pressure. 

If the PRESSURE port is connected and the VACUUM port left open, the gauge can
be used to read a positive pressure (such as the exhaust back pressure caused by a
muffler). 

If the VACUUM port is connected and the PRESSURE port is left open to the
atmosphere, a vacuum can be read (such as the inlet restriction through an air
cleaner). 

If both ports are connected to positive pressures (such as the gas delivery pressure
and the inlet manifold pressure of a turbocharged natural gas engine), the gauge will
read the difference between the two pressures. 

This gauge has a zero adjusting screw. When necessary, adjust the screw so the
gauge reads zero without any connections to the gauge fittings. 

Pressure Gauges
The 8T0846 Pressure Gauge (2) can measure pressures of 0 to 1000 kPa (0 to 145 psi).
Typical applications for this gauge are the measurement of oil pressure, and the cut-in
and cut-out pressures on air compressors.

The 8T0848 Pressure Gauges (3) can be used to measure pressures of 0 to 400 kPa
(0 to 58 psi).

Typical uses for these gauges are the measurement of fuel pressure, intake manifold
pressure on turbocharged diesel engines, cooling system pressure and the power
balancing of diesel engines in a multiple engine application.

The 1U5469 Pressure Gauge (4) is a pressure gauge that can be used to measure
pressures of 0 to 200 kPa (0 to 60 inHg). Typical uses for this gauge are the
measurement of intake manifold pressure on a turbocharged diesel engine. Valve (5)
allows selection of one of the pressure ports (6 or 7).

Optional Compound Pressure Gauge
The 8T0840 Pressure Gauge is a compound pressure gauge that can be used to
measure pressures of 0 to 100 kPa (0 to 30 inHg) and a vacuum of 0 to -100 kPa (0 to
-30 inHg). Typical uses for this gauge are the measurement of intake manifold
pressure on natural gas and gasoline engines, and the power balancing of natural gas
engines in a multiple engine application. 

The valve (part of the optional 1U5554 Panel Assembly) allows selection of one of the
two pressure or vacuum ports that are also part of the 1U5554 Panel Assembly. 
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NOTE: 
The 8T0840, 8T0846, 8T0848 and 1U5469 Gauges are filled with glycerin lubricant. The
lubricant completely surrounds all moving parts in the gauges. This glycerin lubricant
greatly extends both the accuracy and the service life of the gauge. It also serves to
dampen input pressure pulses.

Connection of Pressure Group to the Engine

1. The 8T0836 Elbow Fitting and 8T0837 Straight Connector are reusable tube
fittings. They are described in the topic entitled Components of the 1U5470
Engine Pressure Group in this publication. These fittings can be installed into "

NPT ports on all Caterpillar engines by using either a " box end wrench, or a

" open end wrench.

Figure 191

The 8T0837 Straight Connector can be installed by using a 7/64" hex wrench if
access to the port is limited. 

2. To connect 8T0821 Tubing to any fitting, simply push the tubing all the way into
the fitting. An internal O-ring seal, and an internal slotted collet mechanism within
the bulkhead fitting, will lock on the outer diameter of the tubing to hold in the
fitting. This provides an instant connection with total sealing.

WARNING:
Be sure there is no pressure in the tubing before it is disconnected from the fitting. Hot oil
can spray out and cause personal injury. 

1
8
---

7
16
------

7
16
------
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Figure 192

To remove the tubing from the fitting, press on the collet with the blade of a
screwdriver, while pulling OUT on the tubing. 

Use of Engine Pressure Group With Other Test Instruments

Figure 193

Figure 194

The 1U5470 Engine Pressure Group (1) should be used with the 6V3121 Multitach
Group and 6V4060 Set Point Indicator (2), when checking engine performance. (The
6V4060 Set Point indicator is used with diesel engines only.) 

Space has been provided inside the 8T0841 Case for storage of the 6V4060 Set Point
Indicator and the necessary components of the 6V3121 Multitach Group [such as the
5P7366 Power Cable (3), 5P7362 Tach Cable (4), 6V2100 Multitach (5), 5P7360 Tach
Generator (6), and 1P7446 Rack Contact Cable (7)]. 

For information on the use of the multitach group, see Special Instruction SEHS7807,
entitled Using the 6V2100 and 6V3121 Multitach Group. 



APLTCL001

128 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

For information on the use of the set point indicator, see Special Instruction
SEHS7931, entitled Using the 6V4060 Engine Set Point Indicator Group. 

Use and Care of the 8T0452 Manometer
The 8T0452 Manometer can be used to measure the pressure of clean air and gases
only. No liquid pressure media can be introduced into the manometer. To obtain
accurate measurements, you must suspend the manometer in a vertical position. 

NOTE:
The manometer can not be used to measure pressures over 345 kPa (50 psi) or a vacuum
greater than -67 kPa (-20 inHg). If the manometer is filled with water, it must be protected
from freezing when temperatures are 0° C (32° F) or lower.

The 8T0452 Manometer is equipped with a flexible steel metric scale and a sliding
ZERO adjustment. The manometer can be filled with either mercury or distilled water.
A bottle of Fluorescein green colour concentrated wetting agent is included with the
unit. 

NOTE:
The manometer cannot be used with .826 specific gravity red gauge oil. Mercury or
distilled water are the only permissible measuring media. 

Filling
Use 0.946 L (1 quart) of distilled water, then add 22.2 mL (.75 oz) from a bottle of
Dwyer A-126 Fluorescein green colour concentrate. Remove a tubing connector from
the manometer and pour the fluid in to mid-point level. 

Shake the manometer to remove any air bubbles. Slide the scale so the zero mark is
in alignment with the meniscus of the two columns of fluid. 

For readings in centimetres of mercury, fill with 13.6 SP. Gr. triple distilled mercury.
When the manometer is used with mercury, some discoloration of the vinyl tubing will
normally occur. 

Reading
Connect the manometer to the source of pressure, vacuum or differential pressure.
When pressure is imposed, add the number of centimetres that one column travels
UP, to the amount the other column travels DOWN. This is the pressure reading. If a
reading is desired in other units of measure, use the conversion chart. 

If one column should happen to travel further than the other column, due to minor
variations in tube I.D. or to the pressure imposed, accuracy of the pressure reading
thus obtained is not impaired. 

The U-tube manometer is a primary measuring device indicating pressure by the
difference in the height of two columns of fluid. The fact that one column travels
further than the other does not affect the accuracy of the reading. 

Both sides of the manometer must be at the same level and should read ZERO before
pressure is measured. Pressure safety traps in the top of both manometer columns
prevent the loss of fluid due to pressure surges, or pressures exceeding the pressure
range of the instrument. 
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If the fluid in one side of the manometer is higher than the fluid in the other side, the
pressure safety trap is probably air locked. Applying slight air pressure on one of the
manometer input ports will usually release the air lock. If it does not, slide a small wire
or other similar instrument into the input fitting. Gently push down on the metal trap to
release the air lock. Remove the wire or instrument that was used to push down on the
trap. 

Cleaning
Cleaning can best be accomplished with a little pure soap and water. Avoid liquid
soaps and solvents. Flush thoroughly with clear water to remove all soap. Dry
completely before refilling with mercury. 

When the manometer is not in use, put plugs in the 8T0837 Straight Connectors (inlet
fittings). This will help in preventing a fluid loss during storage. Four plugs are
included with each group. 
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Accuracy and Calibration of Gauges

8T0840, 8T0846, 8T0848, and 1U5469 Pressure Gauges
The 5P8558 Calibration Group and the 2D2825 Hydraulic Pump should be used to
calibrate these gauges every six months, as shown in the Service Quality Guide, Form
SEBF3500 (Bulletin No. TC-1). Use five test points as reference to check the
calibration of each gauge. Calibration tolerances are as follows.

1This includes the + .5 percent (+ .8 psi) tolerance of the 1100 kPa (160 psi) gauge in the 5P8558

Calibration Group and the acceptable tolerance of the gauge.

Gauge Accuracy

Gauge Range
Percent full 

scale
accuracy

Accuracy
Acceptable
calibration
tolerance1

8T0846

A
250 to 750 kPa
(37 to 109 psi)

1.0
+ 10 kPa
(+ 1.4 PSI)

+ 18 KpA
(+ 2.2 PSI)

B
0 to 250 kPa
(0 to 37 psi)

1.5
+ 15 kPa
(+ 2 psi)

+ 21 kPa
(+ 2.8 psi)

C
750 to 1000 kPa
(109 to 145 psi)

1.5
+ 15 kPa
(+ 2 psi)

+ 21 kPa
(+ 2.8 psi)

ST0840

A
-50 to 50 kPa
(-30 to -14 inHg)
(-15 to 7 psi)

1.0
+ 2 kPa
(+ 6 inHg)
(+ .3 psi)

+ 8 kPa
(+ 1.1 psi)

B
-100 to -50 kPa
(-30 to -14 in Hg)
(-15 to -7 psi)

1.5
+ 3 kPa
(+ .9 inHg)
(+ .4 psi)

+ 9 kPa
(+ 2.5 inHg)
(+ 1.2 psi)

C
50 to 100 kPa
(14 to 30 inHg)
7 to 15 psi)

1.5
+ 3 pKa
(+ .0 inHg)
(+ .4 psi)

+ 9 kPa
(+ 2.5 inHg)
(+ 1.2 psi)

BTD848

A
100 to 300 kPa
(15 to 44 psi)

1.0
+ 4 kPa
(+ .6 psi)

+ 6 kPa
(+ .9 psi)

B
0 to 100 kPa
(44 to 58 psi)

1.5
+ 6 kPa
(+ .9 psi)

+ 8 kPa
(+ 1.2 psi)

C
300 to 400 kPa
(44 to 58 psi)

1.6
+ 6 kPa
+ .9 psi)

+ 8 kPa
(+ 1.2 psi)

1U5469

A
50 to 150 kPa
(15 to 45 inHg)
(7 to 22 psi)

1.0
+ 3 kPa
(+ .6 inHg)
(+ .3 psi)

+ 3 kPa
(+ .9 inHg)
(+ .4 psi)

B
0 to 50 kPa
(0 to 15 inHg)
(0 to 7 psi)

1.5
+ 3 kPa
(+ .9 inHg)
(+ .4 psi)

+ 4 kPa
(+ 1.2 inHg)
(+ .6 psi)

C
150 to 200 kPa
(45 to 80 inHg)
(22 to 29 psi)

1.5
+ 3 kPa
(+ .9 inHg)
(+ .4 psi)

+ 4 kPa
(+ 1.2 inHg)
(+ .6 psi)

Table 2
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8T0839 Differential Pressure Gauge

Figure 195

1. Use a water manometer as shown in the illustration, with the procedure that
follows, to check the calibration of the differential pressure gauge.

2. Use the zero adjusting screw, if necessary, to make 8T0839 Gauge (1) read
ZERO without any connections.

3. Connect the PRESSURE port of 8T0839 Gauge (1) to the tubing of the
manometer as shown.

4. Apply a light pressure, approximately 7 kPa (1 psi), to the manometer tubing, to
cause the water column to read 70.3 cm (28") of water difference in pressure. The
reading on the gauge should be 7.0 kPa ± .25 kPa (28 inH2O ± 1 inH2O).

5. Any gauges that are not within specification should be repaired or replaced.

Repair of the 1U5470 Engine Pressure Group

NOTICE:
A common cause for failure of the gauges is overpressure (pressure beyond the maximum
on the gauge scale). Overpressure can destroy the gauge in three progressive steps: 
- Loss of accuracy due to deformation of the Bourdon Tube. 
- Failure of the mechanism. 
- Rupture of the gauge. 

Failures caused by overpressure are not considered to be warranty, but, abuse by the
operator. Repairs to such gauges are on a time and material basis. Examination of the
mechanism by the manufacturer will indicate a past overpressure condition. 

If it becomes necessary to repair the engine pressure group, do not send the
instrument or the gauges to Caterpillar Inc., because this will only cause a delay. In
the U.S.A. and Canada, the gauges can be returned for repair to the addresses shown
below. Outside the U.S.A. and Canada, it is more economical to replace the gauges
than to return them for a repair. 

Return the 8T0839 Differential Pressure Gauge to:

Dwyer Instruments Inc.
Highway 212 at 12
Michigan City, IN 46360
Telephone: (219) 872-9141 
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Return the 8T0840, 8T0846, 8T0848 and 1U5469 Pressure Gauges to:

Carrier - Oehler Co.
16965 Vincennes Avenue
P.O. Box 40
South Holland, IL 60473
Telephone (312) 339-8200

Articles returned for warranty consideration or repair, should be packaged in a manner
that will prevent damage in transit, and in accordance with the best commercial
practice for fragile items. Instruments should not be shipped parcel post.

Procedure for the Update of a 6V3150 or 6V9450 Engine
Pressure Group

Figure 196

To update either a 6V3150 or a 6V9450 Engine Pressure Group to make it
comparable to the 1U5470 Engine Pressure Group, do one of the following:

Replace the 8T0840 Compound Pressure Gauge with the 1U5469 Pressure
Gauge.

Install a 1U5469 Pressure Gauge in a 1U5554 Panel Assembly and position it on
the right side of the case, as shown in the illustration.

AIR INLET RESTRICTION
There will be a reduction in the performance of the engine if there is a restriction in the
air inlet system or the exhaust system. 

Tools Needed

Part Number Part Name Quantity

1U-5470 Engine Pressure Group 1

Table 3
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Figure 197 - 1U-5470 Engine Pressure Group 

Refer to Special Instruction, SEHS8907, "Using the 1U-5470 Engine Pressure Group"
for the instructions that are needed to use the 1U-5470 Engine Pressure Group.

1. Inspect the engine air cleaner inlet and ducting in order to ensure that the
passageway is not blocked or collapsed.

2. Inspect the engine air cleaner element. Replace a dirty engine air cleaner
element with a clean engine air cleaner element.

3. Check for dirt tracks on the clean side of the engine air cleaner element. If dirt
tracks are observed, contaminants are flowing past the engine air cleaner
element and/or the seal for the engine air cleaner element.

WARNING:
Hot engine components can cause injury from burns. Before performing maintenance on
the engine, allow the engine and the components to cool.

WARNING:
Making contact with a running engine can cause burns from hot parts and can cause injury
from rotating parts.

When working on an engine that is running, avoid contact with hot parts and rotating parts.

4. Use the differential pressure gauge of the 1U-5470 Engine Pressure Group .
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Figure 198 - Typical Example

a. Connect the vacuum port of the differential pressure gauge to test location
(3). Test location (3) can be located anywhere along the air inlet piping (2)
after the engine air cleaner (4) but before the turbocharger (1) .

b. Leave the pressure port of the differential pressure gauge open to the
atmosphere.

c. Start the engine. Run the engine in the no-load condition at high idle.

d. Record the value.

e. Multiply the value from Step 4.d by 1.8.

f. Compare the result from Step 4.e to the appropriate values that follow.

The air flow through a used engine air cleaner may have a restriction. The air flow
through a plugged engine air cleaner will be restricted to some magnitude. In either
case, the restriction must not be more than the following amount:

Maximum restriction ... 6.2 kPa (25 in of H2O) 

The air flow through a new engine air cleaner element must not have a restriction of
more than the following amount:

Maximum restriction ... 3.7 kPa (15 in of H2O) 

EXHAUST RESTRICTION
Back pressure is the difference in the pressure between the exhaust at the outlet
elbow and the atmospheric air. 

Tools Needed

Part Number Part Name Quantity

1U-5470 Engine Pressure Group 1

Table 4

1. Turbocharger 
2. Air Inlet Piping 

3. Test location 
4. Air cleaner.
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Figure 199 - 1U-5470 Engine Pressure Group

Refer to Special Instruction, SEHS8907, "Using the 1U-5470 Engine Pressure Group"
for the instructions that are needed to use the 1U-5470 Engine Pressure Group.

WARNING:
Hot engine components can cause injury from burns. Before performing maintenance on
the engine, allow the engine and the components to cool.

Making contact with a running engine can cause burns from hot parts and can cause injury
from rotating parts.

When working on an engine that is running, avoid contact with hot parts and rotating parts.

Use the differential pressure gauge of the 1U-5470 Engine Pressure Group in order to
measure back pressure from the exhaust. Use the following procedure in order to
measure back pressure from the exhaust:
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Figure 200 - Typical example

1. Connect the pressure port of the differential pressure gauge to test location (2).
Test location (2) can be located anywhere along the exhaust piping (3) after the
turbocharger (4) but before the muffler (1) .

2. Leave the vacuum port of the differential pressure gauge open to the atmosphere.

3. Start the engine. Run the engine in the no-load condition at high idle.

4. Record the value.

5. Multiply the value from Step 4 by 1.8.

6. Compare the result from Step 5 to the value that follows.

Back pressure from the exhaust must not be more than the following amount:

Maximum back pressure ... 10.0 kPa (40 in of H2O).

1. Muffler
2. Test location
3. Exhaust Piping
4. Turbocharger.
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INLET MANIFOLD PRESSURE - BOOST
The efficiency of an engine can be checked by making a comparison of the pressure
in the inlet manifold with the information given in the TMI (Technical Marketing
Information). The information is also listed on the Fuel Setting And Related
Information Microfiche. This test is used when there is a decrease of horsepower from
the engine, yet there is no real sign of a problem with the engine.

The correct pressure for the inlet manifold is listed in the TMI (Technical Marketing
Information). The correct pressure is also on the Fuel Setting And Related Information
Microfiche. Development of this information is performed under the following
conditions:

96 kPa (28.8 in Hg) dry barometric pressure

25 °C (77°F) outside air temperature

35 API rated fuel.

Any change from these conditions can change the pressure in the inlet manifold. The
outside air may have a higher temperature and a lower barometric pressure than the
values that are given above. This will cause a lower inlet manifold pressure
measurement than the pressure in the TMI. Outside air that has both a lower
temperature and a higher barometric pressure will cause a higher inlet manifold
pressure measurement.

A difference in fuel density will change horsepower (stall speed) and boost. If the fuel
is rated above 35 API, the pressure in the inlet manifold can be less than the pressure
that appears in the TMI. If the fuel is rated below 35 API, the pressure in the inlet
manifold can be more than the pressure that appears in the TMI. BE SURE THAT
THE AIR INLET OR THE EXHAUST DOES NOT HAVE A RESTRICTION WHEN YOU
ARE MAKING A CHECK OF THE PRESSURE.

NOTE:
The electronic service tool may be used to check the pressure in the inlet manifold. 

Tools Needed

Part Number Part Description Qty

 1U-5470 or 198-4240
Engine Pressure Test Group or 
Pressure Indicator Tool Gp

1

Table 5
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Figure 201 - 1U-5470 Engine Pressure Test Group 

Refer to Special Instruction, SEHS8907, "Using the 1U-5470 Engine Pressure Test
Group" for the instructions that are needed to use the 1U-5470 Engine Pressure Test
Group. Refer to Operation Manual, NEHS0818, "Using the 198-4240 Pressure
Indicator Tool Gp" for the instructions that are needed to use the 198-4240 Engine
Indicator Test Gp. 

Figure 202 - Pressure Test Location (1. Plug)

Use the following procedure in order to measure the inlet manifold pressure:

1. Remove plug (1) from the air inlet cover.

2. Connect the 1U-5470 Engine Pressure Test Group to the air inlet cover at the
pressure test location.
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NOTE:
A tee fitting or some other plumbing component will be necessary to allow the boost
pressure sensor to be connected with a test location.

3. Record the value.

4. Compare the value that was recorded in Step 3 to the pressure that is given in the
TMI (Technical Marketing Information). The correct pressure is also given in the
Fuel Setting And Related Information Microfiche.

Introduction
The 156-1070 Emission Analyzer is for fast, easy set-up and servicing of lean burn,
stoichometric, and diesel engines.

The emission analyzer group includes a portable, microprocessor-controlled,
electrochemical sensor based emission analyzer that uses proven technology for
accurate exhaust gas analysis. The analyzers are suited for a variety of applications:
engine emission and boiler/burner flue gas analysis, pollution source testing, and
environmental reporting of stack gas parameters.

The Emission Analyzer provides measurements for O2, CO Low (0 to 4000 ppm), NO,
NO2 as well as measuring gas and ambient temperatures, stack draft (pressure) and a
standardized smoke test. CO high (0 to 40,000 ppm) and Combustibles. The emission
analyzer calculates these parameters: CO2, combustion efficiency, excess air, and
losses. An on-board printer allows hard copy printing of the vital gas emission
parameters. Designed as a portable emission analyzer only, and is not recommended
for continuous operation. Semicontinuous operation can be performed if all the filters
and the water trap receive general maintenance on a regular and consistent basis.

Figure 203 - Emission Analyzer Ready For Operation.
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Components

Figure 204 - 156-1060 or 156-1070 Emission Analyzer Groups.
Refer to Charts A, B, and C for item identification.

Chart A.
156-1060 and 156-1070 Emission Analyzer Groups

Item  Part No. Description

1 156-1068  Sample Line

2 156-1067 Probe [30.5 cm (12.0 in)]

3 —  Emission analyzer

4  — Single water trap assembly

5  — Power cord

6 —  Drain hose

7  —  Ambient thermocouple with magnet

8 —  Shoulder strap

9 — Note pad

10 — Package of water trap filters

11 — 
Package of smoke test paper and comparison 
chart

12 — Two rolls of printer paper

13 — NEHS0714 Tool Operating Tips Pocket Card

14 — NEHS0713 Tool Operating Manual

15 — Calibration certificate and magnet

Table 6
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Optional Items

Figure 205 - Optional Items

1. 156-1077 Inverter, Power (12 VDC, includes battery cables and cigarette lighter
adapter.)

2. 156-1075 Display, Remote [Includes 76.2 cm (30 ft) long cable.]

Not Shown: Data Acquisition Software (contact CSTG).

Service Parts

Service Parts (Available Separately)

Part No. Description

156-1072 Filter, Water Trap

156-1074 Paper, Smoke Test

156-1073 Media, Filter (purple beads)

156-1078 Paper, Printer

Table 7
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Replacement Parts

Specifications

Measured Parameter Specifications

Measurement Range

Service Parts (Available Separately)

Part No. Description

156-1061 Sensor, Oxygen (O2)

156-1062 Sensor, Carbon Monoxide (CO Low)

156-1063 Sensor, Carbon Monoxide (CO High)

156-1064 Sensor, Nitric Oxide (NO)

156-1065 Sensor, Nitric Dioxide (NO2)

156-1066 Sensor, Combustibles (CxHy)

156-1067 Probe [30.5 cm (12.0 in)]

156-1068 Line, Sample

156-1069 O-Ring, Inlet (draft)

156-1071 Head, Printer

156-1076 O-Ring, Inlet (exhaust)

Table 8

Oxygen (O2) 0 - 21%

Carbon Monoxide - low (CO) 0 - 4000 ppm

Carbon Monoxide - high (CO) 0 - 40,000 ppm

Nitric Oxide (NO) 0 - 4000 ppm

Nitrogen Dioxide (NO2) 0 - 500 ppm

Combustibles (CxHy)  0 - 6%

Ambient Temperature 17.8°C to 121.1°C (0°F to 250°F)

Exhaust Temperature 17.8°C to 982.2°C (0°F to 1800°F)

Stack Draft 0 - 40.00" H20

Table 9
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Sensor Type

Measurement Resolution

Measurement Accuracy

Oxygen (O2) Electrochemical

Carbon Monoxide - low (CO)
Electrochemical (4 electrode H2 

compensated)

Carbon Monoxide - high (CO) Electrochemical

Nitric Oxide (NO) Electrochemical

Nitrogen Dioxide (NO2) Electrochemical

Combustibles (CxHy) .
Catalytic Pellistor (Wheatstone Bridge 
Principle)

Ambient Temperature PTC Sensor

Exhaust Temperature Type K Thermocouple

Stack Draft Piezoresistive Electronic Sensor

Table 10

Oxygen 0.1%

Carbon Monoxide - low (CO) 1 ppm

Carbon Monoxide - high (CO) 5 ppm

Nitric Oxide (NO) 1 ppm

 Nitrogen Dioxide (NO2) 1 ppm

 Combustibles (CxHy) 0.01%

 Ambient Temperature  0.6°C (1°F)

.Exhaust Temperature 1.7°C (1°F)

Stack Draft 0.01 inch H20

Table 11

Oxygen (O2) ± 2% of reading

Carbon Monoxide - low (CO) ± 4% of reading

Carbon Monoxide - high (CO) ± 4% of reading

Nitric Oxide (NO) ± 4% of reading

Nitrogen Dioxide (NO2) ± 4% of reading

Combustibles (CxHy)  ± 4% of reading

Ambient Temperature -16.1°C (3°F)

Exhaust Temperature  -16.1°C (3°F)

Stack Draft . 2% of reading

Table 12
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NOTE:
Variances in the analyzer's core temperature may affect the reading and accuracy of the
electrochemical sensors (O2, CO low, CO high, NO, NO2, and CxHy sensors). Care
should be taken to ensure the analyzer's core temperature does not vary by more than
5.6°C (10°F) in either direction over the testing time. It is best to allow the analyzer to
acclimate to ambient temperature prior to turning the analyzer's power ON.

Sensor Life

Smoke Test

Calibrated Parameter Specifications

Carbon Dioxide (CO2)

Combustion Efficiency

Oxygen (O2) 2 years*

Carbon Monoxide - low (CO) 3 years*

Carbon Monoxide - high (CO) 3 years*

Nitric Oxide (NO) 3 years*

Nitrogen Dioxide (NO2) 3 years*

Combustibles (CxHy) 5 years

Ambient Temperature 10 years

Exhaust Temperature  10 years

Stack Draft  10 years

* Depends on usage and gas concentration.

Table 13

Scale 0 - 9 spot method

Table 14

Range 0 - 40%

 Resolution 0.1%

Formula CO2 = CO2 max times (1 - O2 meas.)/21

Table 15

Range 0 - 100%

Resolution 1%

Formula ETA = 100 - Losses

Table 16
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Excess Air (LAMBDA)

Losses

General Specifications

Range 0 - 50%

Resolution 0.01%

Formula Lambda = (1 + O2)/(21 - O2)

Table 17

Range 0 - 100%

Resolution 1%

Formula Losses = [(A2 + B)/(21 - O2)] x (T gas - T air)

Table 18

Input Exhaust from engine under test

Operating Temperature (analyzer) 6.7°C to 50.0°C (20°F to 122°F)

Operating Temperature (probe) -17.8°C to 982.2°C (0°F to 1800°F)

Storage Temperature -40.0°C to 60.0°C (-40°F to 140°F)

Case Aluminum reinforced (with locks)

External Dimensions 48.3 x 40.6 x 16.5 cm (19 x 16 x 6.5 in)

Weight 12.7 Kg (28 lbs)

Pump Draw Flow rate 2.5 LPM (approximately)

Internal Power
Supplied by an internal 12 VDC, 1.9 AH 
rechargeable lead acid battery.

Battery Life 2 - 3 hours

Battery Recharge Time

8 hours required for recharging the battery 
(a completely discharged battery requires 
approximately 24 hours to receive a full 
recharge).

Analyzer Protected by a 1 Ampere Fuse

Probe

33 cm [13 in long x 9.5 mm (.375 in)] OD 
Inconel probe with aluminum pistol grip 
handle with threaded quick disconnect 
sample line connection.

Sample Line
4.6 m (15 ft) long high temperature flex 
hose with thermocouple wire.

Display
24 Character, 8-line backlit with adjustable 
contrast and zoom. Capable of displaying 
all parameters simultaneously.

Time/Date
Time in hours, minutes, and seconds Date 
in month, day, and year

Lithium Battery Back-Up For volatile memory

Table 19
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156-1077 Power Inverter Specifications

Input Voltage Range 10.5 to 14.5 VDC

Input Voltage Protection 

Automatically shuts down if voltage 
exceeds 15 VDC (the inverter will 
damaged if it is connected to a 24 VDC 
battery)

Low Battery Indicator
Audible alarm sounds if input voltage 
drops to 10.6 VDC

Output 115 VAC

Operating Temperature Range 10°C to 26.7°C (50°F to 80°F)

Over Temperature Protection

When the power inverter's internal heat 
sinks reach 65.5°C (150°F), the inverter 
will automatically shut down. The inverter 
may be "restarted" by first disconnecting 
the inverter and allowing it to cool for 15 
minutes before reconnecting.

No Load Current Draw Less than 0.2 Ampere

Output Receptacle Dual 3-prong

Fuse 35 A (spade type)

Weight Approximately 1.6 Kg (3.5 lbs)

Dimensions 155 x 127 x 58 mm (6.1 x 5.0 x 2.3 in)

Maximum Continuous Power 300 Watts

Surge Capability (Peak Power) 600 Watts

Overload Protection
 Inverter automatically shuts down if 
continuous power is greater than 300 
Watts

Table 20
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Connections

Figure 206 - Connections to Front Panel.

1. Exhaust Gas Input

Connect the 156-1068 Sample Lines Quick
Disconnect with the larger ID to this input.

2. External Power

External AC power is supplied by using the AC power cord. Input voltage range is
110/220 VAC, 60/50 Hz. The analyzer is also designed to plug the power cord's
plug into the optional 156-1077 Power Inverter for power from an external DC
source.

3. RS232 Connector

The RS232 Connector is used as a serial communications link between a
personal computer when using the optional Data Acquisition Software (contact
CSTG). The connector is also used to communicate with the optional 156-1075
Remote Display.

4. T-Gas Connector

Input for temperature of exhaust gas.
Connect sample line's five pin connector to this input.

5. T-Inlet

Connection for ambient thermocouple with magnet.

6. Draft Inlet

Connect the sample line's quick disconnect with the smaller ID to this input.

7. Water Trap Power Input

Power input for water trap.
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Drain Hose

Figure 207 - Connecting Drain Hose.

Analyzer Description Front Panel

Figure 208 - Front Panel

1. Exhaust Gas Input

Connect the 156-1068 Sample Lines Quick Disconnect with the larger ID to this
input.

2. Draft Inlet

Connect the sample line's quick disconnect with the smaller ID to this input.

3. Fresh air inlet.

4. T-Inlet

Connection for ambient thermocouple with magnet.

1. Drain hose fitting installed into the analyzer
2. Drain hose
3. Water trap mount on analyzer.
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5. T-Gas Connector

Input for temperature of exhaust gas.
Connect sample line's five pin connector to this input.

6. Switch, 110/220 VDC, 50/60 Hz.

7. Water Trap Power Input

Power input for water trap.

8. RS232 Connector

The RS232 Connector is used as a serial communications link between a
personal computer when using the optional Data Acquisition Software (contact
CSTG). The connector is also used to communicate with the optional 156-1075
Remote Display.

9. Peristaltic Pump

Purges water in water trap assembly.

10. External Power

External AC power is supplied by using the AC power cord. Input voltage range is
110/220 VAC, 60/50 Hz. The analyzer is also designed to plug the power cord's
plug into the optional 156-1077 Power Inverter for power from an external DC
source.

11. Fuse Tray

Holds 1 ampere fuse.

12. Filter Media Tube (purple beads).

13. Serial Number Label.

14. Calibration Decal.
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Top Panel Description

Figure 209 - Top Panel.

1.  LCD Display.

2. CONTRAST

Press the contrast key to adjust the contrast of the LCD display. Continue to
press the contrast key until the desired contrast is reached.

3. ZOOM

The zoom key is used to zoom in on the LCD display.

4. PRINT

This key is used for selecting print options.

5. PAPER

The "PAPER" key advances the printer paper.

6. PROGR

The PROGR key allows the user to enter the program mode where adjustments to
the calculated and measured values can be made.

7. MODE (special CO mode)

The MODE switch allows the user to view O2 corrected values and is used to
"zero" the draft measurement sensor.

8. Up Arrow

Press the up arrow to scroll up the LCD display.

9. ESC (Escape)

The escape key exits the current screen and returns to previous screen or
operation mode.
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10. Backlight Key

(Illuminate Display).

11. CO low Bypass

Pressing the "CO Bypass" key activates a mechanical bypass allowing fresh air to
purge the 156-1062 Carbon Monoxide (CO) Low Sensor. The mechanical bypass
will be heard when active and makes a high pitched sound. Pressing the "CO
Bypass" key again deactivates the mechanical bypass. When the CO level
exceeds 4000 ppm, an automatic CO bypass activates and purges the 156-1062
Carbon Monoxide (CO) Low Sensor until the level reduces below 4000 ppm.

12. DRAFT

This key is used to perform a draft (pressure) measurement that is displayed in
inches H2O.

13. SMOKE

This key is used to perform a smoke (soot) measurement.

14. CONTR

The CONTR allows the user to view the O2, CO, NO, NO2, CxHy (also CO
percent for the 156-1070 Analyzer only) sensor's millivolt readings, total run time
in hours, serial number, and battery voltage in volts. The battery voltage is not
shown if the battery has been completely discharged or the analyzer is connected
to an external power source. When in this menu and the calibration magnet or the
thermocouple magnet is placed above "CAL MAGNET HERE" on the top panel,
then the calibration mode is entered.

Figure 210

NOTE:
The screen above represents a 156-1070 Emission Analyzer connected to an external
power source.

15. “m” key

The "m" key activates the storage of readings into short-term memory for printing.
Also press the "m" key after printing to clear the short-term memory.
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16. Down Arrow

Press the down arrow to scroll down the LCD display.

17. E (Enter)

The Enter key enters or confirms the information displayed.

18. Printer.

19. ON/OFF Switch.

20. CAL MAGNET HERE

Location to place magnet end of the thermocouple with magnet or the calibration
magnet to enter the analyzer's calibration mode.

Remote Display

Figure 211 - 156-1075 Remote Display

1. Input/Output Connector

The remote display communicates with the analyzer and is powered from the
analyzer using this port. Connect the cable's round connector to this port [a cable
of 9 m (30 ft)] in length is included with the 156-1075 Remote Display.

2. Backlit LCD Display.

3. MEMORY PRINTER

Pressing this key prints the memory stored in the analyzer.

4. STEP

Press this key to select desired parameter in row 3.

5. STEP

Press this key to select desired parameter in row 4.
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6. LIGHT

Pressing this key turns the LCD displays backlight ON. Pressing the key again
turns the backlight OFF.

Not Shown: NEEG2817 Rear Decal

7. Cable 9 m (30 ft) in length.

8. RS232 Connector — to PC.

9. RS232 Connector — to Remote Display.

Power for the Emission Analyzer

Charging the Internal Battery
The internal rechargeable battery can be charged by either an AC or DC external
power source. When operating the analyzer using internal battery power and the
power is getting low, the "Batt" indicator will be shown on the LCD display's lower left
corner and the analyzer will make a beeping sound. When this happens, the analyzer
should not be operated more than five minutes before powering it with an external
power source or recharging the battery.

The "Batt" indicator will disappear and the beeping sound will stop when the internal
battery is being charged.

NOTE:
If the analyzer is stored in excess of one month, it must be fully charged before storage
and charged again for approximately twenty-four hours when taken out of storage.

For best battery life, recharge the unit 8 hours after each use. This will keep the
battery in a fully charged state and provide maximum operating time.

When operating the analyzer from an external power source, the batteries receive a
small charge.

NOTE:
Do not discharge the battery completely. This results in loss of calibration of some
electrochemical sensors. Also, when the battery is completely discharged, the analyzer
will not make a beeping sound and the LCD display will be blank (no "Batt" indication).

Connecting to AC Power

1. If an external AC power source is available and the analyzer is turned OFF, plug
the power cord into the analyzer's front panel and into an AC outlet. Refer to the
“Analyzer Description” section for the location.

NOTE:
For operation outside the USA, use an AC power plug adapter, a 133-6975 AC Power
Cable (European Plug), or replace the AC plug.
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2. Make sure the correct line voltage is selected and switch it if needed. The
emission analyzer is switchable between 110 VAC, 60 Hz and 220 VAC, 50Hz.
Refer to Illustration 6, item 6.

Connecting to DC Power

1. The optional 156-1077 Power Inverter (12 VDC) may be used to connect the
analyzer to an external DC power source.

2. Plug the power cable into one of the two outlets on the 156-1077 Power Inverter.
Refer to Illustration 8.

3. When using the battery from a machine or engine as the power source, power the
emission analyzer by connecting the power cable clip with the black coloured
handle to the machine or engine's frame or to the battery's negative terminal.
Connect the power cable clip with the red coloured handle to the battery's positive
terminal.

NOTICE:
The 156-1077 Power Inverter requires a 12 VDC input. Make sure not to exceed this
specification or the power inverter's fuse may blow resulting in possible damage to the
power inverter and emission analyzer.

NOTICE
Also, reverse polarity could damage the power inverter, but will most likely blow the 35
Ampere fuse. Refer to item 5, Illustration 8.

4. The emission analyzer can also be powered by a vehicle's 12 VDC cigarette
lighter. Remove the cable with the power clips from the power inverter. The power
inverter can now be plugged into a cigarette lighter on a vehicle. Refer to
Illustration 8.

Figure 212 - AC and DC Power Cords

(1) Power inverter
(2) Cigarette lighter adapter.
(3) Manual
(4) Battery power clips attached to 

cable.

(5) Installed fuse
(6) Extra fuses
(7) Two outlets that accept the power 

cable's plug supplied with the       
emission analyzer. (8) On/off switch.
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Operating Recommendations

Figure 213 - Complete Measurement System Setup.

Because the exhaust gases are hot, full of moisture, and corrosive, the following
precautions should be used.

Never use the analyzer without the water trap assembly hoses connected to the
analyzer.

Change the water trap filter inside of the water trap assembly when it becomes
noticeably discoloured.

Change the 156-1073 Filter Media (purple beads) after they turn the colour brown
and begin to turn the colour white.

Do not rest the 156-1067 Probe on a hot exhaust surface.

Allow the 156-1067 Probe to cool before storing.

At the end of a test, remove any water that collected in the water trap assembly
and shake out any moisture that may be collected in the 156-1068 Sample Line
and 156-1067 Probe.

• Never allow the battery to become completely discharged. Refer to the Charging
the Internal Battery section for charging the analyzer's internal battery.

Operating Instructions
Before using the emission analyzer, refer to Charging the Emission Analyzer and
Power for the Emission Analyzer sections in this manual.

Setup and Operating Instructions

1. Setup the analyzer.

To begin analyzer operation, open the case (make sure the analyzer is lying flat).
Remove the hoses and cables from the case's front compartment.

2. Connect the analyzer to an external power source. Refer to Power for the
Emission Analyzer section. Rely on the analyzer's internal battery if external
power is not available.

1. 156-1060 or 156-1070 Emission Analyzer
2. 156-1075 Remote Display (optional)
3. 156-1077 Power Inverter (optional).
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3. Connect the water trap assembly.

a. Remove the water trap assembly.

b. Check the tubing from the bottom of the water trap bowl for cracks or tears.
Be sure the water trap's top filter cap is secure.

c. Mount the assembly on the slot provided on the analyzer's side wall. Refer to
Illustration 5. The water trap (the bottle itself) should hang on the inside of
the case with the black tubing freely feeding directly into the analyzer.

d. Plug in the contact wire from the water trap assembly to the analyzer's front
panel. Refer to Illustration 6.

4. Connect drain hose. Refer to Illustration 5.

5. Connect the Sample Line, Probe, and the Ambient Thermocouple with Magnet.

a. Connect the ambient air thermocouple with magnet to the T-Inlet on the
analyzer's front panel. Refer to Illustration 6.

NOTE:
Note the notched fitting on the Thermocouple connection. This must be inserted properly.

The flexible sample line is 4.6 m (15 ft) long with connectors on each end. The connectors
are sized to fit only in the correct input location.

b. Connect one end of the 156-1068 Sample Line to the 156-1067 Pistol Grip
Probe.

c. Insert the gas and draft connectors into the proper receivers in the bottom of
the probe. Make sure the quick disconnects are installed correctly to prevent
leaks.

d. Connect the larger thermocouple connection to the analyzer's front panel.

e. Connect the gas and draft lines. Refer to Illustration 6.

6. Connect the 156-1075 Remote Display (if using).

a. Connect it to the analyzer using the 9 m (30 ft) cable.

b. Connect the round connector to the input/output port on the remote display.

c. Connect the other end to the analyzer's front panel.

7. Turn ON the Analyzer.

To turn the analyzer on, press the rocker switch marked I/O and wait for the
display to acknowledge power ON.

If an ERROR message is displayed, see the “Error Messages” section.

8. Allow the analyzer to run the Auto Zero/Auto Span.

Once all connections are correctly made and the analyzer has been turned ON,
the analyzer begins its automatic zero/span procedure. The analyzer should be in
fresh air during this period and the probe not yet inserted into the sampling port in
the stack. During this process, the 156-1061 Oxygen Sensor is automatically
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calibrated to ambient air, while the other sensors are zeroed and checked for
proper signal output voltages. The emission analyzer will count down from 180
seconds to complete the Auto Zero/Auto Span warm up period.

Figure 214

The analyzer is ready for operation when the 180 second countdown is complete
and "Calibrat." disappears from the display. Now press the "E" key to display all
the output signals, which is the main menu.

NOTE:
Pushing "E" during the countdown will display the countdown in larger letters, the T-Gas
(exhaust gas temperature), and the main menu will automatically be displayed after the
countdown is complete.

9. Select the type of fuel.

There are several pre-programmed fuel selections in the emission analyzer.
These include Natural Gas, Diesel Oil, Propane, Butane, Fuel Oil #2, #4, and #6,
Coal, Wood (at varying moisture contents), and others. (Natural gas is the factory
default.) During the auto zero/span procedure, you may enter the fuel type being
burned in the combustion process. Use the up and down arrow keys to scroll
through the different fuel types. Once the desired fuel type is viewed, press the
"E" key.

10. Normal Measurement Mode

After the analyzer has completed its 180 second calibration cycle, the display will
read real-time emission values. Refer to the “8 Line Display” illustration in the
LCD Display Functions section.

NOTE: CO2, Efficiency, Lambda, and Losses are calculated values. In order for the
analyzer to begin calculating these values, the oxygen content has to drop below 20.5%
and the T-Gas must be at least 5 degrees higher than T-Air. When these values are not
being calculated, the display will show "------" in these fields.

11. Insert the probe into the sampling port in the stack and allow the analyzer to draw
the gas sample for a minimum of three minutes to allow the readings to stabilize
and the sensors to respond fully to the gas concentration.
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LCD Display Functions

Contrast
Once the analyzer is ON, the display's contrast can be adjusted by pressing and
holding the "CONTRAST" key until the desired contrast level is obtained.

Backlight
The emission analyzer is equipped with a backlit digital display for easy viewing.
Simply press the backlight symbol key on the front panel to illuminate the display. To
turn OFF the backlight, press the key with the backlight symbol again.

Zoom
The "ZOOM" key can be used to display all of the emission parameters at once and
has two zoom levels.

1. Initially all parameters are displayed at the same time on the display's 8 line
screen.

Figure 215 - 8 Line Display

2. Press the "ZOOM" key once to change the display from 8 lines to 4 lines. Now
only parameters on 4 of the 8 lines are displayed, but the arrow key can be used
to change which 4 lines are displayed. The up arrow key will allow you to view
values for the display's 3rd line. The down arrow key will allow you to view values
for the display's 4th line.

Figure 216 - 4 Line Display

3. Pressing the "ZOOM" key again will change the display from 4 lines to 2 lines.
You may scroll through the values being displayed by again pressing the arrow
keys. The up arrow key will allow you to view values for the display's top line. The
down arrow key will allow you to view values for the display's bottom line.



AIR INDUCTION AND EXHAUST SYSTEMS

APLTCL001

© Caterpillar of Australia Pty Ltd 159

Figure 217 - 2 Line Display

4. Pressing "ZOOM" again will return the display back to the normal 8 line display.

Printing

1. To print, the "m" key must first be pressed for the analyzer to store the currently
displayed measurements. When the memory function is activated ("m" key was
pressed) an "m" will appear in the display’s top right corner.

Figure 218

2. After the "m" key has been pressed, press the "PRINT" key. The display now
shows:

Figure 219

If the "arrow cursor" is not located on the "Start Printing" line, then use the up and
down arrow keys to scroll to this line.

NOTE:
Memory/M and Insert Text are unused menus.
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3. Press the "E" key to print the emission values stored in memory. While the
analyzer is printing the display will show:

Figure 220

4.  After printing is complete, the display will again show real-time emission values.

5. Press the "m" key again to clear the memory for the next test. This will remove
the "m" from the display's top right corner.

NOTE:
It is important to clear the memory before beginning the next test to ensure that only new
information is entered into the memory for the next printing.

6. Below is an example of a print out.

Figure 221
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Smoke (Soot) Measurement

1. To begin the smoke measurement, press the "SMOKE" key on the top panel and
the pump will stop.

2. Press probe trigger (2) and insert the smoke test paper disk in slot (1). Release
the trigger.

Figure 222 - 156-1067 Probe (1) Slot for inserting smoke test paper. (2) Probe trigger

3. Re-insert the probe into the exhaust stack and press the "E" key to begin the
smoke measurement.

4. The pump will re-start and draw 1.62 litres of exhaust through the smoke paper.
The 1.62 later countdown will show on the display. When the countdown is
complete, press the trigger and remove the smoke paper.

5. Determine the smoke level by comparing the smoke spot on the smoke test paper
disk with the included smoke chart. The results (0.0 to 9.9) can now be entered
using the analyzer's keypad on the top panel. This value will be stored and
printed on the next test print. The smoke test can now be repeated up to two more
times.

6. The analyzer can calculate the average of up to three smoke tests, store the
average value, and print it on the next test print. Use the up and down arrow keys
to move the "arrow cursor" and select smoke test number 1, 2, or 3, plus the
mean (average) value. Press the "E" key to save the information selected by the
"arrow cursor".

Figure 223
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Draft Measurement
The emission analyzer is equipped with a high quality piezoresistive sensor for
differential pressure measurements that are used to measure stack draft.

To perform this function during normal operation use the following procedure.

1. Press the "DRAFT" key on the analyzer's front panel. The pump will shut OFF and
the display will show:

Figure 224

2. At this point, disconnect and remove the draft hose from the analyzer's front
panel (connector with three rings), then press the "MODE" key and the display
will show:

Figure 225

3. The pressure sensor will now auto-zero.

4. Allow fifteen seconds for the sensor's reading to zero and stabilize. Reconnect
the draft hose connector to the analyzer's front panel. The display will now show
the exact value for draft in inches of water from 0 to 40.00 inches.

5. Press the "m" key to store the reading, then press the "ESC" key to return to
normal test mode. The Draft reading is now stored in memory and will be printed
on the next test print.

6. Once the display has returned to the normal operating mode, press the "m" key to
confirm the next gas test; all parameters, including draft, will be printed when the
"PRINT" key is pressed.
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Program Settings

1. The Program Settings menu allows the user to adjust the calculated and
measured values. Press the "PROGR" key when in the gas measurement mode
to enter the Adjustments menu and the display will show:

Figure 226

2. Move the cursor using the up and down arrow keys to select the value to be
changed. Press the "E" key. The following settings are possible:

a. Unit

Units for calculating gas concentration in:

i. ppm = volume concentration (parts per million), which is the default
setting from the factory.

ii. mg/m3 = mass concentration per volume

iii. #/mBtu = lbs. pollutant per mm/Btu.

b. Undiluted

Calculation of gas concentration using reference oxygen. "Undiluted: YES"
will correct electrochemical gas values (CO low, CO high, NO, NO2) to a
theoretical O2 level (i.e. 3%) selected below the Reference O2 section. When
"Undiluted: YES" is activated, a "U" will appear after the CO, NO, NO2, and
NOx readings on the display. "Undiluted: NO" will provide normal CO, NO,
NO2, and NOx readings to the actual O2 concentration.

Formula for calculation:

c. Refer. -O2

Reference oxygen value for O2 correction (i.e. 3%). This value will only be
calculated if "Undiluted: YES" is activated.

d. Boil. Temp

Boiler feed water temperature as reference value.

e. Air Pres.

Barometric air pressure. Not used for any calculation.

E ref  E meas 
21 02ref–( )

21 02meas–( )
----------------------------------------×=
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f. Probe heat.

Probe heating ON/OFF for smoke test. This turns ON automatically when the
"SMOKE" key is pressed and the probe heat selection is showing "No". The
default factory setting is "No", (OFF.)

g. Fuel type

Changes fuel types without having to go through the analyzer's start-up
procedure. Use the up and down arrow keys to scroll through the different
fuel types. Once the desired fuel type is viewed, press the "E" key. The
default factory setting is natural gas.

h. Clock Set

The display shows the internal clock date and time:

mm.dd.yy hh.mm.ss

NOTE:
mm:dd:yy represents (month, day, and year) and hh:mm:ss represents (hours, minutes,
and seconds).

To change the time and date, use the up and down arrow keys to move the cursor and
press the numerals on the keypad to update the time and date.

i. Fuel Type<PC

This is used to upload a fuel program from software (contact CSTG for more
information).

Remote Display Operation
Once the analyzer is powered ON and has completed the 180 second power-up
sequence the display will show:

Row 1 Gas temperature

Row 2 Oxygen content

Row 3 CO, Efficiency, Loss, Lambda, T Room, NO, NO2, or CxHy can be viewed
using the  scroll key.

Row 4 CO2, Efficiency, Loss, Lambda, T Room, NO, NO2, or CxHy can be viewed
using the  scroll key.

Refer to the Remote Display section for additional information.

NOTE:
The 156-1076 Remote Display provides no indication when the analyzer's internal battery
is low and needs recharging. The analyzer's LCD display must be relied upon, which will
display "Batt" when the internal battery is low and needs recharging.
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Shutting Off the Analyzer

1. Remove the 156-1067 Probe from the engine's sample port and shake it to
remove any accumulated water. Allow the pump to draw fresh air through the
sample line for a few minutes. Allow CO, NO, NO2, etc. readings to return below
15 ppm and O2 to rise above 20.0% before shutting OFF the analyzer by pressing
the ON/OFF switch.

2. After being switched OFF, the analyzer will automatically start a purging cycle
that will continue until the gas values drop close to zero preventing the analyzer
from being stored with gas in the line. The condensate pump will run and empty
any moisture collected in the water trap bowl. The analyzer will not shut OFF until
readings fall below 15 ppm. When the analyzer is ready to turn OFF, the display
will show "unit switches off" and then the display will soon be blank.

3. Disconnect the 156-1068 Sample Line from the 156-1067 Probe and the
analyzer. Allow any accumulated water to drain from the sample line.

4. Change the 156-1073 Filter Media (purple beads) if needed.

5. Remove the water trap assembly from the analyzer's mounting bracket and place
the water trap assembly and sample line in the storage compartment, which is
located in front of the analyzer's front panel. Store the probe in the pouch on the
inside of the analyzer's lid.

6. Charge the battery 8 hours for the next use. The analyzer must be shut OFF for
the best charge.

NOTE: If the analyzer is stored in excess of one month, it must be given a full charge
before storage and charged again for approximately 24 hours prior to usage.

Engine Reference Information
Gas Engine Performance Books:

LEBQ 9194 G300 Engines

LEBQ 4197 G3300 Engines

LEBQ 6483 G3400 Industrial Engines

LEBQ 6484 G3400 Genset Engines

LEBQ 6117 G3500 Industrial Engines

LEBQ 6169 G3500 Genset Engines

LEKQ 5327 G3600 Engines

LEKQ 7750 G3408 Catalyst Chiller

LEKQ 7735 G3408 LE Chiller

LEKQ 7517 G3412 Catalyst Chiller

LEKQ 7738 G3412 LE Chiller

LEKQ 7397 G3508 LE Chiller

LEKQ 7398 G3512 LE Chiller

LEKQ 7399 G3516 LE Chiller
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Refer to TMI for additional information for Gas Engines and also for Diesel Engines.

Customizing the Title on Printouts
To customize the titles on printouts requires optional Data Acquisition Software.

Equipment Required

1. Emission Analyzer.

2. Personal Computer - Windows Compatible.

3. Data Acquisitions Software (contact CSTG).

Instructions

1. Connect the RS232 Null Modem Cable to the PC and to the analyzer. The RS232
Null Modem Cable comes with the optional Data Acquisition Software (Contact
CSTG).

2. Install the Data Acquisition Software into the PC.

3. Start the software and go to the Main Menu.

4. Position cursor on “Name to Printout”.

5. Turn the analyzer ON.

6. Before 10 seconds has elapsed, place the magnet on the "CAL MAGNET HERE"
label (same as calibration position).

7. The analyzer will read Gas Analysis.

8. Return to the PC and select “Name to Printout”.

9. The PC screen should read:

Zeile 1: ____________(enter information)

Zeile 2: ____________

____

Zeile 8: ____________

NOTE:
If only two lines of information are needed, enter the desired information using the PC on
line 1 and line 2 (Zeile 1 and Zeile 2). Push the return key on the PC to pass through the
other lines and leave them blank.

10. Once the return key is entered on Zeile 8, the PC will show "OK" (wait a few
seconds).
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11. To test the name, shut the analyzer OFF and then turn it back ON and allow the
analyzer to complete its 180 second calibration cycle. Make a print out as usual
and examine it to see if the name on printout was properly changed.

Maintenance

Analyzer's Internal Fuse Test/Replacement

1. The analyzer's fuse is located in the fuse tray. Refer to Illustration 6.

2. Pull forward on the tab at the top of the fuse tray. Two 0.5 AMP, 250 volt, fast
blow fuses are inside. The fuse at the back of the fuse tray is the one in use and
the fuse at the front is a spare.

3. Use a 6V-3030, 6V-7800, or 6V7070 Digital Multimeter to test the fuses.

a. Set the multimeter on the 200 Ohm scale to check continuity between the two
legs.

b. If the fuse is good (reusable) the resistance will be less than 1 Ohm.

c. If the fuse is defective, replace it. A defective fuse will measure infinite Ohms
(OL on the multimeter's display) and should be replaced.

Power Inverter's Internal Fuse Test/Replacement

1. The power inverter uses a 35 Ampere spade-type fuse and a spare is included
with the power inverter. Locate the fuse. Refer to Illustration 8.

2. Remove the fuse from the power inverter.

3. Use a 6V-3030, 6V-7800, or 6V7070 Digital Multimeter to test the fuses.

a. Set the multimeter on the 200 Ohm scale to check continuity between the two
legs.

b. If the fuse is good (reusable) the resistance will be less than 1 Ohm.

c. If the fuse is defective, replace it. A defective fuse will measure infinite Ohms
(OL on the multimeter's display) and should be replaced.

Changing the 156-1073 Filter
Media (Purple Beads) The filter media (purple beads) is originally purple in colour.
Replace the filter media after it has turned brown and is beginning to turn white.
Changing the beads will prevent CO sensor(s) errors. The filter media removes NOx
and SO2 compounds going only to the CO sensor(s). This eliminates any cross
interference on the CO sensor(s) and provides accurate readings. The used 156-1073
Filter Media should be properly discarded.

1. Remove the filter media tube from the holding brackets (1). Refer to Illustration 6.

2. Disconnect the black coloured hoses on the filter tube ends.

3. Remove one clear plastic end cap from the filter tube, properly discard the used
filter media and replace it with new.
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4. Reinstall the clear plastic end cap, reconnect the black coloured hoses to the
tube, and mount the tube back in the holding brackets. It may be necessary to
push some of the black coloured hoses inside on the analyzer to mount the tube
on the holding brackets.

Figure 227 - Filter Media Tube (1) Filter media tube. (2) Clear, plastic end caps

Changing the 156-1072 Water Trap Filter
Replace the water trap filter when it looks dirty. The water trap's lid is clear plastic so
the filter can be viewed. To replace the filter media:

1. Unscrew the water trap assembly.

2. Remove and discard the used filter.

3. Replace the filter with a new filter and screw the lid back on.

Care and Cleaning
The emission analyzer is a durable instrument. However, since it is often used
outdoors in a wide range of conditions, care must be taken to protect it and keep it
clean. The analyzer is water resistant to a certain degree, but not waterproof. Damage
may occur if water is allowed to enter the analyzer. If moisture does enter the
analyzer, remove the top panel and allow it to dry out completely in a warm, dry place.

NOTE:
Turn the analyzer OFF before removing the top panel.

NOTICE
DO NOT use aromatic hydrocarbons or chlorinated solvents for cleaning. These
chemicals will react with the plastics used in the analyzer's front and top panels and cause
damage. A clean cloth may be used to clean these panels. Do not allow water to enter the
analyzer during cleaning.
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Sensor Replacement

1. Shut OFF the analyzer.

Figure 228 - Bottom of Analyzer (1) Phillips head screws

2. Remove four Phillips head screws (1) from the bottom of the case.

Figure 229 - Disconnect Inside Drain Tube (1) Drain tube connector. (2) Drain tube

3. Disconnect drain tube (2) from drain tube connector (1).

Figure 230 - Analyzer without Protective Case

4. Lift the analyzer out of the protective case. Illustration 14 shows the analyzer
already removed from the protective case.

5. Remove the twelve Allen head screws on the analyzer's top panel.
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Figure 231 - Analyzer with Top Panel Removed (1) Analyzer's top panel. (2) Analyzer's base

6. Lift up top panel carefully, turn it over, and set on the analyzer's base as shown in
Illustration 15.

Figure 232 - Electrochemical Sensor Identification

7. Identify the location of sensor to be replaced

a. Nitric oxide sensor (1) is orange and has 3BNF/F on top.

b. Nitric dioxide sensor (2) is black and has 3NDH on top.

c. Carbon monoxide high sensor (3) is red and has 3M/F on top.

d. Carbon monoxide low sensor (4) is red and has A3/E or 3F/F on top.

e. Oxygen sensor (5) is shaped like a cylinder and has a solenoid switch (6)
glued to it, which shuts off the oxygen sensor when not operating.

f. To replace combustibles sensor (7), go to Step 19.

1. NO sensor
2. NO2 sensor
3. CO high sensor

4. CO low sensor
5. O2 sensor
6. O2 sensor solenoid switch
7. Combustibles sensor
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Figure 233 - Side View

8. To replace the O2, NO, NO2, CO low, or CO high sensors, remove the four
Phillips head screws (2) on side and the two Allen head screws (1) on the front
panel. Refer to Illustration 17.

Figure 234 - Sensor Block (1)

9. Remove the three screws holding the sensor against the sensor block. Illustration
18 shows the sensor block after it was lifted up for greater accessibility.
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Figure 235 - Nitrogen Dioxide Sensor

10. If the sensor being replaced is an oxygen sensor, go to Step 12. For replacing the
NO, NO2, CO low, and CO high sensors:

Note the position of the sensor. Remove the sensor being careful not to damage
O-ring (3) and filter (4). Refer to Illustration 19.

11. Unsolder the leads from the old sensor and solder them onto the new sensor
(make sure the correct wire is connected to each tab).

Figure 236 - Oxygen Sensor (1) Oxygen sensor (2) Solenoid switch
(3) Wire/tab solder connections

12. The oxygen sensor (1) has a solenoid switch (2) glued to it. This switch shuts off
the oxygen sensor when the analyzer is not operating.

a. Remove solenoid switch (2).

b. Glue the solenoid switch onto the new oxygen sensor in about the same
location as the old sensor.

c. Replace the oxygen sensor/switch assembly.

1. NO2 sensor
2. Wire/tab solder connections

3. O-ring
4. Filter.
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13. Activate the new sensors by removing the springs.

14. If the NO sensor is being replaced, then pop of the small circuit board on top of
the new NO sensor (no springs to pop off).

15. Install new sensor into sensor block using three screws.

NOTE:
Be sure the O-ring and filter on the sensor block are positioned correctly before installing
sensor.

Figure 237 - Combustibles Sensor

16. If the oxygen sensor was replaced, wait ten minutes after the unit is assembled. If
the CO low or CO high sensor was replaced, wait fifteen minutes after the unit is
assembled.

1. Connector to remove at the main printed circuit board
2. Connector to remove at sensor's printed circuit board
3. Sensor's printed circuit board.
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If the NO or NO2 sensor was replaced wait one to two hours. After the waiting
period, turn ON the analyzer and if the new sensor's error displays after the auto
zero/auto span, then check the wiring for correct hook-up.

Figure 238 - Back Side of Analyzer without Protective Case (4) Three screws

17. If replacing the Combustibles sensor.

a. Locate the sensor with a printed circuit board on top. Refer to Illustration 16.

b. After the sensors have been replaced, place the lid back on top of the
analyzer. Turn the analyzer over and locate three flat-head screws (4) that
mount the combustibles sensor. Refer to Illustration 22.

c. Remove the three screws. Disconnect the white connector on the
combustible's printed circuit board (2, Illustration 21) and the white connector
on the analyzer's back side connecting a yellow wire to the combustibles
printed circuit board (1). Remove the combustibles sensor and replace it with
a new one. Reconnect the two white connectors in the same locations and
install the three screws.

d. Recalibrate the new combustibles sensor now that it is installed and after the
analyzer has been completely reassembled.

Calibration

Auto Span and Auto Zero
When the analyzer is switched ON, it performs a three minute auto zero of the
electrochemical sensors (CO low, CO high, NO, NO2, and CxHy) and auto-span for
the O2 sensor. The auto spanning of the 156-1061 Oxygen Sensor sets the
calibration/span for the sensor, automatically calibrating it to ambient oxygen at
20.9%. No calibration gas is used to calibrate the oxygen (O2) sensor. The auto zero
function sets the baseline or zero point for the other electrochemical sensors.

NOTE:
To guarantee accuracy, it is important the analyzer is turned ON in clean air only prior to
placing the probe in the stack.
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Calibration Options
The emission analyzer can be calibrated onsite or sent to ECOM. On-site calibration is
not recommended due to the high cost of the calibration equipment and gases.
Contact CSTG for additional information for on-site calibration. Refer to the "Service"
section for Semi-Annual Calibration and Check-up or Calibration only options
performed by ECOM.

To calibrate the analyzer on-site, you will need an accessory calibration kit and
certified calibration gas for the electrochemical sensors (CO low, CO high, NO, NO2,
and CxHy) depending upon the type of sensors included in your analyzer. Although
the electrochemical sensors are linear within their respective nominal ranges, the
recommended calibration levels should be as close to the expected readings as
possible to achieve best results. The 156-1060 Emission Analyzer Group is equipped
with four electrochemical sensors including Oxygen (O2), Carbon Monoxide Low (CO),
Nitric Oxide (NO), and Combustibles (CxHy). The 156-1070 Emission Analyzer Group
is equipped with six electrochemical sensors including Oxygen (O2), Carbon Monoxide
Low (CO), Carbon Monoxide High (CO), Nitric Oxide (NO), Nitric Dioxide (NO2), and
Combustibles (CxHy).

Calibration Principles
Calibration of the sensors is a quick and simple process. The analyzer is configured
with an individual sensor for each specific gas to be measured. If you have any
question as to the configuration of your analyzer, check a hardcopy printout or the
LCD display to confirm the actual sensors found in the analyzer.

NOTE:
There are no sensors for CO2 or NOx as they are calculated values.

Calibration Requirements
Verification of calibration of the portable analyzer for drift, span, interference, and
other parameters, before and after an emissions compliance test may be required by
the local regulatory agency. To ensure accurate and repeatable results, follow an
established protocol or check with the local regulatory agency for any existing
protocols.

Calibration Methods
There are three recommended methods for calibrating the analyzer. In each method,
the gas line should be connected to the analyzer by placing the tubing over the end of
the probe or by connecting it to the gas inlet.

NOTE:
Some regulatory test protocols require a "Sampling System Bias" test. This test
determines the difference in analyzer response when it is calibrated through the probe
versus calibrating directly to the gas inlet (bypassing the probe and sample line). System
bias testing is not necessary if the analyzer is calibrated through the probe and sample
line and calibration gases with nitrogen balances are used to check for leaks. When
checking for leaks, it is best to connect the gas line to the probe.

NOTICE:
Damage can occur if sensors are over pressurized during calibration.
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Calibration Method #1
The first and most common method of calibration employs a regulated flow meter as a
vent in the gas line to ensure the sensors are not over or under pressurized. The gas
flow must equal the pump's pull or the pump must be allowed to pull the gas at its own
rate. This process connects the analyzer (4) gas cylinder (1), and flow meter (3) using
T-fitting (2).

Figure 239 - Calibration Method #1

1. Open the gas cylinder until the flow meter reads 1 LMP.

2. The flow meter will vent a small amount of gas (5) which prevents air from
entering the system and allows the pump to control the analyzer's internal
pressure.

Calibration Method #2
The second method of calibration uses a regulated flow meter attached to the probe
using an appropriately sized section of tubing. By connecting one end of the flow
meter to the analyzer and leaving the other end open, you can first measure the
pump's flow rate, then connect the flow meter's other end to the gas cylinder with the
regulator opened to match the pump's pull.

Figure 240 - Calibration Method #2

1. Connect analyzer (4) to flow meter (3) to measure flow of pump.

1. Gas cylinder
2. T-fitting
3. Flow meter

4. Analyzer
5. Flow meter vent location
Note: “→” Indicates direction of gas flow.

1. Gas cylinder
3. Flow meter

4. Analyzer
Note: “→” Indicates direction of gas flow.
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2. Connect gas cylinder (1) and open the regulator until the flow meter reads the
same as the pump was reading (equal to flow of pump).

Calibration Method #3
This method uses a gas calibration bag which is used to draw gas into the analyzer for
calibration. By allowing gas to be drawn from the bag rather than a cylinder ensures
the correct flow rate. Use a 15 litre (3.9 gallons) or larger gas bag to ensure enough
gas is present for the analyzer to correctly stabilize. Be sure to fill the bag completely
with calibration gas so the gas concentration is not diluted.

Figure 241 - Calibration Method #3

1. Fill gas bag (6) being careful not to allow air to leak into the bag.

2. Allow analyzer (4) to draw the gas from the gas bag readings to stabilize.

Calibration Gas
During calibration, use a different calibration gas for each sensor (156-1061 Oxygen
Sensor excluded) to ensure the accuracy of each parameter. Keep in mind that
accuracy standards for calibration gases can vary depending on the type or
classification. Individual cylinders such as:

1. small disposable cylinders

2. larger refillable cylinders (NIST traceable)

3. larger refillable cylinders (EPA Protocol Gas) can be used.

The application or analyzer configuration may dictate which type of calibration gas
should be used. Also, a local gas supplier, such as Scott or Airco, can recommend the
type of gas to use for gas balance (generally Nitrogen). Non-absorbing materials such
as stainless steel regulators and non-absorbing tubing should be used to eliminate the
loss of the gas sample (primarily NO or NO2).

For best results, the gas concentration should be as close to the expected emission
levels as possible. Because each sensor is linear through a nominal range, one
calibration gas concentration can often be used for a reasonably wide range of
emission levels. For applications with extremely low or high emission levels with
respect to the sensors operating range, the sensors should be calibrated as close as

1. Gas cylinder
4. Analyzer
6. Gas bag
Note: “→” Indicates direction of gas flow.



APLTCL001

178 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS

possible to the desired levels being measured. It is recommended the gas mixtures
that can support an oxygen content have a small percentage of oxygen (i.e. 2% to 5%)
to aid in checking for system leaks.

Performing a Calibration

1. Go into the Calibration Mode.

When the analyzer is turned on, it performs a 180 second auto zero of the CO,
NO, NO2, and combustible sensors and autospans the oxygen sensor. The auto
zero function sets the baseline or zero point for the electrochemical sensors.

From the normal measurement screen, press the "CONTR" key and the display
will show the electrochemical sensor's output signals in mV (milli-volts) as well as
other analyzer data. Take the individual magnet or the Ambient Temperature
Thermocouple magnet and place it over the "CAL MAGNET HERE" label on the
analyzer. The analyzer will beep and enter the calibration mode. If the ambient
temperature thermocouple magnet is used, it may need to be rotated over the
"CAL MAGNET HERE" label to enter Calibration mode.

Figure 242 - Calibration Mode Screen

2. Apply calibration gas.

Use the up and down arrow keys to select the gas being calibrated. Apply the gas
at the correct flow rate by using one of the three Calibration methods. Allow the
gas to flow for two to three minutes allowing the reading to approach the specified
calibration gas's value. The response time will vary depending on the sensor
being calibrated. Generally, the reading will reach 90 to 95% of full span very
quickly and the remaining 5 to 10% will then level off and stabilize within two to
three minutes.
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3. Calibrate the sensor(s).

Once the reading has stabilized, press the "E" key to display the gas sensor's
"Input Screen".

Figure 243 - CO Sensor’s Input Screen

Using the numerals on the keypad, input the calibration gases correct numerical
value. Press the "E" key to confirm. The analyzer should then return to the
previous screen. That sensor has now been calibrated. Position the cursor on the
next sensor being calibrated and repeat these steps using the appropriate
calibration gas for each sensor.

Press the "ESC" key twice to return to the normal measurement mode.

NOTE A:
The O2 level should fall to nearly 0.0% when applying a gas with a Nitrogen balance as
the oxygen is being displaced by the nitrogen. A method for checking air leaks and
calibration is to apply the gas throughout the entire sampling system, including the probe
and sample line.

NOTE B:
A low or high reading on the calibration gas could be the result of improper flow. Be sure
the sensors are not over or under pressurized. Follow all calibration instructions for
applying gas.

Error Messages
The emission analyzer always goes through a self-check routine every time it is turned
ON. If there is a problem at this time, there are seven general categories of Error
Messages:

1. Sensor failure or open sensor wire.

2. Discharged battery or blown fuse.

3. Clogged filter or damaged gas delivery hardware.

4. Thermocouple failure or open thermocouple wire.

5. Water trap.

6. Over temperature.

7. Low battery.
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Typical sensor values for proper operation of CO low, CO high, NO, NO2, or CxHy
sensors should be ± 16000 mV to +20000 mV. Values for the O2 sensor should be ±
200 mV, usually within the range of +0 mV to -50 mV.

The analyzer display will show an Error Message when there is a sensor problem. The
actual sensor’s output voltage will be displayed (as shown below), which is displayed
as “-xxx mV-”. This is the same type of screen for the NO, NO2, CO, and combustible
sensors

Figure 244

.

Displayed Error Message Probable Cause Possible Solution

Ambient air thermocouple not 
connected to the front panel.

Connect the ambient 
thermocouple to the 
analyzer's front panel. Refer 
to Illustration 6.

Gas temperature 
thermocouple is not 
connected.

Make sure the thermocouple 
is connected to the front panel 
and/or to the bottom of the 
probe (gas thermocouple wire 
is part of the sample line). 
Refer to Illustration 6.

Connector from water trap 
assembly is not plugged into 
the front panel.

Connect the water trap 
connector. Refer to Illustration 
6.

Table 21
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Excessive moisture in the 
water trap bowl.

Dump the water trap bowl, if 
needed. 

Gas thermocouple range 
(1600°F) has been exceeded. 
Analyzer's internal 
temperature is too high 
(above 122°F).

Remove the probe from the 
stack. If the error message 
remains on the display, then 
move the analyzer to a cooler 
location and allow it to cool 
down.

1. Internal battery voltage 
has dropped below 10.5 
volts. “Batt” flashes in 
display’s lower right 
corner.

2. The "Batt" continues to 
flash even while operating 
the analyzer on an 
external power source.

1. Use an external AC or DC 
power source to operate 
the analyzer or recharge 
the battery.

2. a. Check the fuse in the 
fuse tray and replace if 
needed.
b. Check voltage across 
battery. If < 12 VDC after 
a full charge, replace the 
battery.

Displayed Error Message Probable Cause Possible Solution

1. Sensor was exposed to 
excess moisture.

1. Operate the analyzer in a 
clean, dry environment for 
a couple of hours. If the 
error still appears, then 
restart the analyzer.

2. The sensor's voltage is not 
within its proper voltage 
range caused by a loose 
sensor wire.

2. Make sure the sensor's 
wires are properly 
connected (internally). 
Reconnect if needed 
referring to Sensor 
Replacement in the 
Maintenance section.

Table 22

Displayed Error Message Probable Cause Possible Solution

Table 21
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Troubleshooting

1. Inaccurate CO readings are given.

Possible Solution: Change the filter media. 156-1063 Filter Media (purple
beads) is for removal of NOx/SO2 going to the Carbon Monoxide (CO) sensor(s)
only. Replacement is necessary after the filter media turns brown and then begins
turning white.

2. Higher than expected oxygen readings.

Possible Solutions:

a. Air leaks in the analyzer's sampling system are usually indicated by higher
then expected oxygen readings. This high oxygen reading could be the result
of air leaks somewhere in the sampling system. Check the sample line and
probe, tubing to and from water trap assembly, filter, and holders for leaks.

NOTE:
By using a calibration gas with a Nitrogen balance, the oxygen will be displaced or purged
to a reading of near 0.0%. This serves as one method of checking the system for leaks
(refer to the Calibration section for additional information).

b. Dirt in the fresh air solenoid valve and water trap assembly and its pump
head can cause leaks.

c. Use the probe's trigger only for inserting the smoke dot paper. Pulling the
trigger during a normal emission test will result in an air leak. This causes
diluted readings from the electrochemical sensors and a high oxygen
reading.

3. The sensor's voltage is not 
within its proper voltage 
range caused by a bad 
sensor.

3. Replace the sensor 
referring to Sensor 
Replacement in the 
Maintenance section.

Displayed Error Message Probable Cause Possible Solution

Table 22
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3. Inaccurate readings with the electrochemical sensors.

Possible Solution: The filter on top of the water trap can be saturated with water.
Replace the filter periodically when it is dirty.

4. Information on display does not print when the "PRINT" key is pressed.

Possible Solution: After a printout has finished, be sure to press the "m" key
again to remove the prior test from the short-term memory.

5. The optional data acquisition software used in a personal computer does not
communicate with the emission analyzer.

Possible Solution: When connecting the analyzer to a PC use an 007-9280
RS232 Cable or equivalent. A null modem RS232 Cable must be used in order to
have two way communication. This type of RS232 Cable is included with the
optional data acquisition software (contact CSTG).

6. The emission analyzer has been recalibrated and emission readings now conflict
with exhaust readings from previous testing.

Possible Solution: Make sure the emission analyzer was recalibrated correctly.

7. The calibration gas is producing low or high readings.

Possible Solution: This problem could be caused by improper flow of the
calibration gas into the emission analyzer. Be sure to not over or under
pressurize the sensors. Follow all instructions in the Calibration section carefully
for applying the calibration gas.

8. The emission analyzer will not enter the calibration mode.

Possible Solution: A small magnet at the end of the ambient thermocouple must
be placed on the top panel where the words displayed are "CAL MAGNET
HERE". A separate magnet, which is also included in the emission analyzer group
can be used.

9. The analyzer is not displaying values for CO2, Efficiency, Lambda, and Losses.
The display is instead showing "------" in these fields.

Possible Solution: In order for the analyzer to begin calculating these values, the
Oxygen content has to drop below 20.5% and the T-gas must be at least 5
degrees higher than T-air. Make sure this is occurring.

10. The display is blank.

Possible Solutions:

a. Connect the analyzer to external power source.

b. If analyzer's internal battery does not charge, then check analyzer's fuse in
the fuse tray.

c. If using an external DC power source and the analyzer's display is still blank,
then check the power inverter's fuse.

d. Make sure the cable or connection from external power source to the
emission analyzer is not defective.



APLTCL001

184 © Caterpillar of Australia Pty Ltd

AIR INDUCTION AND EXHAUST SYSTEMS



AIR INDUCTION AND EXHAUST SYSTEMS

APLTCL001

© Caterpillar of Australia Pty Ltd 185


