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SERIES 60 EGR TECHNICIAN'S GUIDE

A LETTER TO TECHNICIANS

The Series 60 engine is entering its 14th year!

Since its introduction in 1987, over 729,000 Series 60 engines have been introduced in the market.
The technological changes that have occurred during those 14 years have resulted in a different
type of engine, requiring a different class of technicians. Today’s technician is required to have
computer skills, excellent comprehension of the written word and possess an extensive diagnostic
understanding of the various technological systems and components. Today’s technician must
perform at a higher level of efficiency and competency than their predecessors and at the same
time furnish professional quality support.

As the leader in engine computer systems and technology, Detroit Diesel Corporation remains
focused on providing excellence in products, service support and training. As products become
more and more advanced, today’s technicians must become specialized in multiple areas. This
manual is designed with that thought in mind. This Series 60 EGR Technician’s Guide will
provide you with concentrated information that will allow you to excel in EGR technology.

This Series 60 EGR Technician’s Guide covers the October 2002 through December 2003 Series
60 engine using EGR (Exhaust Gas Recirculation) technology and DDEC IV ECM. A second
addition addressing the DDEC V features is scheduled for release in May of 2004.

After completing this guide you will:
[0 Understand the function of the Series 60 EGR engine components and their

interdependence
(1  Understand Series 60 EGR operating modes
[J Recognize the logic, component, and protection codes logged within the ECM

[0 Learn the acceptable pressure output values from a Variable Pressure Output Device
(VPOD)

Be able to record, playback, save, and e-mail a DDDL snapshot

(]

[0 Apply your understanding of the EGR system logic to review DDDL diagnostic snapshots
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SERIES 60 EGR TECHNICIAN'S GUIDE

1

INTRODUCTION

The Series 60 DDEC IV EGR Technician's Guide is intended to be used by a qualified service
technician familiar with Detroit Diesel electronically controlled (DDEC) diesel engines and
to provide a better understanding of the EGR system to improve the diagnosing of a Series
60® EGR system.

NOTE:
The Series 60 DDEC V EGR system will be supported in the near future.

Prerequisites for effective diagnosis include the following topics:

0]
0l

0l
Ul

Knowledge of both the engine and vehicle principles of operation.

Ability to perform and to understand service manual and troubleshooting manual
procedures.

Availability and training to use gages and diagnostic test equipment.
Familiarization of the computer software associated with DDC products.

An essential tool to properly diagnose and troubleshoot a DDEC IV or DDEC V Series 60
EGR engine is the Detroit Diesel Diagnostic Link® (DDDL).

This tool will provide you all the help you will need as it contains proper troubleshooting
information for all products.

NOTE:

It is absolutely critical that you understand the EGR system to be qualified to offer any
type of proper diagnostics. Do not waste time trying to troubleshoot a DDC product,
you are not qualified to troubleshoot. Your company may incur wasted labor hours. If
you are qualified to perform a troubleshooting task and have spent more than one hour
on that task, STOP, and contact DDC Technical Assistance. Once you have discussed
your options with a technical support person, you can perform the required tests and
evaluations. Please keep in contact with your technical support person. This allows
you to stay on track.

All information subject to change without notice. (Rev. March 2004)
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INTRODUCTION

BASICS

The following listed items should be checked prior to starting any troubleshooting:

0
L
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Ensure engine serial number on the ECM matches the serial number on the cylinder block.
Walk around the vehicle. Look for obvious problems such as leaks (air or liquid).

Inspect the ECM for worn isolators, debris or bolts lodged between ECM and cylinder
block.

Ensure the fuel supply shut-off valve is set to full on.

Check that the fuel filter is secure and tight.

Check for a restricted air filter.

Inspect truck frontal area for air flow restriction through the CAC and radiator.
Ensure that the fuel tank level is correct and that the fuel tank is full.

Look for any vehicle damage.

Investigate any prior repairs, if applicable.

Check for broken wiring connectors.

Check for poor mating of the connector halves or terminals not fully seated in the
connector body (backed out terminals).

Look for improperly formed or damaged terminals. All connector terminals in the problem
circuit should be carefully inspected to determine proper contact tension. Use a mating
terminal to test the contact tension.

Check for electrical system interference caused by a defective relay, ECM driven solenoid,
or a switch causing an electrical surge. Look for problems with the charging system
(alternator, etc.). In certain cases, the problem can be made to occur when the faulty
component is operated as in the case of a relay.

Verify that alternator grounds are clean and making good contact. Disconnect the
alternator belt to test.

Wiggle wires and harnesses to try to make the problem active, or re-occur.

1-2
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SERIES 60 EGR TECHNICIAN'S GUIDE

OPERATOR INFORMATION

This section should serve as a guideline for the technician:
(1 Intermittent Problems - Talk to the operator/driver. Be specific!
(] Develop your own Driver Questionnaire (see Figure 1-1).

NOTE:
A full page copy of the questionnaire can be found in Appendix C.

1-3
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INTRODUCTION

Engine Diagnostic Questionnaire RO #
Customer Name:
Contact Person:
LOW POWER/POOR FUEL ECONOMY:
Does check engine light come on? Yes No
Does the engine miss, run rough, hard starting? Miss Run Rough  Hard Starting
Power Loss sudden or has decreased with time? Sudden Decreased with time
Excessive engine exhaust smoke (see #3)? Yes No
If yes, what color? Black Blue White
Heard any unusual engine noise? Yes No
Power loss occurs on Foot Cruise Both
Have injectors been replaced recently? Yes No
When was last tune up? Mileage Date
Comments:
ANY INTERMITTENT PROBLEMS:
Last time it happened:
Does the check engine light come on? Yes No
Does the problem occur only in damp or rainy conditions? Yes No
When the vehicle hits a bump or rough road? Yes No
Does the engine: Miss Drop to idle Quit running
Gauge Sweep Hard Starting
Comments:
e.g. Does the driver do anything to correct the problem?
SMOKING:
Where is the smoke coming from?
What color is the smoke? Blue Black White Bl/White
When does it smoke? Start-up Cold Eng. Hot Eng. U.Load
Have you noticed any oil consumption? Yes No
Have you noticed a miss in the engine? Yes No

Was the smoke intermittent?-

Start all at once?

Been getting worse over time?

Comments:

COOLANT LOSS

Has the oil level risen? Yes No
Have you noticed any coolant leaks? Yes No

How often do you add coolant?

How Much?

What kind of collant do you use?

What kind of inhibitor do you use?

@m mgng:

OIL CONSUMPTION:
How much oil are you adding?

How often (miles)?

Have you noticed any oil leaks?
Have you noticed any smoke out the exhaust?

At Idle Light or no load

How often do you change oil?.

Have you changed brands recently?

Yes No
Yes No
Heavy load
What Brand?.
Yes No

How & when do you check your 0il?
Comments:

44272

Figure 1-1

Drivers Questionnaire

1-4
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SERIES 60 EGR TECHNICIAN'S GUIDE

Driver Questionnaire

Ask the driver to answer the following questions before attempting to repair an intermittent
problem, or a problem with symptoms but no diagnostic codes. Use this and the response as a
guideline. Refer to Questionnaire Response Guideline found on page 1-6.

1. How often does the problem occur? Can you and the driver take the vehicle and
demonstrate the problem in less than 30 minutes?

2. Has the vehicle been to other shops for the same problem? If so, what was done there?
Did the radio, dash gages, or lights momentarily turn OFF when the problem occurred?

4. Does the problem occur only at specific operating conditions? If so, at what load? Is it
light, medium, or heavy?

5. Does the problem occur at a specific engine operating temperature? If so, at what engine
temperature?

6. Does the problem occur at a specific engine operating altitude? If so, at what altitude?

7. Does the problem occur only when above or below specific outside temperatures? In
what temperature range?

8. Does the problem occur during other conditions e.g. during or after rain, spray washing,
snow?

9. Did the problem occur at a specific vehicle speed? If so, at what vehicle speed?

10. Does the problem occur at specific engine RPM? If so, at what engine RPM?
All information subject to change without notice. (Rev. March 2004) 1-5
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INTRODUCTION

Questionnaire Response Guideline

The following are typical responses to the Driver Questionnaire:

A WARNING:

PERSONAL INJURY

To avoid injury from loss of vehicle/vessel control, the
operator of a DDEC equipped engine must not use or read
any diagnostic tool while the vehicle/vessel is moving.

If the problem is repeatable, take the vehicle for a drive with the DDDL connected and
note the conditions when the problem occurs. Be prepared to take snapshot data using the
DDDL. Ensure you operate the vehicle after correcting the problem and duplicate
the operating conditions before releasing the unit, to verify the problem is corrected.

If the vehicle has been to other shops for the same problem, call the other shops and find
out what has been done. Avoid replacing the same components again unless absolutely
sure they are the problem! It is unlikely a component will fail again following a recent
replacement.

If other vehicle devices are affected, this indicates there may be something wrong with
the ignition wiring.

Operate the engine under similar load conditions. Check the fuel system for restrictions,
primary filter, and fuel tanks for foreign objects blocking the fuel supply. Also, check the
air system. Utilize the DDDL snapshot feature.

Operate the engine at this temperature while attempting to duplicate the problem. Use the
snapshot feature on the DDDL.

If possible, troubleshoot the problem in this temperature range.

If the problem seems to occur during or after the engine is subjected to rain/spray washing,
thoroughly inspect the connectors for moisture entry.

If the problem occurs at a specific vehicle speed, check the parameters affecting vehicle
speed to verify they are programmed close to the vehicle speed where the problem
occurs. Check Vehicle Speed and watch the DDDL (snapshot) for changes to see if the
pulse wheel (VSS signal) is loose.

If the problem occurs at a specific engine rpm, unplug the oil, coolant, and air temperature
sensors, and note any changes to the problem. Gather this data and contact Detroit Diesel
Technical Service.

1-6
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SERIES 60 EGR TECHNICIAN'S GUIDE

2 COMPONENTS

The purpose of the EGR system is to reduce engine exhaust gas emissions in accordance with
EPA regulations.

EGR GAS
LOOP
COOLANT EGR/CHARGE
LOOP AIR MIXER
=== IN—
caoRy L1 [ 1
~=out- ENGINE
== CHARGE AIR
-~ COOLER

EGR BUTTERFLY VALVE sessss ssssssssses

T Cc [=— =
INLET

VARIABLE ~

GEOMETRY TURBINE

e —

EXHAUST TURBOCHARGER

44182

Figure 2-1 EGR System
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COMPONENTS

EGR (exhaust gas recirculation) allows a percentage of the exhaust gases to remix with the air
coming into the intake manifold. The exhaust gas dilutes the incoming air, displacing some of the
oxygen in the air. Less oxygen results in a slower burn and a reduced peak cylinder temperature
which reduces NOx (nitrogen oxides).

Figure 2-1 illustrates how components of the EGR system function.
See Figure 2-2 and Figure 2-3 to familiarize yourself with the EGR components.

4
o
1
5]
7
2
8
3
9
44200
1. VNT Turbocharger 6. S Pipe
2. Turbo Vane Actuator 7. EGR Valve
3. EGR Valve Actuator 8. EGR Cooler
4. Delta Pressure Sensor 9. High Flow Water Pump
5. EGR Gas Delivery Pipe
Figure 2-2 Right Side View
2-2 All information subject to change without notice. (Rev. March 2004)
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SERIES 60 EGR TECHNICIAN'S GUIDE

44204
1. EGR Gas Delivery Pipe 4. Intake Manifold Air Temperature Sensor
2. EGR Mixer 5. Intake Manifold Boost Pressure Sensor
3. Intake Manifold
Figure 2-3 Left Side View
All information subject to change without notice. (Rev. March 2004) 2-3
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COMPONENTS

FUNCTIONALITY OF THE EGR COMPONENTS
Variable Pressure Output Device (VPOD)

Vehicle
Air ECM
System PSI Output Range
PWM 2 PWM 4 15-75 PSI
90-120 Controlled by DDEC Signal
PSI—

VPOD to VNT
VNT

TV N VPOD to EGR Valve

EGR
: — Black - Ground
Vehicle
Electrical — Red- Battfary (+)
Yellow - Air
System

44184

12 V/24V power supply system
DDEC IV ECM: PWM2 (Y1) EGR and PWM4 (X2) VNT

Figure 2-4 EGR Valve and VNT Control System

There are two Variable Pressure Output Devices (VPOD) that control the Variable Geometry
Turbo (VNT) and the EGR system. The location of the VPODs is application dependent. During
engine EGR operation, the VPOD provides modulated air pressure to the pneumatic actuators
which change the VNT vanes and EGR valve positions. The VPOD interface with other systems
may be viewed in see Figure 2-4.

2-4 All information subject to change without notice. (Rev. March 2004)
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Variable Nozzle Turbocharger (VNT)

44214

Figure 2-5 VNT Turbocharger

44212

Figure 2-6 Cut Away View of the Vanes

The VNT has vanes that adjust during engine operation to control the exhaust gas velocity.
See Figure 2-5 and see Figure 2-6.

All information subject to change without notice. (Rev. March 2004)
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COMPONENTS

The results of being able to adjust like this are:
[J Enhanced air/fuel ratio during engine acceleration
1  Provides EGR transport mechanism in EGR mode
™ More vane closure increases the EGR flow rate (PWM % is high).
T Less vane closure decreases the EGR flow rate (PWM % is low).

[J Provides enhanced engine brake capability.
EGR Valve

The valve position is controlled by DDEC. The ECM continuously monitors all engine operation
modes and performs self diagnostic checks of RPM, load, altitude, air temperature, etc. and uses
this information to determine the valve position.

When the EGR valve is closed, exhaust flow from the exhaust manifold, past the turbine wheel in
the turbocharger and out the exhaust system, in the traditional way.

When the valve is open, some of the exhaust gas is directed into the EGR cooler, through the
delivery pipe and into the intake manifold.

EGR Valve Actuator

r . N . o s / 44207

Figure 2-7 EGR Valve Actuator

The EGR valve regulates the EGR flow rate via air pressure input from the VPOD. The
EGR valve has the following components (see Figure 2-8):

2-6 All information subject to change without notice. (Rev. March 2004)
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1. Butterfly Valve 4. Actuator Bracket
2. Splined Crank Arm 5. Adjustable Linkage

3. Pneumatic Actuator

Figure 2-8
EGR Cooler
EGR IN
EGR OUT
COOLANT OUT
COOLANT IM
4411 t:-.
Figure 2-9 EGR Cooler (Bar and Fin Design)
All information subject to change without notice. (Rev. March 2004) 2-7
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COMPONENTS

The primary purpose of the EGR cooler (see Figure 2-9), is to cool the exhaust gases by:
[J Providing a coolant flow to remove heat from the gas side core.

Delta Pressure Sensor/EGR Temperature Sensor

44201

Figure 2-10 Venturi

Monitoring the pressure differential across the venturi (adjacent to outlet of EGR cooler
see Figure 2-10 and see Figure 2-11) and the temperature of the exhaust gases
(see Figure 2-12) determine precise Mass Flow Rate Measurement.

The ECM uses the delta pressure and exhaust temperature to determine the rate of EGR flow.

2-8 All information subject to change without notice. (Rev. March 2004)
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44202

Figure 2-11 Delta Pressure Sensor

The Delta Pressure Sensor measures the pressure difference across the venturi in the transfer pipe.

r L

"ll:;.
-

44203

Figure 2-12 EGR Temperature Sensor

All information subject to change without notice. (Rev. March 2004)
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COMPONENTS

EGR Gas Delivery Pipe/Mixer

The delivery pipe provides the path for the EGR gases to flow from the EGR cooler to the intake
manifold.

Mixer

44215

Figure 2-13 EGR Mixer

The mixer completes the EGR circuit. See Figure 2-13.

The mixer mixes exhaust gas into the fresh air supply flowing from the charge-air-cooler. Once
the air has past the mixer, the intake manifold defuses EGR gas evenly to each cylinder. Sensors
are mounted in the intake manifold to monitor the air temperature and the boost pressure.

2-10 All information subject to change without notice. (Rev. March 2004)
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High Flow Water Pump

The EGR engine uses a high flow water pump to improve the coolant flow for added heat
dissipation.

NOTE:
The high flow water pump is not interchangeable with a non-EGR engine.

2-11

All information subject to change without notice. (Rev. March 2004)

7SE60 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



COMPONENTS

2-12 All information subject to change without notice. (Rev. March 2004)
7SE60 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



SERIES 60 EGR TECHNICIAN'S GUIDE

3 MODES

OPERATIONAL MODES

New terminology has been introduced as a result of the Series 60 EGR engine.
Boost Mode

Boost Mode is when the engine is generating power with NO EGR flowing. The EGR valve
position is closed and the vanes in the turbocharger adjust to achieve a desired boost level. Boost
levels are similiar to '‘pre-EGR' engines.

Transition from Boost to EGR Mode

Transition from Boost to EGR Mode is when the engine is generating power using boost pressure
and DDEC requests EGR to begin flow.

EGR Mode

EGR Mode occurs when DDEC is flowing EGR at a desired rate to maintain proper engine
operation. The EGR valve position is open and vanes in the turbocharger adjust to achieve the
desired EGR rate. Typically boost levels are higher under this operating mode when compared
to 'pre-EGR' engines.

EGR Control Mode

EGR Control Mode occurs when the DDEC engine sensors are performing normally and all
engine parameters are within calibration limits as determined by the sensor readings. These
readings enable DDEC to accurately control exhaust gas flow.

Transition from EGR to Boost

Transition from EGR to Boost Mode occurs when the engine is generating power while flowing
EGR and DDEC requests to close the EGR valve and generate power based upon boost pressure.

Braking Mode

Braking Mode occurs when the engine is absorbing energy (power) through an internal
engine-braking device. The power for the engine brake is accomplished by activating the desired
number of cylinders and adjusting the vanes in the turbocharger to achieve the desired boost level.
The EGR valve position is closed during brake mode.

All information subject to change without notice. (Rev. March 2004) 3-1
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MODES

Altitude

The engine will transition between EGR and boost mode at an altitude of 6500 ft. Altitude is
determined by the Barometric Pressure Sensor located on the engine. See Figure 2-3.

Condensation Protection

In very cold ambient (i.e. < 30F) conditions the engine will operate in a "condensation protection™
mode. EGR is disabled during this mode requiring a slower turbo speed. The engine will sound
"different”. During this mode of operation the operator will notice a lower "boost" reading
compared to when EGR is active, however there is NO reduction of power.

3-2 All information subject to change without notice. (Rev. March 2004)
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EGR SYSTEM

Boost Mode

During Boost Mode the following occurs:
[l EGR valve closed
[1 No EGR flowing through the EGR cooler or delivery pipe

[0 VNT vane position controlled by intake manifold boost pressure and limited by the
turbocharger speed

44314

All information subject to change without notice. (Rev. March 2004)
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MODES

Boost Mode Operation
A typical Boost Mode operation consists of:

[J Accelerating a vehicle from stationary position and shifting up through the transmission
gears.

[l Performing engine brake operation.
[J The vehicle is at or above 6500 ft of altitude.

[0 High ambient humidity to prevent condensation of EGR gases in the intake manifold.
EGR Valve Activated by DDEC IV

Transition from Boost to EGR Mode

Initiation of EGR requires minimum engine speed and boost pressure (air flow) in order to
transition into EGR mode without an abrupt drop in air/fuel ratio.

Once minimum RPM and boost levels are attained the ECM sends a signal via PWM#2 to initiate
the valve opening event by providing air pressure to the EGR actuator.

3-4 All information subject to change without notice. (Rev. March 2004)
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EGR Valve and Pneumatic Actuation

443165

Air pressure supplied by the EGR VPOD to the EGR actuator opens the butterfly valve.

Once the EGR butterfly valve opens, the EGR flows through the EGR cooler and into the delivery
pipe.

All information subject to change without notice. (Rev. March 2004) 3-5
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MODES

EGR Cooling

EGR Cooling

44315

Exhaust gas enters the EGR cooler at high temperatures and is cooled by the engine coolant
system to increase the density of the gas. This graphic illustrates coolant flow.

3-6 All information subject to change without notice. (Rev. March 2004)
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EGR Measurement

EGR Mode

44317

Once EGR begins flow through the EGR cooler and past the venturi, pressure levels are measured
from the two venturi taps or ports. The delta pressure measurement, in conjunction with the EGR

temperature, determines the EGR flow rate.
VNT Controls

EGR Mode (Flow)

All information subject to change without notice. (Rev. March 2004)
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MODES

443165

The VNT turbocharger is the mechanism used to change the EGR rate.

The VNT is controlled via the DDEC PWM#4 to regulate air pressure to change the nozzle
vane position within the turbocharger.

Changes to the vane position, either closing or opening, result in an increase or decrease to the
EGR flow rate.

3-8
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4 CODES

DIAGNOSTIC TROUBLESHOOTING

This section supports the DDEC IV fault codes recorded during EGR engine operation.
Diagnostic Trouble Codes

Component, Logic, or Engine Protection Codes

Diagnostic trouble codes are generated in the ECM when a condition exists that prevents the
engine from operating at peak efficiency. Three primary codes exist Component, Logic, and
Engine Protection.

Sensor Codes = Yellow

A component DTC is activated when a specific component failure exists. This is most commonly
seen as a high volt or low volt code for a specific device. The failure can generally be found
within the component or wiring for that component.

Engine Protection Codes = Red

An engine protection DTC is activated when a engine operating condition exists that can cause
immediate damage to the engine and the engine should be shut down until the condition is
corrected to prevent additional damage.

Logic Codes = Blue

A logic DTC is activated when specific conditions occur within a given amount of time that the
calibration determines is not “normal”. For example: If the ECM commands the EGR valve to
open or close. The ECM monitors the EGR flow devices for confirmation that flow has begun

or ended.

All information subject to change without notice. (Rev. March 2004) 4-1
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Logic codes identify a condition NOT a component.

Example: Code 39 DDEC uses the Differential Pressure sensor and EGR temperature sensor to
monitor EGR flow.

If flow is detected when there should be no flow, code 39 will activate.
If NO FLOW is detected when there should be flow, code 39 will activate.
Conditions that can cause Code 39 include but are not limited to:

0
L
U
0

Plugged EGR cooler

EGR valve defective (stuck open or closed)
VVPOD defective

Differential pressure sensor plugged

The DTC will help guide the technician to the condition. The technician will require a knowledge
of the system and proper tools to diagnose the components.

4-2
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SERIES 60 EGR TECHNICIAN'S GUIDE

DDEC IV EGR DESCRIPTIONS

To read codes, use the diagnostic data reader or press and hold the diagnostic request switch with
the ignition ON, engine at idle or not running. Active codes will be flashed on the SEL. Inactive
codes will be flashed on the CEL. The cycle will repeat until the operator releases the diagnostic
request switch. Flash codes, descriptions, and SAE faults are listed in Table 4-1.

0 Yellow= Sensor
O -: Protection

O -: Logic

D?F(I:a;?s(;# PID SID FMI Description
11 187 = 4 Variable Speed Governor Sensor Voltage Low
12 187 - 3 Variable Speed Governor Sensor Voltage High
13 111 = 4 Coolant Level Sensor Input Voltage Low
14 110 - 3 Coolant Temperature Sensor Input Voltage High
14 175 = S Oil Temperature Sensor Input Voltage High
15 110 - 4 Coolant Temperature Sensor Input Voltage Low
15 175 = 4 Oil Temperature Sensor Input Voltage Low
16 111 - 8 Coolant Level Sensor Input Voltage High
17 354 = 3 Relative Humidity Sensor Circuit Failed High
18 354 = 4 Relative Humidity Sensor Circuit Failed Low
21 91 = 3 Throttle Position Sensor Input Voltage High
22 91 = 4 Throttle Position Sensor Input Voltage Low
23 174 - 3 Fuel Temperature Sensor Input Voltage High
24 174 - 4 Fuel Temperature Sensor Input Voltage Low
25 - - - Reserved for “No Codes"

Intake Manifold Temperature Sensor Input

21 105 ) s Voltage High

27 171 ) 3 Amblent Air Temperature Sensor Input Voltage
High

o8 105 _ 4 Intake Manifold Temperature Sensor Input
Voltage Low

o8 171 ) 4 Ambient Air Temperature Sensor Input Voltage
Low

29 351 = 4 TCI Temperature Circuit Failed Low

29 404 - 4 TCO Out Sensor Input Voltage Low

31 - 51 3 Aux. Output #3 Open Circuit (High Side) - S3

31 - 51 4 Aux. Output #3 Short To Ground (High Side) - S3

31 = 51 7 Aux. Output #3 Mechanical System Fail - S3

Sl = 52 S Aux. Output #4 Open Circuit (High Side) - T3

31 = 52 4 Aux. Output #4 Short to Ground (High Side) - T3

31 = 52 7 Aux. Output #4 Mechanical System Failure - T3

All information subject to change without notice. (Rev. March 2004) 4-3
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D(Dp(fafﬁf;# PID SID FMI Description
32 = 238 3 SEL Short to Battery (+)
32 = 238 4 SEL Open Circuit
32 = 239 3 CEL Short to Battery (+)
32 = 239 4 CEL Open Circuit
33 102 = 3 Turbo Boost Pressure Sensor Input Voltage High
34 102 = 4 Turbo Boost Pressure Sensor Input Voltage Low
35 100 = 3 Oil Pressure Sensor Input Voltage Low
36 100 - 4 Oil Pressure Sensor Input Voltage Low
37 94 - 3 Fuel Pressure Sensor Input Voltage High
38 94 - 4 Fuel Pressure Sensor Input Voltage Low

41 = 21 0 Too Many SRS (missing TRS)
42 - 21 1 Too few SRS (missing SRS)

46 168 - 1 ECM Battery Voltage Low
46 = 214 1 RTC Backup Battery Voltage Low
46 = 232 1 Sensor Supply Voltage Low
a7 102 - 0 Turbo Boost Pressure High
47 106 - 0 Air Inlet Pressure High
48 106 = 1 Air Inlet Pressure Low
48 411 = 1 EGR OPD Low
48 412 = 1 EGR Temperature Low
48 = 154 1 EGR Temperature Low
48 = 155 1 EGR Delta Pressure Low
4-4 All information subject to change without notice. (Rev. March 2004)
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DDC Code #
(Flashed)

PID

SID

FMI

Description

Turbo Compressor Out Temperature Sensor

o1 404 i 3 Input Voltage High

52 = 254 12 A/D Conversion Fail

58 = 253 2 Nonvolatile Checksum Incorrect

53 - 253 12 EEPROM Write Error

53 = 253 13 Out of Calibration

54 84 - 12 Vehicle Speed Sensor Fault

55) = 216 14 Other ECM Fault

55 - 231 12 J1939 Data Link Fault

56 = 250 12 J1587 Data Link Fault

57 - 249 12 J1922 Data Link Fault

58 92 - 0 Torque Overload

61 - XXX 0 Injector xxx Response Time Long

62 - 26 3 Aux. Output #1 Short to Battery (+) - F3

62 = 26 4 Aux. Output #1 Open Circuit - F3

62 . 26 7 Aux. Out_put #1 Mechanical System Not
Responding Properly - F3

62 = 40 3 Aux. Output #2 Short to Battery (+) - A2

62 = 40 4 Aux. Output #2 Open Circuit - A2

62 ) 20 7 Aux. Out_put #2 Mechanical System Not
Responding Properly - A2

62 = 58 S Aux. Output #5 Short to Battery (+) - W3

62 - 53 4 Aux. Output #5 Open Circuit - W3

62 _ 53 7 Aux. Output #5 Mechanical System Not
Responding Properly - W3

62 = 54 S Aux. Output #6 Short to Battery (+) - X3

62 - 54 Aux. Output #6 Open Circuit - X3

62 ) 54 7 Aux. Out.put #6 Mechanical System Not
Responding Properly - X3

62 = 55 8 Aux. Output #7 Short to Battery (+) - Y3

62 = 55 Aux. Output #7 Open Circuit - Y3

62 ) 55 7 Aux. Out.put #7 Mechanical System Not
Responding Properly - Y3

62 - 56 Aux. Output #8 Short to Battery (+) - Al

62 = 56 Aux. Output #8 Open Circuit - Al

62 _ 56 7 Aux. Out_put #8 Mechanical System Not
Responding Properly - Al

63 = 57 0 PWM #1 Above Normal Range

63 = 57 1 PWM #1 Below Normal Range

63 - 57 3 PWM #1 Short to Battery (+)

63 = 57 4 PWM #1 Open Circuit

63 - 58 0 PWM #2 Above Normal Range

All information subject to change without notice. (Rev. March 2004)
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D?HCa;?:de)# PID SID FMI Description
63 = 58 1 PWM #2 Below Normal Range
63 = 58 3 PWM #2 Short to Battery (+)
63 = 58 4 PWM #2 Open Circuit
63 = 59 0 PWM #3 Above Normal Range
63 = 59 1 PWM #3 Below Normal Range
63 - 59 3 PWM #3 Short to Battery (+)
63 = 59 4 PWM #3 Open Circuit
63 = 60 0 PWM #4 Above Normal Range
63 - 60 1 PWM #4 Below Normal Range
63 - 60 3 PWM #4 Short to Battery (+)
63 - 60 4 PWM #4 Open Circuit
64 103 - 0 Turbo Overspeed
64 103 ) 8 Turi_ao Speed Sensor Input Failure - Abnormal

Period
67 106 - Air Inlet Pressure Sensor Input Voltage High
67 106 - Air Inlet Pressure Sensor Input Voltage Low
68 = 230 5 TPS Idle Validation Circuit Fault (open circuit)
68 _ 230 6 ;’rPOSurI]ddl)e Validation Circuit Fault (short to
71 - XXX Injector xxx Response Time Short
72 84 = 0 Vehicle Overspeed
72 84 - 11 Vehicle Overspeed (Absolute)
73 = 151 14 ESS Transmission Stuck in Gear
73 _ 226 11 '(I'é;rés_lrzsnssur)nr}sNSiegrt]r)al Switch Failure
73 _ 297 > Aux Analog Input Data_Er_ratic, Intermittent, or
Incorrect (ESS Transmission)
73 ) 297 3 ?rtg);sAgiasI;)%rllr)]put #1 Voltage High (ESS
73 ) 297 4 ?r:ﬁ;\gilg%rllr;put #1 Voltage Low (ESS
74 70 - 4 Optimized Idle Safety Loop Short to Ground
74 99 = 0 Oil Filter Restriction High
75 168 = 0 ECM Battery Voltage High
75 = 214 0 RTC Backup Battery Voltage High
75 = 232 0 Sensor Supply Voltage High
76 121 = 0 Engine Overspeed With Engine Brake
77 100 = 0 Engine Oil Pressure High
77 102 - 1 Turbo Boost Pressure Low
77 108 - 0 Barometric Pressure High
77 108 = 1 Barometric Pressure Low
77 174 - 0 Fuel Temperature High
77 354 - 0 Relative Humidity Above Range
77 354 - 1 Relative Humidity Below Range
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D([)F(I:a;?:(f)# PID SID FMI Description
78 86 - 14 Cruise Control/Adaptive Cruise Control Fault
81 - 154 3 EGR Temperature Input Voltage High
81 - 155 3 EGR Delta Pressure Input Voltage High
82 - 154 4 EGR Temperature Input Voltage High
82 = 155 4 EGR Delta Pressure Input Voltage Low
82 = 412 9 EGR Temperature Smart Sensor not Responding
82 = 412 12 EGR Temperature Smart Sensor Failed
83 73 - 0 Pump Pressure High
83 411 = EGR Delta Pressure High
83 412 - EGR Temperature High
85 190 - 0 Engine Overspeed
85 190 - 14 Engine Overspeed Signal
86 73 = 3 Pump Pressure Sensor Input Voltage High
86 108 - 3 Barometric Pressure Sensor Input Voltage High
87 73 = 4 Pump Pressure Sensor Input Voltage Low
87 108 - 4 Barometric Pressure Sensor Input Voltage Low
Table 4-1 Flash Codes, SAE Codes, Descriptions

All information subject to change without notice. (Rev. March 2004)
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LOGIC CODES (MECHANICAL FAILURES)

Logic codes indicate the detection of mechanical failures by the DDEC system. The response
will be a Flash Code.

Diagnosing Flash Code 39

Failure Mode: SID 146, FMI 7 — EGR Valve Not Responding
Indicates: EGR flow requested by DDEC and no EGR flow detected.

SID 146, FMI 7 will be set by the ECM if, the signal from the Delta P sensor and EGR
temperature sensor indicate EGR flow is below a minimum allowable flow when the ECM is in
“EGR Mode” for a period greater than 50 seconds.

Response: The CEL will be illuminated and the system will be forced into “Boost Mode” (EGR is
Disabled) for the remainder of the ignition cycle.

Possible Causes:
[1 EGR valve mechanical failure (closed)
Plugged EGR cooler
Defective Delta P sensor
Plugged Delta P ports
VNT vanes stuck in an open position
Exhaust leaking at the S Pipe
Exhaust leaking at the EGR valve
Leaking air lines from the VPOD to the actuators (insufficient air supply)
Leaking or low vehicle air supply to the VPODs

O O O0000a0o0oaogad

VPOD mechanical failure
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Failure Mode: SID 146, FMI 2 — EGR Leak (Boost Mode)
Indicates: No EGR flow requested by DDEC and EGR flow detected.

SID 146, FMI 2 will be set by the ECM if, the signal from the Delta P sensor and EGR
temperature sensor indicate EGR flow is above a maximum allowable flow when the ECM is in
“Boost Mode” for a period greater than 50 seconds.

Response: The CEL will illuminate and a fault message will be generated.
Possible Causes:
[1 EGR valve mechanical failure (open)
[0 Defective Delta P sensor
[0 Plugged Delta P lines
Failure Mode: SID 146, FMI 12 — EGR Leak (Boost Jake)
Indicates: No EGR flow requested by DDEC andEGR flow is detected while braking.

SID 146, FMI 12 will be set by the ECM if, the signal from the Delta P sensor and EGR
temperature sensor indicate EGR flow is above a maximum allowable flow when the ECM is in
“Jake Mode” for a period greater than 50 seconds.

Response: The CEL will illuminate and a fault message will be generated.
Possible Causes:

[1 EGR valve mechanical failure (open)

[0 Defective Delta P sensor

[J Plugged Delta P lines

All information subject to change without notice. (Rev. March 2004) 4-9
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Failure Mode: SID 147, FMI 7 — VNT Vanes Not Responding (EGR Mode)
Indicates: EGR flow requested by DDEC and excessive EGR flow detected.

SID 147, FMI 7 will be set by the ECM if, the signal from the Delta P sensor and EGR temperature
sensor indicate EGR flow is above a desired flow for a period greater than 50 seconds.

Response: The CEL will be illuminated and the system will be forced into “Boost Mode” (EGR is
Disabled) for the remainder of the ignition cycle.

Possible Causes:
[J  VNT vanes/actuator — mechanical failure
[0 High exhaust restriction
[ Defective Delta P sensor
[J EGR valve — mechanical failure
Failure Mode: SID 147, FMI 14 — EGR Flow Too Low
Indicates: EGR flow requested by DDEC and insufficient EGR flow detected.

SID 147, FMI 14 will be set by the ECM if, the signal from the Delta P sensor and EGR
temperature sensor indicate EGR flow is below a desired flow for a period greater than 50 seconds.

Response: The CEL will illuminate and a fault message will be generated.
Possible Causes:
[J  VNT vanes/actuator — mechanical failure
EGR cooler restriction
Defective Delta P sensor
Plugged Delta P ports
EGR valve mechanical failure
EGR valve leaks
VPOD mechanical failure
Exhaust leaking at the S pipe

Leaking air lines from the VPOD to the actuators (insufficient air supply)

O O O0dO0ooOoooogad

Leaking or low vehicle air supply to the VPODs
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Failure Mode: SID147, FMI 2 — VNT Vanes Not Responding (Boost Power)
Indicates: Low boost or high boost.

SID147, FMI 2 will be set by the ECM if, the signal from the manifold pressure sensor indicates
“Actual Boost” is above “Desired Boost” OR “Actual Boost” is below “Minimum Boost” when
the ECM is in “Boost Mode” for a period greater than 50 seconds.

Response: The CEL will illuminate and a fault message will be generated.

Possible Causes:

OJ

O 0Oo0oo0oo-dgaod

VNT vanes/actuator mechanical failure
Turbocharger failure (e.g. damaged or defective compressor/turbine wheel)
Low vehicle air pressure supply

Restricted air inlet (including filter)

Low fuel pressure (e.g. restricted fuel supply)
Exhaust manifold leakage

Leaking delivery pipe

Defective or leaking VPOD

Leaking air system

1 Charge air cooler

0 Hoses

0 Loose hose clamps

All information subject to change without notice. (Rev. March 2004) 4-11
7SE60 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



CODES

Failure Mode: SID147, FMI 12 — VNT Vanes Not Responding (Boost Jake)
Indicates: Low boost or high boost while braking.

SID147, FMI 12 will be set by the ECM if, the signal from the manifold pressure sensor indicates
“Actual Boost” is above “Desired Boost” OR “Actual Boost” is below “Minimum Boost” when
the ECM is in “Jake Mode” for a period greater than 50 seconds.

Response: The CEL will illuminate and a fault message will be generated.
Possible Causes:
[J  VNT vanes/actuator mechanical failure
Turbocharger failure (e.g. damaged or defective compressor/turbine wheel)
Restricted air inlet (including filter)
Exhaust manifold leakage
EGR valve leakage
Delivery pipe leakage
Low vehicle air pressure supply
Defective or leaking VPOD

Leaking air system

OO0 00Oo0ao0oanod

T Charge air cooler
1 Hoses

T Loose hose clamps
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Sensor Codes

Specific sensor failures and the system response are listed below:
Barometric Pressure Sensor
Failure Modes: PID 108, FMI 3 - \oltage High and FMI 4 - \Voltage Low

Response: The CEL will be illuminated and the engine will be forced into boost mode. The
turbocharger vane position will be forced open at idle to reduce turbocharger response.

Turbo Boost Pressure Sensor
Failure Modes: PID 102, FMI 3 - Voltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the system will be forced into boost mode. The
turbocharger vane position will be set to a calibrated value to protect the engine and will be
torque limited during this fault.

Intake Manifold Temperature Sensor

Failure Modes: PID 106, FMI 3 - Voltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the temperature will be set to a fixed value.
Turbo Compressor Outlet Temperature Sensor

Failure Modes: PID 404, FMI 3 - \oltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the engine will be torque limited to protect the
turbocharger and charge air cooler.

EGR Delta-Pressure Sensor
Failure Modes: PID 411, FMI 3 - \oltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the system will be forced into boost mode. The
engine will be torque limited during this fault.

EGR Temperature Sensor

Failure Modes: PID 412, FMI 3 - Voltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the temperature will be set to a fixed value.
Turbo Compressor Inlet Temperature Sensor

Failure Modes: PID 351, FMI 3 - Woltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the temperature will be set to a fixed value.
Relative Humidity Sensor

Failure Modes: PID 354, FMI 3 - \Voltage High and FMI 4 - \oltage Low

Response: The CEL will be illuminated and the sensor will be set to a fixed value.
Coolant Temperature Sensor

Failure Modes: PID 110, FMI 3 - \oltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the temperature will be set to a fixed value.

All information subject to change without notice. (Rev. March 2004)
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Turbo Speed Sensor
Failure Modes: PID 103, FMI 8 - Abnormal Period

Response: The CEL will be illuminated and the system will be forced into boost mode. The VNT
vane position will be restricted so the vane will not close beyond a calibrated position. The
engine will be torque limited during this fault.

Ambient Air Temperature Sensor
Failure Modes: PID 171, FMI 3 - Voltage High and FMI 4 - Voltage Low

Response: The CEL will be illuminated and the temperature will be set to a calibrated value.
Protection Codes

Engine Protection Codes

When these codes are logged and turn on both the check engine and stop engine lights. This alerts
the operator that continued engine operation under those conditions will result in engine damage.

Coolant Temperature High

PID 110 FMI 0 indicates the coolant temperature has risen above the programmed value in the
ECM. The CEL will illuminate at 223° F (106° C) and the SEL at 225° F (107° C).

Oil Pressure Low

PID 100 FMI 1 indicates that the oil pressure has dropped below a programmed value of 30
seconds. Both CEL and SEL will illuminate.

The Series 60 pressure limit parameters and listed below. See Figure 4-1.

Oil Pressure Shutdown

250
200 .__*__*_4—-4—4.-—4
1] ’__f.r-‘
[t =
a 150 o —— K.pa
£ 100 7 o psi
50 =
- o ———a—— & —N—8

nY : Lx] 3 A )
e "':I"P ,&‘_:':'Q] .\:f:-' .\'5;;57' .,:'-!.(':' .-I."’:lr"'gI .-fgf

Engine Speed

150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100

K.pa i] 0 275 41 621 BST 1173 138 159 1793 1862 19311 200 207
psi o 0 4 B 8 13 17 20 23 26 27 28 29 30
44244
Figure 4-1 Oil Pressure Shutdown
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Coolant Level Low
PID 111 FMI 1

When the coolant level has fallen below the Coolant Level Sensor for 30 seconds, the CEL and
SEL will illuminate.

Oil Temperature High

PID 175 FMI 0 indicates that the oil temperature has risen above the programmed value in the
ECM. The CEL will illuminate at 239° F (115° C) and the SEL will illuminate at 250° F (121° C).

Listed in Table 4-2 are the vehicle performance temperature limits.

Year Start Derate EGR Off CEL SEL

Coolant Temperature
2002
2004

Compressor Discharge Temperatureat Sea Level
2002
2004

Intake Manifold Temperature
2002

2004

Oil Temperature

2002
2004
Table 4-2 Temperature Limits
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S

TESTING

The following pages identify a logical troubleshooting flow for specific operational concerns.
The complaints and diagnostics are based on conditions identified by DDC Technical Service.
Information in this publication is accurate as of March 2004.

Troubleshooting Task

O

O Ooododod

O

Intermittent Black Smoke . Page 5-2.

Power Loss Under Heavy Pull . Page 5-3.

Low Boost Under Cold Ambient Conditions . Page 5-4.

Derate Codes 110 and 404 FMI 14 . Page 5-4.

Code 39 . Page 5-4.

Exhaust Smell/Fumes . Page 5-5.

Slobbering . Page 5-5.

Engine Vibration . Page 5-5.

Engine Coolant Loss . Page 5-6.

Engine Backfire, Engine Misfire, Intermittent Exhaust Smoke . Page 5-6.

Testing Procedures

U
0
0

Test A . Page 5-7.
Test B . Page 5-8.
Exhaust Gas Recirculation System Basic Checks . Page 5-9.
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Intermittent Black Smoke

Perform the following steps for Intermittent Black Smoke.

1.

© N o o

Check for diagnostic trouble codes.

[a] If Fault Codes are logged, diagnose the logged codes first.
Visually inspect the air filter restrictions.

[a] If the air filter is clogged or dirty, replace the air filter.

Visually inspect the air inlet hoses for soft or collapsed areas.

[a] If the air inlet hoses are damaged, replace as necessary.

Visually inspect the air inlet for restrictions.

[a] If the air inlet has restrictions, clean as necessary.

Perform Test A . Page 5-7.

Perform Exhaust Gas Recirculation System Basic Checks. . Page 5-9.
Test drive the vehicle with DDDL and perform a snapshot. Analyze the snapshot.
Perform Test B . Page 5-8.

5-2
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Power Loss Under Heavy Pull

In extreme cold ambient conditions, the engine will operate in Condensation Protection.
During this mode of operation, the engine boost will be reduced and there is no reduction of

power. Operating in this mode is a normal operating condition and will not affect engine life or
performance. Note: Trucks operating with winter fronts will experience this condition less often.
DDC’s recommendations have not changed regarding winterfront usage. A service bulletin issued

years ago will be re issued to restate DDC’s position.
Perform the following steps for Power Loss Under Heavy Pull.
1. Check for diagnostic trouble codes.
[a] If Fault Codes are logged, diagnose the logged codes first.
2. Visually inspect the air filter restrictions.
[a] If the air filter is clogged or dirty, replace the air filter.
3. Visually inspect the air inlet hoses for soft or collapsed areas.
[a] If the air inlet hoses are damaged, replace as necessary.
4. Visually inspect the air inlet for restrictions.
[a] If the air inlet has restrictions, clean as necessary.
5. Visually inspect the entire length of the breather tube for Kinks.
[a] If the breather tube has kinks, repair as necessary.
6. Measure the fuel pressure under heavy loads.
[a] If the fuel pressure was spiking or decreasing, perform step 7.
[b] If the fuel pressure was not spiking or decreasing, testing is complete.
7. Remove the fuel pump.
[a] If the fuel pump is damaged, replace the fuel pump.
[b] If the fuel pump is not damaged, perform step 8.
8. Remove the fuel injectors and inspect for combustion passing the seat.
[a] If seats are damaged, replace as necessary.

NOTE:
The injector may need to be replaced also.

[b] If the seats are not damaged, testing is complete.

All information subject to change without notice. (Rev. March 2004)
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Low Boost Under Cold Ambient Conditions

In extreme cold ambient conditions, the engine will operate in Condensation Protection.
During this mode of operation, the engine boost will be reduced and there is no reduction of
power. Operating in this mode is a normal operating condition and will not affect engine life or
performance. Note: Trucks operating with winter fronts will experience this condition less often.
DDC’s recommendations have not changed regarding winterfront usage. A service bulletin issued
years ago will be re issued to restate DDC’s position.

Perform the following step for Low Boost Under Cold Ambient Conditions.

1.

Clear Fault Codes and return the engine to service.

Derate Codes 110 and 404 FMI 14

Perform the following steps for Derate Codes 110 and 404 FMI 14,

1.

Determine if derate is typical operation (refer to Appendix D, Service Information Letter
03 TS-23).

NOTE:

During Typical engine operating conditions, the engine will derate to prevent damage.
Higher ambient temperatures and loads will increase the frequency of DDEC applying
this derate logic. If the derate is occurring only occasionally, this is Typical. If the
derate occurs more than Typical for given operating conditions, continue investigation
for possible defects.

2.

[a] If considered Typical, clear Fault Codes and return the engine to service.

[b] If determined to be abnormal frequency, perform step 2.

Remove the water pump and inspect the pump impeller.

[a] If the impeller is damaged, replace the water pump.

[b] If the impeller is not damaged, reuse the water pump and replace the EGR cooler.

Code 39

Perform the following steps for Code 39.

1. Perform Exhaust Gas Recirculation System Basic Checks . Page 5-9.
2. Perform Test A . Page 5-7.
3. Testdrive the vehicle with DDDL and perform a snapshot. Analyze the snapshot.
4. Inspect the VPOD air supply for leaks.
[a] If the VPOD air supply has leaks, repair the leak.
5. Perform Test B . Page 5-8.
5-4 Allinformation subject to change without notice. (Rev. March 2004)
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Exhaust Smell/Fumes

Perform the following steps for Exhaust Smell/Fumes.
1. Visually inspect the exhaust system for leaks (e.g. exhaust manifold, S-pipe, and
turbocharger).
[a] If exhaust leaks were detected, repair as necessary.

[b] If no exhaust leaks were detected, perform step 2.
2. Tighten all S-pipe clamps to the proper torque specification.

3. Reprogram the ECM.

Slobbering

Perform the following steps for Slobbering.
1. Visually inspect the entire length of the breather tube for kinks.
[a] If the breather tube is damaged, repair as necessary.
[b] If the breather tube is not damaged, perform step 2.
2. Perform a DDC Extraction of DDEC Reports.
NOTE:
Review extraction for excessive idle time. Times of 35% and higher are considered
excessive.

3. Drain the engine lubrication oil pan.

4. Refill the lubrication oil pan with 32 quarts of approved motor oil and visually inspect
the oil dipstick marking.
[a] If the oil dipstick marking is incorrect, replace the dipstick with a proper dipstick.

[b] If the oil dipstick marking was correct, testing is complete.

Engine Vibration

Perform the following steps for Engine Vibration.

1. Using a 0.060 in. feeler gage, measure the clearance between the bottom of the steel
engine mount and the rubber biscuit at the rear engine chassis mounts.

[a] If the engine mount clearance is less than 0.060 in., replace the mount.
[b] If the engine mount clearance is greater than 0.060 in., testing is complete.

All information subject to change without notice. (Rev. March 2004)
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Engine Coolant Loss

Perform the following steps for Engine Coolant Loss.

1. Verify the quantity of engine coolant loss per mile.

NOTE:
Miles driven Coolant added

A WARNING:

PRESSURIZED AIR AND FLYING PARTICLES

To avoid injury to eye or face, wear a face shield or goggles
when conducting a pressure test.

2. Pressure test the cooling system.

3. Visually inspect the engine for external coolant leaks (e.g. water pump, coolant hoses,
etc.).

[a] If coolant leaks were detected, replace the leaking component as required.
[b] If no coolant leaks were detected, perform step 4.
4. Visually inspect the engine oil for coolant.
[a] Coolant is found in the engine oil, this indicates an oil cooler or internal engine fault.
[b] If no coolant is found, perform step 4[c].

[c] If the engine coolant loss is one gallon per 5000 miles or greater and no engine
coolant leaks were detected, replace the EGR cooler.

[d] If the engine coolant loss is one gallon per 5000 miles or less and no engine coolant
leaks were detected, the test is complete.
Engine Backfire, Engine Misfire, Intermittent Exhaust Smoke
Perform the following steps for Engine Backfire, Engine Misfire, and Intermittent Exhaust
Smoke.
1. Reprogram the ECM.
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TESTING PROCEDURES

NOTE:

If further repair, removal, and DDDL procedures are required when performing the testing
procedures, please refer to the Series 60 Service Manual, (6SE483) or contact the EDS
Support Line for DDDL specific questions.

Test A

Perform Test A as follows:

1.

4.
5.

Remove the turbocharger to charge-air-cooler (CAC) pipe.

A WARNING:

PRESSURIZED CHARGE COOLER SYSTEM

To avoid eye or face injury from flying debris, wear a face
shield or goggles.

Pressurize the CAC inlet to 30 psi using special tool TLZ00100 or equivalent tool.
Monitor the boost psi using DDDL.

[a] If the pressure is below 27 psi, visually inspect the CAC, hoses, and the delivery
tube for leaks.

[b] If the pressure is at 27 psi or higher, continue to step 4.
Activate EGR VPOD (PWM 2) using the DDDL.
Monitor the boost psi pressure for pressure drops when the EGR valve opens.

NOTE:
The pressure should have dropped significantly to approximately 9 psi.

[a] If the air pressure dropped to 9 psi, no further testing is required and Test A has
been completed.

[b] If the pressure only dropped slightly, perform step 1 through step 3.

1. Physically inspect the EGR valve for a mechanical failure. If the EGR valve is not
functioning correctly, replace the EGR valve.
2. Visually inspect the EGR cooler for restrictions. If the EGR cooler is restricted, replace
the EGR cooler.
3. Visually check the delivery pipe for restrictions. Clean as necessary to remove restrictions.
All information subject to change without notice. (Rev. March 2004) 5-7
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Test B

Perform Test B as follows:

A WARNING:

PERSONAL INJURY

Diesel engine exhaust and some of its constituents are known
to the State of California to cause cancer, birth defects, and
other reproductive harm.

[0 Always start and operate an engine in a well ventilated
area.

[1 If operating an engine in an enclosed area, vent the
exhaust to the outside.

[0 Do not modify or tamper with the exhaust system or
emission control system.

1. Run the engine on a dynamometer to get the engine hot. If a dynamometer is not available,
run the engine until hot (> 170° F (76° C) coolant temperature).

2. Activate the VPOD outputs to 90% and back to 7% using the DDDL. Visually inspect the
VNT and EGR valve for proper rod travel (full travel to stops).

[a] [If the VNT is not functioning properly, verify VNT vanes are moving freely (read
Service Information Letter 03 TS 44 located in Appendix D).

[b] If the EGR valve is not functioning properly, replace the EGR valve.
[c] If both the VNT and EGR valve have proper movement, the test is complete.

NOTE:
Repeat this step three times.
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Exhaust Gas Recirculation System Basic Checks

Perform the following basic steps to check the exhaust gas recirculating system.

For all EGR related concerns (may include exhaust smoke complaints), perform the following
steps. If any corrections are made as a result of these checks, test the unit again before proceeding
further:

Basic checks for all Series 60 EGR engines require the following tools:

0l
Ul
U
0
0l

1,000 Ohm resistor (low watt)

DDR suite 8 or DDDL version 4.2 or higher
\olt Ohm Meter

Pressure gage 0-200 psi

Pressure gage 0-100 psi

Check Delta P Sensor

Follow these steps to check the Delta-P sensor:
1. Turn ignition ON.
2. Plug in DDR/DDDL.
3. Read Delta-P counts (EGR DPS)

[a] If Delta-P counts read 86-135, verify that the EGR pipes and hoses are correctly
assembled from the EGR tube to the Delta-P sensor. Reversed hoses or pipes will
create black smoke and surging. Go to step 3[b].

[b] Also inspect carefully for split or leaking pipes or hoses in the EGR mixer tube from
the EGR cooler to the intake manifold. If hoses/pipes are correct, Check VPOD
Output Pressure.

[c] If counts do not fall within the 86—135 range, replace Delta-P sensor; then go to Test.

All information subject to change without notice. (Rev. March 2004) 5-9
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Check VPOD Output Pressure

44341

Follow these steps to check both VPOD (EGR valve and VNT) output pressure:

NOTE:

Listen for air leaks at the VPOD during the test. narf

A WARNING:

PERSONAL INJURY

To avoid injury from the sudden release of a high-pressure
hose connection, wear a face shield or goggles.

1. Disconnect the air hoses from the EGR and VNT (Variable Nozzle Turbine) actuators.

2. Install pressure gauges (accurate to within 1.4 kPa [0.2 psi]) at the outlet of the EGR and
VNT hoses. (Use two gauges, or test separately.)

3. Using the DDR/DDDL, activate PWM #2 (EGR) and PWM #4 (VNT) duty cycles and
monitor the output pressure from the VPOD.

4. Test: activating 11 % duty cycle: Pressure = 106 — 134 kPa (15.4 — 19.4 psi). Go to
steps 5[a] and 5[b].

5. Test: activating 90 % duty cycle: Pressure = 485 — 515 kPa (70 — 75 psi).
[a] If the VPOD readings are as listed, Check for Active Codes.

5-10 All information subject to change without notice. (Rev. March 2004)

7SE60 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



SERIES 60 EGR TECHNICIAN'S GUIDE

[b] If the results in this step cannot be attained, Check VPOD Input Pressure.

NOTE:
Both activations must operate their component with full travel of the linkage to hit the

stops.
Check VPOD Input Pressure

Follow these steps to check VPOD input pressure:

1. Measure VPOD input pressure to port 1; ensure it is between 703 — 1296 kPa (90 -
120 psi).

[a] If the supply pressure is not between 703 — 1296 kPa (90 — 120 psi), troubleshoot the
vehicle air system until that result is obtained.

[b] If the supply pressure is between 703 — 1296 kPa (90 — 120 psi), Check Variable
Output Pressure Device (VPOD) P/N and Supply Voltage.
Check Variable Output Pressure Device (VPOD) P/N and Supply Voltage

The following checks should be performed for the VPOD P/N and supply voltage:
1. Check VPOD label to determine if it is + 12V or + 24V compatible.

2. Unplug VPODs mating connector. A 1,000 Ohm resistor is needed for the next step. Insert
the resistor between cavity 1 and 3 for ease of checking with the VOM.

[a] Turn ignition switch ON.
[b] Measure voltage from pin 3 to pin 1.
[c] Plug in DDR and check ECM voltage.
3. Isthe VPOD P/N and voltage, and ECM voltage correct?
[a] If the VPOD P/N and voltage are correct, Check VPOD Wiring..

5-11
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Check VPOD Wiring

The following checks should be performed for the VPOD wiring.

NOTE:
VPOD power should have been verified under the P/N check. If not, refer to Check
Variable Output Pressure Device (VPOD) P/N and Supply Voltage..

1.
2.
3.

Turn ignition switch ON.
Unplug the VPOD mating connector.

Insert a 1,000 ohm resistor between cavities #2 and #1 for the 12V version, or cavities
#2 and #3 for the 24V version.

Connect a VOM to the VPOD connector between pin #2 and pin #3 for the 12V VPOD
or pin #2 and pin #1 for the 24V VPOD.

Using a DDR/DDDL, activate the PWM #2 (EGR Valve) and PWM #4 (VNT), and ensure:

[a] Activating 11 % duty cycle: VDC = 90% of the VPOD supply voltage + 1 volt
(e.g. voltage to VPOD = 13.8V * 0.9 = 12.42V; therefore 11.42V to 13.42V at
PWM is okay.)

[b] Activating 90 % duty cycle: VDC = 10% of the VPOD supply voltage + 1 volt. (e.g.
voltage to VPOD = 13.8V * 0.1 = 1.38V, therefore 0.38V to 2.38V at PWM is okay.

Note any air leakage when PWMs are activated to 90% and correct the leaks as needed.

[a] If both of the PWM voltage measurements are correct, replace the VPOD that had the
wrong pressure reading.

[b] If the PWM voltage measurements are incorrect, and the wiring checks are okay, try
a test ECM programmed for EGR, or contact DDC Technical Service.
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Check for Active Codes

Check for active codes as follows:
1. Turn ignition ON.
Plug in DDR/DDDL.

2
3. Read active codes.
4

Record or print codes. Ensure that PID, SID, and FMI are recorded. Refer to the proper
code section of the DDEC II/1V Single ECM Troubleshooting Guide, (6SE497) to

troubleshoot that code.

NOTE:

FMis listed as 14 are diagnostic information codes and no troubleshooting is required.
For example, an engine derates due to high TCO temperature; a 404/14 code will be
stored. This would indicate that conditions warranted having the ECM derate the fueling
to the engine. If the customer complaint was a power loss, it could be explained that loss
of power was done by the ECM to protect other engine components.

5. If the issue is not related to the EGR system components, or assistance is needed, contact
Detroit Diesel Technical Service.

Test

Follow these steps to test:
1. Reassemble connectors or components.
2. Start and run the engine.
3. Perform a road test if this is necessary to duplicate original complaint.
[a] If symptoms/codes are gone, repairs are complete.

[b] If any codes display, review this section again; contact Detroit Diesel Technical
Service.
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6 DDDL/SNAPSHOTS
WORKING WITH DDDL SNAPSHOTS

Creating A Snapshot

i< Detroit Diesel Diagnostic Link

44225

1. Use the proper steps to open DDDL and connect to the engine.

2. Go to the Snapshot drop-down menu and select the New option by clicking once with the
left mouse button.

3. Upon choosing the New option a Record Snapshot box will appear in the upper left
section of your screen.

4. The Record Time will be counting from the second you clicked on the New option.

All information subject to change without notice. (Rev. March 2004) 6-1
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5. Some important facts to remember about this feature:

0
U
0

]

O

All parameters broadcast by DDEC IV are recorded.
Any codes that occur during the snapshot are automatically marked.

There is no practical time limit for the snapshot, you just need enough room on
your hard drive to save the file.

To mark an event other than a code, click once with the left mouse button on
the Mark User Event SPACE box.

To insert additional comments about the snapshot click once with the left mouse
button on the Annotate selection (version 4.1 or later).

6. When you have completed recording the data you wish to save, click once with the left
mouse button on the Stop Recording ESC box.

tie: Record Snapshot

Stop Recording ESC Mark User Event SPACE
—Record Time Annotate...
00:00:30

44226

7.

Immediately upon selecting the Stop Recording ESC option a dialog box will appear

asking if you wish to save your changes. If you want to save the recorded data to your
hard drive, click once with the left mouse button on the Yes option. To discard the data
recorded by the snapshot click on the NO option.

6-2
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Cancel |

44224

8. If you choose the Yes option the Save As dialog box will appear on your screen. A
suggested file name will appear outlined in blue in the File Name box.

Save in: I =3 Diagnostic R EE
1 Data Pages
_1Repart
(o8] AngloGold#30.dd
=] AngloGold#30-2.ddI
] LEON.dd
] Manuela.ddl
File narne:; I Save
Save as lype: [Snapshot Files (~DDL) =l Cancel
44223
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9. If you want to accept the suggested name for the file click once with the left mouse button
on the Save option box. You may replace the suggested name by hitting the space bar once
to clear the line. Type in the new file name before saving the file. You may also change
the location of where the file is saved on your PC by changing the location designated
in the Save In box. You may save the file to your A drive for example. Once the file
has been saved the process is complete.

USING SNAPSHOT REPLAY CONTROLS

1. To replay a snapshot, go to the Snapshot drop-down menu and select Open. You should
not be connected to a vehicle when replaying a snapshot.

e Detioit Diesel Diagnostic Link

44227

2. A dialog box will appear listing all the available snapshot files.
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Open HE|
Look jr: Ii\l Diagnostic ﬂ | ﬁl veoe rEEE

|__| Data Pages ] Manuela.ddl
|_] Repart

[t AngloGold#30. ddl
] AngloGold#30-2. ddl
o] LEON.ddl

& Logl.ddl

File name: IﬂmgIDE old#30.ddl

Open

Files of type: | Snapshot Files (*.DDL) | Earl

44220

NOTE:

The default folder that snapshot files are saved in is C:\Detroit Diesel\Diagnostic and
have a file extension of .ddl.

3. Highlight the file you wish to open with one click of the left mouse button. The selected
file name will now appear in the File Name box.
4. Click once with the left mouse button on the Open box in the lower right of the dialog box.

When you have opened a snapshot, replay controls will appear at the bottom of the DDDL
window you opened.

All information subject to change without notice. (Rev. March 2004)
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Play I ' . ' 00:07:04 Aunrotabaon é time 0000000
| vEH PWR DOWN - open circuit =] Edit...

44218

6. Start the replay of a snapshot by clicking on Play. The play button changes to Pause when

a snapshot is replaying. While the snapshot is replaying, the replay slider next to the
Play/Pause button moves showing the progress of the replay, and the time box next to it
shows the time since the beginning of the recording. When you click on Play the snapshot
begins to play from its current position and the instruments show the appropriate readings.
The event window also changes during the replay to show the most recent event.

Stop the replay at a particular point of interest by clicking on Pause. The instruments
will show the values at the time the replay was stopped.

Move to a specific time in the replay by dragging the replay slider button. As you drag the
slider, the time shown in the time box changes to reflect the position of the slider.
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NOTE:

Not all DDDL windows can be activated when replaying the snapshot feature. You
cannot access the injector response time window or the cylinder cutout window in
shapshot mode. Samples of windows that may be activated include:

Normal Instrumentation Wi

ndow

Pl DeRindt Do sl Diagaaatic Link

Ele Callwabon Teapaled  [hagreibes  Tooly

n|u=|u|g = || -|~I_|_|—

1477 £ €0 mph |
| 5ol wr Crum Control St Soeed [ Y PR Facha 10X
Ozt Torae . Ful Koy Feroent. Ervaive Lol B
2800 5000 5 w
| w rson [ LE
2500 Leb00
Ermarm 1 L]
LE0E FE.LE 4.9 wpg
Pause | E 4 U] 000803 [iser Fvem |
Foa Help. pracs F1

44217

Diagnostic Instrumentation Window

Power “1 | Jake Brake 'z] Misfire 'a] Smoke “4 EGR'S IHat Gas “6 | E:dtTl:mpn‘Tl Graph “8 | Usnr‘!l

Engre Speed  pm | Twibo Shall Speed  ipm

Baiomets

1514

Booul Pressue pa

H 500

EGH Delta Fresows 'H20 [E

EM)

EGR Deka P Counts

=4 .0

kS

c 1. |

Accelersior Pedsl Pos

Precent Engre Load

VGT Vanes Actualor £

EGR Vaiva 90 ﬁ

==

3 Vahicle Speed Wehicle Speed  mph

==

ﬂuhmr"-"ﬂm Vi

1d.c

400 | 300
| 250—
00 200
200 150!
IWJ| 100
50—

l.'l—i 0
=100 | =50 4
§ I E 197 *F

|Smoke Contral Made [Ho

Pulse width deg

i

Pause |

— e
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Graph Window

Mech 1| Pres “2 | Temp *3| Ind-1 4| Ind 2 °5 | ESS *6| Turbo *7 Graph '8 |User 9|
---—"_HH-—'_FL"'_"'\F-.,-- R S il
L T T
2:00 0:00
oo [ Woelim: T Wal ]
= & ket Tesmperatine: 114 °F L7} k-1 1)
=Bl Pieasuams N1 psi nn nn
— Engine Coclant Temp AETI 0 am
— E ragems Odl Preswinme S LiT1] 1500
ok
= dal

44220
User Window
Mech *1 | Pres 2 | Temp =3 | tnd- =4 | tnd- *5 | E55 76| Turbo *7 | Graph 8 Usee '3 |
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Fault Codes Window

2
\E_

i Fault Codes - Test].ddl =[2]]
Faul Descriplion | Flash | ECM | 10 | FMi | Stat | End | Dusation | Coun |
*Ftdhﬂpmrﬂvﬂag 28 Maz P174 &

- Fuel temparahue high 77 Maz P174 0

G |

00:04:41  [Fyel temp sensor - input voltage low - |

44222
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/ SNAPSHOT EXAMPLES
SNAPSHOT EXAMPLES
The following snapshots are intended to show you how to “interpret” the information recorded.

Use the examples to try to determine what area contains the fault.

Due to the variety of operating conditions that affect actual EGR flow and Turbo boost or speed
readings, the following examples SHOULD NOT be used as a good vs. bad criteria.

Each snapshot that follows was controlled during running on a chassis dynamometer.

Some failures were induced to display the logic used to determine what is wrong with a particular
area of the engine.

[1 Idle operation with EGR. See Figure 7-1.

Cold Idle operation without EGR flow. See Figure 7-2.
Throttling without load, EGR is on and off. See Figure 7-3.
1500 rpm throttling no EGR. See Figure 7-4.

EGR Valve stuck open. See Figure 7-5.

147 14, EGR Flow too Low. See Figure 7-6.

146 2 EGR leak — boost. See Figure 7-7.

Leaking Charge Air Cooler. See Figure 7-8.

Delta P port plugged (graph). See Figure 7-9.

Normal Acceleration — Automatic Transmission. See Figure 7-10.
Typical EGR flow loaded. See Figure 7-11.

Normal Operation EGR off, Colder ambient. See Figure 7-12.
Plugged Delta P port (EGR tab). See Figure 7-13.

Iy ) A O

]

Normal Engine Operation as Viewed With DDDL Snapshots

It is important to understand what Normal looks like During normal engine operation, all
parameters should have smooth transitions.

Review the snapshots in this section for examples of normal engine operation.
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EGR Flow at Idle

Detroit Diesel EGR Engines will flow EGR @ idle, as certain conditions are met. MY-2002 EGR
engines will flow EGR for a short duration if DDEC determines a quick rise (snap-acceleration)
in engine rpm’s over time. Engine parameters programmed determine the duration of EGR flow.
There is a time duration difference between MY-2002/03 - 2004.

Delta P Sensor and Piping
The Delta P sensor monitors the pressure differential across the venturi by readings from the
two openings in the delivery pipe.

High Delta P with NO Flow Demand (PWM2 % =7)

If the EGR valve is closed (7%) and the EGR temperature is between inlet manifold and engine
temperature there should be little to no actual EGR flow. If the Delta P sensor is registering a
high differential pressure in this condition:

L1 Check for the pressure signal pipe of hose to one side of the sensor is plugged or leaking
(includes sensor mounting o rings).

[J The sensor being defective is the least likely.

L1 Incorrectly wired (replacement sensor).
Low Delta P with Flow Demand (PWM2 % greater than 7 and less than 90)
If the EGR valve is open and the EGR temperature is elevated there should EGR flow.
If the Delta P sensor is registering a low differential pressure in this condition: it is likely that the
pressure signal to both sides of the sensor are plugged or leaking Lastly, a defective sensor.
Stuck or Sticking VNT or EGR Valve Actuator

When the actuator is sticking, DDEC can’t control turbocharger speed or EGR flow smoothly.
Turbocharger speed and PWM 4- VNT % will fluctuate greatly. If the EGR actuator is sticking
you are able to see EGR flow with the PWM2 % staying at 7% (which is closed). The engine's
temperature can be a factor in this operation.

DDEC is attempting to control turbocharger speed and is overcompensating with PWM4 in an
attempt to control turbocharger speed.

7-2 All information subject to change without notice. (Rev. March 2004)
7SE60 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



SERIES 60 EGR TECHNICIAN'S GUIDE

Turbocharger Speed Sensor Faults

Turbocharger speeds rarely exceed 100,000 rpm for any length of time. Speeds exceeding
100krpm and dropping rapidly is a warning sign. 30krpm changes in speed at 1 second intervals
is almost imposable. Consider a false signal being sent to the ECM rather than this event actually
occurring. The ECM is responding to the signals it is receiving from sensors.

Monitor the turbocharger speed and the engine boost, watch for normal, expected changes. Note
in one of the next snap shot samples that the turbocharger speed reaches 108,000 rpm and boost is
only 7.1psi. Turbo Speed Sensors (pn 23530252) that have a date code stamped on the sensor
connector between 0703 to 3703 should be changed first if suspect then contact DDC Technical
Service for further assistance.

NOTE:

Remember that if a sensor fails and sends a signal to the ECM that is within a normal
threshold for that sensor. No code will be generated however DDEC could try to respond
to the false signal.

VPOD

The Variable Pressure Orfice (or Output) Device is used to control the pressure to the actuators
used for the EGR valve and turbocharger vane position. The most common failure is external
leakage of air. You can hear the leak when you activate the PWM for each VPOD.

Relative Humidity/Turbo Compressor Inlet Temperature Sensor

This sensor is a DDC part installed and wired by the OEM. Most faults here have been due to
incorrectly wired 10 pin connector. The ECM will usually log a fault code for one or the other
side this combination sensor.

Turbo Compressor Outlet Temperature

During heavy loaded operation the outlet of the turbo to the charge air cooler becomes very hot.
Logic built into DDEC allows for derating of torque to reduce these temperatures to prevent
charge air cooler failures. The derate code (flash code 49) of 404 14 logs without turning on the
check engine light. This inactive code is stored to allow technicians the ability to assure the driver
there is not any fault of failure and this operation is normal to the EGR system.
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EGR Flow Troubleshooting Tips
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Examples
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Figure 7-1
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Code 147 14 — EGR Flow Too Low
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Figure 7-13
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APPENDIX A:

CEL
CAC
Delta P
DDEC
DPS
DTC
ECM
ECU
EGR
ESC
FMI
KRPM
kPa
PID
PSI
PWM
RHS
RPM
SAE
SEL
SID

S Pipe
VGT
VNT
VOM
VPOD
<

>

LIST OF ACRONYMS

Check Engine Light
Charge Air Cooler

Differential Pressure

Detroit Diesel Electronic Controls

Delta P Sensor

Diagnostic Trouble Code

Electronic Control Module (aka ECU)
Electronic Control Unit (aka ECM)

Exhaust Gas Recirculation

Abbreviation on a Computer Keyboard for 'Escape

Failure Mode Indentifier
RPM X 1000

Kilopascals

Parameter Identification
Pounds per Square Inch
Pulse Width Modulation
Relative Humidity Sensor

Revolutions per Minute

Society of Automotive Engineers

Stop Engine Light
System Identification

Pipe Shaped Like an 'S'

Variable Geometry Turbocharger (aka VNT)

Variable Nozzle Turbocharger (aka VGT)

Volt Ohm Meter

Variable Pressure Output (Orifice) Device

Less Than

Greater Than

All information subject to change without notice. (Rev. March 2004)
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APPENDIX B: DDEC IV WIRING SCHEMATICS

[1 DDEC IV Vehicle Harness — see Figure B-1.
(1 DDEC IV Engine Wiring Diagram — See Figure B-2.
[0 DDEC V Engine Harness — see Figure B-3.
[1 DDEC V Vehicle Interface Harness — see Figure B-4.
All information subject to change without notice. (Rev. March 2004) B-1

7SE60 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



APPENDIX B: DDEC IV WIRING SCHEMATICS

B'2 All information subject to change without notice. (Rev. March 2004)
7SE6B0 0403 Copyright © 2004 DETROIT DIESEL CORPORATION



i34 I
o "NOILYYOdY 0O 135310 LIOY.L3A €00 @3yBukdoD 80E0 EV2VSL
(£0/8 oY) @onou Jnoyym ebueyo o} Joslgns uoneuLoUl iy
mfgmmwwﬁﬂm
| Nid Y3IMOd AH3LLYE WOY 4 ST18YO 30NYO JHIM ILVRIdOdddY 0¥0880Z 1 Nid
YN IWRE L OLS3IM VO 71 30MdS 0L 530MdS J008dHILWA 35N 1 Znquﬁ zm“w HOLOINNOD
soLACo SNOLSNANGS 00BN 035010138 L5 QN ovs 5 AL oGS RSN
S0 SV GaI35T58 Ol SRV E D vate ThouS Ho Sgena. -
YINM YO (+) 2261 © LHWINYL 008 v MNW M ,@;
SINMVLYD () 22811 Nl 108 8 SSANHVYH Z
(IVNOLLHO) NOLLINOI SNt BEY 2 HLONITNI 1333 71 0330%3
TBIHS 6261 MTHS NYO MIBLHW 176 a Z o _|_|<O _ Z D 5 500 oL, »o.z JHIMOMYZL mmaﬂN
MINM VLSO TOMLNOO (9 8881 T NvD LHWTEYD oz8 3 051
SN VYO TOMLNGO (+) 868 FH NvD mexa 928 4 o5t
051
BEVI €100 “oN TN HOLIMS JARREAC o—t ———
i B ey 3uiNa dois anv—f—{ On wone o6 s:s Y 18] T T gy g sosoAN00 #L000gS1 V4 0300
L5303 ILISONOVIA ThaNIea NouNol(” ) (3N HOOTAYANOOIS  HiA0d YOO AYVONODIS
mmmmwmmm e e = o)
§6103 GNIaM ol Q.03 a03y
S 538 0) - TN ANNCUBLE  LLv2l0z) Nd Dad
oo | B 0 O Ty =
LBFBZSEC N/d 000 ¥3A0D 18607552 N/d 500 HOLDINNOD
96r6Z5E2 N/d 900 HOLOINNGD LdN 1 8/E MOvHELIN
KINO A43LLVE [V 3SN4 ITONIS WOF FTONIS 3804d 13A37 INYI00D S3143s 082
HOLO3NNOD ITONIS
9€14086Z Nid ONTd - . w>_=o!o_z_mwm§mx_5w ) - SSINYVH ¥3IMOd
. LS04
e e Q3LSMAL NE9 A o A e e
YINM viva SBANED %0 4 TR
JT13IHS 6E6LI MLHM 3
— _ ONIMIM MNITVAVA 6E6LT 1Hwniexa a
€M LNdLINOTVLIOIa IAQTAH/‘@% 1ndLNO xzj(?M«m%wﬁ :Jmnmm m
£ 1Nd1N0 WL 6 é—mmmr—Fo——— | WLIoK QNNOS A3LLvE e v Eﬁmé 3 m:o
5 p
NY8S-1181-dS1 EANAINO L9 8 asd 595 FRHANOL V1 000 AWV ONIEM To100 TIA7D ER[
IN/d X3dY A3 FOIO3NNOD Nid 6
0104025 N XY el M0 LBl I o
. (NId-01) J = (@109) TYNINYAL €508 1562 N/ 200 TYNIKNEL
NId-0b 13T dNOD 08N |— £ — — v 60400Z+S :N/d 5081 66T N/d 000 ¥3A0D % A — 6 HOSNIS T3AIT LINVT1O0O
YOLOINNOD HILHVLS 10 " X3dvio4 TS0E 16T ‘Nid 000 ¥OLOINNOD
ATddng ¥OSNES | HOLOANNOD MOTIZA LHOIM 3NIONI YO3HO
= = ALIGIANH 3AILY 13 98110567 Nd ONd e .
NHALZY HOSNTS HOSN3S ONNOXO 3L 1va Lwwong 3 es6 o LHMNTE q €56 ANNOYO A¥3LLvE
(MO G0N NI oL e o o ow e NYO v oy AM3LLYE WO AT+
= — JALIQIANH 3ALLYT3Y ANt 106 ad
[ (anoaoda)ane (+) N WLYa N3ANEO MO 2 006 Q34 LHON3NIDNIJOLS gy ONITF HYOLOINNOD NOILINOI
JOTOS ON FHIM 38V d0100  ALAYO  "ON 3dim V4o L-v 886 L-¥ LNdLNO TvLIOIa
HOLOINNOD NId9 LHM €M) 6.6 €2 LNdNITVLIDIa
HS3 OL NOILOINNOO W30
HOLOINNOD OILSONOVIA 13NV INFWNHLSNI " m\m_m.__m mw mmm 00 >mvﬂm__mwww mmwﬂww
NOISSINSNYY L WA
ALY ONY HOLIINNOD ONILYW W30 THL AS T19VINNYEOOYd I8V LHM £ 806 YO WAV 10 w_m Nv4 WA
NZ3M.138 00V1d 38 LSNIN ESN4 N33¥O YA -0 106 =) YN YLva
(e 3l0N SLNALNO TWLISIA ANV SLNANITYLISIA » 45, \33u0 Nia z-0 006 (+)3NI1 v1va
T 88168071 Nid 000 dN3L LSNYHX3
TYNING3L YO JUNSSI™d dIAINd ¥ONYL 31
. T 558 BLEslOTt e oog T13A €-a 6L HO SNYY1Ss3
HOSNIS 03308 TOINEA A1g/an1g 11 [ €89 2 LNdNITVLIDIa
NYO/ANTg 11 ¢-3 159 (-) @33d$ 3T0IHIA
e e e e o ezl e 9oq M1g/anTg L1 z-3 955 (+) 33dS I10IHIA
: _ Lees0iz g o] mammen 6o ok “ &0 thani viiola
NI - !
| BE7 LINOHID WO ABOSS300Y SEEVEOC| N/d 000 LHWNYE [ prs 2-4 LNdNI TvLI9Ia
WIS L0\ | ANV 30¥N0S LON 0d HOLDINNOD AVM 02 g g
| i SN S Cre N , M18/NYO o €45 2-9 LNdNI TvLI9Id
8 | IMOJ NOILINOI JAIAOH LSNA v EW b crs b4 LNdNI VLI
(TOHLINOD H40-DAYL ¥IMO) Hi [CELTREPN L-r L¥S L-r LNdNI TVLIDIa
I HONYIA0D A3F3S F1aY VA | QAR + 5] w NYO [ LS ¢-r LNdNI1vLIoId
a3y/Nyg [2] 8cs L-© LNdNITvLIold
M InaNvIea | e—rmr—se—\ NG e : a
S | o | 5005 oz | ™| |noune ] awwis e {1 Thani 1viiSia
AR >8/[a3d 916 | m (XINO HOYOD) 3UNSSIYd MOvd LSNVHX3
_e— e = = == — w Ndg 1-a ols YO Old YO LYISOWYIHL IO
IOENREITOE (4OSNIS NOILISOd TLLONHL) Idd z-d 609 1HOIT INIONT dOLS
HONHIA0O Q33dS ONILINTM NEO o T ) L 505 IAIYA ¥ILIWOHOYL
n1g 11 €4 661 ¢-4 Lnd.LNO 1vLliold
e\ 3 SNE HO 150d ANALLYE WOXH g :
_ +INdLNO TYLI9Ia mwﬁ‘m_m_ = wwm TLAZNId AZ0UN0S 24 1SN NYO 17 _..m LSy L-3 LNdNITvLIola
2445 PE LIS A, HAMOd AYZLLVE DA 12/} 319013 INd €8 ey NOLLINSI
TG STEas o6 LHWdd 1-g 6Ly LHOI 3NIONS ¥O3HO
40700 ONTIM HOT00  ON JdIM IHMNTE 256 an1g xa z-a L1y HYONYIAOO d33dS ONLLINIT
NY4O €-H 138 13A37 LNVY1000
TTOHLNOD 3SINHO HONHINOD NOILINOI
d¥OT100 ALIAYD  ON JHIM 13gavil

ALINIFGISNOdS3d INFO0

SSANYUVH 30V4d31NI FTOIHIA
A93 €00CAIN Al O3AA 09 SIS



65EYY “"NOILYYOd YOO T3$31A LIOY.L3A 00T @ JYBUAdOD BOE0 EVLVS,
(£0/8 1oy "vonjoU Jnoyjim abueyo o} Jalgns uoneutiofut ify

SSINYVH JdOSN3S IANIONS i Do w assonn

3UNLY¥3dNIL IO 9 VL 43
¥93 €00ZAIN Al 93AQA 09 SIS soanw | mC T AR
SIINNYAODA NYNLTY ¥0SN3s —— P g7z — LHM 21 916 ALIAINNH ALLYI3Y
OL S1O3NNOD e |AMA|;~_ nga W 856 3¥NSSIYd V1130 ¥O3
¥0SNES e ¥OSNS e aNo aodn —(1¢ w.“m, " LHMW X 116 JOULNOD LOA
sl o e - £ NYO M 016 ¥ILUVIS 10
AN e £ 11110 L1910 F—ob ——3—— | 1HM LA 606 10ULNOO ¥93
S\ £ UNALNO WLIND (6 e N¥9 Ma -y 106 FUNLYEIdWIL YOI
o ¢ i IOMLNOD 493 ¢ =5 7 £AUNUNO WLIOI0 [—(8 ¢t
' -Q0dA ¢ T SSANHVH JNIL LN JYNLYYINTL LNO
EEEI ) o = H0SSFIAN00 08YNL [ L 35— n1gMa LN 906 YOSSTUINOD OgdNL
OMINOD LA e SOVIu3LNI Pl lﬂwm N§O__ 016 134 LN 506 dINFL LI TINI HOSSTUAINOD O8YNL
-Q0dA ST TOMLNOD LNA M a3 i JTOIHIANO ALIGINNH SAILY 13 lv%ﬁj MNd 11 06 FYNSSIU DI LINOYYE
[ = N -Q0dA :|w¥ W_O._.Om_.zzoo NANLIS HOSNIS lw S — Nyg X ) a33ds ogunL
YOI ONTIM NId-0b OL | famod aoun ol S =T i a3y €A 595 €A LNdLNO TYLIDIa
TOT00 ONITM (aN9 aodn) ano =1 A|mﬂm|x._m
AOdA ACL . MI8/NVL £X 95 £°X LNd.LNO TvLIoIa
SSINAVYH d3dANM AOdA 1008 ooe @I -, B wwmzw_m\mﬂ_\w_w_w,_mz_, G0dA Divag NONT Hm T 13A &M €95 €M LNdLNO TvLIDIa
YOLOANNOD e PV 3NN VE—gy T NYO €1 295 01 vy INIONI
z_n__ o (43118 2002 "03Q) o mo.r_w_w.,éwzoo J0T05 ONIFIM a3y €S 199 Q3N 3XYY¥E INIONT
YOB1ESEL ‘N/d Ko 1 NYg zd 0gs IUNSSINd 10
YOSNIS e dosnas m.ﬁ|/§m_ Zov NYO bRy 722 JYNLYYIdWEL 13N
Q33ds 4§ GIC] JA4NSSIdd vI13a *f{/&o 5% ) ( )
oannt D EEN woa | ovia A sy INIONZ) NYNLIY HOSNTS
I I overzaez a1 HOSNIS NYO 17 L-d 434 15008 0gdnL
HOSNIS He Voo — dWaL LNO M.@j vyO LM oLy (DAAS) A1ddNS YOSNIS
— 3WNSSIYd V1130 MMTM.@J = OSSIUAHOO L 13A €d €ch FUNLYYIANAL LNVI00D
mozwwmuwm m*x IR oIl — 188€01LZL :N/d 0ad LHMWM N <% FUNLYYIdNTL IV LITNI
SNONOYHONAS H " 1 — IYNINYTL Nv.L -y ozh JUNLYYIIWILTIO
e — T .
L HosNAS | S| wmw wwm HOSN3S MAN N9 106 E%mmw 00¥¥€0ZL :N/d OAd 1HMW 1S zh (-) syus
Junss3ud owva | L ¢ E T FANLVHIdWIL 493 Py HOLOINNOD AVM 0 g 1 s o (+) sus
HOSNIS (¢ _ — N¥O YA zL okl (+) syl
FONFITY m NEO YA Ok HOSNS Nt ¢ HOSN3S A 1dd b-L 60} () syl
ONIAIL A(j IYNSSIYd mHMNj/ mmE.(mmaﬁMWmuwm m NJO  2ib mm?ﬂmwmﬁﬁ "
d0T00 ON FHM o S 3 Hie—m——— 53 w HOTOO  ALIAVO  ON FdIM 13av
JOTOD ONFIM JOT00 ON 3 ¥OTOO ONIFIM NOWWOD HOLO3rNI 3 0z9
SHOSNIS d33dS PHOLOINI  a 918
SHOSNIS FuNSSTd SHOSNIS FuNLVH3IdNIL SYOSNIS FuNLvHIdNIL . ¥ S
m ,M S JOLOINNI v zZ19
L 1 s T T
HOW18 HO100
HOLOINNO!

AZEOIw wmx&m m¥<q' Il—l—g ow wm—mmwv L 4OL03rNI Z "4OLO3rNI € "JOLO3rNI ¥ YOLO3rNI G YOLO3rNI 9 YOLO3rNI
JILVINTHOS SSANYVYH HOLOAFNI Lol [ o] [ [ | |
vy v vy vy vy vV

NOWWOD ¥OLO3NI 619
ZHOLOANI M slg
ONIdALINYD -
129 229 £ ¥OLO3CNI M €19
1 ¥OLO3NI 1 19
NOILGOS3a  AUAVD # 3w
619 e 619 519 619 €l9 0z9 9l9 029 z19 029 719 A0 MO0
HOLOINNO!

ALINTIFISNOdS3d 0Add nswase @ m

: NVHOVIA ONIAFIM Al O3Add

NOILdI4OS3a  ALIAYD EEIN

A8 40100
HOLOINNOD




llewsgleey

‘NOILYYOd¥OQ 13531 LIOY1Id €002 @ IYBUAdOD LLED L28Y

493~ (+) LIvG GIHOLIMS 134 (£0/LL A8Y) "BoHjou Jnoyjm ebueyo 03 Jafgns uoneuLol

LD SAWVA DINNVIAAH 393 xa

SS3INJYVH IANIONS B

o

v o~ o o

d93 A 03d4ddaA 09 S3AIK3S 140 0o w3
aodn YOSN3S A 9#TAD 09S LHM £9-3
1 ENTIAENTIET AHELINI00D * 5#1AO 098 1HM 99-3
110 QOdA LNAOND e 4 T#1AO 098 LHA §9-3
£#1A0 09S LHM $9-3
## NJNL3Y JOSNIS g €

1#1A0 098 LHM £9-3
OMINGD IATA YOSN3S LD QO INA b 4 9'G'p# TAD NOWINOO 09S LHM z9-3
£'1# TAO NOWINOO 098 LHM 19-3
ONNVHAAH 403 INV1005 TlimaGIRLIMS o 1T : JuvdS - Nid INNOYS - 093
NOILdI¥DS3a Y0100 ONNd +AY3LLYd OLY TYNYILX3 - 65-3
JUvdS . 85-3
SSINAVYH J3dANr AOdA Juvas - Joa
- " c o r w3 () JUvdS . 95-3
95y v FO*—mo 3 wmLva aaro ims KO —T5 Q13IHS ZNYO POk 55-3
2 T0INOD INTVA ~CNVO - v5-3
£T1 IV (L 6 g3 OMVATAH 03 [~ 86— JUVdS - €9-3
¥ PN 86—z | (o¢ 3YVdS - (+) AYILLYE QIHOLIMS - 253
L 83 omd IAIVA HOT — +AILLYE AIHOLIMS REIN 153
9PN L — JdvdS - 05-3
_ N 93 B oM IHMOT 3P NYO 6v-3
HOSNIS 5 _ B3 SN 96—z 3\ INILNOH ST _Iam__mxmwum a3y wﬁuw
NOILOIYLS3Y 8 SLOANNOS NI S g3 NI INYI009 [ § e LNA = +AN3L1YE AIHOLIMS NY© L1 op-3
1and v ks JYYdS - ANNOYO - 5p-3
g AR T — ssanuwh| Q0GR INAON K ré——mg—p JUVdS - ANNOYD - pp-3
Hosnas o Ll e AT VS - ANNOYD - €r-3
e w T o3 ) |7 N 13 dosas X e ——gr QOdA INA - ANNOYD g zv-3
957 NAMLZY PN 2 SLO3NNOD JUVdS - Lp-3
_ TR 753 i %\w% AL 2 +ZNVO - ov-3
L e2nanzd X e () LvaaaroLws X g o 15008 0gdnL NY© 11 6¢-3
- - 3YNSSAY Y1130 ¥93 n1ga 8¢-3
JYNSSIY OIYLINOYYE MINd 1€-3
_l I— ¥010D ON NId ¥0100 ON NId JUVdS _ 96-3
-_—— - —YOSN3S 033dS 0g¥NL 19 g¢-3
+YOSNIS g33dS 0guNL Ny g pe-3
— Juvds - £€-3
YOSNIS JuvdsS - ze-3
a33ds K — — 3YNSSA¥d 110 Ny g 1e-3
ogunL K= HOSNIS Heé—m—r YOSNIS K HOLO3NNOD 40 JUVdS - ANNOUD - 0g-3
— 18008 Og¥NL m.ﬁj JuNLVYIdNIL M 34IS ANOAHS 3Yv¥dS - ANNOYD - 62-3
N VL3N K IYVdS - ANNOUO - 82-3
— — — Juvds - 123
HoSNES A ] HOSNIS [ AlddnS YOSNAS - oz-3
JuNLVYIdNAL sus m YOSNIS Mm]q% diW3L 1NO K — Jdvds - §c-3
93 o 34NSS3Yd OuvE .Am I HOSSIUAWOD 3Yvds - ve-3
— o o8¥NnL e IUvdS - €23
— — LNO dINFL YOSSTUANOD niga zz-3
7 — SYIN - T3ATTTIO NY© YA 1z-3
HOSNIS ¢ _ YOSNIS Hee—vm—r (¢ _ sus T oea

3UNssId NgOXT 81T ERNSERE] Koo HOSNIS NEo e
V1130 493 sul ¢ 10 K = JuNiv¥adial 1and +SUS n1a L1 613
REET | | ELETE N +SHL NY9 A g1-3
JO000  ONNGE JO5  ONNG . TO05 ONNA —Syl 3dynd £1-3
SYIN - NOILOIYLSTY 13nd 13A 91-3
SHOSNIS 493 SHOSN3S d33dS SHOSNIS FHNSSTAd SHOSNIS FANLVHIdNTL NYNL13Y YOSNIS k| gl-3
NYNLIY HOSNIS g pL-3
Juvds - €1-3
Alddns YOSNAS vdO zi-3
1HM ol EELERY - -3
. L 5 dINFL¥D3 NY© YA o0L-3
(3¥vag anvr HLIWm) I e NHo 3
ov3 63 Juvds - g-3
SSANYUVH H0103rNI ormI L L dW3LTI0 NVL 23
SrNI 1AM 9 Juvds - 9-3
dINFL LNY1000 REIS g3
. . . . . . e L ¢ TOHLNOD AOdA LNA 8 -3
b THMW 13y ¢ THA 163 € THW to3\ Y THW co-3\ 9 THMW 293 9 THW 293 EFNI LHMm v JYVdS - €3
N ees MK mses AT N R AT = N T e NV e 1 ¢ dNEL Iy LHM ¢3

E E E E E E LPNI
TOULNOD IATYA OITNVYHAAH ¥O3 g 1-3
9'S'y NOWIWOD NI 1HM z
AT9WISSY LIWNOYD £7'L NOWAOO PNI LHM ! NOILdI¥Os3a 0100 FdIM "ON NId

ALINTIFISNOdS3d 0Ad — — =

: NVHOVIA ONIHFIM A O3Add




llewsgo Loy

1 1
SSANYVH A0V4d3ALNI FT1OIHIA ! 8 ¢ _
1 FdNLvd3dWEL 1
1
1 SVHE| —v TRNEN139 S0SNTS oA “
H 1
! M 1
Nl | i 1 <€ EFSEENSESIES A 1
NMOTITHS S9W0d TS 1 JuNSSINd . H
“ Hove < 39NS53dd »OvE LSNYHA EZD 1
H 1snvHx3a 1
. < 1
NAN1Sd HOSKES E 1 L b ENEDEEEFEIES WA 1
o ! 1
16V6CEC Nid 000 28120567 N 000 EXEEEREE) U5
66100H Nid HOSIN3A  1pL91-2020970 Nid HOSLN3A 2 “ AINO SNOILYOIddY HOVOD “
= ]
TSt NMVOULNHS ¥3MOd T10IHIA 3 DHIvaa ONDIEvd B e e e e e e e L e
9€1.L0587 N/d 900 96162587 Nid 000 <o -
L10FLL NI HOSIN3A  d6e6l-6-0LaH INid HOSLN3d Nwefelr I T TOEINGO NV v SHnesIEd dnd e
ST ALAD HOL03NNOD 3ANSSAdd a
RS B dnd < T# K1ddns H05Ns TR
oM1d r N AONAL 314
En H - O_O EIEEEIRESINCE] o L—<v TRNEN139 0SS R
MNMYLYA 2851 T 9 15
(+INMYLYA 2851 T 3 95 i U A
Q3IHS 6264 T 3 el MIvIS S H - 1
YNV LY 6261 T a 85 H <o _ 1
(+)XINITV1¥ 6861 T 2 S Nv4 d33dS FT1ONIS - TOYLNOD Nvd 1 NHNL3 HOSNTS 09A 1
ABTTL* 3 - I NoOILORILSTY H
ano v - o “ EENNIE] <4 NOIIOTE153g 9a01E v Th 1
I I HOLIMS 03 ENEEESSES ! iy !
=V ESISENNeegoae] pSuTs] |A R
/03 DILSONOVIA o 1 L v T# X1dd S HOSNZS WA “
N —
YOLOINNOD JILSONSVIA 03s/034 ovid “ 1
d =
SAT9YIA0 INIONT dOIS / 1S3M0TY JIISONSVIA ! Len QEQERRERED o H
1 aav v TIATTLINYI000 AaY A 1
—_—— e EEEECSI=S X I 1
, Bavi oSt 1
| JOLOINNOD | \0 TIN HVag ond T 1 1
1Y LISOWHIHL 1 ATNO WALSAS 1437V IONYNILNIVIN 1
| o LVISONEIHLIO arh | > Ao STWET NS e g
| | STHOLIMS DIvad INONT. NMOQLNHS El
(SINZWIHINDZY AV T3 803 3101 GIZNILAO OL M343x) STHOLIMS ivHd INIONI YOSNIS NI HOSN=S 0o
I pee — ECacAs] T | 104100 HOYl L£3 13A37 LNVI000 v TR TINVIO00 A
: ! Havi it
AvZZL TS 10 TSR o
| |_u | Nol NAOQLNHS - 4OSN3S T3A3T LNYTOOD ANIONT
_ e _
AvCiThe N JAVT3AILOY 10 EEED JWALNI L
. CAEDECESSIES 5h
1 I Nol = v HOSSTUANOD
| EEl IRV | ANV dO1S a3y ogdnL 4 o1 TR
e e o e __ ]2 =V TI5 SET SNITR]
(T¥YNOILdO) 3141 A3ZINILAO T3ANYd LINJWNYLSNI dINFL NI 4OSSTHdINOD OgdnlL
103 0L TYNMALNI 3o SHOLSIS T
SLNENIT¥L19I0 04 035N LON « augacest 4000
[ enEuoss o HOLOANNOD HO 56767 i 5aa 25287557 Nid D00
ERIEE] 3AIS ANOYUHS  TYNINATL Oy 81 HOLDINNOD AVAABY
EIED -
m A # K1edns J0SNas A
AR L (61A) LIMDMID NOTNOMS AYOSSFOOY
HOSNIS 02345 3 DHIA L =N EZD D300NON ANY 304N0S LON 00
(IYNOILdO) v SIAOW XNV HD ANY NN NI
EIEERREES 5h HONIA0D THNENI3d 90SNTE 097 — MEMOD NO LIS 300N LS
I@ 33ds el EIN e 1# NYN 15 J0SN35 09 oeT e
OIS o EviEvA _ /
S HOIS T# A1ddnS HOSNES W [ aFHOLMS
() e IF K1odns S05Ngs A E<OF]
HOLIMS B [ttt e e Ty T NOILINO|
Sl oinas : AT
(a3dino3y) - I S0
NO A 1 RN 505N E ! — [EEEEITE]
ERS) HRIS e | Nolvdra 1 () a3LLvE
Ele] NOIVaTTA 31T EIED z
30 Hows ) ! ! INdINO FAd EzD g e
NO EOOVENNSIY ! “ 0L PG r.:#
N0 ot ~ | donunoo VS TN S 90eNgs  09h 1 LNdLN0 Wi o —Ar989(|8 56
530 HOS B a3ads q | sz N O||RQB|IRQ
e “ SNLLIAI oo o 1 1NdLA0 VLB 3AS MOT 97 [l Q %O %
| 3ALowolny TF X1ddns 905M s TTA 1 ) Ad3Liva O OO b3
TNaIno vioa H 2189118
RRTRET “ i MIATD | TNAINo VIPAIaE MOT  &A _I Q) %O m
ECEEeT s | Tva3d I1LLONHL ! T pevs = T . _\ QoS L
e e e e —————— ] 3
TOUINGD FSINYD YONUIN0D SINANISINALNO WA ¥ TVLIDIa I4vdS SNIYM ¥3MOd

(¢
!

NOLL¥¥O0d¥0D 18310 LIOULA] ¥00Z @ WEVAID) LOV0 128YS
(074 13) 200U 0L Ym SEUED O} JOBIGNS LOHELLLICL! ]

89-1 ANNOYD AMALLvE
19N ANNOYD AMALLvE
99- NPT+ ATL+
S9N NPT+ ATL+
PO ANNOYD AMALLvE
€9\ ANNOYD AMALLvE
29N NPT+ ATL+
19N NPT+ ATL+
09-A 1# NYNL3Y YOSNIS
65 2# NYNLIY YOSNIS
8GN ()1aee6Lr
15N -8SL
95 + /8511
S5-I dAY1 IAILOY IO
PSA YALYYLS 10
€5 LYYLS ¥3HLT
5N LNd1NO WA
L2 eEINENNEIGINE]
05-A IivHE Y vd
6N QYN0 TOULNOD NvA
8v-A  dNTINd TS | - LNdNI DOTYNY
15N 1SY00/13S
oA LNd1NO WA
Sr-A NOILO3NNOO ON
feal) Q13IHS 1a 68614 1
€A (+)1a 661 1
THA LYISOWYIHL 10
WA 1# NMOQ LNHS XNY
ov-A WYYV 10
65 MOT IVYE ANIONI
85-A  NAMOQLNHS - T3ATT LNY1000
18N 13A37 LNY1000 aay
98N NOILO3NNOO ON
Ge-A NOILO3NNOO ON
PEA NOILO3NNOO ON
€8N 3UVdS - AONINOIYA
zeN 3UVdS - AONINOIYA
B YILINOHOVL
0-A NOILO3NNOO ON

JUNSSIU dWNd HONYL TS
62-A YO IUNSSIU MOVE LSNYHXI
8T NOILO3NNOO ON
12-A  dINFL NI ¥OSSIUAWOD OgdNL
9z-A  dNTINd TS | - LNdNI DOTYNY
ST-A SNLVLS O
fcal) 1S3N0IY OVIQ/03S
€Z-A JUNLYYIdNAL LSNYHX3T
Al NOILOIMLSTY ¥ILTIH HIV
[Fa NOILO3NNOO ON
0z-A NOILO3NNOO ON
6L-A NOILO3NNOO ON
8L-A (-) HOSNIS @33dS ITOHIAA
LLA (+) YOSNIS @33dS IT0IHIA
9L-A NOILYaITyA 310l
GL-A NOILINDI
PLA OSA
EL-A NOILISOd 3TLLO¥HL
TN T# A1ddnS YOSN3S
LA 1# A1ddNS YOSN3S
0L-A @3sva13y HOLNTO
6\ 319¥N3 3SINYD
8N 1300V/ANNSIY
LA NAMOQLNHS ¥Md 3T0IHIA
9N LNdLNo TvLI9Id
SN LNdLNo TvLI9Id
A 1# TOYLNOD Nv4
B (ENERENENENEENES
[ dAY1dOLS a3y
LA dIAYT ONINY YA ¥IFNY

ALIAVO 13avl



SERIES 60 EGR TECHNICIAN'S GUIDE

APPENDIX C: ENGINE DIAGNOSTIC QUESTIONNAIRE

[0 Engine Diagnostic Questionnaire — see Figure C-1.

All information subject to change without notice. (Rev. March 2004) C'l
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Engine Diagnostic Questionnaire RO #
Customer Name: _ ‘
Contact Person:
LOW POWER/POOR FUEL ECONOMY:
Does check engine light come on? Yes No
Does the engine miss, run rough, hard starting? Miss Run Rough Hard Starting
Power Loss sudden or has decreased with time? Sudden Decreased with time
Excessive engine exhaust smoke (see #3)? Yes No
If yes, what color? Black Blue White
Heard any unusual engine noise? Yes No
Power loss occurs on Foot Cruise Both
Have injectors been replaced recently? Yes No
When was last tune up? Mileage Date
Comments:
ANY INTERMITTENT PROBLEMS: .
Last time it happened:
Does the check engine light come on? Yes No
Does the problem occur only in damp or rainy conditions? Yes No
When the vehicle hits a bump or rough road? Yes No
Does the engine: Miss Drop to idle Quit running
Gauge Sweep Hard Starting
Comments:
e.g. Does the driver do anything to correct the problem? L
SMOKING:
Where is the smoke coming from?
What color is the smoke? Blue Black - White Bl/White
When does it smoke? Start-up Cold Eng. Hot Eng. U.Load
Have you noticed any oil consumption? Yes No
Have you noticed a miss in the engine? Yes No

Was the smoke intermittent?-
Comments:

Start all at once? Been getting worse over time?

COOLANT LOSS

Has the oil level risen?
Have you noticed any coolant leaks?
How often do you add coolant?

No
No

Yes
Yes
How Much?

What kind of coolant do you use?

What kind of inhibitor do you use?

Comments:

OIL CONSUMPTION:
How much oil are you adding?

How often (miles)?

Have you noticed any oil leaks?

Have you noticed any smoke out the exhaust?

How often do you change oil?

Yes No
Yes No
At [dle Light or no load Heavy load
What Brand?
Yes No

Have you changed brands recently?
How & when do you check your 0il?

Comments:







SERIES 60 EGR TECHNICIAN'S GUIDE

APPENDIX D: SERVICE INFORMATION LETTERS

Service Information Letter 03 TS-23 (View One of Two) — see Figure D-2.
Service Information Letter 03 TS-23 (View Two of Two) — see Figure D-3.
Service Information Letter (View One of Four) — see Figure D-4.

Service Information Letter (View Two of Four) — see Figure D-5.

Service Information Letter (View Three of Four) — see Figure D-6.

O O o oo

Service Information Letter (View Four of Four) — see Figure D-7.

All information subject to change without notice. (Rev. March 2004) D-1
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DETROIT DIESEL ‘—{\
A DaimlerChrysler Powersystems Company

NO.: 03 TS - 23

May 28, 2003
TO: All Distributors, Branches and Dealers
ATTN.: Service Manager, Class of 2003 Representative
FROM: M. F. Kubiak
SUBJECT: S60 EGR De-rating Due to Higher Temperatures — Air and Coolant

DDEC’s engine protection operation is designed to provide protection to the engine and vehicle from
damage due to high temperatures, low pressure or low levels.

From its initial release in the mid 1980°s the technology DDC uses has remained for the most part
unchanged. This letter is intended to introduce you to technology enhancements designed for 2003
engines and beyond and the differences you must understand.

Current on highway Series 60 engines utilize Exhaust Gas Recirculation (EGR) technology. The
introduction of EGR into the intake system increases the temperature of air in the intake system and adds
heat to the coolant. Under some conditions, engine fan operation is used to keep coolant and charge air
temperatures within a reccommended range. Under certain more demanding operating conditions, (e.g.
high ambient, high loads, high altitudes etc) vehicle cooling system components alone may not be able to
respond to the rapidly generated heat. This can be especially true when operating an EGR equipped
vehicle on a chassis dynamometer since normal ram air for cooling is absent.

[f the cooling system (fan, radiator, charge air cooler, etc.) is not able to maintain proper temperatures of
the air, and coolant, the DDEC system is programmed to reduce fueling (power) for a short time to
reduce air and coolant temperatures. A small amount of reduction is done within the engine calibration
without any notification to the operator. Once the affected temperature (e.g. coolant or air) returns to
normal levels, the maximum fueling is restored.

The DDEC system will store an information code indicating that this event occurred. No corrective
action is required as this action is intended and is designed to reduce operating temperatures without a
noticeable affect on vehicle performance. It is possible that the driver may notice a slight change in the
engine’s sound during the time the derate occurs.

These information codes (FMI 14) will not illuminate a check or stop engine light, nor broadcast a
message to the dash. These information codes will only be seen when viewing codes with a diagnostic
tool, or in data downloaded via DDEC Reports. Codes that should be of concern are those with a failure
mode identifier (FMI) of 0 (High). FMI 0 codes will illuminate check and/or stop engine lights alerting
the user to a problem that needs attention. Today three temperatures are monitored for use in derating
strategies.
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Coolant temperature:

« [lash code 44

PID 110 FMI 14 De-rate for temperature control
PID 110 FMIO Above limits — attention required
e Intake Manifold temperature:

Flash Code 44

PID 105 FMI 14 — Derate for temperature control
PID 105 FMI 0 - Above limits— attention required
o Turbocharger Compressor Outlet (TCO) temperature
Flash code 49

PIDY 404 FMI 14 = De-rate for temperature control
PID 404 FMI0 - Above limits- attention required

Again, the FMI 14 iy for information only and is not indicative of a fault requiring any attention.

In the event that high heat load conditions are so severe that the derate temperature control strategy
cannot prevent continued temperature rise, DDEC’s engine protection will take over and illuminate the
Check or Stop engine light and proceed to the level of protection programmed (shutdown, warning).
Operation of this protection is detailed in the following graph.
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Temperature limits are not published for this example. Certain parameters may not initiate a shutdown
and the graph is used to simply illustrate the logic used to provide proper engine and vehicle protection.

M. F. Kubiak
Customer Assurance
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NO.: 03 TS - 44
September 10, 2003

TO: All Distributors & Branches — U.S. & Canada

ATTN.: Service Manager/Parts Manager/Dealer Representative

FROM: Nahum Veach

SUBIJECT: Series 60 EGR Turbocharger Service Parts and VNT Actuator Calibration

The following service parts have been released to service the Series 60 EGR Turbocharger:

23505493 Compressor V-band kit
23531930 VNT actuator
23531929 Actuator bracket
23530252 Turbo speed sensor
23531926 Crank pin kit

For warranty repairs, it is now required to replace these components when found to be defective instead of
replacing the turbocharger assembly.

When troubleshooting the EGR system, it is now required that the technician check the VNT actuator
calibration. The following procedure describes actuator calibration and should be used in conjunction with
DDEC III/IV Single ECM Troubleshooting Guide, Section 10.18:

1. Disconnect the air hose to the VNT actuator.
2. Connect a regulated air supply to the VNT actuator fitting.
3. Slowly adjust air pressure from 0 — 482 kPa (0 — 71 psig) and watch actuator rod travel. Actuator rod
should not bind and travel should be smooth.
a. if air is heard escaping from the actuator, indicating a blown diaphragm, replace the actuator
assembly
b. if actuator rod does not move when air pressure is applied, disconnect the actuator arm from
the crank pin and rotate the crank.
1. if crank is seized, replace turbocharger assembly.
ii. if crank rotates freely, then the actuator is seized. Replace the actuator assembly.
¢. if the rod end touches the minimum stop screw between 475 — 489 kPa (69.0 - 71.0 psig), then
the actuator is calibrated correctly. Continue with the troubleshooting process.
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AP
d. ifthe rod end does not touch the minimum stop screw between 475 — 489 kPa (69.0 — 71.0
psig), actuator calibration is necessary.

Series 60 VNT Actuator Removal and Replacement Procedure

Caution

AT AN ol

Under no conditions should the actuator canister be opened in an attempt to rebuild. There is a
powerful coil spring compressed inside the can to a load of 150 — 500 Ibs., which can cause physical harm.
The actuators are serviced as an assembly and internal parts are not available.

Exercise caution in both handling and in positioning the turbocharger assembly on the workbench to avoid
damage to external parts. Be sure the speed sensor electrical connector/lead wire does not become
trapped under the turbocharger. Avoid any mechanical damage to the actuator canisters and air pressure
fittings.

. The minimum crank stop (stop screw and lock nut) has been preset at the factory and sealed with a special

paint. Under no circumstances should this stop be readjusted in the field. If tampered with, all warranties,
expressed and implied, are void and damage to the engine could occur.

VNT Actuator Removal (Refer to Figure 1)

Locally clean the area around actuator and VNT external linkage to remove oily grease, dirt, or paint
deposits.

Carefully remove the actuator rod end retaining ring.

Pressurize the actuator to 267 kPa (40 psig) and remove the clevis pin from the external crank.
Remove pressure from the actuator.

Loosen and remove the three lock nuts that fasten the actuator to the bracket and remove the actuator.
Using a pocket scale, measure and record the approximate distance from the rod end to the base of the
actuator can (See Figure 2).

VNT Actuator Installation and Calibration

Assemble the replacement actuator. Ensure that the rod end and actuator rod are threaded into the adjuster
body equal distances. Turn the adjuster body to achieve the same value recorded in step 6 above.
Assemble the replacement actuator to the bracket and torque nuts to 6.2-7.9 N-m (55 — 70 in-1bs).

Attach the air hose from the pressure regulator to the actuator fitting. Apply approximately 267 kPa (40
psig) to the actuator.

Rotate the clevis and align the clevis and rod end holes and insert pin.

Carefully reinstall the retaining clip.

Slowly increase the pressure to the actuator to 441+ 3.5 kPa (64 £ 0.5 psig). If pressure reaches above
444.5 kPa (64.5 psig), reduce pressure to 276 kPa (40 psig) and repeat this step. Allow the pressure to
stabilize for 10 seconds. The actuator rod should extend and be at, or near, the minimum stop screw.
Rotate the adjuster body (see Figure 1) until a 0.004 inch £+ 0.001 (0.10 + .0250 mm) gap is achieved
between the stop screw and clevis. Without allowing the adjuster body to rotate, tighten the lock nuts to 6.2
— 7.9 N-m (55 — 70 in-1bs).
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8. Cycle pressure from 0 psig to 441 kPa (64 psig) and check for proper operation. Set pressure to 276 kPa
(40 psig) and slowly increase pressure to 441 kPa (64 psig) and recheck the gap between the stop screw
and the clevis. You should be able to fit a feeler gage of 0.10mm (0.004 inches) between them. If the gap
is not between .003 - .005 inches, repeat process in step 7.

9. Cycle pressure a few times from 0 to 441 kPa (64 psig) until satisfied that the rod position at minimum stop
has been satisfactorily set and the actuator is stroking from one stop to the other.

Bracked Attaching Bolts

External Crank

VNT Actuator

Figure 1



Figure 2

N.G. Veach
Technical Service



