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1.Introduction
Electronic modules in heavy plant machinery provide information regarding the state of 
the machine. These modules contain diagnostic features on diesel engines, transmissions 
and hydraulic systems. Emission control is an important factor on diesel engines. With 
emissions being an important issue, the amount of emissions or rather their change over 
the short term can indicate problems in the entire powertrain. 

Much information about the potential machine breakdowns can be derived from relevant 
data obtainable from modern electronic modules. 

Right Console

Electronic Engine Control

Central Electric

Controller MC7

Diagnostic Connector

With the introduction of CAN bus, digital transfer of information to various modules 
has become a fact. Less wring is needed as a twisted pair of wires is sending important 
information to all modules. Modules will screen the information, and act accordingly.

For diagnosing, adjusting existing software, or downloading new software, a specialized 
scan tool or a laptop installed with the necessary diagnostic software is used. Most machine 
manufacturers have developed their own scan tool and software’s that can be used only 
on their machineries, hence these scan tools are manufacturer specific and cannot be 
interchanged. These scan tools are connected to the Electronic Control Module (ECM) via 
adapters to perform any trouble-shooting task, downloading updates and to calibrate the 
system (hydraulic, transmission, engine etc… .).
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These schematic shows all the components needed to complete an electronic controlled 
system. Sensors, control unit and actuators.

In order to understand how an electronic control system can be diagnosed, it is necessary to 
understand the function of the various components. We therefore start with the sensor.
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2. Types of sensors

2.1. Capacitive proximity sensors

Capacitive proximity sensors are used for non-contact detection of metallic objects & non-
metallic objects (liquid, plastic, wooden materials and so on). 

Capacitive proximity sensors use the variation of capacitance between the sensor and the 
object being detected. When the object is at a pre-set distance from the sensitive side of 
the sensor, an electronic circuit inside the sensor begins to oscillate. The rise or the fall of 
such oscillation is identified by a threshold circuit that drives an amplifier for the operation 
of an external load. 

A screw placed on the backside of the sensor allows regulation of the operating distance. 
This sensitivity regulation is useful in applications, such as detection of full containers and 
non-detection of empty containers.  The operating distance of the sensor depends on the 
actuator shape and size and is strictly linked to the nature of the material.

2.2. Inductive proximity sensors

Inductive proximity sensors are used for non-contact detection of metallic objects. Their 
operating principle is based on a coil and oscillator that creates an electro-magnetic field in 
the close surroundings of the sensing surface.  

The presence of a metallic object (actuator) in the operating area causes a dampening 
of the oscillation amplitude. The rise or fall of such oscillation is identified by a threshold 
circuit that changes the output of the sensor.  

The operating distance of the sensor depends on the actuator’s shape and size and is 
strictly linked to the nature of the material.

Plate

Proximity Switch

Off   On
  H

  S
n

  H
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2.2.1. Outputs  

2.2.1.1. DC Voltage
 
2 wire DC: These sensors contain an output amplifier with the function N.O. or N.C. that 
can pilot a load connected in series. N.O. = Normally Open and N.C. is Normally Closed (in 
neutral position). In this system a residual current flows through the load even when in the 
open state and a voltage drop occurs to the sensor when it is in the closed state. Attention 
must be paid to these restrictions when selecting relays or electronic controls to be used 
with these sensors. They are compatible with P.L.C. (Programmable Logic Controller) units.

NO NO

Brown

Blue Blue

Brown

They are supplied as 3 wire with function N.O. or NC and as 4 wire with complementary 
outputs (NO + NC) in the types NPN and PNP. Standard version include protected against 
short circuit, protected against polarity and peaks created by the disconnection of inductive 
loads. 
They are compatible with P.L.C. Units

NPN NC PNP NC

NPN NO + NC PNP NO + NC

NPN NO PNP NO

Brown Brown

BrownBrown

Brown Brown

Black Black

BlackBlack

Black Black
White White

Blue Blue

BlueBlue

Blue Blue

Analog & Linear: In these 3 wires amplified sensors a current or voltage output varies in 
proportion to the distance between the sensor and a metallic object.

Brown Brown

Black
Black

Blue

Analog Current Linear Voltage

Blue
Load

Load
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Namur: 
These are 2 wire non-amplified sensors whose current varies in the presence of a metallic 
object. The difference between these sensors and traditional sensors is the absence of 
amplifier trigger stages. Their current and voltage limits allow them to be used in hazardous 
(explosive) environments when used with approved amplifiers. In standard applications 
(normal atmospheres) the sensor must be used with amplifier units.

Current (mA)

Distance Sn (mm)

3

2

1,3
1

Metallic
Plate

In Presence of Metal I < 1 mAI

In Absence of Metal I > 3 mAI

1 K

1 K

8.2 Vdc

8.2 Vdc

8.2 Vdc

2.2.1.1. AC Voltage
 
2 wire AC: These are two-wire sensors that contain a thyristor output amplifier.                            
In this system a residual current flows through the load even when in the open state and 
a voltage drop occurs to the sensor when it is in the closed state. Attention must be paid 
to the minimum switching current, residual current and voltage drop when selecting low 
consumption relays or high impedance electronic controls to be used with these sensors. 
They are compatible with P.L.C. Units

NO

L1

N NC

L1

N

Brown Brown

Blue Blue

NO (normally open): A switch output that is open prohibiting current flow when an 
actuator is not present and closes allowing current flow when an actuator is present.

NC (normally closed): A switch output that is closed allowing current flow when no 
actuator is present and opens prohibiting current flow when an actuator is present.

NPN Output: Transistor output that switches the common or negative voltage to the load. 
The load is connected between the positive supply and the output. Current flows from the 
load through the output to ground when the switch output is on. Also known as current 
sinking or negative switching.
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PNP Output: Transistor output that switches the positive voltage to the load. The load is 
connected between output and common. Current flows from the device’s output, through 
the load to ground when the switch output is on.  Also known as current sourcing or positive 
switching.

1
t1 + t2f =

V

t1 t2
PVC

Fe 37

(b)

(a)

2mm

m

m
m

S
/2

S/
2

t

Operating Distance (Sn): The maximum distance from the sensor to a square piece of 
Iron (Fe 37), 1mm thick with side’s = to the diameter of the sensing face, that will trigger a 
change in the output of the sensor. Distance will decrease for other materials and shapes. 
Tests are performed at 20ºC with a constant voltage supply. This distance does include a ± 
10% manufacturing tolerance.

Power Supply: The supply voltage range that sensor will operate at.

OFF Point
ON Point

Operating Distance

Proximity
Sensor

Trigger
Curve

Hysteresis

Actuator Motion

Max Switching Current: The amount of continuous current allowed to flow through the 
sensor without causing damage to the sensor. It is given as a maximum value.

Min Switching Current: It is the minimum current value, which should flow through the 
sensor in order to guarantee operation.

Max Peak Current: The Max peak current indicates the maximum current value that the 
sensor can bear in a limited period of time. 
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Residual Current: The current, which flows through 
the sensor when it is in the open state.

Power Drain: The amount of current required to 
operate a sensor.

Voltage Drop: The voltage drop across a sensor 
when driving the maximum load.

Short Circuit Protection: Protection against
damage to a sensor if the load becomes shorted.

Operating Frequency: The maximum number of 
on/off cycles that the device is capable of in one
second. According to EN 50010, this parameter 
is measured by the dynamic method with the 
sensor in position (a) and (b). S is the operating 
distance and m is the diameter of the sensor. 

Repeatability (%Sn): The variation between any 
values of operating distance measured in an 8 hour 
period at a temperature between is 15 to 30ºC and a 
supply voltage with a <= 5% deviation. 

Hysteresis (%Sn): The distance between the 
“switching on” point of the actuator approach and 
the “switching off” point of the actuator retreat. This 
distance reduces false triggering. Its value is given as 
a percent of the operating distance or a distance. See 
Fig. 3 

Flush Mounting: For side by side mounting of flush 
mount models refer to Fig. 4a. Non-flush mount 
models can be embedded in metal according to Fig. 
4b. for side by side refer to fig. 4c. Sn = operating 
distance.

Protection Degree: Enclosure degree of protection according to IEC (International Electro 
technical Commission) is as follows: 
IP 65: Dust tight. Protection against water jets. 
IP 67: Dust tight. Protection against the effects of immersion

Fig. 4a

Fig. 4b

Fig. 4c
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2.3 Magnetic proximity sensors

Magnetic proximity sensors are actuated by the presence of a permanent magnet. Their 
operating principle is based on the use of reed contacts, whose thin plates are hermetically 
sealed in a glass bulb with inert gas. The presences of a magnetic field makes the thin plates 
flex and touch each other causing an electrical contact. 

The plate’s surface has been treated with a special material particularly suitable for low 
current or high inductive circuits. Magnetic sensors compared to traditional mechanical 
switches have the following advantage:

•	 Contacts are well protected against dust, oxidization and corrosion due to the 
hermetic glass bulb and inert gas; contacts are activated by means of a magnetic 
field rather than mechanical parts 

•	 Special surface treatment of contacts assures long contact life 
•	 Maintenance free
•	 Easy operation 
•	 Reduced size 

Example of Functioning

D
C

Magnet

Sensor

Reed Sensor

Magnet

D: Max switching distance in relation to the magnet used

C : Differential strike.
D + C : Distance of contact re-opening during the removal magnet.

When using the NO (normally open) type the open reed contact closes as the magnet 
approaches. NO Magnetic sensors are two wires. When using the NO+NC type both NO 
(normally open) and NC (normally closed) functions are made available by means of a single 
glass bulb. NO+NC Magnetic sensors are supplied with three wires, one is in common, one 
is NO and one is NC 

Brown
Black

BrownBlue

Blue

NO NO/NC
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Typical reed contacts protection 
The lifespan of a magnetic sensor at low values of voltage and current depends on the 
mechanical characteristics of the contact while for higher values the operating life depends 
on the characteristics of the load. In these cases, it is suggested to apply some form of 
external protection at the sensor output.

2.4. Photo Electric Sensors

These sensors use light sensitive elements to detect objects and are made up of an emitter 
(light source) and a receiver. Four types of photoelectric sensors are available.

Reflection with reflector

Direct reflection

Polarized reflection

Thru beam emitter + receiver

Direct Reflection (Diffused) - emitter and receiver are housed together and use the light 
reflected directly off the object for detection. In the use of these photocells, it is important 
to bear in mind the colour and the type of surface of the object. With opaque surfaces, the 
sensing distance is affected by the colour of the object. 

Light colours correspond to the maximum distances and vice versa. In the case of shiny 
objects, the effect of the surface is more important than the colour. The sensing distance in 
the technical data is related to matte white paper.
Reflection with Reflector (Retroreflective) - emitter and receiver are housed together and 
requires a reflector. An object is detected when it interrupts the light beam between the 
sensor and reflector. These photocells allow longer sensing distances, as the rays emitted 
are almost totally reflected towards the receiver.

Polarized Reflection with Reflector - similar to Reflection with Reflector, these photocells 
use an anti-reflex device. The use of such a device, which bases its functioning on a 
polarized band of light, offers considerable advantages and secure readings even when the 
object to be sensed has a very shiny surface. They are not in the technical data affected by 
random reflections.
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Thru Beam - emitter and receiver are housed separately and detect an object when it 
interrupts the light beam between the emitter and receiver. These photocells allow for the 
longest distances.

Wiring DC:       Wiring AC:

Light On / Dark On Types Of Output: For the photocell, the same terminology as inductive 
and capacitive sensors is used: NO = normally open, NC = normally closed. This refers to the 
state of the unit in the absence of the product to be sensed. In the case of photocells, light 
on / dark on is used. In the case of the direct reflection types, NO is light on and NC is dark 
on. For the other types, NO is dark on and NC is light on.

Sensing Distance (Sn): The space in which it is possible to sense an object. In the case of 
direct reflection types, it is the maximum distance between the photocell and the object. In 
the case of reflector or barrier types, it is the distance between the unit and the reflector or 
between units.

Power Supply: The supply voltage range that sensor will operate at.
Power On Delay: This is the time lapse between providing power and the operation of the 
output. This is to avoid unwanted switching when the unit is powered.

Power Drain: The amount of current required to operate a sensor.

Voltage Drop: The voltage drop across a sensor when driving the maximum load.

PNP
P N

N.C.
N.O.

NPN
P N

N.C.
N.O.

EMITTER
10 - 30

Vdc

Brown

Brown

Brown

Black

Black

Blue

Blue

Blue

White

White

NO

EMITTER
20 - 250

Vdc

NC

NO

NO NC

L1L1

N

NC

L1L1

N

L1L1

N

Brown

Brown

Brown

Blue

Blue

Blue

White

White
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Switching Current (Max): The amount of continuous current allowed to flow through the 
sensor without causing damage to the sensor. It is given as a maximum value.

Short Circuit Protection: Protection against damage to a sensor if the load becomes shorted.

Operating Frequency: The maximum number of on/off cycles that the device is capable of 
in one second. According to EN 50010.

3. Light Immunity
 The maximum limit of an incandescent light or sunlight. Beyond this limit, the photocell 
may not work correctly due to interference on the receiver.

All the information received by sensors is transmitted to the Electronic Control Module.
A great part of this information is accessible by the operator. In the cab of his machine is a 
control panel holding technical information collected by the various sensors.  The operator 
himself can also program part of the system. His INPUT could be; selecting the right Power 
Mode (1 ,2 or 3) available on Hydraulic Excavators.

1 CONTROLLER MC7
2 POWER MODE III INDICATOR
3 POWER MODE II INDICATOR
4 POWER MODE I INDICATOR

6 ENGINE SPEED DIAL
7 TRAVEL LOCK SWITCH

5 HYDRAULIC OIL
   LOW TEMPERATURE

8 AUTOMATIC ENGINE
   CONTROL (AEC)SWITCH
9 RIGHT CONSOLE

10 POWER MODE SWITCH (I/II)
11 DIAGNOSTIC TOOL
12 MODE III SWITCH
13 TRAVEL PEDAL MAGNET
14 BRAKE LIGHT SWITCH

15 MAIN PUMP PRV

16 SWING PUMP PRV

17 PILOT MANIFOLD
18 MAIN PUMP
19 SWING PUMP
20 ENGINE SPEED PICK-UP
21 GOVERNOR ACTUATOR AND

FEEDBACK SENSOR
22 KEY START SWITCH
23 CONTROLLER BACK-UP SWITCH
24 PRESSURE SWITCH AEC-MAIN PUMP
25 PRESSURE SWITCH AEC-SWING PUMP
26 ENGINE SPEED CONTROL

24 25

18

19

17

16 15

12

13

1

26
20

21

11

10

2

3

4
5

6

7

8
22

9

23

14
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Following a list (table) with sensors and actuators that can be fitted in Hydraulic systems (H) 
and or Transmissions (T). 

Description Location Purpose H/T Remarks

Make-up Valve Main control 
valve

Used to prevent damages due to 
cavitation

H Swing, Loader, 
Travel circuits

Power Limiter on pump The power limiter ensures that the 
product of pump that the product of 
pump output and pressure always remains 
the same.

H

Power Selector 
Valve

Mounted on 
chassis above 
main pump

H Solenoid 
operated 

Relief valve Main pump H/T Line and pump 
relief

Main Control 
Valve

The main control valves control the oil 
flow on demand from the pilot* control 
valves

H *or manual from 
Joystick

Change over 
spool

Inside the main 
control valve 
spool

To allow the pump to replace leakage loss 
in a circuit

H

Hydraulic Lock 
valve

Left armrest Prevents an engine start under load 
condition

H Together with 
electrical switch, 
Ignition key

Pilot control 
valve

The pilot control valves regulate the flow 
of pilot oil that controls spool movement 
in the implement main control valves

H/T Pilot oil relief 
valve

Throttle valve Main control 
valve

The throttle valve restricts flow from 
the stick cylinder when the stick cylinder 
is being extended (stick in) to prevent 
cavitation

H Loaded bucket, 
etc. Valve is 
adjustable

Boom lock valve On the boom To prevent oil flow from the rod end of the 
boom cylinder. When transporting heavy 
loads.

H Solenoid 
operated

Boom load 
indicator

Bottom end of 
boom cylinder

This pressure switch actuates a micro 
switch to switch on the alarm

Hydraulic/
electrical 
pressure switch

Implement 
Solenoid valve

To actuate optional equipment H 4/3 way valve 
solenoid (2) 
operated

Swing relief 
valve group

Causing an up-stroke or de-stroke 
depending on slow/fast swing

H

Swivel joint Between upper 
structure and 
undercarriage

The swivel joint transmits hydraulic oil 
from the rotating upper structure to the 
stationary undercarriage

H Five separate 
oil circuits are 
conducted from 
Upper to under
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Description Location Purpose H/T Remarks

Cooler valve To operate the cooler motor when oil 
temperate has reached 64°C

H Solenoid 
operated, 
Manual override

Ratio Valve Transmission 
control group

The ratio valve controls the maximum oil 
pressure to the converter

T 951Kpa

Relief valve 
Converter 
outlet

Transmission 
control group

The relief valve for converter outlet 
controls the minimum pressure in the 
torque converter

T 290Kpa

Priority valve Transmission 
control group or 
Oil filter housing

The priority valve makes sure that the 
oil pressure is first available for steering 
and braking and then for transmission 
operation

T Open at 
2900Kpa

Resonator 
Assembly 
(valve)

Oil supply line 
to the Torque 
converter

To reduce the pressure variations in the 
supply oil to the torque converter caused 
by pressure pulsations from the pump

T Prevents violent 
valve chatter 
in the transm. 
Control valves

Speed 
selector spool

Transmission 
control group

Sends oil to the speed clutches T

Direction 
selector spool

Transmission 
control group

Sends oil to the directional clutches T

Pressure 
differential 
valve

Transmission 
control group

Keeps a pressure difference between the 
speed and directional clutches. Prevents 
movement of the machine if the engine is 
started with the transmission in a speed 
and direction

T

Load Piston 
(valve)

Transmission 
control group

Controls the rate of pressure increase in 
the clutches

T

Modulation 
relief valve

Transmission 
control group

Controls the maximum pressure in the 
system, and in combination with the 
Load piston, it gradually increase clutch 
pressure

T

Unloading 
valve

Main control 
valve

The unloading valve “unloads” or releases 
pump pressure when there is no load or 
requirement on the hydraulic pump

H Pump pressure is 
at minimum
(380Kpa) 

Load check 
valve

Prevents reverse oil flow in the cylinder to 
avoid cylinder drift

H

Bucket control 
valve (kick-
out)

Main control 
valve 

To automatically position the bucket in 
the load/level position

H Electrically 
operated by 
solenoids, 
magnetic switch

System/circuit 
relief valve

Between control 
valve and  
actuator(s) 

To release oil pressure when the hydraulic 
actuators are operated by an external 
force

H Higher pressure 
setting them 
pump relief valve

Spool/sleeve 
4/3 way valve

Below the 
steering column

Used on Orbitrol steering systems, fully 
hydraulic steering system

H
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Description Location Purpose H/T Remarks

Shock valve In steering 
system

To allow oil from one side of the cylinder 
to flow to the opposite side when an 
external force moves steering wheels 

H

Neutralizer 
valve

Articulated 
steering

The neutralizer valve blocks oil flow to the 
directional control valve at the end of a 
turn

H 2 valves

Check valves, 
supplemental 
steering pump

In pump 
housing

To allow the oil pump to operate in both 
directions (clockwise/anti-clockwise)

H 4 valves

Compensator 
valve

Flow Amplifier 
valve

In circuit To increase the oil flow on heavy hydraulic 
steering systems

H

Flow divider 
valve

Steering clutch 
circuit, etc.

To equally divide the oil flow from a 
single pump, regardless of the difference 
in restriction on the outlets, allowing 
two separate circuits to be supplied 
simultaneously with oil 

H/T Steering, 
hydraulic 
systems, 
transmissions, 
etc.

Resonator 
Assembly 
(valve)

Oil supply line 
to the Torque 
converter

To reduce the pressure variations in the 
supply oil to the torque converter caused 
by pressure pulsations from the pump

T Prevents violent 
valve chatter 
in the transm. 
Control valves

Pressure 
reducing valve

To reduce pump pressure (established by 
the main relief valve), to the requirements 
of the system

H/T

Orifice check 
valve

To provide a different rate of flow to and 
from a load piston

T Power shift

Sequence valve To allow oil flow only when valves are 
operated in the proper sequence 

T Power shift

Converter 
backflow check 
valve

Prevents excessive flow in the converter 
circuit from dumping into the load piston 
spring cavity during a shift

T

Dump valve Rapidly removes pressure oil in the piston 
cavity during a shift to allow load piston 
to fully reset

T

Transmission 
neutralizer 
valve

To neutralise the transmission when the 
brake pedal is depressed

T Solenoid 
operated

Differential 
poppet valve

Maintains P1 pressure 345 kPa higher 
than P2 pressure

T Power Shift

Centrifugal 
Valve

Converter 
housing

VCTC  - Impeller fully engaged above 1800 
rpm 

T Torque Converter
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Following a list (table) with switches that can be fitted in Hydraulic systems (H) and or 
Transmissions (T). 

Description Purpose H/T Remarks

Park brake switch To tell the ETC when the parking brake is engaged Input

Downshift switch To tell the ETC that the operator wants the 
transmission to downshift one gear

T Input

Auto/manual 
switch

To tell the ETC which shift mode the operator wants 
the control to operate in

T Input

Air Inlet heater 
switch (if 
equipped)

To inform the ETC that the operator wants to 
continue to heat the inlet air

Input

Ride control 
switch

To inform the ETC which ride mode (auto/on/off) the 
operator wants to operate in

Input

Shift handle 
switches

These are inputs that tell the ETC what gear and 
direction the operator has selected with the shift 
handle

T Input

Neutralizer 
switch

To neutralize the transmission T Input

Neutralizer 
override switch

This switch is used to disable the neutralizer switch 
when neutralizing the transmission during braking is 
not desired

T Input

Lockup Clutch 
enable switch

To enable the TC to lock and cause direct drive T Input

Quickshift switch To tell the ETC that the operator wants the quick 
shift function to operate

T Input

Filter bypass 
switch

The switch tells the Computerized Monitoring 
System - CMS to notify the operator that the filter is 
dirty

H/T Input

Brake cylinder 
overtravel switch 

The switch tells the CMS to notify the operator of 
this abnormal condition. Overtravel of the master 
cylinder

Input

Steering flow 
switches

To inform the operator of low oil flow in the steering 
system
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Description Purpose H/T Remarks

Engine Speed sensor Frequency sensors

Transmission Speed 
sensor

Torque converter 
speed sensor

Pulse Width Modulation,
PWM sensor

Ground speed sensor

Brake pedal position 
sensor

Temperature sensor

Pressure sensor

Fuel level sensor

Hydraulic oil level 
switch

To notify the operator of low 
hydraulic oil level

Input

Coolant flow switch Low coolant

Brake oil 
temperature switch

High brake oil temperature
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The Electronic Control Module, the ECM, is basically an on-board computer in your car, 
truck or earthmoving machine. It’s composed of hardware (a pretty standard circuit board) 
that’s encoded with software (a program that tells the car/machine how to run). 

4.Electronic Diesel Engine Control
All modern heavy truck engines have an Electronic Control Module, or ECM, the primary 
function of which is to control the engine’s performance, fuel efficiency, and emissions; to 
safeguard the engine from abuse; to troubleshoot mechanical problems; and to monitor 
the operation of the vehicle. In the event of a fault, the ECM may also record data that are 
useful in determining what has happened. 

Depending on the engine make, model, and year, ECM may record data surrounding a hard-
braking event by the vehicle. Each engine manufacturer refers to these events by a different 
name, such as Hard Brake, Quick Stop, Sudden Deceleration, and Incident. Additionally, 
some ECMs can record Last Stop data. 

The type of data recorded varies by manufacturer, but typical data associated with these 
events include: 

•	 Vehicle speed 
•	 Brake application 
•	 Percent throttle 
•	 Engine RPM 
•	 Cruise on/off 

Fitted with a built-in high-performance 32-bit RISC chip, the ECM enables precise control 
over a common rail fuel injection system designed to inject fuel at ultra-high pressure. The 
ECM controls the timing and amount of fuel injected at a speed of 1000th of a second for 
optimal combustion.
 
The ECM delivers precision control over the EGR system, including the EGR valve and 
air intake throttle as well to reduce NOx and particulate matter (PM) emissions. Control 
over exhaust gas treatment systems like the diesel particulate filter, designed to burn off 
accumulated particulate, enable filter regeneration and maintain the system’s ability to 
remove PM from exhaust gas.
 
It uses CAN to communicate with other automotive control units and data logger to send 
data to vehicle telematics for enhanced driving performance.

It provides precision, integrative control over the common rail fuel injection system, 
emission gas recirculation (EGR) system, and emission gas treatment system to keep diesel 
engine emissions clean.
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Exponent engineers are knowledgeable in the comprehensive and safe imaging of data 
from ECMs. 
ECM data can be quite valuable in the analysis and reconstruction of a fault. However, the 
physical evidence is also important, and relying exclusively on the ECM data can lead to 
incorrect or unreliable conclusions.  
 
Transmission and Hydraulic systems are usually having its own ECU (Electronic Control 
Unit). 

A communication adapter is needed to link the ECM to the Laptop or Electronic diagnostic 
tool. 

COMMUNICATION ADAPTER I

COMMUNICATION ADAPTER II
   Engine Electronic
Control Module(ECM)

   Engine Electronic
Control Module(ECM)

Service Tool
  Connector

Service Tool
  Connector

   Laptop
Computer

   Laptop
Computer

Pc Serial Port
(Comm Port)

PC Serial Port
(Comm Port)

Electronic Technician

Electronic Technician

Communication
Adapter II
171-4400

Or 139-4166
(ATA/CDL Only
Discontinued)

 160-0133 Universal
Data Link Cable(2Ft)

         139-4168
Data Link Cable(18Ft)

      160-0141
Serial Cable(25Ft)

      7X14251
Serial Cable(4Ft)
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An ECM or PLC

PLC = Programmable Logic Controller
An electronic control module is stored with digital information that can be changed into 
different commands. Programming the ECM is possible. Off-High-way trucks, used in the 
mining industry, are ‘loaded’ with a whole range of PLC’s running (controlling) the system.

5. What is a PLC
Programmable Logic Controllers – PLC’s

Introduction
The first Programmable Logic Controller (PLC) was developed by a group of engineers 
at General Motors in 1968, when the company was looking for an alternative to replace 
complex relay control systems.

The new control system had to meet the following requirements:
•	 Simple programming
•	 Program changes without system intervention (no internal rewiring)
•	 Smaller, cheaper and more reliable than corresponding relay control systems
•	 Simple, low cost maintenance

Subsequent development resulted in a system which enabled the simple connection 
of binary signals. The requirements as to how these signals were to be connected was 
specified in the control program. With the new systems it became possible for the first time 
to plot signals on a screen and to file these in electronic memories.

Since then, three decades have passed, during which the enormous progress made in the 
development of microelectronics did not stop short of programmable logic controllers. For 
instance, even if program optimization and thus a reduction of required memory capacity 
initially still represented an important key task for the programmer, nowadays this is hardly 
of any significance.

Moreover, the range of functions has grown considerably. 15 years ago, process 
visualization, analogue processing or even the use of a PLC as a controller, were considered 
as Utopian. Nowadays, the sup-port of these functions forms an integral part of many PLCs.

The following info-sheets in this introductory chapter outline the basic design of a PLC 
together with the currently most important tasks and applications.
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5.1. Areas of application of a PLC
Every system or machine has a controller. Depending on the type of technology used, 
controllers can be divided into pneumatic, hydraulic, electrical and electronic controllers. 
Frequently, a combination of different technologies is used. Furthermore, differentiation is 
made between hard-wired programmable (e.g. wiring of electro-mechanical or electronic 
components) and programmable logic controllers. The first is used primarily in cases, 
where any reprogramming by the user is out of the question and the job size warrants the 
development of a special controller. 

The PLC represents such a universal controller. It can be used for different applications and, 
via the program installed in its memory, provides the user with a simple means of changing, 
extending and optimizing control processes.

The original task of a PLC involved the interconnection of input signals according to a 
specified program and, if “true”, to switch the corresponding output. Boolean algebra 
forms the mathematical basis for this operation, which recognizes precisely two defined 
statuses of one variable: “0” and “1”. Accordingly, an output can only assume these two 
statuses. For instance, a connected motor could therefore be either switched on or off, i.e. 
controlled.

This function has coined the name PLC: Programmable logic controller, i.e. the input/
output behavior is similar to that of an electro-magnetic relay or pneumatic switching valve 
controller; the program is stored in an electronic memory.

However, the tasks of a PLC have rapidly multiplied: Timer and counter functions, memory 
setting and resetting, mathematical computing oper ations all represent functions, which 
can be executed by practically any of today’s PLCs.

The demands to be met by PLC’s continued to grow in line with their rapidly spreading 
usage and the development in automation technology. Visualization, i.e. the representation 
of machine statuses such as the control program being executed, via display or monitor. 
Also controlling, i.e. the facility to intervene in control processes or, alternatively, to make 
such intervention by unauthorized persons impossible.                          Very soon, it also 
became necessary to interconnect and harmonize individ ual systems controlled via PLC by 
means of automation technology. Hence a master computer facilitates the means to issue 
higher-level commands for program processing to several PLC systems.

The networking of several PLCs as well as that of a PLC and master computer is effected 
via special communication interfaces. To this effect, many of the more recent PLCs are 
compatible with open, standardized bus systems. Thanks to the enormously increased 
performance capacity of advanced PLCs, these can even directly assume the function of a 
master computer.

At the end of the seventies, binary inputs and outputs were finally ex panded with the 
addition of analogue inputs and outputs, since many of today’s technical applications 
require analogue processing (force meas urement, speed setting, servo-pneumatic 
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positioning systems). At the same time, the acquisition or output of analogue signals 
permits an actual set point value comparison and as a result the realization of auto matic 
control engineering functions, a task, which widely exceeds the scope suggested by the 
name (programmable logic controller).

The PLCs currently on offer in the market place have been adapted to customer 
requirements to such an extent that it has become possible to purchase an eminently 
suitable PLC for virtually any application. As such, miniature PLCs are now available with a 
minimum number of in-puts/outputs starting from just a few hundred dollars. Also available 
are larger PLCs with 28 or 256 inputs/outputs.

Many PLCs can be expanded by means of additional input/output, analogue, positioning 
and communication modules. Special PLCs are available for safety technology, shipping or 
mining tasks. 

Yet further PLCs are able to process several programs simultaneously - (multitasking). 
Finally, PLCs are coupled with other automation components, thus creating considerably 
wider areas of application.
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5.2. Basic design of a PLC

The term ‘programmable logic controller’ is defined as follows:
“A digitally operating electronic system, designed for use in an industrial environment, 
which uses a programmable memory for the internal storage of user-oriented instructions 
for implementing specific functions such as logic, sequencing, timing, counting and 
arithmetic, to control through digital or analog inputs and outputs, various types of 
machines or processes. Both the PC and its associated peripherals are designed so that 
they can be easily integrated into an industrial control system and easily used in all their 
intended functions.”

A programmable logic controller is therefore nothing more than a computer, tailored 
specifically for certain control tasks.

Sensors

Input Module Output Module

Actuators

PLC-Program

Central Control Unit

The function of an input module is to convert incoming signals into sig nals which can be 
processed by the PLC and to pass these to the central control unit. The reverse task is 
performed by an output module. This converts the PLC signal into signals suitable for the 
actuators.

The actual processing of the signals is effected in the central control unit in accordance with 
the program stored in the memory.

The program of a PLC can be created in various ways: via assembler type commands in 
‘statement list’, in higher-level, problem-oriented languages such as structured text or in 
the form of a flow chart such as represented by a sequential function chart.                          In 
Europe, the use of function block diagrams based on function charts with graphic symbols 
for logic gates is widely used. 

In America, the ‘ladder diagram’ is the preferred language by users.

Depending on how the central control unit is connected to the input and output modules, 
differentiation can be made between compact PLCs (input module, central control unit and 
output module in one housing) or modular PLCs.
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Modular PLCs may be configured individually. The modules required for the practical 
application - apart from digital input/output modules which can, for instance, include 
analogue, positioning and communica tion modules - are inserted in a rack, where individual 
modules are linked via a bus system. This type of design is also known as series technology. 

A wide range of variants exists, particularly in the case of more recent PLCs. These include 
both modular as well as compact characteristics and important features such as spacing 
saving, flexibility and scope for expansion.

The card format PLC is a special type of modular PLC, developed dur ing the last few years. 
With this type, individual or a number of printed circuit board modules are in a standardized 
housing. 

The hardware design for a programmable logic controller is such that it is able to withstand 
typical industrial environments as regard signal levels, heat, humidity, fluctuations in 
current supply and mechanical impact.

The new PLC standard IEC 1131

Previously valid PLC standards focusing mainly on PLC programming were generally geared 
to current state of the art technology in Europe at the end of the seventies.  This took into 
account non-networked PLC systems, which primarily execute logic operations on binary 
signals. DIN 19 239, for example, specifies programming languages which possess the 
corresponding language commands for these applications.

Previously, no equivalent, standardized language elements existed for the PLC 
developments and system expansions made in the eighties, such as processing of analogue 
signals, interconnection of intelligent modules, networked PLC systems etc. Consequently, 
PLC systems by different manufacturers required entirely different programming.

Since 1992, an international standard now exists for programmable logic controllers and 
associated peripheral devices (programming and diagnostic tools, testing equipment, man-
to-machine interfaces etc.). In this context, a device configured by the user and consisting 
of the above components is known as a PLC system.
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The new IEC 1131 standard consists of five parts:
•	 Part 1: General information
•	 Part 2: Equipment requirements and tests
•	 Part 3: Programming languages
•	 Part 4: User guidelines (in preparation with IEC)
•	 Part 5: Messaging service specification (in preparation with IEC)

Parts 1 to 3 of this standard were adopted as European Standard EN 61131, 
The purpose of the new standard was to define and standardize the design and 
functionality of a PLC and the languages required for programming to the extent where 
users were able to operate using different PLC systems without any particular difficulties.
The next chapters will be dealing with this standard in greater detail. However, for the 
moment the following information should suffice:

•	 The new standard takes into account as many aspects as possible regarding the 
design, application and use of PLC systems.

•	 The extensive specifications serve to define open, standardized PLC systems.
•	 Manufacturers must conform to the specifications of this standard both with 

regard to purely technical requirements for the PLC as well as the programming of 
controllers.

•	 Any variations must be fully documented for the user.

After initial reservations, a relatively large group of interested people (PLC open) has been 
formed to support this standard. A large number of major PLC suppliers are members 
of the association, i.e. Allen Bradley, Klockner-Moeller, Philips, to mention a few. PLC 
manufacturers such as Siemens or Mitsubishi also offer control and programming sys tems 
conforming to IEC-1131.

The initial programming systems are already available in the market and others are being 
developed at the time of going to press. The norm therefore stands a good chance of being 
accepted and succeeding.
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Systems equipped with proportional operated solenoid valves are also controlled by a 
Programmable Logic Controller. Sensors placed into the system are giving feedback to the 
PLC. In order to hold a hydraulic control valves exact in the required position, closed loop 
will supply the PLC with information about the position of the valve and correction are 
made when, and if, necessary.

Position feedback installed on the valve spool, will continuously send information to the 
Electronic control module. The control module will increase or reduce the current flow as 
to keep the valve spool in the required position. Influences from outside the system will 
therefore not be able to change the position of the valve.

P P

T B

I

A

A

Position Feedback Armature Solenoid Spool Sleeve

C

S T

Load

L
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Pulse With Modulation (duty cycle)

Pulse-width modulation (PWM), is a modulation technique used to encode a message into 
a pulsing signal. Although this modulation technique can be used to encode information for 
transmission, its main use is to allow the control of the power supplied to electrical devices, 
especially to inertial loads such as electric motors. 
The average value of voltage (and current) fed to the load is controlled by turning the 
switch between supply and load on and off at a fast rate. The longer the switch is on 
compared to the off periods, the higher the total power supplied to the load.

The PWM switching frequency has to be much higher than what would affect the load 
(the device that uses the power), which is to say that the resultant waveform perceived by 
the load must be as smooth as possible. Typically switching has to be done several times 
a minute in an electric stove, 120 Hz in a lamp dimmer, from few kilohertz (kHz) to tens 
of kHz for a motor drive and well into the tens or hundreds of kHz in audio amplifiers and 
computer power supplies.

The term duty cycle describes the proportion of ‘on’ time to the regular interval or ‘period’ of 
time; a low duty cycle corresponds to low power, because the power is off  for most of the 
time. Duty cycle is expressed in percent, 100% being fully on.

The main advantage of PWM is that power loss in the switching devices is very low. When a 
switch is off, there is practically no current, and when it is on and power is being transferred 
to the load, there is almost no voltage drop across the switch. Power loss, being the product 

https://en.wikipedia.org/wiki/Modulation
https://en.wikipedia.org/wiki/Message
https://en.wikipedia.org/wiki/Pulse_%28signal_processing%29
https://en.wikipedia.org/wiki/Volt
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electrical_load
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/Duty_cycle
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of voltage and current, is thus in both cases close to zero. PWM also works well with digital 
controls, which, because of their on/off nature, can easily set the needed duty cycle.

Proportional solenoid are ‘variable’ in strength proportional to the strength of the duty 
cycle. An electric motor can easily change speed by increasing or reducing the duty cycle.  
To measure the strength of a PWM signal, a scope or special multimeter is needed.
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6. CAN bus
CAN bus is a serial communication system used on many motor vehicles to connect 
individual systems and sensors, as an alternative to conventional multi-wire looms.
CAN is an acronym for Controller Area Network. It is becoming increasingly common on 
passenger cars and commercial vehicles. Advantages include significant weight savings, 
reliability, ease of manufacture, and increased options for On-Board Diagnostics.

Disadvantages include increased cost, and the need for some specialised knowledge when 
servicing and repairing the vehicle.

The heart of a CAN bus is the CAN controller. This is connected to all the components 
(Nodes) on the network via the CAN-H and CAN-L wires. The signal is differential: each of 
the CAN lines is referenced to the other line, not to vehicle ground. This has significantly 
better noise rejection when used in electrically noisy environments like motor vehicles.

120

120

Node 2 Node nNode 1

CAN_H

CAN_L

Each network node has a unique identifier. Since the ECMs on the bus are effectively in 
parallel, all the nodes see all of the data, all of the time. A node only responds when it 
detects its own identifier. For example, when the ABS ECM sends the command to activate 
the ABS unit, this unit responds accordingly but the rest of the network ignores the 
command. Individual nodes can be removed from the network without affecting the other 
nodes. ABS = Antilock-Braking-System.

Since many different vehicle components may share the same bus hardware, it is important 
that available CAN bus bandwidth is allocated to the most safety-critical systems first. 
Nodes are usually assigned to one of a number of priority levels.                      

For example, engine controls, brakes and airbags are of the utmost importance from a 
safety viewpoint, and commands to activate these systems are given highest priority and 
will be actioned before less critical ones. Audio and navigation devices are often medium 
priority, and simple activation of lighting may be lowest priority. 
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A process known as arbitration decides the priority of any messages.                                             
In practice, to the user, all actions appear to be immediate.

Most motor vehicle CAN networks operate at a bus speed of 250 kB/s or 500 kB/s, although 
systems operating at up to 1 MHz are available. The latest vehicles use up to 3 separate 
CAN networks, usually of different speeds connected together by gateways. For example, 
engine management functions may be on a high-speed bus at 500 kB/s and chassis systems 
run on a 250 kB/s CAN bus. Housekeeping functions such as lights, ICE, and mirrors are on a 
separate low-speed, single-wire LIN bus. 

The data on one of the three networks is available to the other two networks through 
gateways to enable, for example, the transmission to get data from the engine 
management system and vice versa.

Noises (electrical disturbance)  are generated in signal lines by magnetic fields from the 
environment. So the noise current in data lines is the result of that magnetic field.    In the 
straight cable, all noise current is flowing in the same direction, just like in an ordinary 
transformer coil. 

When the cable is twisted, in some parts of the signal lines the direction of the noise current 
is the opposite from the current in other parts of the cable. Because of this, the resulting 
noise current is many factors lower than with an ordinary straight cable.

CAN bus is becoming increasingly common on today’s earthmoving equipment, and will 
become more common as the technology matures and reduces in cost.
When a machine is equipped with modern technology (CAN bus), a laptop is the right tool 
to diagnose the system. A machine equipped with CAN bus has often its own diagnostic 
tool on board. A special fault code will appear in the dashboard display, telling the operator 
(mechanic) what item (sensor, switch, etc.) is faulty.

When all sensors are faulty at the same time, a dirty connection in the wiring system may 
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be the cause of the fault. It never happens that all sensors are faulty at the same time.

In the past, many of such problems appeared after steam cleaning the machine. The strong 
spray of hot water entering the wiring connections of the system, created funny fault reading. 
Today these connection have been improved and are properly sealed against moisture.

In case you do not have a laptop with the right software and adapters, a multimeter along 
with electrical wiring diagram can help to inspect the system. Using the resistance scale 

(Ohm), sensors and actuators can be tested.
During the practical part of the training program, you will learn how to diagnose various 
sensors using the multimeter. 

For measuring PWM signals, 
you will use the digital scope, 
or handheld oscilloscope 
(portable multi scope)

These instruments can be 
connected to running systems
and read the various signals.

3-in-1 multimeter, 
Portable oscilloscope with 
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memory save and recall set-up. 
Practical example: 
The following system is used in a hydraulic excavator. 
This information will help you to better understand the need of sensors and controllers in a 
general hydraulic system, driven by a diesel engine.

EC = Engine Controller

PVC = Pump and Valve Controller

P mode = Power mode, 100% (maximum) available engine speed

E mode = High engine speed

L mode = Medium engine speed

I mode = Low Idle of engine

Engine controller (EC)
There are four mode switches on the switch panel in the operator’s cab (I, L, E, and P). The 
operator chooses from among them: touching one sends out signals to the EC, which uses 
its microcomputer to control the engine speed. 

The EC is located just behind the operator’s seat in the cab. As long as the EC is operating 
normally, a red LED on top of the EC housing will flash regularly.

Pump and Valve controller (PVC)
The PVC located just underneath the EC in the opera tors cab, receives electrical signals 
generated by various sensors and switches, processes them in its microcomputer, and 
adjusts the hydraulic oil flow and pressure via the pump displacement solenoid valves. 

Like the EC, the PVC has a red LED on top which flashes regularly as long as the PVC is 
operating normally.

Pump displacement solenoid valve (on/off)
The pump displacement solenoid valves receive signals from the PVC: in response to these 
signals, the pump displacement solenoid valves quickly open and close, thereby precisely 
regulating the flow of hydraulic oil to the servo piston of the hydraulic pump to control 
pump flow.

Proportional solenoid valves (variable)
These valves also receive signals from the PVC; when many actuators are operated and the 
pump flow is smaller than the demand, the PVC orders the proportional solenoid valves to 
throttle the variable pressure compensated valves, adjusting the flow of hydraulic oil to the 
actuators.
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Engine speed sensor (N-sensor)
The N-sensor, attached to the bottom of the hydraulic pump, monitors the pump speed 
and sends this information, via the EC, to the PVC, which in turn controls the pump output.

7. Outline of the monitor
Various devices are provided on the excavator to monitor the operating conditions of the 
machine. Electrical signals sent to the monitor controller from the sensors and switches are 
processed and transformed, then sent to the proper gauges and indicators.

Monitor display panel gauges, indicators, and an alarm 
buzzer are provided on the display panel of the monitor. 

Monitor display (inside the cabin)
1. Microcomputers are provided in 6 Locations in the 

monitor controller, EC, PVC, NO.1 switch panel, 
NO.2 switch panel, and emergency relay.

2. Self-diagnosis function of the controller.
 The controllers function to diagnose input signals 

from sensors and switches, store the signals, and 
send out these signals to the scan tool.  This function 
facilitates trouble-shooting.

3. Monitor function
 Input data to the engine controller and the 
 pump valve controller are monitored by the 
 scan tool. Moreover, the scan tool can measure 
 pump delivery, as calculated using the input data.
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Outline of the monitor

Relays are also part of the electrical system.

They are located in the operator cabin, behind the operator seat.

The EC motor is an electric motor responsible for changing engine speed.
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Two microcomputers, the Engine Controller (EC) and Pump and Valve Controller (PVC), 
control the system. The EC and PVC receive sensing signals from the system’s sensors 
and switches. The EC and PVC analyse the signals received and send control signals to the 
actuators.

Example: The operator pushes the Power mode switch. An electrical signal is sent from 
the “P” mode switch to EC. The EC logic module sends a control signal to the EC motor 
to increase engine speed. At the same time the EC sends a signal to the PVC. The PVC 
analyses the signal and sends a control signal to the pump displacement solenoids on the 
main hydraulic pump to increase pump flow.

The EC and PVC regulate engine speed, hydraulic pump flow and the variable pressure 
compensated valve.

The EC and PVC are connected electrically and exchange signals to improve unit control 
and efficiency. During operation when hydraulic demand becomes greater than pump flow 
capacity the PVC limits pump flow.

The PVC receives engine speed, pump pressure, displacement angle, differential pressure, 
and pilot pressure signals. Priority is always given to minimizing pump flow. 

After analysing all the signals, the PVC sends a control signal to the pump regulator (pump 
displacement solenoid valve) to adjust pump flow. Pump flow is then adjusted to provide 
maxi mum performance and improved efficiency
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8. Engine speed control circuit
The purpose of this circuit is to allow the operator to choose the engine speed to match the 
operating conditions and to operate the engine as efficiently as possible.
The EC receives signals from the power selector switches (P, E, L, I), the engine speed 
adjuster switches (accelerator and decelerator) and the auto-idle switch. The EC analyses 
the signals and sends a control signal to the engine control motor. The EC motor than 
controls engine speed.

Auto Idle circuit
The auto idle circuit reduces fuel consumption and lowers engine noise levels. When the 
auto-idle switch is ON and the pilot controllers are in neutral for more than four seconds, 
the EC sends a control signal to the EC motor. The EC motor reduces engine speed to pre-
set auto-idle speed.

Hydraulic oil warm up circuit
The hydraulic warm-up circuit raises the hydraulic oil temperature automatically without 
requiring the operator to activate any hydraulic circuits. The hydraulic warm-up circuit, 
which has a time limit of 16 minutes, automatically controls engine speed and hydraulic 
pump flow.
When the warm-up switch is pressed, a sensing signal is sent to the EC. 

The hydraulic temperature sensor also sends a sensing signal to the PVC. 

If oil temperature is less than 30°C (86°F), the PVC sends a control signal to the pump 
displacement solenoid valves to increase pump flow. At the same time, the EC sends a 
control signal to the EC motor to increase engine speed.

Accelerator /
Decelerator switch

Auto - idle switch

P,E,L,I switches
EC PVC

 EC motor

EC PVC
Auto - Idle
Switch Pilot pressure

switch

Sensing signal

Control signal
 EC motor

Signal

Power mode switch

Hydraulic
warm-up
switch

EC PVC

 EC motor Pump displacement
solenoid valves

Hydraulic
temperature
Sensor



36

COMPUTER DIAGNOSTICS

BASIC LEVEL MECHANICS 5

9. Engine Speed Programing Circuit
The engine speed programing circuit allows the EC to establish the pulse signal value 
required to make the EC motor rotate enough to move the fuel injection pump lever against 
its fast idle stop. This position is memorized by the EC as the power mode position

To activate engine speed programing, turn the key switch ON and press the power mode 
switch.

Engine speed programing control can only functions when the key switch is turned from 
OFF to ON and the power mode switch is pushed. The power mode switch sends a sensing 
signal to the engine controller. The engine control angle sensor sends a voltage signal to the 
EC. The EC sends a control signal to the EC motor.

Engine Stop Double Function
The engine is stopped using the key switch. Moving the key switch to the OFF position 
causes the EC motor to return the governor lever to the stop position, restricting the flow of 
fuel to the engine below the amount necessary to maintain operation.

In addition, the emergency relay is activated, which in turn activates the engine stop motor, 
cutting off the fuel flow the engine.

10. Load Sensing Circuit
The load-sensing circuit allows the microcomputers to adjust pump flow to produce as 
much flow as possible for the given hydraulic load and engine speed to operate the system 
as efficiently as possible. 

When a power selector switch (P, E, L, I) is pressed, a sensing signal is sent to the EC to 
set engine speed. The pump displacement angle sensor and the differential pressure 
sensor send sensing signals to the PVC. The PVC then sends a control signal to the pump 

EC sensor

Power mode switch

Engine control
angle sensor
(EC Sensor)

 EC motor

EC

EC

PVC

Pulse
signalPower mode 

Voltage signal 

switch EC motor
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displacement solenoid valves to adjust pump flow.

11. Speed Sensing Circuit
The purpose of the speed sensing circuit is to allow the microcomputers to adjust hydraulic 
pump flow so that all available engine horsepower is efficiently employed.
The EC receives engine speed signals from the engine speed sensor.                                 

The PVC receives signals from pump displacement angle sensor and the pump delivery 
pressure sensor.

The EC and PVC then analyse the signals and the PVC sends a control signal to the pump 
displace ment solenoid valves to control pump flow. The speed sensing circuit only operates 
in P and E modes.

Other control circuits are:
•	 flow dividing control circuit
•	 swing brake release circuit
•	 swing braking circuit
•	 power boost circuit
•	 travel speed control circuit

Setting Engine Mode Speeds and Engine Speed Programing
The engine controller (EC) controls the rotation of the EC motor. EC motor rotation controls 
the fuel injection pump lever that controls engine speed.

When the engine is stopped and the key switch is turned from OFF to ON, the EC sends a 
pulse signal to the EC motor. The EC motor rotates to a position slightly higher than slow 
idle. The EC sensor then sends a voltage signal to the EC. The voltage signal is dependent 
on the amount of EC motor rotation. When the voltage signal reaches 2.5 volts, the EC 
software recognizes the pulse signal value, and rotates the EC motor enough to operate the 
fuel injection pump at slow idle. The slow idle pulse signal value is then set.

Power mode
switch

EC PVC

Pump displacement
solenoid valves

EC PVC

Engine speed
sensorPump displacement

angle sensor

Differential
pressure sensor Power mode

switch

Pump displacement
solenoid valves

Pump displacement
angle sensor

Pump delivery
pressure sensor
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When the key switch is turned to START the engine speed will be slightly higher than slow 
idle setting. If the I mode switch is pushed, the engine speed will be reduced to slow idle 
setting. When the P mode switch is pushed, the EC motor rotates to move the fuel injection 
pump lever against its fast idle stop screw. 

As the EC motor rotates, the voltage signal from the EC sensor increases until the injection 
pump lever is against the fast idle stop. The voltage stops increasing and becomes constant. 
The exact point at which it becomes constant is recognized by the EC software as the pulse 
signal value required to rotate the EC motor enough to move the fuel injection pump lever 
against its fast idle stop.

Every time the key switch is turned ON and the P mode switch is pushed, the EC repeats 
this procedure to reset P position. This is called Engine speed programing control. The pulse 
signal from the EC controls the E, L, and slow idle speed settings.
E, L and slow idle settings are determined relative to the P mode, with P mode equalling 
100% available engine speed.
 

4.5V
Less than

EC sensor output voltage

2.5V

Stop
position

Idle
position

Start
position

" L " mode
position

" E " mode
position

" P " mode
position

Proportional range

EC motor position

Finally herewith an example of how the Electronic control module is involved in applying 
and releasing the swing brake.

12. Swing Parking Brake Release Control
The swing parking brake is provided in the swing motor component so as to prevent the upper 
structure from drifting free due to the force of gravity when the machine is parked on a slope.
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12.1 Releasing the Swing Parking Brake

The swing parking brake is released by pilot oil pressure from the pilot pump. When the 
swing or arm roll-in function is operated, signals from the respective pressure switches are 
sent to the PVC. Then, the PVC cuts off the signal to the directional solenoid valve, opening 
the pilot oil pressure port of the directional solenoid valve to the parking brake piston. As a 
result, the pilot oil pressure pushes the parking brake piston, releasing the swing parking brake.

12.2. Applying the Swing Parking Brake

When a control lever is operated for operation other than the swing and/or arm roll-in 
functions, the PVC sends a signal to the directional solenoid valve, closing the pilot oil 
pressure port of the directional solenoid valve to the parking brake piston and allowing pilot 
pressure oil to be released to the hydraulic oil tank. As a result, the spring pushes back the 
parking brake piston, applying the swing parking brake.

Moreover, when the control levers are in neutral, the PVC also sends the signal to the 
directional solenoid valve, hence the parking brake is applied.

If the swing parking brake force is applied quickly after the swing control lever is returned to 
neutral, excessive shock load due to swing inertia force of the upper-structure may damage 
the components. To prevent this damage from occurring, a four (4) second time lag is 
provided after the swing control lever is returned to neutral. 
This time lag ensures that the upper structure comes to a stop before applying the swing 
parking brake.

PRESSURE
SWITCH

FOR SWING

PRESSURE
SWITCH

FOR ARM
ROLL-IN

ENGINE

PRESSURE SWITCH
FOR SWING OR FOR
ARM ROLL-IN

DIRECTIONAL
SOLENOID VALVE

PARKING BRAKE

OFF

ON

ON(APPLIED)

OFF

ON

RUNNING

OFF(RELEASED)

ON

OFF

STOP

PVC
P/SW

P/SW

PILOT PUMP

DIRECTIONAL
SOLENOID VALVE

PARKING BRAKE
PISTON

The swing parking brake is not released while the
engine is stopped.

4 SECONDS
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Using the Laptop to diagnose 

To diagnose the ECM or PLC system, a portable diagnostic tool or a laptop computer can be 
used. On the screen of the laptop information about the engine and hydraulic system can 
be displayed. Adjustment can be made by the technician and downloaded into the ECM of 
the Excavator

M300 Technician - Configuration
File Tools Data Settings HelpLink

Status Active Codes Logged Codes Configuration Exit

Flywheel

Speed Limit

Load RPM Shift

Speed Delays

Main Pump

Swing Pump

Test Operation

No.of Teeth

Heavy lift

Shift M3 [RPM]
Shift M2 [RPM]
Shift M1 [RPM]

AEC Delay [s]

Max Press M3
Max Press M2
Max Press M1

Max Press M2
Max Press M1

Operation Mode
Constant Adjust

Change Value Print

Change Parameter Value M318

Parameter Description Data Value Units

126

41

0
87
1

3

144
109
90

92
65

Normal
65

bit

rpm
rpm
rpm

sec

bit
bit
bit

bit
bit

bit
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Make sure you have access to software corresponding with the respective machine.
Not only diesel engines and hydraulic systems can be diagnosed with the laptop, but also 
hydrostatic and hydrodynamic transmission can be tested and calibrated.

Drive mode

Drive 
mode

Pedal
Angle

RC6-9/20

A4VG....

A6VG....

A2VO....
DBEM....

A6VM....

Error lamps 

Force 
Sensor

Brake mode
 SET UP speed force
 SET DOWN speed force

U
P

A fault code will report any possible reason for not running properly.
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Typical transmission circuit diagram of ZF3 WG94 EC
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13. Practical Exercise 
1) Refer to the appropriate manual and complete Questions A, B and C

A) Locate the following sensors

Sensor Location

Crankshaft Speed Sensor

Camshaft Speed Sensor

Manifold Absolute Pressure Sensor 
(MAP)

Mass Air Flow Sensor (MAF)

Intake Air Temperature Sensor (IAT)

Engine Coolant Temperature Sensor 
(ECT)

Hydraulic Pump Pressure Sensor

Accelerator Pedal Sensor (APS)
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B) Record the following using Multitester

Sensor Name MAP

# of wires in the connector

Power Wire Terminal Number

Ground Wire Terminal Number

Input Voltage When Ignition Key ON

Output Voltage – Engine Idle

Output Voltage – Engine 1500 RPM

Sensor Name IAT

# of wires in the connector

Power Wire Terminal Number

Ground Wire Terminal Number

Input Voltage When Ignition Key ON

Output Voltage – Engine Idle

Output Voltage – Engine 1500 RPM

Sensor Name MAF

# of wires in the connector

Power Wire Terminal Number

Ground Wire Terminal Number

Input Voltage When Ignition Key ON

Output Voltage – Engine Idle

Output Voltage – Engine 1500 RPM

Sensor Name ECT

# of wires in the connector

Signal Wire Terminal Number

Ground Wire Terminal Number

Signal Voltage When engine is cold

Signal Voltage When engine is in normal working 
temperature
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Sensor Name IAT

# of wires in the connector

Signal Wire Terminal Number

Ground Wire Terminal Number

Signal Voltage When engine is cold

Signal Voltage When engine is in normal working 
temperature

Sensor Name CKP

# of wires in the connector

Signal Wire Terminal Number

Output voltage when engine Cranking

Output voltage when engine Idle

Output voltage – 1500RPM Engine

Sensor Name CMP

# of wires in the connector

Signal Wire Terminal Number

Output voltage when engine Cranking

Output voltage when engine Idle

Output voltage – 1500RPM Engine

Sensor Name APS

# of wires in the connector

Signal Wire Terminal Number

Output voltage when Pedal in Idle Position

Output voltage when Pedal in Full Throttle

Ground Wire Terminal Number
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C) Conduct the following test using scan tool

i) Self test for detecting diagnostic trouble code (DTC)

Notes:

ii) Access freezed data when DTC was recorded (Freeze frame data)

Notes:

iii) Erase diagnostic trouble code

Notes:
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