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NOTE: Some of the components of the ECD-V5 injection pump system are very similar in design and operation to those of the NP-VE4 injection pump system. Therefore this lesson only describes the components which are new or operate in a different way to those in the NP-VE4 injection pump system.

Intake system

· The construction and operation of the intake system is essentially carried over from that of the NP-VE4 injection pump system except for the following:

· Mass air flow sensor has been eliminated (only Euro 2 vehicles)

· Turbocharger with variable geometry turbine has been adopted (only Euro 3 vehicles)

· Variable swirl control valve has been adopted (only Euro 3 vehicles)

Parts location
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Intake system (continued)

System overview
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Turbocharger

· Mazda vehicles with RF-T engine and Euro 3 emission standard feature a turbocharger with VGT (Variable Geometry Turbine), which controls the boost pressure by adjusting guide blades. The blades are located in the turbine housing and are driven by a vacuum actuator, resulting in an increased power output and a reduced fuel consumption.

· The guide blades vary the cross-section in front of the turbine and thus the passages that duct the exhaust gas to the turbine. The position of the guide blades is controlled by the PCM, which activates the VBC (Variable Boost Control) solenoid valve via a duty signal. As a result, the boost pressure remains approximately the same over the entire engine speed range.
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Turbocharger (continued)
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· At low engine speeds the PCM controls the VBC solenoid valve with a large duty cycle, so that vacuum is applied to the vacuum actuator. Due to this the guide blades move in the closing direction and the passages that duct the exhaust gas to the turbine become narrow. Thus the exhaust gas stream impinges with a high velocity and a small angle on the turbine, resulting in a high boost pressure. 
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Turbocharger (continued)
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Low boost pressure

· At high engine speeds the PCM controls the VBC solenoid valve with a small duty cycle, so that atmosphere pressure is applied to the vacuum actuator. Due to this the guide blades move in the opening direction and the passages that duct the exhaust gas to the turbine become wide. Thus the exhaust gas stream impinges with a low velocity and a large angle on the turbine, resulting in a low boost pressure.

NOTE: If the VBC system fails, the blades adopt in a parked position again in which only a minimal boost pressure is produced.

· The PCM controls the VBC solenoid valve by a duty signal between 0…12 V.
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Turbocharger (continued)

Diagnostics

· The turbocharger can be checked as following:

· Monitoring the boost pressure via the PID MAP (Press/Volt)

· Checking turbocharger (see NP-VE4 injection pump system)

· Checking boost pressure (see NP-VE4 injection pump system)

· Monitoring/Activating the blade adjustment via the PID VBCV# (Per)

· Checking the voltage signal at the VBC solenoid valve

· Checking blade adjustment

Checking blade adjustment

· Connect a hand-operated vacuum pump to the VBC actuator and apply vacuum. Check, whether the adjusting linkage moves easily, and returns to the parked position when the system is vented. 

NOTE: The blade adjustment system is a fixed part of a turbocharger. As turbochargers usually cannot be repaired with the means available in workshops, they must be changed complete.

Variable swirl control valve

· Mazda vehicles with RF-T engine and Euro 3 emission standard are equipped with VSC (Variable Swirl Control) valves in the intake manifold, reducing the exhaust emissions at low engine speed. The VSC valves are driven by a vacuum actuator and vary the cross-section of the manifold. Therefore the intake manifold features two inlet ports per each cylinder. The swirl port induces the intake air tangentially into the combustion chamber, while the charge port induces it vertically. 
· The shutter valves close or open the charge ports, influencing the passages that duct the intake air into the cylinder. The position of the shutter valves is controlled by the PCM, which activates the VSC solenoid valve by an ON/OFF signal.
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Variable swirl control valve (continued)
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· At an engine speed below 2300 min-1 the PCM energizes the VSC solenoid valve, so that vacuum is applied to the vacuum actuator. Due to this the shutter valves close the charge ports, decreasing the cross-section of the intake manifold. Thus the intake air enters the cylinder only via the swirl port, creating a high air flow speed and a strong swirl. This improves the mixture of the injected fuel with the air and hence the combustion.
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Variable swirl control valve (continued)
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· At an engine speed above 2300 min-1 the PCM de-energizes the VSC solenoid valve, so that atmosphere pressure is applied to the vacuum actuator. Due to this the shutter valves open the charge port, making the complete cross-section of the intake manifold available. Thus the intake air stream enters the cylinder via the swirl port and the charge port, resulting in high air throughput and a good cylinder charging. This ensures, that the engine delivers the required high power.
NOTE: If the VSC system fails, the shutter valves adopt in a parked position again in which no swirl is produced.

Diagnostics

· The VSC system can be checked as following:

· Monitoring/Activating the shutter valve adjustment via the PID IMRC# (Mode)

· Checking the voltage at the VSC solenoid valve

· Checking shutter valve adjustment

Checking shutter valve adjustment

· Connect a hand-operated vacuum pump to the VSC actuator and apply vacuum. Check, whether the adjusting linkage moves easily, and returns to the parked position when the system is vented. 

Fuel system

· The construction and operation of the fuel system is essentially carried over from that of the NP-VE4 injection pump system except for the following:

· High-pressure system has been modified

· Injection amount control has been modified

· Injection timing control has been modified

Parts location
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Fuel system (continued)

System overview
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Fuel system (continued)

Injection pump

· The ECD-V5 injection pump system features an axial-piston distributor pump manufactured by Denso. 
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High-pressure system

· The design and operation of the high-pressure system is essentially carried over from the NP-VE 4 injection pump system except for the following:

· Axial-piston distributor pump with spill valve has been adopted

· Two-spring injectors have been adopted

Axial-piston distributor pump

· On the ECD-V5 injection pump system the axial-piston distributor pump features a spill valve instead of transverse cut-off bore and control sleeve. The valve is located in an additional passage, which bypasses the FSOV and connects the high-pressure chamber to the pump chamber. According to the signals from the PCM the spill valve opens or closes this additional passage.
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High-pressure system (continued)

Axial-piston distributor pump (continued)

· As the distributor plunger moves from TDC to BDC, the spill valve opens the additional passage. Now fuel flows through the open inlet passage into the high-pressure chamber (filling phase). 
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· At BDC the plungers rotating movement then closes the inlet passage and opens the distributor slot for a certain outlet port. When the plunger moves from BDC to TDC (working stroke), the spill valve closes the additional passage. Due to this, the fuel is compressed in the high-pressure chamber (high-pressure phase). As the pressure rises in the high-pressure chamber and in the outlet port passage, it suffices to open the delivery valve in question and the fuel is forced through the high-pressure line to the injection nozzle.
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High-pressure system (continued)

Axial-piston distributor pump (continued)

· The working stroke is completed as soon as the spill valve opens the additional passage, spilling the fuel into the pump interior (end of high-pressure phase). As the pressure in the high-pressure chamber collapses, the delivery valve closes the high-pressure line and no more fuel is delivered to the injector.
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High-pressure system (continued)

Injectors

· On the ECD-V5 injection pump system two-spring injectors are used. The injectors consist of nozzle body with nozzle needle, pressure pin, two springs and stop sleeve. 
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High-pressure system (continued)

Injectors (continued)

· The two-spring injector injects the fuel in two stages into the combustion chamber. It features two springs with different spring rates, which are located one behind the other. During the injection process the needle is lifted against the force of spring No.1 (low spring rate), until it reaches the stop sleeve. Due to this a small annular gap is opened, so that only a small amount of fuel is injected with low-pressure (initial spray).

· Since the injection pump delivers more fuel than can flow through the small gap, the pressure in the injector rises. Due to this the needle and the stop sleeve are lifted further against the force of spring No.2 (high spring rate). Now the spray orifice is widened, and the major amount of fuel is injected with high-pressure (main spray). Since the pressure in the combustion chamber rises less sharply, combustion in part-load range is smoother and though quieter.

· The injectors are equipped with a hole-type nozzle, which improves the atomization of the fuel in the combustion chamber. The spray holes with 0.18 mm in diameter are located on the circumference of the nozzle body. Depending on the emission level of the vehicle the nozzle features 6 (Euro 3 vehicles) or 5 spray holes (Euro 2 vehicles). 
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· For low HC emissions it’s highly important that the volume filled with fuel (residual volume) between nozzle needle and nozzle body is kept to a minimum. Therefore the tip of the nozzle needle is rounded off. Since the thin spray holes produce a good atomization at a high pressure, power output as well as fuel consumption and exhaust emissions are improved.

High-pressure system (continued)

Diagnostics

· The high-pressure system can be checked as following:

· Checking the start of fuel delivery

· Checking the injectors

Checking the start of fuel delivery

· Check whether the marks of the housing and the bracket of the injection pump are aligned. If not as specified, slacken the high-pressure lines and the mounting nuts / bolts and adjust the start of fuel delivery by turning the injection pump.
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Checking the injectors

· The injectors can be checked as following:

1. Connect the injector to an injector tester and bleed the air by pumping the injector tester handle several times. 

2. To check the opening pressure of the injector’s first stage slowly lower the handle and note the pressure when injection starts. 

3. If not as specified, replace the injector.

4. To check the injector’s atomization lower the handle several times as quickly as possible, so that a pulsating whistling noise is heard and inspect the atomization pattern.

5. If not as specified, replace the injector.

6. To check the injector for leakage apply a certain pressure (see Workshop Manual) to the injector and inspect for fuel leakage from the nozzle spray port.

7. If fuel leaks, replace the injector.

NOTE: As the pressure build-up of the injector tester is too slow, only the first stage of the two-stage injector can be checked.

High-pressure system (continued)

Diagnostics (continued)

Checking the injectors (continued)
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NOTE: If the diagnostic check reveals, that the concern indicates one or more faulty injectors, this can be checked by releasing the high-pressure lines at the injectors while the engine is running. When the high-pressure lines are released, check whether the engine running changes and whether fuel escapes between the high-pressure line and the injector. If the engine running is unchanged and fuel escapes, the injector concerned is faulty. 

Injection amount control

· The design and operation of the injection amount control is essentially is essentially carried over from the NP-VE 4 injection pump system except for the following:

· Spill valve has been adopted

· Injector driver module has been adopted

· Fuel shut-off valve has been modified

Spill valve

· The ECD-V5 injection pump system features a SPV (Spill Valve) instead of an electronic governor. The valve controls the high-pressure phase of the axial piston pump, so that the fuel injection amount varies depending on the operating conditions. The SPV is located on top of the distributor head and consists of a coil and a spring-loaded spool valve. The position of the spool valve is controlled by the PCM, which drives the SPV via the injector driver module.
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Injection amount control (continued)

Spill valve (continued)

· When the SPV is energized by the IDM, the spool valve closes the additional passage between high-pressure chamber and pump chamber. Due to this the high-pressure phase starts, i.e. fuel is delivered to the injectors. 
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· When the SPV is de-energized by the IDM, the spool valve opens the additional passage and the fuel in the high-pressure chamber is spilled into the pump interior. Due to this the high-pressure phase ends, i.e. no more fuel is delivered to the injectors. So the closing time of the SPV determines the duration of the high-pressure phase, changing the injection amount from zero to maximum. 

NOTE: The SPV serves also to switch off the engine. When the ignition is switched off, the SPV is de-energized by the IDM. The spring force causes the spool valve to adopt in a parked position, setting the fuel injection amount to zero.

NOTE: When the SPV fails the spool valve adopts in a parked position and sets the fuel injection amount to zero, i.e. the engine doesn’t run anymore.

Injection amount control (continued)

Injector driver module

· The IDM (Injector Driver Module) drives the SPV at high speed and high accuracy. It has a high-voltage generator inside, which amplifies the battery voltage input from the SPV relay into a high voltage of approx. 150 V and stores it in a capacitor. A control circuit outputs the high voltage to the SPV as a drive signal. The IDM is controlled by the PCM via a duty signal. Besides the PCM switches the power supply to the IDM with the aid of the SPV relay.
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Injection amount control (continued)

Injector driver module (continued)

· The IDM energizes the SPV in two stages. When the injection signal is input from the PCM to the IDM, the IDM actuates the SPV with a high voltage of approx. 150 V. Due to the high pull-down current (approx. 12 A) the valve closes rapidly. After a certain time the IDM reduces the actuating voltage to 12 V, resulting in a lower holding current (approx. 6 A). Due to this the power loss in the IDM and in the SPV is minimized, avoiding unnecessary heat in these components. While the SPV is closed the IDM detects the drive current and outputs an injection confirmation signal (SPV operating status) to the PCM. 
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Injection amount control (continued)

Injector driver module (continued)
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Injection amount control (continued)

Injector driver module (continued)

· When the required injection amount is small, the PCM controls the IDM with a small duty cycle, so that the drive signal outputted to the SPV has also a small duty cycle. Due to this the closing time of the SPV is short, resulting in a short high-pressure phase and though in a small injection amount.
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· When the required injection amount is large, the PCM controls the IDM with a large duty cycle, so that the drive signal outputted to the SPV has also a large duty cycle. Due to this the closing time of the SPV is long, resulting in a long high-pressure phase and though in a large injection amount.

Injection amount control (continued)

Fuel shut-off valve

· On the ECD-V5 injection pump system the FSOV is controlled by the PCM via a relay. 
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· When the engine is started, the PCM energizes the FSOV relay, switching the power supply to the FSOV. Due to this the passage between the interior of the pump and the high-pressure chamber is opened and fuel is supplied the high-pressure chamber, enabling the engine to start.

· When the ignition is switched off, the PCM de-energizes the FSOV relay, cutting off the power supply from the FSOV. Due to this the passage between the interior of the pump and the high-pressure chamber is closed and the fuel supply to the high-pressure chamber is shut off, stopping the engine.

Injection amount control (continued)

Diagnostics

· The components of the injection amount control can be checked as following:

· Checking the voltage signal of the SPV

· Checking the resistance of the SPV

· Checking the voltage at the SPV relay

· Checking the voltage signal to the IDM

· Monitoring the FLT sensor via the PID FLT/FLT V (Temp/Volt)

· Checking the voltage of the FLT sensor

· Checking the resistance of the FLT sensor

· Monitoring the FSOV relay via the PID FSOV (Mode)

· Checking the voltage at the FSOV relay

· Checking the voltage at the FSOV

· Checking the resistance of the FSOV

Injection timing control

· The design and operation of the injection timing control is essentially is essentially carried over from the NP-VE 4 injection pump system except for the following:

· Timer device has been modified

· Timer position sensor has been eliminated

· Pump speed sensor has been modified

Timer device

· On the Mazda vehicles with RF-T engine the TCV is located in a passage between the pump chamber and the low-pressure side of the timer piston, varying the pressure on the low-pressure side of the timer piston. An additional orifice in the passage to the suction side of the feed pump serves to maintain a high pressure on the low-pressure side of the timer piston.
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· At low engine speeds the PCM controls the TCV with a large duty cycle, so that the solenoid valve opens and the pressure on the low-pressure side increases. Due to this the spring force and the pressure on the low-pressure side overcome the pressure on the high-pressure side and the piston moves away from the return spring. Thus the roller ring rotates into the turning direction of the cam plate, retarding the injection timing.

Injection timing control (continued)

Timer device (continued)

· At high engine speeds the PCM controls the TCV with a small duty cycle, so that the solenoid valve closes and the pressure on the low-pressure side decreases. Due to this the pressure on the high-pressure side overcomes the spring force and the pressure on the low-pressure side and the piston moves into the direction of the return spring. Thus the roller ring rotates against the turning direction of the cam plate, advancing the fuel injection timing.

NOTE: When the TCV fails the solenoid valve adopts in a parked position, setting the injection timing to advance position. This can be recognized by the increased engine noise at idle (Diesel knocking).

Pump speed sensor

· On the Denso ECD-V5 injection pump system the pump speed sensor is mounted on the roller ring of the axial piston pump and scans a rotor with 52 teeth. According to the number of cylinders the rotor has 4 tooth gaps spread evenly around the circumference. Due to the elimination of the TPS the signal of the pump speed sensor is used to detect the position of the timer device, giving a feedback about the actual injection timing to the PCM. 
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Injection timing control (continued)

Pump speed sensor (continued)

· When the injection timing is altered by the timer device the roller ring and hence the sensor is turned in the “advance” or “retard” direction, changing the position of the pump speed sensor in relation to the rotor. Thus the position of the tooth gap on the rotor also changes in relation to the TDC position of the engine. The PCM calculates the difference between the signals from the pump speed sensor and the TDC sensor and compares it with a reference value. As a result, the PCM determines an accurate position of the timer device.

· Furthermore the PCM uses the pump speed sensor signal to detect the position of the distributor plunger, determining the time at which the SPV is actuated. Actuation must take place at precisely the correct angle so that both the closing and the opening of the SPV take place in the appropriate position of the distributor plunger. This ensures that the start of fuel injection and the fuel injection amount are correct.

NOTE: When the pump speed sensor fails, the engine doesn’t run anymore.
· The pump speed sensor supplies the PCM with an alternating voltage of approx. 2…9 V (peak to peak).
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Emission system

· The construction and operation of the emission system is essentially carried over from the NP-VE4 injection pump system except for the following:

· Warm-up oxidation catalyst has been adopted (only Euro 3 vehicles)

· EGR control solenoid valve has been eliminated

· EGR valve position sensor has been eliminated (only Euro 3 vehicles)

· EGR water cooler has been eliminated

· Intake shutter valve has been eliminated (only Euro 2 vehicles)

Parts location
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Emission system (continued)

System overview
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Warm-up oxidation catalyst

· In addition to the oxidation catalyst equipped Euro 3 vehicles feature a warm-up oxidation catalyst, which improves the emission performance of the cold engine. The warm-up catalyst is located just behind the exhaust manifold, so that it reaches its operating temperature quickly after cold start. As a result the HC and CO emissions of the cold engine are reduced, meeting the requirements of the emission control legislation.
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NOTE: The warm-up oxidation catalyst can’t be cleaned or repaired. If necessary replace the catalyst.

Control system

· The construction and operation of the control system is essentially carried over from that of the NP-VE4 injection pump system.

Parts location
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PCM (incl. Barometric pressure sensor)
16
EGR ventilation solenoid valve
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MAF sensor
17
EGR vacuum solenoid valve

3
IAT sensor
18
ISV solenoid valve

4
MAP sensor
19
IDM

5
Engine coolant temperature sensor
20
Glow plug relay

6
Crankshaft position sensor
21
SPV relay

7
Accelerator pedal position sensor
22
FSOV relay

8
Idle switch
23
PCM control relay

9
Clutch pedal position switch
24
A/C relay

10
FLT sensor
25
Condenser fan relay

11
Pump speed sensor
26
Cooling fan relay

12
Injection pump EPROM
27
Data link connector

13
TCV
28
Battery

14
VBC solenoid valve
29
Park / Neutral position switch

15
VSC solenoid valve



Control system (continued)

Block diagram
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Control system (continued)

Block diagram (continued)

1
Injection amount control
24
Refrigerant pressure switch (with A/C)

2
Injection timing control
25
Immobilizer module

3
Idle speed control
26
Battery

4
Glow control
27
Data link connector

5
EGR control
28
Starter (starter signal)

6
VBC
29
Barometric pressure sensor (in PCM)

7
VSC
30
VBC solenoid valve

8
Electrical fan control
31
VSC solenoid valve

9
A/C control (if equipped)
32
TCV

10
Immobilizer system
33
EGR vacuum solenoid valve

11
MAF sensor
34
EGR ventilation solenoid valve

12
Engine coolant temperature sensor
35
SPV relay

13
Accelerator pedal position sensor
36
FSOV relay

14
Idle switch
37
Glow indicator light

15
IAT sensor
38
Glow plug relay

16
Pump speed sensor
39
A/C relay (with A/C)

17
FLT sensor
40
Cooling fan relay

18
Injection pump EPROM
41
Condenser fan relay (with A/C)

19
Crankshaft position sensor
42
IDM

20
MAP sensor
43
SPV

21
Park / Neutral position switch
44
PCM

22
Clutch pedal position switch
45
ISV

23
Vehicle speed sensor



Control system (continued)

Relationship chart
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Sensors

· The design and operation of the sensors is essentially carried over from those of the NP-VE4 injection pump system except for the following:
· Crankshaft position sensor has been modified

· Barometric pressure sensor has been eliminated (only Euro 2 vehicles)

· Vehicle speed sensor has been eliminated

Crankshaft position sensor

· Mazda vehicles with RF-T engine feature an inductive-type CKP sensor. The sensor consists of a permanent magnet and a coil, which scan a rotor with one tooth. 
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· When the rotor passes the sensor, an alternating voltage is induced in the coil and input to the PCM. The level of the alternating voltage depends on the distance between sensor and rotor as well as on the speed of the crankshaft, i.e. the amplitude rises with decreasing distance and increasing speed. 

NOTE: When the CKP sensor fails, the TCV adopts in a parked position, setting the injection timing to advance position. This can be recognized by the increased engine noise at idle (Diesel knocking).

Sensors (continued)

Crankshaft position sensor (continued)
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· The CKP sensor supplies the PCM with an alternating voltage between 6…18 V (peak to peak).
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Diagnostics

· The CKP sensor can be checked as following:

· Checking the voltage signal

· Checking the resistance
Actuators

· The design and operation of the actuators is essentially carried over from those of the NP-VE4 injection pump system except for the following:
· Electrical fan has been adopted

· Immobilizer system has been modified

Electrical fan

· On Mazda vehicles with RF-T engine the PCM controls the cooling fan and the condenser fan (if equipped) via relays. When the engine coolant temperature reaches a given value (approx. 100 °C), the PCM energizes the cooling fan relay, switching the power supply to the cooling fan motor. In addition the PCM activates the condenser fan relay, when the A/C is switched on or when the coolant temperature reaches a given value (approx. 105 °C), supplying the condenser fan motor with power.
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NOTE: In order to prevent the engine from overheating when the ECT sensor is faulty, the PCM activates the cooling and the condenser fan permanently. Furthermore both fans are switched on, when the terminal TEN in the 17-pin data link connector is grounded and the accelerator pedal is depressed.

Diagnostics

· The function of the electrical fan can be checked as following:

· Monitoring the engine coolant temperature via the PID ECT (Temp/Volt)

· Monitoring / Activating the cooling and the condenser fan relay via the PID FAN2# / FAN3# (Mode)

· Checking the voltage at the cooling and the condenser fan relay

· Checking the voltage at the cooling and the condenser fan

Actuators (continued)

Immobilizer System

· On Mazda vehicles with RF-T engine the PCM deactivates the FSOV (via the FSOV relay) and the IDM, when the vehicle is started with an invalid key. If the vehicle is equipped with a starter relay, the immobilizer module disables the starter as well. As a result the engine doesn’t even crank.

· When a vehicle without starter relay is started with an invalid key, the PCM allows the engine to start but cuts off the fuel supply after approx. 2 s, stopping the engine. After three attempts to start the engine with an invalid key the PCM permanently cuts off the fuel supply. As a result the engine doesn’t start at all.

NOTE: If a vehicle without starter relay starts and stalls after a short time or cranks and doesn’t start, verify that this concern isn’t related to the immobilizer system by observing the immobilizer warning light.
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NOTE: For diagnosis on the immobilizer system refer to the workshop manual (section T – Immobilizer System).
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																								x: Applicable

				Device		Control item

						Injection amount control		Injection timing control		Idle speed control		Glow control		EGR control		VBC		VSC		Electrical fan control		A/C control		Immobilizer system

		Input		Engine coolant temperature sensor		X		X		X		X		X		X		X		X		X

				Accelerator pedal position sensor		X				X				X		X		X		X		X

				Idle switch		X		X		X				X				X		X

				MAF/IAT sensor				X						X				X

				IAT sensor No.2		X

				Pump speed sensor		X		X		X				X		X		X		X		X

				FLT sensor		X

				Injection pump EPROM		X		X

				Crankshaft position sensor				X						X

				MAP sensor		X		X								X

				Park / Neutral position switch		X		X		X				X				X				X

				Clutch pedal position switch		X		X		X				X				X				X

				Vehicle speed sensor		X		X		X		X						X				X

				Barometric pressure sensor (integrated in PCM)										X		X		X

				Refrigerant pressure switch (with A/C)						X										X		X

				Immobilizer module																				X

				Battery voltage								X

				DLC (TEN terminal)																X

				Starter signal		X		X						X		X		X				X

		Output		VBC solenoid valve												X

				VSC solenoid valve														X

				TCV				X

				EGR solenoid valve (vacuum, vent)										X

				Spill valve relay		X																		X

				FSOV relay		X																		X

				Glow indicator light								X

				Glow plug relay								X

				A/C relay																X		X

				Cooling fan relay																X

				Condenser fan relay (with A/C)																X

				ISV solenoid valve										X

				IDM		X				X														X






