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Throttle Body

•	 The throttle body is used to assist with 
the exhaust aftertreatment system.

Intake Manifold

•	 The intake manifold on the 6.4L Power Stroke® 
Diesel is made of aluminum and directs the flow 
of air to the intake ports in the cylinder heads.

•	 The manifold absolute pressure sensor (MAP) 
and the intake air temperature 2 sensor (IAT2) 
are both mounted in the intake manifold.

Throttle Body

Intake Manifold

IAT 2 MAP

Throttle Plate
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Valve Piston

•	 The valve piston is utilized for one main purpose:

	 1)	 It transfers the up and down movement from 	
	 the Piezo Actuator to the Valve Mushroom.

Valve Mushroom, Return Spring, 
and Control Piston

•	 The valve mushroom is a hydraulic check valve that allows 
high pressure fuel to bleed off into the fuel return passage 
directly above it whenever the Piezo Actuator is energized.

•	 The valve mushroom is held in a closed (sealed) 
position whenever the Piezo Actuator is not energized 
via high pressure fuel and spring pressure.

•	 The control piston utilizes its large surface area 
for a downward force to overcome the pressure 
exerted by the smaller surface area of the nozzle 
needle in the high pressure chamber to keep 
the nozzle needle in a closed position.

Nozzle Needle

•	 The nozzle needle is an inwardly opening type which 
lifts off its seat every time the pressure in the high 
pressure chamber exceeds the pressure in the control 
piston chamber, i.e. when the piezo is actuated.

•	 The needle control spring is used to hold 
the nozzle needle in a closed position.

•	 Fuel is atomized at high pressure through 
the nozzle tips six spray holes.
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Two Stages of Injection

•	Main Injection

•	End of Main Injection
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Stages of Injection

•	 The injection cycle has two (2) stages.

•	 Main injection.

•	 End of main injection.

•	 This injection system is capable of performing both steps 
of the injection cycle up to 5 times per firing cycle.

Pre-Main Injection

•	 The piezo electric fuel injector is constantly being filled 
with fuel via the high pressure fuel injection pump.

•	 High pressure fuel from the high pressure fuel 
injection pump enters the following areas:

-	 control piston chamber (2).

-	 spring side of the valve mushroom (4). 

-	 high pressure chamber (3).

•	 The needle control spring (9) holds the needle on its seat 
so that fuel cannot enter the combustion chamber.

•	 The piezo actuator (1) is in a non-energized state.
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Main Injection Step 1

•	 Fuel under pressure from the rail (7) reaches the 
control piston chamber (2) and the high pressure 
chamber (3) of the nozzle needle (5).

•	 The bore hole to the fuel return line is closed 
via the valve mushroom (4), which is held 
closed by a spring and high pressure fuel.

•	 The surface area of the control piston is much 
larger than the surface area of the nozzle 
needle in the high pressure chamber.

•	 The force (F1) exerted by the control piston due to its 
larger surface area along with the force of the needle 
control spring overcomes the force (F2) exerted by the 
smaller surface area of the nozzle needle in the high 
pressure chamber which holds the nozzle needle closed.

Main Injection Step 2

•	 When the piezo actuator (1) is commanded on, 
the actuator is energized (which causes the piezo 
discs to deform and create a downward force) 
and pushes the valve piston (8) downward.

•	 The downward force of the valve piston pushes 
the valve mushroom (4) and spring down which 
opens up a bore hole that connects the high 
pressure fuel to the fuel return line (6).

•	 When this happens it allows a small amount of high 
pressure fuel to enter the fuel return line (6) effectively 
dropping the pressure in the control piston chamber (2).

•	 This pressure drop is enough for the force (F2x) on 
the nozzle needle (5) in the high pressure chamber to 
overcome the force (F1x) in the control piston chamber (2).

•	 This allows the nozzle needle (5) to move upward 
uncovering the six spray holes and allowing high pressure 
fuel to atomize and enter the combustion chamber.
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End of Main Injection Step 1

•	 The high pressure fuel, that is allowed to escape 
past the valve mushroom (4) into the fuel return 
line (6), is routed down a drilled passage to the 
drain holes in the sides of the injector just below 
the O-ring seal towards the base of the injector.

•	 The fuel is then routed through the cylinder head and exits 
through a banjo fitting on the front side of the cylinder 
head before being returned to the fuel supply system.

End of Main Injection Step 2

•	 When the Engine Control Module (ECM) determines that 
the correct injector on time has been reached, it switches 
the polarity of the piezo actuator (1) which causes 
the piezo discs to return to a non-enerrgized state.

•	 Switching the polarity of the piezo actuator (1) enables 
the valve mushroom (4) to seat via spring pressure 
and completely block the bored passage that connects 
the high pressure fuel to the fuel return line.

•	 Seating the valve mushroom (4) allows the pressure 
to build in the control piston chamber (2) and 
equal that in the high pressure chamber (3).

•	 Once these two chambers have equalized in pressure 
the downward force (F1) of the control valve will 
overcome the upward force (F2) of the nozzle needle 
due to the larger surface area of the control valve.

•	 The control valve then moves downward effectively 
closing the nozzle needle (5), blocking any fuel 
from entering the combustion chamber.
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