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Variable Valve Timing (Variable Cam Timing or Variable Valve Lift)

Engines with fixed valve timing can only operate most efficiently at one specific speed.
Variable Valve Timing (VVT) or Variable Cam Timing (VCT) can operate more efficiently over a wide range of speeds, developing better performance at higher speeds, with a flatter torque curve.
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During the induction stroke, there is a mass of air entering the cylinder. On a four cylinder engine, there are two pulses of air for each revolution of the engine. The mass of air in the inlet manifold moves in forward pulses when the inlet valves are open and backwards as they close. This sets up a frequency of oscillation, which is dependant upon the speed of the engine.

Variable cam timing uses a changing frequency of oscillation of the induction air mass as the engine speed increases, in order to obtain the optimum cylinder charging. 

The advantages are higher torque and power over he entire engine speed range

There are 2 main ways of achieving VVT;
1. Cam Phasing 

2. Cam Changing 

1. Cam Phasing VVT
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This method varies the valve timing by shifting the phase angle of the camshaft.

At high engine speeds the inlet camshaft phasing is advanced to enable earlier intake – this increases the amount of valve overlap. 

This method is controlled by the engine management system and is actuated by hydraulic valve gears. 

 The phasing change can be classified as either ‘continuous’ or ‘fixed’. 

Continuous systems vary the phasing angle between 0-40(+

(According to the engines load and speed requirements.)

Fixed systems alter the phasing by a specific angular value at a specific speed and load 

(Using stored data stored within the engine management system)

SOHC engines can use cam phasing, although DOHC engines gain more benefit as they are able to control the inlet and exhaust valves separately. 
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2. Cam Changing or Cam Switching VVT
This method uses different cam profiles to lift the valves; this is depending on vehicle load and speed.

At high engine speed, the ECU activates an oil-pressure controlled pin, which locks the rocker arms together. The centre arm follows a larger cam profile, transferring the movement to the outer valves, causing them to open further and for longer.

When the speed drops the pin is deactivated due to the drop in oil pressure, the rocker arms being no longer locked together.

This can also be applied to lower engine speeds, where deactivating the second inlet valve occurs. This then gives a single, narrow inlet valve, which increases the velocity and swirl of the mixture entering the chamber.
Case Studies / further info
http://en.wikipedia.org/wiki/Variable_valve_timing Wikipedia
http://world.honda.com/automobile-technology/VTEC/  Honda VTEC System

http://www.mechadyne-int.com/vva-home/dodge-viper Dodge Viper 2008 
Delphi Variable Cam Phasers (http://delphi.com)  

Delphi's Variable Cam Phaser (VCP) replaces the standard pulley, sprocket or gear in a gasoline engine's valve train.  It enables the cam lobe (lift event) timing to crank shaft timing to be changed while the engine is operating, based on the parameters of the engine. 

The cam lobe angular position, or phase relationship, is controlled by the internal vane mechanism of the VCP.  Commands from the engine control module adjust the position of the oil control valve (See schematic.), which is mounted in the cylinder head and regulates engine oil flow to either side of the vanes.  

Delphi's variable cam phasing system includes an oil control valve, which controls the flow of oil to advance or retard the camshaft position.  Its high flow capacity provides fast phasing rates, and its integral filtration keeps it debris-free avoiding the need for a separate filter while providing increased packaging flexibility. 

Variable cam phasing changes the timing of the valve lift event.  It can be used to shift the intake cam, the exhaust cam, or both on dual overhead cam engines.  This helps increase engine efficiency, improving idle stability while delivering more torque and horsepower.  It also helps boost fuel economy and reduces hydrocarbon emissions.

Benefits 

· Optimized size versus torque for dynamic stability 

· Packaging flexibility on the engine is enabled by a standard rotor⁄stator pack in the VCP and a remote mounted oil control valve 

· Mechanical lock pin maintains default positions at low pressure 

· Low-restriction four-way control valve provides low pressure operation and continuously variable or two-position capability 

· Exhaust gas recirculation valve and air pump can be eliminated to help reduce system cost 

· System integration capability to assist customers with base engines and engine management system development and implementation

Typical Applications 

Delphi Variable Cam Phasers can be applied to virtually any gasoline overhead cam engine to help broaden the torque curve, increase peak power at high rpm, reduce hydrocarbon and NOx emissions and help increase fuel economy.  VCP benefits are application-specific and are derived by increasing volumetric efficiency, reducing pumping losses and in-cylinder internal dilution control associated with varying the cam timing. 

Hydraulic System Schematic 
This diagram shows the system-level mechanization of the variable cam phaser, oil control valve, control module, crank sensor and cam sensor to the engine. 

Phaser Position 

	Control Valve 
	Intake
	Exhaust
	Valve Overlap

	Off
	Retard
	Advance
	Minimum

	50%
	Intermediate: Flow is restricted to "hold" position.

	100%
	Advance
	Retard
	Maximum
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