2012 3.6L V-6 VVT DI (LFX)  

Vehicle Applications


· Buick LaCrosse

· Cadillac CTS

· Cadillac SRX

· Chevrolet Camaro
· Chevrolet Caprice PPV

· Chevrolet Impala

Product Highlights

· Aluminum engine block 
· Structural cylinder block and front cover enhancements

· New integrated cylinder head/exhaust manifold design

· Oil-spray cooled pistons used with lighter and stronger connecting rods
· Direct injection with optimized-flow fuel injectors and isolated fuel rail
· Dual overhead cams with four valves per cylinder and silent chain cam drive
· Variable valve timing

· E85 flex-fuel capability

· Composite intake manifold 
· Fully isolated composite camshaft covers with added acoustic treatment
· Enhanced refinement and durability features

· 300 horsepower (224 kW) at 6,800 rpm – Buick LaCrosse with dual exhaust

· 292 horsepower (218 kW) at 6,800 rpm – Buick LaCrosse with single exhaust

· 318 horsepower (237 kW) at 6,800 rpm – Cadillac CTS

· 300 horsepower (224 kW) at 6,800 rpm – Cadillac SRX

· 323 horsepower (241 kW) at 6,800 rpm – Chevrolet Camaro

· 287 horsepower (214 kW) at 6,800 rpm – Chevrolet Impala

· 264 lb.-ft. of torque (358 Nm) at 4,400 rpm – Buick LaCrosse with dual exhaust

· 259 lb.-ft. of torque (351 Nm) at 5,200 rpm – Buick LaCrosse with single exhaust

· 275 lb.-ft. of torque (373 Nm) at 4,900 rpm – Cadillac CTS

· 260 lb.-ft. of torque (353 Nm) at 3,200 rpm – Cadillac SRX

· 278 lb.-ft. of torque (377 Nm) at 4,900 rpm – Chevrolet Camaro

· 258 lb.-ft. of torque (350 Nm) at 4,400 rpm – Chevrolet Impala

Overview
A new, more powerful and more efficient version of the 3.6L direct-injected V-6 – known by its LFX engine code – debuts in a number of GM vehicles for 2012, including the Cadillac SRX, Chevrolet Camaro, Caprice PPV and Impala, as well as the Buick LaCrosse. In the Camaro, it produces an SAE-certified 323 horsepower (241 kW) at 6,800 rpm – 11 horsepower (8 kW) more than 2011 models with the previous 3.6L V-6. 

And while more powerful than the engine it replaces, the LFX is also more efficient. In the 2012 Camaro 2LS, for example, it helps deliver an estimated 30 mpg on the highway. 

Compared to the engine it replaces, the new LFX 3.6L V-6 features:

· New cylinder head design with integrated exhaust manifold

· Improved intake port design and larger intake valves within the cylinder heads

· Longer-duration intake camshafts

· Composite intake manifold

· New fuel pump and isolated fuel rail

· New, optimized-flow fuel injectors

· Structural front cover and cylinder block enhancements

· Stronger and lighter-weight connecting rods

· Camshaft cap and throttle body design enhancements

· E85 ethanol capability.

The changes to the 3.6L V-6 represent greater refinements to an already well-balanced package, including the use of new, lighter-weight components and enhancements designed to improve performance, efficiency and durability. The integrated cylinder head/exhaust manifold design saves approximately 13 pounds (6 kg) per engine over the cylinder heads and manifolds of the current engine, while the new composite intake manifold save approximately 5.5 pounds (2.5 kg) over the current aluminum intake. Additionally, a lighter-weight structural front cover and lighter-weight, high-strength connecting rods bring the total weight savings to 20.5 pounds (9.3 kg), which contributes positively to the vehicle’s fuel efficiency and enhances its feeling of driving balance.  

Aluminum Engine Block and Integral Oil Pan
The 3.6L V-6 VVT’s engine block is cast from A319 aluminum alloy. This aluminum-intensive construction means less weight and greater efficiency than conventional cast-iron engines – and less weight translates to improved vehicle fuel economy. The sand-mold-cast block features strong cast-in iron bore liners, six-bolt main caps, and inter-bay breather vents.
A cast aluminum oil pan is stiffened to improve powertrain rigidity and reduce vehicle vibration. The oil pan bolts to the transmission bell housing as well as the engine block, eliminating points of vibration. Cast aluminum dampens internal engine noise better than a conventional stamped steel pan. Structurally, it is considerably stiffer. The design was optimized with math-based analysis and carefully crafted curves in the pan's sides and bottom. They reduce the broadcasting or “drumming” of noise created as oil flows through the crankcase, and they increase bending stiffness in the pan. 
Rotating Assembly with Oil-Spray Cooled Pistons

The crankshaft is manufactured from forged steel, while the connecting rods are made of powdered metal that features a higher ratio of copper, which makes them stronger and enables them to be lighter. 

The pistons are made of lightweight cast aluminum and feature a friction-reducing polymer coating on the skirts, as well as fully floating wrist pins, which also help reduce friction. Less weight in the pistons means less reciprocating mass in the engine, which in turn means less inertia and greater operating efficiency. 
The V-6 VVT engine family was developed with pressure-actuated oil squirters in all applications. Three jet assemblies in the block hold a pair of oil-squirting nozzles that drench the underside of each piston and the surrounding cylinder wall with an extra layer of cooling, friction-reducing oil. The jets reduce piston temperature, which in turn allows the engine to produce more power without reducing long-term durability.  
Integrated Cylinder Heads/Exhaust Manifolds
The LFX’s new cylinder head design has a revised intake port design that enhances airflow to the combustion chambers. Larger-diameter intake valves (38.3 mm vs. the previous engine’s 36.96 mm) are used in the heads and work in conjunction with new, longer-duration intake camshafts to provide the engine’s boost in horsepower.

The valves let air into and exhaust escape from the combustion chambers and the duration of the camshaft determines how long they’re open. By using larger valves and holding them open longer, more of the air is pulled into the combustion chamber, for a more powerful combustion. Often, the tradeoff for greater power is greater fuel consumption, but engineers of the LFX optimized the fuel system for the engine’s performance parameters. The result is more power without the sacrifice of fuel economy. The more-efficient combustion also means reduced emissions. 

The exhaust manifold is incorporated with the cylinder head, which saves weight, reduces complexity and helps promote a quicker light off of the catalytic converter, which further helps reduce emissions. 
Direct Injection 

Of course, the LFX engine retains direct fuel injection. It uses a new fuel, along with a new, isolated fuel rail. The new fuel pump is quieter, while the isolated fuel rail further reduces fuel system noise. New, optimized fuel injectors are used with LFX, too. The engine is designed to run on regular gas or E85 ethanol.
Direct injection moves the point where fuel feeds into an engine closer to the point where it ignites, enabling greater combustion efficiency. It fosters a more complete burn of the fuel in the air-fuel mixture, and it operates at a lower temperature than conventional port injection. That allows the mixture to be leaner (less fuel and more air), so less fuel is required to produce the equivalent horsepower of a conventional, port injection fuel system. Direct injection also delivers reduced emissions, particularly cold-start emissions, which are cut by about 25 percent. 

The direct injection fuel injectors introduce fuel directly into the combustion chambers and are located beneath the intake ports, which transfer only air. Because the ports are not used to mix the fuel and air, efficiency of the air flow is increased. Also, the control of the injection event, via direct injection technology, is very precise and results in better combustion efficiency and fuel consumption at all throttle openings. 

The higher compression ratio with direct injection is possible because of a cooling effect as the injected fuel vaporizes in the combustion chamber, which reduces the charge temperature to lessen the likelihood of spark knock. The direct injection fuel injectors have been developed to withstand the greater heat and pressure inside the combustion chamber, and also feature multiple outlets for best injection control. 

E85 Flex-Fuel Capability 

E85 is a clean-burning, domestically produced alternative fuel composed of 85 percent ethanol alcohol and 15 percent gasoline. Ethanol is renewable and produces fewer greenhouse gas emissions in the combustion process. It can be produced from various feed stocks, including corn and wheat stalks, forestry and agricultural waste and even municipal waste.

The 3.6L’s flex-fuel technology is both sophisticated and durable. Hardware changes are limited to the injectors with a higher maximum flow rating. Because ethanol has fewer BTUs (less energy) than the same volume of gasoline, more fuel is required to produce the same horsepower at wide-open throttle. 
 

A special fuel sensor is not required for the LFX engine; it uses a “virtual sensor” within the Engine Control Module that takes readings from the oxygen sensors, fuel level sensor and vehicle speed sensors to adjust the length of time the fuel injectors open for the type of fuel used. 

Dual Overhead Cams with Four Valves per Cylinder and Silent Cam Drive
Four-valves-per-cylinder with inverted-tooth chain cam drive contributes to the smoothness and high output of the LFX. Overhead cams are the most direct, efficient means of operating the valves, while four valves per cylinder increase airflow in and out of the engine.

The engine incorporates a timing chain with an inverted tooth design. These smaller links engage at a lower impact speed, which decreases the noise generated. In conjunction with the smaller pitch chain, the number of teeth on the sprockets are increased, which increases the meshing frequency and further reduces noise and vibration. 

Four valves per cylinder and a silent chain valvetrain contribute to both smoothness and high output. Four-cam phasing changes the timing of valve operation as operating conditions such as rpm and engine load vary. That means smooth, even torque delivery with high specific output (horsepower per liter of displacement) and excellent specific fuel consumption. Cam phasing also pays big dividends in reducing exhaust emissions. By closing the exhaust valves late at appropriate times, the cam phasers create an internal exhaust-gas recirculation system. The 3.6L V-6 VVT DI meets all emissions mandates without complex, weight-increasing emissions control systems such as EGR and air injection reaction (AIR). 
Variable Valve Timing

Variable valve timing (VVT), or cam phasing, helps the LFX deliver optimal performance and efficiency, and reduced emissions. It allows linear delivery of torque, with near-peak levels over a broad rpm range, and high specific output (horsepower per liter of displacement) without sacrificing overall engine response, or driveability. It also provides another effective tool for controlling exhaust emissions. Because it manages valve overlap at optimum levels, it eliminates the need for an Exhaust Gas Recirculation (EGR) system. 

The system changes valve timing on the fly, maximizing engine performance for a variety of operating conditions. At idle, for example, the cam is at the full advanced position, enabling exceptionally smooth idle quality. Under other operating demands, cam phasing adjusts to deliver optimal valve timing for performance, driveability and fuel economy. At high rpm it might retard timing to maximize airflow through the engine and increase horsepower. At low rpm it can advance timing to increase torque. Under light-load driving it can retard timing at all engine speeds to improve fuel economy. 

Composite Intake Manifold and Fully Isolated Composite Camshaft Covers
The upper intake manifold for the LFX is made from composite material and provides mass savings over an aluminum manifold, with a carefully designed structure that helps ensure quiet engine operation.  
The cam covers are made of thermoset, glass-filled polyester composite, a material that weighs less than the cast aluminum used on most premium engines and more effectively dampens noise. Required baffles are incorporated into the cover, which is manufactured as an assembly with seals and fasteners attached. In addition, surfaces on the cam covers were shaped to limit the broadcasting of undesirable noise, and the covers use isolating perimeter gaskets, as well as isolating radial lips around the tubes that accommodate the spark plugs. These effectively de-couple the covers from vibration generated in the block and engine during combustion. Acoustic dampening cam covers also have been added for additional NVH improvements.
Refinement, Durability and Maintenance
Additional changes incorporated in the LFX deliver greater refinement, quietness and durability, starting with revisions to the front cover. It was redesigned with additional support ribs on the backside and an additional fastener to improve noise and vibration characteristics. The cylinder block is modified slightly to accommodate the front cover’s additional fastener. 

Also, the camshafts feature new saddle-type caps for improved durability. Finally, the throttle body is updated with a new, digital throttle position feature that eliminates a previous mechanical contact for more trouble-free operation. 
The changes and updates employed with the LFX complement numerous other features designed to optimize durability and reduce the frequency of and need for maintenance:

· The cam drive, cam phasing and valvetrain components require no scheduled maintenance. The sophisticated cam-chain tensioner, high-quality cam phasing components and hydraulic lash adjusters are designed to ensure optimal valvetrain performance for the life of the engine with no adjustment. 
· Advanced control electronics and a wide range of sensors allow failsafe systems, including ignition operation in the event of timing sensor failures. The control software protects the V-6 VVT from permanent damage in the event of complete coolant loss, and allows the engine to operate at reduced power for a prescribed distance sufficient for the driver to find service.
· The spark plugs have iridium/platinum electrodes and a service life of 100,000 miles (160,000 km) without degradation in spark density. The spark plugs are easy to remove because they are located in the center of the cam cover. When the ignition-coil cassettes are removed, the plugs can be reached with a short ratchet extension. 
· Extended life Dex-Cool coolant retains its cooling and corrosion-inhibiting properties for five years/150,000 miles (240,000 km) in normal use. 
· The single accessory-drive belt, used primarily for its lapless construction and low-noise operation, is made of EPDM (Ethylene Propylene Diene Monomer) rather than neoprene. EPDM is a rubber material that doesn't break down in environments of extreme heat. Replacement is recommended at 100,000 miles (160,000 km).
· GM's Oil Life System calculates oil life based on a number of variables, including mileage, engine speed, operating temperature, load or rpm variance and period of operation at any given load and temperature, and then recommends a change when it's actually needed rather than the conventional, mileage-based interval. In extreme operating conditions, such as short periods of operation in very cold temperatures, the Oil Life System might recommend a change in as few as 3,000-3,500 miles (4,800 to 5,600 km). When the engine runs at moderate loads for extended periods with little variance, the system might not recommend an oil change for 7,500 miles (12,000 km).
Engine Control Module (ECM)
The LFX is controlled by the E69 engine control module, with 32-bit processing power. It a torque-based engine management system that calculates optimal throttle position, cam phasing positions, ignition angle, fuel injection mass and other operational parameters to optimize engine output, based on the driver's positioning of the gas pedal. 

A single microprocessor within the controller manages the following functions:

· Cam phasing, which improves performance and efficiency and allows maximum valve overlap at appropriate times, allowing sufficient exhaust gas dilution without separate EGR
· Electronic throttle control, with tailored pedal progressions based on operating conditions and driver demand
· Torque management for traction control and driveline protection
· The high-pressure direct fuel injection system, with injection and spark-timing adjustments for various grades of fuel
· Control of the ignition system and monitor the knock sensors, to optimize spark advance for various fuel octane values to protect the engine from detonation (hard engine knocking) while maximizing  fuel economy and performance

· E85 flex-fuel operation. A unique ethanol sensor is integrated into the engine control system mechanization to precisely determine the concentration of ethanol mixture in the fuel tank and then optimize the cam timing, spark advance, fuel injection and engine torque to deliver maximum performance and fuel economy
· A limp-home mode for ignition timing. In the event either the crank or cam sensor fails, the ECM will continue to control timing based on data from the functioning sensor, and advise the driver with a warning light. It also provides coolant loss protection, which allows the engine to operate safely at reduced power, even after there has been a total loss of engine coolant, so the driver can reach a secure location
· A number of other customer-friendly features, including GM's industry-leading Oil Life System.
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