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SN PLUS: ADDRESSING LSPI IN DIRECT INJECTION ENGINES.

The implementation of the next ILSAC engine oil service category for passenger cars, ILSAC GF-6, has been delayed. This delay has pushed
Original Equipment Manufacturers (OEMs) that produce vehicles powered by gasoline direct injection engines (GDI), to look for an interim
solution to the challenges presented by GDI technology. That solution? SN Plus.

WHY IS SN PLUS NEEDED NOW?

GDI technology coupled with volumetric efficiency improvers, such as turbochargers and superchargers, results in improved engine efficiency
and decreased fuel usage. However, these technologies have resulted in a condition known as low-speed pre-ignition (LSPI). LSPI is a
premature ignition of the air-fuel mixture in the combustion chamber. Other terms used for LSPI include “super knock,” “mega knock,” and
stochastic pre-ignition. Over the past seven years, vehicles have been increasingly experiencing LSPI. Vehicle manufacturers need a solution
to the problem.

WHY GASOLINE DIRECT INJECTION?

Historically, gasoline has been mixed or injected in the air flowing into the combustion
chamber. While these methods have worked well over the past 100 years, it is not the
most efficient means of fuel delivery. With GDI technology, gasoline is sprayed directly
into the combustion chamber under high pressure, often times 2000 psi or greater,
atomizing fuel molecules to become very fine droplets. This allows for improved mixing
of fuel with the incoming charge of air. This improved mixing results in increased
efficiency of the engine and decreases the total amount of fuel used in the combustion
process. This translates to more power from a smaller-displacement engine and

improved fuel economy for the vehicle.

UNDERSTANDING LSPI

The low speed in LSPI (which refers to the speed of the engine, not the speed of the vehicle) occurs in the 1200 to 2700 rpm range. This low
speed pre-ignition is very violent and causes over pressurization of the combustion chamber that can lead to damage and failure of the piston,
rings, valves, and other internal components.

During LSPI testing, pressures as high as 1595 psi were observed in the combustion chamber. Normal combustion in this test yields a
maximum pressure of 623 psi. That is a spike of 256% in pressure!

UNDERSTANDING HOW GDI + TURBOCHARGING INCREASES THE LIKELIHOOD OF LSPI

In addition to GDI, turbocharging is another tool to improve engine efficiency and fuel usage. Turbocharging is sometimes referred to as a
volumetric efficiency improver. Adding a volumetric efficiency increaser packs more air into the cylinder, resulting in smaller engines making
more power and torque. Frequently turbocharging is coupled with GDI. By harnessing these two technologies, OEMs can use 6-cylinder
engines where 8-cylinder engines were necessary in the past. Additionally, 4-cylinder engines using GDI and turbocharging have become

the new normal for power and efficiency in many small to mid-size cars and SUVs. Frequently, the combination of these technologies is
abbreviated TGDI (Turbocharged Gasoline Direct Injection). While there are many benefits to combining these technologies, it also creates the
perfect storm for LSPI.

Watch for the new API donut on SN Plus motor oils.

Kenda” Contact your Kendall representative for more information.
e © 2017 Phillips 66 Company. Kendall® and its respective logos and products are registered trademarks of Phillips 66 Company in the U.S.A. and other countries. BL-KEN-171295

M OTOR OIL



