Direct Injection Fouls Some Early Adopters
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In their efforts to wring more power and efficiency from the internal combustion engine, automakers are
increasingly turning to gasoline direct-injection technology — also known as GDI or DI. Originally developed to
produce more economical and quieter combustion for diesel engines, DI is inherently more efficient and helps
generate more power than port injection. And advances in engineering and engine management, fueled by fierce
industry competition and consumer demand, are making DI technology more cost-effective than ever for
manufacturers: gasoline DI engines are appearing in entry-level models from Ford Motor Co., General Motors
Co.’s Chevrolet and Hyundai Motors. Currently, more than 60 2011 and 2012 models in the U.S. offer DI
engines as standard equipment.

But there has been a dark side to the technology: carbon build-up around intake valves that, over time, can
degrade power and efficiency, eroding the bonus DI is supposed to provide. While there’s evidence that the most
recent designs and technical enhancements have greatly reduced the issue, carbon buildup has been a distinct
and well-documented issue in some DI engines from a variety of manufacturers over the last few years.

Known Problems

A U.S. patent application filed in 2002 by Volkswagen AG explains the DI-engine carbon-deposit dilemma this
way: “Gasoline engines with direct injection of the fuel into the combustion chamber...suffer especially from
the problem of the formation of carbon deposits...especially in the neck region of the intake valves.”

The document describes these deposits as a sticky coating of oil and fuel constituents that, once formed, serves
as a base for further deposits, creating “a circular process, by which the coating thickness of the carbon deposits
continuously increases.” Excessive carbon deposits “have extremely negative effects,” the patent application
concludes, citing significant performance losses, sporadic ignition failures and, potentially, holes burned in the
structure of the catalytic converter (should bits of carbon break from the valves and pass though the combustion
chamber).

Ameer Haider, GM’s assistant chief engineer for V6 engines, certainly knows the problem,
telling AutoObserver, “DI engines are prone to forming oily deposits on the intake valves, unlike in port fuel-
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The main purpose of VW’s patent application was to propose a
fix for DI engine carbon deposits: specifically, applying “a
catalytic surface” to the engine valves that “counteracts the
formation of carbon deposits.” But nearly 10 years later,

there’s ample evidence that this and other potential solutions
have failed.

Constantine Boyadjiev works as a risk management officer at
a financial firm in New York and has been an auto enthusiast
for most of his life. In 2008, he decided it was time to part
with his beloved 2001 BMW M35, mainly due to escalating
maintenance costs — but also because he discovered that a
number of fellow owners were dealing with expensive-to-

fix carbon build-up in their vehicles’ engine cylinder heads.

When Boyadjiev replaced his BMW with a barely-used 2008
Audi RS 4, he thought he had put all worry about carbon
build-up behind him. But, as he said, “Little did I know that
there was a much uglier carbon-build-up problem awaiting me.” Boyadjiev became involved with the online RS
4 owner community when he was searching for his car, in particular a group of veteran Audiworld.com members
who later migrated to QuattroWorld.com. He kept active with the group as he took delivery of the car and
enjoyed the first few months of ownership. Not long after, though, he was dismayed to see that “the message
boards caught fire with plenty of formally documented cases” of carbon build-up with fellow RS 4 owners’
engines.

Boyadjiev admits to some initial “wishful thinking” that perhaps the problem might only affect earlier
production models or that the forum members were merely trumpeting an isolated issue. But then, despite his
own “religious” maintenance practices, including using only 93-octane premium fuel and avoiding short, in-
town trips that failed to bring the engine up to proper operating temperatures, it soon was apparent his Audi’s
4.2-liter direct-injected V8 also was plagued by carbon buildup.

“The loss of performance became very noticeable over time,” he says. He decided to document it, taking the car
to a local automotive performance specialist in nearby Stamford, Connecticut, to have its power measured by a
dynamometer.
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At its first measurement, Boyadjiev’s RS 4 had 15,000 miles and produced 324 all-wheel horsepower, measured
at the wheels (AWHP). Roughly one year and 5,000 miles later, the same test showed 317 AWHP. After another
year and 5,000 miles, power was down to 305 AWHP. Power from the 4.2-liter V8 had degraded by almost 5
percent in just 10,000 miles.

Considering the RS 4’s performance pedigree — and correspondingly large price tag (in excess of $70,000
MSRP) — this was an alarming trend, something Boyadjiev thought Audi would want to address head-on,
especially since parent company VW had earlier documented these very issues in its DI engines. But Boyadjiev
and his fellow RS 4 owners found Audi quick to dismiss the issue as a byproduct of poor-quality U.S. gasoline
and American-style driving habits (i.e. the absence of high-speed runs on the Autobahn). Audi offered no
assistance.

So Boyadjiev took an action to which many other RS 4 owners already had resigned themselves: he had an
independent mechanic disassemble the engine and clean it —a $1,200 expense at the time. He returned to the
dynamometer to see if the cleaning had made any difference. It had. Engine output soared by 41 AWHP and the
car felt new again. For the moment, at least.

Boyadjiev said he is prepared to pay for such a maintenance cleaning every 10,000 miles. And while he is
certainly not happy about that, he’s willing to endure the hassle and cost. “The car is so rewarding and a joy to
drive,” he says. He is far less complimentary about Audi’s response to the issue. Despite the evidence Boyadjiev
and many of his fellow RS 4 forum members have presented, “the company continues to deny this is a very
serious issue,” he said. “I have very little respect for a company that refuses to stand behind its name, especially
when professing a motto of ‘Progress through Technology,”” he added. And experiences like Boyadjiev’s are not
uncommon.



A Google search for “direct injection carbon build up” reveals a flood of owner complaints about the issue
across vehicle brands and models, including particularly active threads for the VW GTI, the Lexus IS 250, and a
variety of Audi models in addition to the RS 4.

All Engines Not Designed Equally

Many automakers’ gasoline DI engines do not appear to exhibit any carbon build-up issues at all, however.
Digging into online threads about Cadillac’s 3.6-liter DI V6 in its popular CTS lineup does reveal some owner
concerns about carbon build-up, but it’s difficult to find even a single report that any build-up has actually
occurred — a record that is notable considering that Cadillac has sold more than 200,000 CTS models with DI
V6s (Audi sold fewer than 2,000 RS 4s in the US during its two-year sales run).

Haider, GM’s V6 assistant chief engineer, explained how GM has designed its DI engines to combat carbon
buildup: “We maintain great engine function and performance in our all our DI engines through an optimization
strategy with our valve events,” he said. “Our intake-cam timing, injector targeting and timing of the injection
events are optimized to avoid direct fuel contact on the intake valves. This strategy keeps smoke and soot
formation to an absolute minimum, which in turn prevents excessive deposit formation.”

At the Detroit Auto Show in January, Ford was confident enough about its popular 3.5 liter EcoBoost direct-
injection V6 to have technicians tear down an example engine that had accumulated the equivalent of 160,000
miles through an intentionally abusive regimen of log dragging, high-speed towing and desert racing. When they
opened it up before a live audience, they found some light carbon deposits on the valves and pistons, but not
enough to affect performance. In fact, the engine showed a loss of just one horsepower afterwards — roughly
what Boyadjiev’s RS 4 engine lost every 500 miles.

Stephen Russ, technical leader for combustion for Ford’s 2-liter Duratec DI engine, said that similar to GM,
engineers have determined the proper injection-timing calibration to help eliminate the carbon deposits. But
Russ also said the technology of injection components — particularly the high-pressure solenoid injectors — has
quickly matured, meaning excess valve deposits in most DI engines should become a thing of the past as these
improved components are incorporated into production.

Tony Chick, principal engineer at European Performance Labs in Stratford, Connecticut, has made a career of
repairing and rebuilding high-performance engines from Audi, Porsche AG and BMW, among others and his
operation has garnered a reputation among car enthusiasts as a go-to place for cleaning DI engines that have
become choked with carbon. Chick thinks the problem for most affected engines can be traced to the breathing
system — specifically, the design of its crankcase ventilation and exhaust-gas recirculation components.

All modern gasoline engines return some crankcase and exhaust gases back through the intake manifold in order
to help control emissions, but, according to Chick, some exhaust-gas recirculation designs are “dirtier" than
others. Some, he said, are less-effective at preventing the passage of tiny bits of oil, carbon and other particulates
that eventually get baked onto the intake ports and valves.



Chick reached his conclusion after inspecting dozens of different DI engines at his shop and finding some, like
the V8 in Boyadjiev’s Audi RS 4, regularly choked with carbon while others, like the DI version of Porsche’s
horizontally opposed 6-cylinder, remained much cleaner.

If he’s right, the rapid adoption of DI has actually illuminated an issue, not caused one. A “dirty” intake or
exhaust-recirculation design can easily go undetected in a conventional port-injected engine due to the cleaning
effect of gasoline passing over the intake valves. When the same engine designs are adapted to direct-injection
fueling, however, that cleaning effect is suddenly lost — and the carbon layers can build.

There is no simple fix for engines that are prone to carbon build-up, Chick says. What’s needed is a complete
redesign of the crankcase ventilation and exhaust-gas recirculation systems to prevent particulates from getting
through. Fortunately, the manufacturers whose engines are frequently cited in carbon build-up reports — mainly
VW, Audi and Lexus — appear to have taken this step with many of their latest models. For instance, Audi’s new
3-liter supercharged V6, used in the S4 and A6 models, has so far been free from carbon-related complaints — a
far cry from the 3.2 liter V6, which has numerous threadsdedicated to the condition.

If Ford and GM engineers and Chick are correct, the carbon-buildup problem now may be relegated to previous
engine designs that were not well-adapted for DI. But that’s probably little consolation to some early adopters
like Boyadjiev, who must add regular carbon cleaning services to their cars’ ongoing maintenance requirements
— a cost that, for now at least, they are expected to absorb entirely on their own as they grapple with the “dirty”
secret of this emerging technology.
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