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EA113 FSI Cam Follower: Failure Modes,
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The Volkswagen Group's EA113 2.0-liter Turbocharged Fuel Stratified Injection (FSI) engine
represents a significant milestone in automotive engineering, marking one of the first mass-market
applications of gasoline direct injection combined with turbocharging. However, this engine
architecture, found in vehicles such as the Audi A4 (B7), Audi A3 (8P), Audi TT (MKIlI), and
Volkswagen Golf GTI (MK5), features a critical mechanical interface that has become a primary
focus for maintenance professionals and enthusiasts alike: the High-Pressure Fuel Pump (HPFP)
Cam Follower.

Understanding the intricacies of this component is not merely a matter of routine maintenance but
a necessity for preventing catastrophic engine failure. This technical analysis explores the
engineering principles, failure mechanics, and preventative protocols associated with the
06D-109-309-C cam follower and its interaction with the intake camshaft and fuel delivery system.

The Engineering Architecture of the EA113 Fuel System

To appreciate the vulnerability of the cam follower, one must first understand the direct injection
architecture of the EA113. Unlike traditional port injection systems that operate at low pressures
(typically 3-5 bar), direct injection requires the fuel to be atomized directly into the combustion
chamber against high cylinder pressures. This necessitates a secondary fuel system capable of
reaching pressures between 50 and 110 bar during normal operation.

The Role of the High-Pressure Fuel Pump (HPFP)

The HPFP is a mechanical pump mounted on the cylinder head. It is driven by the rotation of the
intake camshaft. Specifically, the camshaft features a specialized tri-lobe (on earlier models) or a
revised lobe design that provides the reciprocating motion required to drive the HPFP's internal
piston. Because the piston must cycle at high frequency and under significant spring tension, a
sacrificial interface is required to minimize friction and wear on the camshatt itself. This interface is
the cam follower.

Mechanical Interface: The Flat-Tappet Design

The EA113 uses a flat-tappet design. The cam follower is a small, bucket-shaped steel
component coated with Diamond-Like Carbon (DLC). It sits between the camshaft lobe and the
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HPFP plunger. As the camshatft rotates, the lobe pushes against the flat face of the follower, which
in turn pushes the pump piston. This design creates a high-friction environment characterized by sl
iding contact rather than the rolling contact found in the later EA888 engine designs.

The Physics of Failure: Why Cam Followers Wear

The failure of the cam follower is primarily a result of tribological stress-the study of friction, wear,
and lubrication. Several factors contribute to the accelerated degradation of the DLC coating and
the underlying steel substrate.

1. Boundary Lubrication Challenges

Ideally, the interface between the camshaft and the follower should operate under hydrodynamic
lubrication, where a thin film of oil prevents metal-on-metal contact. However, due to the high
spring pressures required to return the HPFP piston, the system often operates in a boundary
lubrication state. In this state, the oil film is thin enough that the microscopic peaks (asperities) of
the metal surfaces come into contact. Over time, this leads to the removal of the DLC coating.

2. Hertzian Contact Stress

The localized pressure at the point where the cam lobe meets the follower face is immense. This is
known as Hertzian contact stress. If the engine oil lacks sufficient anti-wear additives (such as
ZDDP) or if the oil viscosity has broken down due to fuel dilution-a common issue in direct-injection
engines-the rate of material removal increases exponentially.

3. Camshaft Material and Geometry

Early EA113 engines featured a "Revision A" camshaft, which was constructed from a softer metal
alloy susceptible to premature wear. Volkswagen later released "Revision B" camshafts with a
hardened lobe surface, yet the fundamental friction issues of the flat-tappet design remained. The
following table summarizes the differences between these components:
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Component Feature Revision A Camshaft Revision B Camshaft
Material Composition Chilled Cast Iron (Lower Hardness) |Forged Steel / Hardened Surface
Wear Characteristic High propensity for pitting Improved surface durability
Follower Compatibility Standard 06D-109-309-C Standard 06D-109-309-C
Recommended Check Interval 5,000 - 10,000 miles 15,000 - 20,000 miles
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Symptoms and Diagnostic Procedures

Recognizing a failing cam follower before it breaches is the difference between a $50 maintenance
task and a $3,000 engine rebuild. Technicians should look for the following clinical symptoms and
fault codes.

Diagnostic Trouble Codes (DTCs)

When the follower wears thin, the HPFP piston stroke becomes inconsistent, leading to fuel
pressure deviations. Common codes include:

- P0087: Fuel Rail/System Pressure - Too Low. This is often the first sign that the mechanical
link between the cam and the pump is compromised.

- P2293: Fuel Pressure Regulator 2 Performance. Indicates a mismatch between the
commanded and actual rail pressure.

- P0300 - P0304: Random or Cylinder-Specific Misfires caused by lean conditions under load.

Physical and Auditory Symptoms

Beyond the Check Engine Light (CEL), drivers may notice an increased "ticking" or "clacking"
sound from the top of the engine, which signifies increased clearance between the cam lobe and
the pump. Power loss during high-RPM pulls is also a hallmark symptom, as the pump cannot
maintain the requested volume of fuel.

Technical Workflow: Replacing the Cam Follower

Replacing the cam follower is a critical preventative procedure for any EA113 owner. This
step-by-step guide outlines the professional approach to replacement.

Required Tools and Materials
- New Cam Follower (Part No: 06D109309C)
- New HPFP O-Ring Seal (Part No: WHT005184)
- T30 Torx bit and driver
- 17mm and 24mm open-end wrenches
- Clean rags and brake cleaner

- Moly-based assembly lubricant

Step-by-Step Execution

1. Depressurize the Fuel System: The HPFP contains fuel at extremely high pressure. Locate the
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Schrader valve on the fuel rail (if equipped) or remove the fuel pump fuse and crank the
engine until it stalls to bleed off pressure.

2. Disconnect the HPFP: Carefully remove the electrical connector for the N276 pressure
regulator valve. Use the 17mm wrench to loosen the high-pressure fuel line. Note: Always use
a second wrench to counter-hold the fitting to prevent damage to the pump housing.

3. Remove Mounting Bolts: Use the T30 Torx bit to remove the three bolts securing the HPFP to
the cylinder head.

4. Inspect the Follower: Gently pull the pump away from the head. The follower may be stuck to
the pump piston or sitting in the bore. Remove it and inspect the surface.

5. Camshaft Inspection: Use a flashlight and a mirror to inspect the intake camshaft lobe. If the
lobe is scored, pitted, or has a visible "groove," the camshaft must be replaced.

6. Installation: Coat the new follower in high-quality assembly lube. Insert it into the bore.
Replace the rubber O-ring on the HPFP with a new one lightly lubricated with engine oil.

7. Reassembly: Torque the HPFP bolts in a triangular pattern to 10 Nm. Reconnect fuel lines and
check for leaks upon initial startup.

Wear Classification Matrix

Technicians must be able to categorize the level of wear observed on a removed follower to
determine if further engine damage is likely.
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Wear Level

Stage 1: Normal

Stage 2: Moderate

Stage 3: Advanced

Stage 4: Failure
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Visual Indicators

DLC (black) coating is thinning but
metal is not exposed.

DLC coating is gone; silver metal
surface shows circular wear

patterns.

Follower surface is concave; metal is

being "smeared."

Punch-through occurs; the HPFP
piston is in direct contact with the

cam.
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Action Required

Replace follower; no further action.

Replace follower; check cam lobe

carefully.

Immediate replacement; high risk of
lobe damage.

Camshaft replacement, HPFP
replacement, and oil flush required.
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The Consequences of Neglect: A Case Study in Mechanical
Failure

When the cam follower suffers a "punch-through” (Stage 4), the results are catastrophic. Once the
hardened face of the follower is breached, the relatively soft spring-loaded piston of the HPFP acts
as a chisel against the rotating camshaft. This interaction generates hardened steel shrapnel that
is immediately introduced into the cylinder head's oiling system.

These metal particles can clog oil galleries, damage hydraulic lifters, and score the camshaft
journals. Furthermore, the HPFP itself is usually destroyed as the internal piston is ground down. In
many documented cases, the metal debris migrates to the oil pickup tube, leading to a loss of oll
pressure and total engine seizure. The cost of preventative maintenance (approx. $50 for the part)
stands in stark contrast to the $3,000-$5,000 cost of a new cylinder head and associated labor.

Lubrication and Maintenance Optimization

To extend the life of the cam follower, professional tuners and engineers recommend moving away
from the standard 10,000-mile oil change interval. Given the fuel dilution common in FSI engines,
the oil's film strength degrades rapidly.

Optimized Maintenance Schedule

- OIl Changes: Every 5,000 miles using a high-zinc, VW 502.00/505.00 approved synthetic oil
(e.g., 5W-40).

- Follower Inspection: Every 10,000 miles for modified engines (Stage 1+ or higher) and every
20,000 miles for stock engines.

- Aftermarket HPFP Internals: If upgrading the HPFP with higher-flow internals (like Autotech or
Vis), the spring rate is often increased. This necessitates follower checks every 5,000 miles.

The Roller Follower Conversion

For long-term reliability, some aftermarket firms offer roller follower conversion kits. This

modification replaces the flat tappet with a bearing-mounted roller, similar to the design found in
the EA888 engine. While this requires a custom HPFP housing and specialized camshatft timing
adjustments, it virtually eliminates the wear issue by converting sliding friction into rolling friction.

Synthesizing the Technical Necessity of Monitoring

The EA113 FSI engine remains a powerhouse of potential for enthusiasts, but its longevity is
inextricably linked to the integrity of the HPFP cam follower. The shift from the flat-tappet design in
later engine generations is a testament to the inherent flaws of the EA113's original configuration.
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However, with modern lubricants, revised camshaft metallurgy, and a disciplined maintenance
regimen, the risks associated with the cam follower can be successfully mitigated.

The data clearly indicates that proactive replacement is the only viable strategy for owners of these
vehicles. By treating the cam follower as a consumable service item-much like spark plugs or air
filters-the catastrophic risks of camshaft scoring and metal contamination are eliminated. Technical
precision in diagnosis, coupled with a deep understanding of the tribological forces at play, ensures
that the EA113 continues to deliver the performance it was engineered for without the looming
threat of mechanical failure.

Ultimately, the cam follower defect is an engineering challenge that can be managed through
education and consistent mechanical oversight. For the senior technician or the dedicated owner,
the message is clear: the small, black-coated disc is the guardian of the engine's upper assembly,
and its health is paramount to the vehicle's operational lifespan.
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