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In the sophisticated architecture of modern internal combustion engines, the Camshaft Position Sensor (CMP)
stands as a critical component in the engine management ecosystem. For the Audi TT—a vehicle celebrated for its
performance-oriented engineering across the Mkl (8N), Mk2 (8J), and Mk3 (8S) generations—the CMP sensor
plays a pivotal role in ensuring that fuel injection and ignition timing are synchronized with surgical precision. This
article provides an exhaustive technical analysis of the Audi TT's camshaft sensing systems, detailing the
underlying Hall effect physics, diagnostic methodologies, and systematic replacement procedures essential for
automotive technicians and dedicated enthusiasts.

1.The Theoretical Framework: How Camshaft Sensing Drives Performance

The primary function of the Camshaft Position Sensor is to provide the Engine Control Unit (ECU) with the exact
angular position of the camshaft relative to the crankshaft. In Audi’s turbocharged engines, such as the 1.8T and
the 2.0T FSI/TESI, this data is used to determine which cylinder is on its compression stroke. Without this
information, the ECU cannot effectively manage Sequential Fuel Injection or individual cylinder ignition timing.

The Hall Effect Principle

Most Audi TT models utilize a Hall Effect sensor. Unlike older inductive sensors that produce an analog AC signal,
a Hall effect sensor generates a digital square-wave signal. Inside the sensor, a semiconductor material carries a
constant current. As a reluctor wheel (a disc with specific notches or teeth) attached to the camshaft rotates past
the sensor, it interrupts the magnetic field. This fluctuation creates a voltage difference known as the Hall voltage.
The integrated circuit within the sensor converts this into a high/low (on/off) signal that the ECU interprets as the
G40 signal (Audi’s internal designation for the CMP sensor).

Synchronization and the 2:1 Ratio

In a four-stroke engine, the crankshaft rotates twice for every single rotation of the camshaft. To achieve precise
engine mapping, the ECU must correlate the CMP signal with the Crankshaft Position Sensor (G28)signal. If
these signals drift out of a predetermined tolerance—often due to timing belt/chain stretch or sensor degradation—
the engine will enter a “limp home” mode to prevent catastrophic valve-to-piston contact.

2. Technical Comparison: Audi TT Sensor Variants

Depending on the specific engine code (e.g., BAM, AWP, BWA, or CCTA), the physical design and electrical
characteristics of the sensor may vary. Below is a comparative analysis of the sensors typically found in the Audi TT
lineage.



Feature

Sensor Type

Common Part #

Voltage Supply

Signal Type

VVT Integration

Audi TT MKk1 (1.8T)

Hall Effect (Active)

058905161B

5V or 12V (Model

dependent)

Digital Square Wave

Basic / On-Off

Audi TT Mk2 (2.0T/3.2L)

Hall Effect (High

Frequency)

06C905163B / 07L905163

Steady 5V Reference

Digital Square Wave

Continuous Phase
Adjustment

Technical Significance

Affects signal resolution at
high RPM.

Fitment and connector
keying.

Diagnostic threshold for
ECU.

Requires oscilloscope for
true validation.

CMP data drives the N205
solenoid.

3. Symptomology and Diagnostic Failure Modes

A failing camshaft sensor rarely fails catastrophically without warning. Instead, it typically manifests through
intermittent electrical “noise” or thermal sensitivity. ldentifying these signs early is crucial for maintaining engine
longevity.

e Extended Cranking (Hard Start): When the ECU does not receive a clear G40 signal during startup, it may
revert to a backup strategy, utilizing the crankshaft sensor alone. This results in 3-5 seconds of cranking before the
engine fires.

¢ Sudden Engine Stalling: Heat soak is a common enemy of Hall effect sensors. As the sensor internal circuitry
reaches high temperatures, the signal may drop out entirely, causing the engine to stall at stoplights.

¢ Reduced Power and Limp Mode: If the ECU cannot verify camshaft timing, it will retard ignition timing and
limit turbo boost (on 1.8T/2.0T models) to protect the engine, resulting in a noticeable loss of torque.

» Diagnostic Trouble Codes (DTCs): Common codes include P0340 (Circuit Malfunction), P0341 (Range/
Performance), and P0343 (Signal Too High).

4. Advanced Diagnostic Workflow

Before replacing the sensor based solely on a fault code, a professional technician performs a multi-stage
diagnostic check. This ensures the issue isn't related to the wiring harness or the ECU itself.

Step 1: Visual Inspection and Connector Integrity

Audi engine bays are subject to significant thermal cycling. Check the three-pin connector for signs of oil intrusion
(common if the valve cover gasket is leaking) or terminal corrosion. Ensure the wiring loom isn't brittle or cracked.

Step 2: Multimeter Testing (Voltage Check)

1. Set the multimeter to DC Voltage.

2. With the ignition ON, back-probe the harness connector.

3. Verify the Reference Voltage (usually 5V) and the Ground.

4. If reference voltage is missing, the issue lies in the ECU or the wiring harness rather than the sensor.

Step 3: Oscilloscope Analysis
The gold standard for CMP diagnosis is the use of a digital storage oscilloscope (DSO). By tapping into the signal



wire while the engine is running, a technician should see a clean, consistent square wave. “Rounding” of the
corners of the square wave or vertical dropouts indicate a failing internal transistor within the Hall sensor.

5. Step-by-Step Replacement Guide: Audi TT 2.0T (Mk2)

While the procedure varies slightly between the 1.8T and the 2.0T engines, the following guide focuses on the
EA888 and EA113 enginesfound in the 2009-era Audi TT, as these are the most common subjects of DIY
maintenance.

Tools Required

e T30 Torx Driver or 10mm Socket (depending on bolt type).
¢ Small flat-head screwdriver (for connector tabs).

¢ Clean shop rag and parts cleaner.

¢ Replacement O-ring (if not included with the new sensor).

The Procedure

1. Preparation: Ensure the engine is cool to the touch. Disconnect the negative battery terminal to reset the
ECU's adaptive values and prevent short circuits.

2. Locate the Sensor: On the 2.0T engine, the CMP sensor is typically located on the side of the cylinder head,
near the upper timing cover or adjacent to the vacuum pump.

3. Disconnect the Harness: Gently press the locking tab on the electrical connector and pull it away. Do not pull
on the wires themselves.

4. Remove the Fastener: Using the T30 Torx or 10mm socket, remove the single retaining bolt. Keep this bolt
safe as it is often specialized.

5. Extract the Sensor: Gently twist and pull the sensor out of its bore. Be careful not to drop any debris into the
engine.

6. Installation: Lubricate the O-ring on the new sensor with a drop of clean engine oil. Insert it into the bore,
ensuring it sits flush.

7. Finalize: Reinstall the retaining bolt and torque to approximately 10 Nm. Over-tightening can crack the plastic
sensor housing. Reconnect the electrical harness and the battery.

6. Troubleshooting Logic and Case Studies

In some instances, replacing the sensor does not clear the fault code. This requires a deeper dive into the
mechanical state of the engine.

Case Study A: The "Ghost" P0341 Code

A 2009 Audi TT Quattro presented with a recurring P0341 code despite a new OEM sensor. Investigation: An
oscilloscope revealed that the CMP signal was perfectly healthy, but it was slightly out of phase with the Crankshaft
(G28) signal. Solution:Further inspection of the timing chain tensioner revealed it had failed, allowing the chain to
skip one tooth. The sensor was correctly reporting an out-of-sync condition; it was not the cause of the failure.

Case Study B: Thermal Intermittency

An Audi TT MKk1 (1.8T) would run perfectly for 20 minutes and then stall, refusing to restart until cool. Investigation:
Using a heat gun on the CMP sensor while monitoring the signal showed that at 180°F, the internal circuit would
open. Solution: Replacement of the sensor with a high-quality unit solved the intermittent stalling.



DTC Code Description Primary Culprit

P0340 Camshaft Position Sensor Circuit Wiring harness break or failed ECU
Malfunction driver.

P0341 Camshaft Position Sensor Range/ Timing belt/chain stretch or dirty
Performance reluctor wheel.

P0342 Camshaft Position Sensor Circuit Low Short to ground or failed sensor.
Input

P0343 Camshaft Position Sensor Circuit Open circuit or short to voltage.
High Input

7. Engineering Best Practices for Longevity

To maximize the lifespan of an Audi TT camshaft sensor, several environmental and mechanical factors must be
addressed:

Thermal Management

The CMP sensor is located in one of the hottest areas of the engine bay. Ensuring that engine heat shields are
intact and that the cooling system (including the after-run coolant pump) is functioning correctly prevents the
premature “cooking” of the sensor’s internal electronics.

Oil Quality and Sludge Prevention

Since the sensor “reads” the reluctor wheel through a thin film of oil, excessive carbon buildup or oil sludge can
interfere with the magnetic field. Adhering to a 5,000-mile oil change interval with VW 502.00/505.00certified
synthetic oils is the best defense against sensor-related signal noise.

Component Selection

Modern Audis are highly sensitive to electrical resistance. Using “cheap” after-market sensors often leads to “Signal
Implausible” errors. Always prioritize OE Supplierssuch as Bosch, Hella, or Valeo. As noted in technical data
(06C905163B), these parts are engineered to withstand the specific vibration and thermal frequencies of the Audi
4-cylinder and VR6 engines.

The Camshaft Position Sensor in the Audi TT is a masterclass in how small, seemingly simple components can
dictate the entire operational efficiency of a high-performance engine. From the Hall effect mathematics that govern
its signal to the mechanical precision of its installation, every detail matters. By understanding the diagnostic
nuances—distinguishing between an electrical sensor failure and a mechanical timing issue—technicians can
ensure the Audi TT remains a pinnacle of driving dynamics. Whether addressing a Mkl classic or a Mk2 daily
driver, a methodical approach to CMP sensor maintenance is the cornerstone of Audi engine reliability.
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