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In the ecosystem of modern automotive engineering, specifically within the Volkswagen Group (VAG) A4 platform 

(commonly known as the Mk4 Golf, Jetta, Bora, and New Beetle), the precision of rotational data is paramount. The 

Engine Control Unit (ECU) relies on a constant stream of high-frequency data to manage ignition timing, fuel 

injection pulses, and transmission shift points. Two primary sensors facilitate this: the Engine Speed Sensor (G28)

, often referred to as the Crankshaft Position Sensor, and the Vehicle Speed Sensor (VSS/G22). While their

names are linguistically similar, their mechanical functions, electrical signatures, and failure modes are distinct and

critical to understand for any technician or dedicated enthusiast.

The Theoretical Framework of Rotational Sensing

To understand why these sensors fail and how to replace them, one must first grasp the physics of their operation. 

Most speed sensors in the 1998–2005 Volkswagen era utilize either Variable Reluctance (VR) or Hall Effect

technology. The G28 Engine Speed Sensor typically functions as an inductive sensor (VR). It consists of a

permanent magnet wrapped in a wire coil. As the teeth of the reluctor wheel (the 60-2 tooth pulse wheel attached

to the crankshaft) pass the sensor, they disturb the magnetic field, inducing an alternating current (AC) voltage. The

frequency and amplitude of this AC signal increase proportionally with engine RPM.

Conversely, the Vehicle Speed Sensor (VSS) often employs the Hall Effect. This involves a semiconductor through 

which a current is passed. When a magnetic field (from a rotating gear inside the transmission) moves 

perpendicular to the current, it creates a voltage difference (the Hall voltage). Unlike the VR sensor, Hall sensors 

produce a digital Square Wavesignal. The ECU translates these pulses into a readable speed for the speedometer

and odometer.

Mathematical Logic of Signal Processing

The ECU calculates the engine speed (RPM) using the following simplified frequency-to-RPM conversion formula:

RPM = (f * 60) / P

Where: f: The frequency of the signal in Hertz (pulses per second).60: Seconds per minute.P:The number of

pulses per revolution (for a 60-2 wheel, the ECU counts 58 pulses and uses the 2-tooth gap as a synchronization

reference for Top Dead Center).

The Engine Speed Sensor (G28): Location and Functionality

The G28 Engine Speed Sensoris arguably the most vital sensor in the Volkswagen Mk4 1.8T, 2.0L, and VR6

engines. Without a signal from this sensor, the ECU cannot determine the crankshaft's position, resulting in a "no-

start" condition or an immediate engine stall. It is the primary reference for spark and fuel timing.

Technical Location Breakdown

Locating the G28 can be challenging due to its proximity to the cooling system and oil filtration components. On the 



2.0L (AEG, AVH, AZG) and 1.8T (AWM, AWP, BEW) engines, the sensor is situated on the front side of the engine 

block, specifically toward the transmission bell housing. It is positioned near the oil filter housing, often tucked 

behind the cooling fan shroud or lower radiator hose. It is secured by a single 10mm hex-head boltor a 5mm Allen

bolt depending on the specific revision.

Symptoms of G28 Failure

•  Intermittent Stalling: The engine may die suddenly while driving, often when the sensor gets hot (thermal 

failure of the internal copper windings).

•  No-Start Condition: The starter motor cranks the engine, but the ECU does not trigger spark or fuel because it 

perceives the engine as stationary.

•  EPC Light (Electronic Power Control): The dashboard illuminates the EPC light, often accompanied by a 

reduced RPM limit (limp mode).

•  Diagnostic Trouble Codes (DTCs): Common codes include P0321 (Ignition/Distributor Engine Speed Input 

Circuit Range/Performance) and P0322 (No Signal).

The Vehicle Speed Sensor (VSS/G22): Speedometer and Transmission Logic

The Vehicle Speed Sensor (VSS), or G22, serves a different master. While the G28 tells the engine how fast it is

spinning, the VSS tells the car how fast it is moving across the ground. This signal is sent to the Instrument Cluster

for the speedometer and to the ECU for cruise control, fuel mapping during coasting, and automatic transmission

shift points.

Technical Location and Access

On the Mk4 manual (02J/02M) and automatic (01M) transmissions, the VSS is located at the rear of the 

transmission housing, positioned directly above the driver’s side (left) drive axle output flange. It is mounted

vertically into the transmission case. On many models, a small heat shield or protective foil wrap covers the sensor

to protect it from exhaust heat. Accessing it usually requires removing the air intake box or reaching down from the

top of the engine bay behind the shift linkage.



Feature Engine Speed Sensor (G28) Vehicle Speed Sensor (VSS/G22)

Primary Function Crankshaft position and RPM Vehicle road speed and distance

Location Engine block near oil filter Top of transmission differential

Signal Type Analog (AC Sine Wave) Digital (Square Wave)

Criticality Essential for engine operation Non-essential for running, vital for 
gauges

Connector 3-pin (Grey usually) 3-pin (Black or Blue)

Failure Mode Stalling, No-start Dead Speedometer, erratic fuel gauge

Technical Replacement Procedure: Step-by-Step Field Guide

Replacing these sensors requires precision and the correct toolset. Because these components are located in high-

heat environments, plastic connectors often become brittle, requiring a delicate touch.

Required Tools

•  10mm shallow and deep sockets.

•  5mm and 6mm Allen/Hex bits.

•  Long 1/4" drive extensions.

•  Small flat-head screwdriver (for connector tabs).

•  Electrical contact cleaner.

•  High-temperature anti-seize (optional for the mounting bolt).

G28 Replacement Steps (2.0L & 1.8T)

1.  Preparation: Disconnect the negative battery terminal. Elevate the front of the vehicle using jack stands for 

better access to the lower block area.

2.  Locating the Connector: Look for a Grey 3-pin connector located near the dipstick tube or under the intake 

manifold bridge. This is the junction where the sensor harness meets the main engine loom.

3.  Unplugging: Release the metal retaining clip or plastic tab and disconnect the sensor. Trace the wire down to 

the engine block.

4.  Removing the Sensor: Using a 10mm socket or 5mm Allen key, remove the single mounting bolt. The sensor 

may be stuck due to an O-ring seal; gently wiggle it until it pops out.

5.  Cleaning: Use a clean lint-free cloth to wipe the mounting hole. Ensure the old O-ring was removed with the 

old sensor.

6.  Installation: Lubricate the new O-ring with a drop of engine oil. Insert the sensor, torque the bolt to 10 Nm (7 

ft-lb), and reconnect the wiring.

VSS Replacement Steps (Mk4 Manual/Auto)

1.  Access: For the best visibility, remove the air cleaner assembly. This reveals the top of the transmission.

2.  Heat Shielding: If equipped, pull back the silver heat shield blanket located above the differential area.

3.  Sensor Removal: The VSS consists of two parts: the electronic sensor and the drive gear (pinion). Usually, 

you only need to replace the electronic top. Squeeze the sides of the connector to remove the plug.

4.  Unscrewing: The sensor often screws onto a threaded base. Turn it counter-clockwise to remove. If it is the 

bolt-in type, use a 10mm socket.



5.  Inspection: Check the plastic drive gear inside the transmission. If it is stripped, the speedometer will not 

work even with a new sensor.

6.  Reinstallation: Hand-thread the new sensor to avoid cross-threading the plastic housing. Reconnect and test.

Case Study: The "Ghost" Stalling Issue in 2003 VW Bora/Jetta

A common diagnostic challenge involves a 2003 VW Jetta 1.8T that stalls only after 20 minutes of driving and

refuses to restart until the engine has cooled for an hour. In this scenario, standard OBD-II scanners may not

initially show a code because the sensor fails intermittently. 

Analysis:As the G28 sensor ages, the internal insulation of the fine copper wire breaks down. Under thermal

expansion (engine reaching operating temperature), the circuit opens (infinite resistance), cutting the RPM signal.

Once the engine cools, the wire contracts, the circuit closes, and the car starts again. 

Solution: Monitoring Measuring Block 001in VCDS (Ross-Tech) during cranking is the definitive test. If the RPM

field stays at 0 while the engine is physically turning, the G28 is the culprit. Replacing the sensor with an OEM-

grade (Bosch or Hella) component is the only permanent fix, as cheap aftermarket sensors often have incorrect

impedance values that cause signal "noise."

Advanced Troubleshooting: Harness Integrity and Interference

Sometimes, replacing the sensor does not fix the issue. This leads us to the Wiring Harness Analysis. The G28

sensor uses a shielded cable to prevent electromagnetic interference (EMI) from the spark plug wires and

alternator. 

Testing the Connector Pins

With a multimeter set to Volts (DC), check the harness side connector with the ignition ON:

•  Pin 1 to Pin 2: Should show approximately 5V or 12V reference (depending on the ECU version).

•  Pin 3: This is the shield ground. It should have continuity to the engine block or battery negative.

If there is continuity between Pin 1 and Pin 3, the harness is shorted, likely due to heat-soak causing the insulation

to crumble inside the loom. This is a common failure point in Mk4 Volkswagens that have exceeded 150,000 miles.

The Speedometer/Fuel Gauge Correlation

An interesting technical quirk of the Mk4 platform is the relationship between the VSS and the fuel gauge. Users 

often report that when their speedometer stops working, the fuel gauge needles swing wildlyduring cornering.

This is not a fuel sender issue. The Instrument Cluster uses the VSS signal to dampen the fuel level reading.

Without a speed signal, the cluster does not know the car is moving and fails to apply the software-based

dampening logic, causing the needle to react to every splash of fuel in the tank.

Summary of Broader Implications

The reliability of the Volkswagen Mk4 platform is heavily dependent on the integrity of its electrical sensors. The

Engine Speed Sensor (G28) and Vehicle Speed Sensor (VSS) represent the bridge between mechanical rotation

and digital management. Proper maintenance involves not only replacing these components when they fail but also

ensuring that the associated wiring harnesses are protected from oil contamination and excessive heat. 

Technicians should prioritize OEM-specification sensorsbecause the Motronic ECU is highly sensitive to signal

amplitude. A deviation of just a few millivolts can result in erratic idling, poor fuel economy, or "hard start"



conditions. By following the precise location diagrams and procedural steps outlined in this guide, owners can

maintain the operational efficiency of their vehicles, ensuring that the critical data pathways of the engine and

transmission remain clear and accurate for the lifespan of the vehicle.
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