AUTOMOTIVE ENGINEERING

A Technical Deep Dive into the Volkswagen 1.9L TDI AFN
Engine: Engineering, Optimization, and Legacy

Published: June 13, 2026 | Index ID: #4

The Volkswagen Group (VAG) 1.9-liter diesel engine family is widely regarded as one of the most significant
powerplants in automotive history. Among the various iterations, the AFN engine codestands out as a high-water
mark for the first generation of Turbocharged Direct Injection (TDI) technology. Produced between 1996 and 2000,
the AFN was the first 1.9L TDI to achieve a factory rating of 110 brake horsepower (bhp), a feat made possible by
the integration of Variable Nozzle Turbine (VNT) technology and advanced electronic fuel management.

For automotive engineers, technicians, and enthusiasts, understanding the AFN requires a comprehensive look at
its mechanical architecture, its evolution from the earlier Indirect Injection (IDI) engines like the AAZ, and its
relationship to other TDI codes such as the 1Z and AHU. This article provides a rigorous technical analysis of the
1.9L AFN engine, covering identification, engineering principles, performance optimization, and common
maintenance protocols.

The Evolution of VAG Diesel: From IDI to TDI

Before the dominance of the TDI, Volkswagen relied heavily on Indirect Injection (IDl)technology. Engines such
as the 1.9L AAZ used a pre-chamber design where fuel was injected into a small chamber before entering the main
cylinder. While robust, IDI engines suffered from thermal inefficiencies and lower power-to-weight ratios.

The transition to Direct Injection (Dl)marked a paradigm shift. By injecting fuel directly into the combustion
chamber (typically into a 'bowl' in the piston crown), VAG reduced heat loss through the cylinder head and
significantly improved fuel atomization. The 1Z and AHU engines were the early pioneers of this in the 90hp
bracket. The AFN took this a step further by introducing more sophisticated boost control and fueling maps to reach
the 110hp (81kW) threshold.

Key Technical Specifications: AFN vs. Contemporaries

To understand where the AFN sits in the hierarchy, we must compare it with its predecessor (AAZ) and its sibling
(AHU). The following table illustrates the core mechanical and performance metrics.



Engine Code Injection Type Turbocharger Power Output Torque Compression

Type Ratio
AAZ IDI (Indirect) Wastegate 55 kW (75 hp) 150 Nm 22.5:1
(Fixed)
17 / AHU TDI (Direct) Wastegate 66 kW (90 hp) 202 Nm 19.5:1
(Fixed)
AFN / AVG TDI (Direct) VNT (Variable) 81 kW (110 hp) 235 Nm 19.5:1
BKD Pumpe Duse VNT (Electronic) 103 kW (140 hp) 320 Nm 18.0:1

(PD)

Engine Identification and Serial Number Location

Accurate identification is critical when sourcing parts or performing ECU remapping. In the VAG ecosystem, engine
codes are typically three letters (e.g., AFN, AHU). For the 1.9L diesel series, there are several locations where this
information can be found:

* The Cylinder Block: The engine number, consisting of the code letters and a serial number, is stamped into
the block. On the AFN and AHU, this is typically located between the injection pump and the vacuum pump
(exhauster).

* The Timing Belt Cover: A sticker is often placed on the plastic shroud covering the timing belt. This sticker
contains the engine code, production date, and serial number.

¢ The Vehicle Data Sticker: Found in the spare wheel well of the trunk or inside the original service booklet, this
sticker lists the engine and transmission codes (e.g., AFN engine paired with a CYP or DHF gearbox).

The Variable Nozzle Turbine (VNT) Revolution

The defining characteristic of the AFN engine, compared to the 90hp AHU, is the Garrett VNT15 turbocharger.
Traditional wastegate turbochargers, like those on the 1Z engine, bypass exhaust gas once a certain pressure is
reached. This is a binary system that limits boost efficiency at low RPMs.

The VNT system uses a set of movable vanes inside the turbine housing. At low engine speeds, these vanes close,
narrowing the path for exhaust gases. This increases the gas velocity, allowing the turbo to spool up much faster
and eliminate "turbo lag." At higher speeds, the vanes open to prevent over-speeding the turbine and to optimize
exhaust flow. This mechanical flexibility allows the AFN to maintain a flatter torque curve and higher peak power
than its fixed-geometry counterparts.

The N75 Valve and Boost Control

The operation of the VNT vanes is controlled by the N75 Solenoid Valve. The ECU sends a Pulse Width
Modulation (PWM) signal to the N75, which then regulates the vacuum sent to the turbocharger's actuator. A
common failure point in AFN engines is the "limp mode" caused by sticking VNT vanes or a failing N75 valve. When
the vanes get soot-clogged, they cannot move to the open position, leading to an over-boost condition that triggers
the ECU to cut power to protect the engine.

Fueling and Injection Mechanics: The VP37 Pump



The AFN utilizes the Bosch VP37 (Verteilerpumpe)electronic distributor injection pump. Unlike the later Pumpe
Dise (PD) engines which used individual unit injectors, the VP37 uses a single high-pressure plunger to distribute
fuel to all four cylinders via mechanical injectors.

The VP37 is a masterpiece of 1990s engineering, combining mechanical durability with electronic precision. Key
components include:

1. Quantity Adjuster (QA): An electromagnetic actuator that controls the amount of fuel injected by moving a
collar on the high-pressure plunger.

2. Start of Injection (SOI) Solenoid: A valve located at the bottom of the pump that shifts the internal timing ring
to advance or retard the injection timing relative to the crankshaft position.

3. Fuel Temperature Sensor: Integrated into the pump top cover, allowing the ECU to adjust fueling density
based on temperature.

Optimization and ECU Remapping: The SOl Table

For those looking to tune the Audi A4 B5 or Golf Il equipped with an AFN, the Start of Injection (SOI) tableis the
most critical map in the Bosch EDC15 ECU. The SOI determines when the fuel is introduced into the cylinder
relative to Top Dead Center (TDC).

Advanced tuners often analyze multiple original equipment manufacturer (OEM) tables to find the optimal balance
between peak cylinder pressure and emissions. Increasing the SOI (advancing the timing) can improve fuel
economy and power but increases NOx emissions and mechanical stress on the head gasket. Conversely,
retarding the timing reduces noise and NOx but increases Exhaust Gas Temperatures (EGTS).

Calculating Injection Duration

The total fuel delivered is a function of the Pump Voltage Map and the Duration Map. To increase power from
110hp to roughly 140hp with stock hardware, tuners typically increase the "1Q" (Injected Quantity) by adjusting the
pump voltage. However, the physical limit is often reached by the nozzle size. Upgrading from the stock .205mm
nozzles to .216mm (from the Transporter T4 AHY engine) or .230mm nozzles is a common hardware modification
for the AFN platform.

Practical Maintenance: Keeping the AFN Alive

Despite their reputation for "bulletproof" reliability, AFN engines require specific maintenance to reach the 500,000
km mark. The following checklist outlines the essential service items:

e Timing Belt (Cambelt) Intervals: Must be replaced every 90,000 km (60,000 miles). A failure here is
catastrophic as the AFN is an interference engine. Always replace the tensioner and idler rollers simultaneously.
e Harmonic Balancer (Crankshaft Pulley): The 1.9 TDI is known for crankshaft pulley wobble. If the rubber

dampener fails, it can cause the timing belt to skip.
¢ Vacuum System Integrity: The AFN relies heavily on vacuum for both the brake booster and the VNT turbo
control. Brittle vacuum lines are the leading cause of power loss.

Case Study: Troubleshooting "Limp Mode" on an Audi A4 AFN

Consider a scenario where an Audi A4 B5 1.9 TDI AFN loses power suddenly while accelerating uphill in 4th gear.
This is the classic "Limp Mode." Using a diagnostic tool like VCDS (VAG-COM), a technician would likely find the
error code: 00575 - Intake Manifold Pressure: Control Difference.



Diagnostic Workflow:

1. Log Group 011: Perform a wide-open throttle run while logging Specified vs. Actual Boost. If Actual Boost
exceeds Specified by more than 200mbar for several seconds, the ECU triggers limp mode.

2. Inspect VNT Actuator: Use a vacuum pump (Mityvac) to see if the actuator rod moves smoothly over its
10-12mm range. If it sticks, the vanes are carbon-fouled.

3. Check N75 Resistance: The solenoid should have an internal resistance of 25-45 ohms. If it is outside this
range, the coil has failed.

4. Examine MAP Sensor: Ensure the Manifold Absolute Pressure (MAP) sensor is reading atmospheric
pressure when the engine is off.

Field Guide: Engine Swaps and Compatibility

The AFN is a popular choice for engine swaps into older vehicles like the Golf Mk2 or the Volkswagen Vanagon
(T3). When performing an AFN swap, the following technical hurdles must be addressed:

1.The Immobilizer (Immo)

The AFN's ECU (usually a plastic or metal-cased MSA15) contains an immobilizer chip. For swaps, the ECU must
be "socketed" and the Immo-off software installed, or the original key and pickup coil must be transferred to the
new chassis.

2.Wiring Harness Integration

The AFN harness is distinct from the earlier 1Z. It includes wiring for the N75 valve, the variable geometry turbo,
and the 80-pin or 68-pin ECU connector. Converting an IDI (AAZ) car to AFN requires a complete swap of the fuse
box (Relay Plate) to the CE2 (Central Electric 2) standard used in later Mk3 Golfs.

3. Cooling and Oil Systems

The AFN produces more heat than the 1Y (atmospheric) or AAZ engines. An upgraded radiator and an external oil
cooler are highly recommended, especially if the engine is tuned for higher boost pressures.

The Broader Implications of the 1.9L Legacy

The engineering breakthroughs found in the AFN—specifically the marriage of VNT technology with electronic
direct injection—Iaid the groundwork for the modern diesel era. It proved that diesel engines could be powerful,
responsive, and relatively clean without sacrificing the legendary fuel economy that made Volkswagen famous.
While the later BKD and other PD/Common Rail engines offered more power, many enthusiasts still prefer the AFN
for its mechanical simplicity and the "tactile” nature of its Bosch VP37 injection system.

Today, the AFN serves as a primary example of durable automotive design. With proper maintenance of the
vacuum system, timing components, and fuel quality, these engines continue to power hundreds of thousands of
vehicles across Europe and beyond, cementing their place as a cornerstone of industrial engineering. Whether you
are optimizing a B5 Audi for daily driving or building a custom EVO Il Golf, the AFN remains the gold standard for
1.9-liter diesel performance.
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