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The evolution of internal combustion engines over the last two decades has been defined by the philosophy of
"downsizing"—reducing engine displacement while maintaining or increasing power output through forced induction
and direct injection. A hallmark of this era is the Volkswagen 1.4L 90kW TSI Engine, a powerplant that effectively
bridged the gap between traditional naturally aspirated engines and high-performance multi-charged systems.
Introduced as a successor to the 1.6L 85kW FSI engine, the 1.4L TSI (often referred to by its Self-Study Program
designation, SSP 405) represents a significant leap in thermal efficiency, torque delivery, and mechanical
refinement.

The Paradigm Shift: From FSI to TSI Single-Charging

The 1.4L 90kW TSI engine serves as an entry point into the world of turbocharged direct injection for the
Volkswagen Group. Unlike its more complex predecessor, the 1.4L 125kW twin-charger engine which utilized both

a supercharger and a turbocharger, the 90kW variant focuses on single-chargingvia a sophisticated exhaust-gas
turbocharger. The primary engineering goal was to achieve higher torque at lower engine speeds while significantly
reducing fuel consumption and CO2 emissions.

By replacing the 1.6L FSI engine, Volkswagen was able to offer a 30% increase in torque while maintaining a
smaller footprint. The technical jump is quantified in the transition from the 1.6L's 155 Nm of torque to the 1.4L

TSI's 200 Nm, which is available at a remarkably low 1,500 RPM. This shift is not merely about power; it is about
the Brake Mean Effective Pressure (BMEP), which is substantially higher in the TSI unit, allowing for better
efficiency across the entire rev range.

Core Technical Specifications and Metrics

To understand the engineering merit of the 1.4L 90kW TSI, one must first look at the raw data and physical
architecture. Below is a comparative analysis of the 1.4L TSI against its direct predecessor, the 1.6L FSI.



Feature

Engine Code

Displacement

Maximum Power

Maximum Torque

Valves per Cylinder

Compression Ratio

Fuel Management

Charging System

1.6L FSI (85kW)

BLF

1598 cc

85 kW at 6000 RPM

155 Nm at 4000 RPM

12.0:1

Direct Injection (FSI)

Naturally Aspirated

1.4L TSI (90kW) - SSP 405

CAXA

1390 cc

90 kW at 5000-5500 RPM

200 Nm at 1500-4000 RPM

10.0:1

Direct Injection (TSI) - MED 17.5.1

Turbocharger with Wastegate

Mechanical Architecture: Cylinder Block and Crankshaft

The engine block of the 1.4L 90kW TSI is constructed from grey cast iron (GJL-250). While modern trends
sometimes lean toward aluminum, the choice of cast iron provides the structural rigidity necessary to handle the
increased cylinder pressures (BMEP) inherent in a turbocharged environment. The block utilizes an open-deck
construction, which optimizes cooling around the upper part of the cylinders—the area of highest thermal stress.

Crankshaft and Piston Assembly

The forged steel crankshaft is supported by five main bearings. To minimize friction, the diameters of the main
bearings were reduced compared to earlier 1.4L iterations. The pistons themselves are a masterpiece of functional
design, featuring a specialized crown geometry designed to promote a homogeneous fuel-air mixture. Unlike the
FSI engines that relied on stratified charge modes, the 90kW TSI operates primarily in homogeneous mode,
which simplifies the exhaust after-treatment system and improves reliability.

¢ Piston Cooling: Oil spray nozzles are integrated into the block to cool the piston crowns, ensuring longevity
during high-load, high-temperature operations.

 Friction Reduction: The piston rings are optimized for low tension to reduce parasitic losses, a critical factor in
achieving the engine's efficiency targets.

The Cylinder Head and Valve Train

The cylinder head is cast from an aluminum alloy and houses dual overhead camshafts (DOHC). A defining feature
of the SSP 405 engine is the timing chain drive. Moving away from the rubber timing belts used in previous
generations, the chain drive is designed for the life of the engine, reducing maintenance requirements. However,
the chain system utilizes a sophisticated hydraulic tensioner that relies on oil pressure to maintain optimal tension.

Variable Valve Timing (VVT)

On the intake side, the engine features a vane-type variable valve timingsystem. This allows for an adjustment
range of up to 40 degrees of crankshaft angle. By adjusting the intake timing, the engine management system can
optimize the "scavenging" effect, improve low-end torque, and reduce NOx emissions by implementing internal



exhaust gas recirculation (EGR).
The Single-Charging System: Turbocharger Engineering

The heart of the 90kW TSI is its turbocharger, which is integrated directly into the exhaust manifold to form a single
module. This design reduces the distance the exhaust gases must travel, thereby minimizing heat loss and
improving the transient response (reducing turbo lag).

Wastegate Regulation

Boost pressure is controlled via a vacuum-actuated wastegate. The Engine Control Unit (ECU), an advanced
Bosch MED 17.5.1 system, manages the boost pressure by controlling the Solenoid Valve for Charge Pressure
Control (N75). Under full load, the absolute boost pressure reaches approximately 1.8 bar. By bypassing exhaust
gases around the turbine when the desired boost is reached, the system prevents over-boost and protects the
mechanical integrity of the engine.

Charge Air Cooling (Intercooling)

One of the most innovative aspects of the SSP 405 engine is its water-to-air intercooler. Traditionally,
turbocharged cars use air-to-air intercoolers mounted at the front of the vehicle. In the 1.4L 90kW TSI, the
intercooler is integrated directly into the intake manifold. This provides several advantages:Reduced Volume: The
volume of the intake system is significantly reduced, leading to a much faster build-up of charge pressure.Thermal
Efficiency: The cooling medium is the engine's coolant (via a separate low-temperature circuit), providing more
consistent intake air temperatures regardless of vehicle speed.Packaging:The compact design allows for a
smaller engine bay footprint.

The Fuel Injection System: TSI Technology

TSI (Turbocharged Stratified Injection) in the 90kW variant utilizes high-pressure direct injection. The fuel is
injected directly into the combustion chamber at pressures ranging from 30 bar to 150 bar, depending on the
engine load and speed. This is made possible by a high-pressure pump driven by a four-fold cam on the intake
camshatft.

Injection Strategies

1. High-Pressure Start: To ensure a clean and rapid start, the engine utilizes a high-pressure injection strategy
even during the cranking phase.

2. Double Injection (Catalyst Heating): Immediately following a cold start, the ECU performs two injections per
power stroke. The second injection occurs late in the compression stroke, retarding the ignition timing to increase
exhaust gas temperature and quickly bring the catalytic converter to operating temperature.

3. Homogeneous Mode: In all standard operating conditions, the engine runs on a Lambda 1.0 mixture,
ensuring the best balance between performance and emissions.

Advanced Cooling System Architecture

The 1.4L 90kW TSI employs a dual-circuit cooling system. This allows for different temperatures in the cylinder
block and the cylinder head, which is essential for thermal efficiency and engine longevity.Primary Cooling Circuits



Circuit Components Target Temperature Purpose

High-Temperature Cylinder Block, Head, Approx. 80°C - 105°C Maintain mechanical
Cabin Heater efficiency and provide
cabin heat.
Low-Temperature Intercooler, Turbocharger Variable (lower than HT) Cool the intake charge air
Housing and protect the
turbocharger bearings after
shutdown.

An electric coolant recirculation pump (V50)is used in the low-temperature circuit. This pump continues to run
after the engine is switched off, preventing the oil in the turbocharger bearings from carbonizing (coking) due to
heat soak—a common failure point in older turbocharged engines.

Engine Management and Sensor Logic

The Bosch MED 17.5.1 engine management system is the "brain" of the SSP 405. It processes inputs from a
variety of sensors to determine the optimal ignition timing, fuel injection quantity, and boost pressure. Key sensors
include:Manifold Absolute Pressure (MAP) Sensors: There are two MAP sensors—one before the throttle valve
and one in the intake manifold after the intercooler. By comparing these values, the ECU can precisely calculate

the efficiency of the intercooler and the actual mass of air entering the cylinders.Knock Sensor: Given the 10.0:1
compression ratio and turbocharging, the engine is susceptible to pre-detonation (knock). The knock sensor allows
the ECU to retard timing on a per-cylinder basis.Lambda Probes:A wide-band oxygen sensor before the catalytic
converter and a step-type sensor after it ensure that the air-fuel ratio remains at the stoichiometric point (Lambda
1) for optimal catalyst efficiency.

Maintenance, Reliability, and Troubleshooting

While the 1.4L 90kW TSI is a robust engine, its technical complexity requires strict adherence to maintenance
protocols. Below are common areas of concern and technical solutions for technicians and owners.

1.Timing Chain Wear

The hydraulic tensioner relies on oil pressure. If oil changes are neglected or low-quality oil is used, the tensioner
may fail to maintain pressure during start-up, leading to chain rattle or, in extreme cases, the chain skipping a tooth.
Solution:Use only VW-spec 504.00/507.00 synthetic oil and replace the chain and tensioner if any rattle is
detected during a cold start.

2. Carbon Buildup on Intake Valves

Because fuel is injected directly into the cylinder, it does not wash over the intake valves. Over time, oil vapors from
the crankcase ventilation system can bake onto the valves. Solution:Professional ~ carbon  cleaning  (walnut
blasting) is recommended every 60,000 to 80,000 miles to maintain airflow and performance.

3. Turbocharger Actuator Malfunction

The wastegate actuator can sometimes stick due to heat cycles or corrosion. Solution:Regular inspection of the
vacuum lines and ensuring the actuator arm moves freely can prevent boost-related fault codes (e.g., P0299
Underboost).



The Future and Legacy of the 90kW TSI

The 1.4L 90kW TSI engine described in SSP 405 laid the groundwork for the modern "EA211" engine family. It
proved that a small displacement engine could provide the driveability and refinement of a much larger naturally
aspirated unit. By integrating the intercooler into the manifold and utilizing a single-charger setup, Volkswagen
optimized the TSI formula for the mass market, balancing cost, complexity, and performance.

The engineering principles found in this engine—split cooling, integrated exhaust manifolds, and high-pressure
direct injection—remain the standard for the industry today. For technicians, understanding the SSP 405 is
essential for diagnosing the millions of vehicles globally that utilize this platform, ranging from the VW Golf and
Jetta to various Audi, SEAT, and Skoda models. As the automotive world moves toward hybridization, the 1.4L TSI
continues to serve as an excellent thermal base for Plug-in Hybrid Electric Vehicles (PHEVS), proving that its core
design is both timeless and highly adaptable.
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