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The BMW N42 engine represents a pivotal moment in automotive engineering, marking the transition from
traditional throttle-based air management to the revolutionary Valvetronictechnology. Introduced in 2001 as a
replacement for the aging M43 series, the N42 is a straight-four DOHC (Double Overhead Camshaft) piston engine
that powered various E46 3 Series models, most notably the 316i and 318i. Understanding the complexities of this
engine requires a deep dive into its unique architecture, which integrates complex variable valve lift systems with
variable valve timing. This comprehensive guide serves as an authoritative resource for engineers, mechanics, and
BMW enthusiasts seeking to master the N42's intricacies.

The Architecture of the BMW N42: An Engineering Overview

The N42 was designed with the primary objective of improving fuel efficiency and reducing emissions without
compromising the driving dynamics synonymous with the BMW brand. Unlike its predecessor, the N42 features an
all-aluminum engine block and a significantly more complex cylinder head. This shift in material science allowed for
better heat dissipation and a reduction in overall vehicle weight, contributing to a better weight distribution in the
E46 chassis.

Core Specifications and Variants

The N42 engine was primarily produced in two displacements: 1.8 liters (N42B18) and 2.0 liters (N42B20). While
they share the same architectural DNA, their performance metrics differ based on bore and stroke configurations.
The N42B20, for instance, utilizes a stroke of 90mm and a bore of 84mm, resulting in a displacement of 1,995cc
and an output of approximately 105 kW (141 hp).



Feature N42B18 Details N42B20 Details

Displacement 1,796 cc 1,995 cc

Bore / Stroke 84 mm /81 mm 84 mm /90 mm

Compression Ratio 10.2:1 10.0:1

Power Output 85 kW (114 hp) @ 5500 rpm 105 kW (141 hp) @ 6000 rpm
Torque 175 Nm @ 3750 rpm 200 Nm @ 3750 rpm

Deciphering the N42 Engine Diagram: Primary Subsystems

When analyzing a BMW N42 engine diagram, one must categorize the components into functional subsystems.
The complexity of the N42 arises from the density of components within the cylinder head area, specifically the
Valvetronic and VANOS hardware. Below is a breakdown of the primary systems identified in technical schematics.

1.The Valvetronic System (Variable Valve Lift)

The N42 was the first production engine to feature BMW's Valvetronic technology. This system replaces the
traditional throttle butterfly for load control, instead varying the intake valve lift to regulate the amount of air entering
the cylinders. In an N42 diagram, this system is characterized by:

¢ Valvetronic Servomotor: A high-speed DC motor mounted atop the cylinder head.

e Eccentric Shaft: Driven by the servomotor, this shaft adjusts the intermediate levers.

 Intermediate Levers: These act as the interface between the camshaft and the roller cam followers.

* Return Springs: High-tension springs that ensure the intermediate levers maintain contact with the eccentric
shaft.

By adjusting the valve lift between 0.3mm and 9.7mm, the N42 eliminates the vacuum-related pumping losses
found in traditional engines, resulting in a significant increase in thermodynamic efficiency, particularly at part-load
conditions.

2. Double VANOS (Variable Valve Timing)

While Valvetronic controls the lift, the Double VANOS system controls the timing(phase) of both the intake and
exhaust camshafts. This is achieved through hydraulic actuators mounted on the front of the camshafts. In technical
diagrams, the VANOS units appear as circular housings at the end of the timing chain path, controlled by two
solenoid valves that direct pressurized engine oil to shift the internal helical gears.

3.The Lubrication and Cooling Circuit

The N42 utilizes a demand-controlled oil pump and a cross-flow cooling system. Critical components in the

diagram include the oil-to-water heat exchanger (oil cooler) and the map-controlled thermostat. The thermostat is
electronically regulated by the DME (Digital Motor Electronics), allowing the engine to run at higher temperatures
(up to 105°C) during cruise conditions for better efficiency, and lower temperatures during high-load scenarios to
prevent knock.

Technical Analysis: The Physics of Valvetronic Load Control



To appreciate the N42, one must understand the mathematical and physical principles governing its air induction. In
a conventional engine, the throttle plate creates a restriction in the intake manifold. When the engine is at low load,
the piston must fight against this vacuum to pull air in—a phenomenon known as pumping loss.

In the N42, the intake manifold is kept at nearly atmospheric pressure. The DME calculates the required air mass
and signals the Valvetronic motor to rotate the eccentric shaft. The mathematical model for air mass flow ()An the
N42 can be simplified as a function of valve lift (L) and duration (D):

A =f(L, D, P_manifold, T_ambient)

Because P_manifoldremains high, the pressure differential across the intake valve is optimized, leading to a flatter
torque curve and an immediate throttle response. This engineering feat requires extreme precision; the eccentric
shaft sensor must provide feedback to the DME with a resolution of 0.1 degrees to ensure cylinder-to-cylinder air
distribution is uniform.

Comparison Matrix: N42 vs. N46 and M43

Understanding where the N42 stands in the lineage of BMW engines helps in identifying specific engineering
improvements and commonalities with later models like the N46 or the N62 (the V8 counterpart that also used
Valvetronic).



Parameter M43B19 (Predecessor) N42B20 (Subject) N46B20 (Successor)

Valve Train SOHC, 2 Valves/Cyl DOHC, 4 Valves/Cyl DOHC, 4 Valves/Cyl
Variable Lift None (Throttle Plate) Valvetronic | Valvetronic Il
Variable Timing None Double VANOS Double VANOS
Engine Block Cast Iron Aluminum Alloy Aluminum Alloy
Common Issues Cooling System Aging Timing Chain/Valvetronic Valve Stem Seals

Practical Implementation: A Field Guide to Maintenance and Repair

The N42's complexity necessitates a disciplined approach to maintenance. Failure to adhere to specific torque
values or fluid requirements can lead to catastrophic engine failure. For technicians using the BMW e46 316i
engine diagram as a reference, the following procedures are critical.

Timing Chain Tensioner Upgrade

One of the most documented failure modes of the N42 is the timing chain guide wear. The original tensioner was
often too weak, leading to chain slack that would eventually shatter the plastic guides. Engineering Solution:
Replace the original 27mm hex tensioner with the updated, longer 27mm hex version (Part No. 11318648732)
which provides consistent hydraulic pressure even during cold starts.

Vacuum Pump Resealing

Mounted at the rear of the cylinder head, the vacuum pump is a frequent source of oil leaks that drip onto the
exhaust manifold, causing a burning smell in the cabin. Replacing the internal O-rings is a more cost-effective
solution than replacing the entire unit. When reinstalling, ensure the drive dog is correctly aligned with the exhaust
camshatft slot, as forced installation can crack the camshaft.

Valvetronic Calibration Procedure

Whenever the Valvetronic motor or eccentric shaft is disturbed, a limit-stop learning procedure must be performed
using a diagnostic tool (such as INPA or ISTA). The process follows these steps:

Connect the diagnostic interface to the OBD-II port.

Navigate to the DME 'Service Functions' menu.

Select 'Learn Valvetronic Limit Stops'.

The DME will cycle the motor from minimum to maximum lift to calibrate the 0% and 100% positions.
Verify that the 'Eccentric Shaft Angle' matches the requested value in live data.
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Troubleshooting Common Failure Modes

The N42 is sensitive to sensor accuracy. A minor deviation in the Eccentric Shaft Sensor or the Crankshaft
Position Sensorcan lead to limp-home mode (where the engine reverts to using the throttle body for load control).
Below is a diagnostic matrix for common N42 symptoms.



Symptom Potential Root Cause Diagnostic Step

Rough Idle / Stalling Vanos Solenoid Clogging Clean solenoids and swap positions
to see if fault moves.

Engine 'Tapping' Noise Worn Intermediate Levers Inspect lever surfaces for scoring or
'pitting".
Lack of Power > 3000 RPM Eccentric Shaft Sensor Failure Check for oil contamination in the

sensor connector.

Misfire under Heavy Load Ignition Coil Failure Check resistance; N42 uses pencil-
style coils prone to heat soak.

The Case of the Clogged CCV (Crankcase Ventilation)

In colder climates, the N42 is prone to CCV failure. The oil separator and associated hoses can accumulate
'mayonnaise’ (an emulsion of oil and water), which freezes and blocks the vent. This causes high crankcase
pressure, forcing oil past the piston rings or the rear main seal. Technicians should always recommend the 'Cold
Climate' insulated version of the CCV kit during replacement.

Torque Specifications for the N42 Engine

Precision is paramount when reassembling the N42 cylinder head. Below are the essential torque values based on
factory technical data.

¢ Cylinder Head Bolts: 30 Nm + 90° + 90° (Always use new stretch bolts).
VANOS Actuators to Camshafts: 20 Nm + 45° + 45°,

 Valvetronic Motor to Cylinder Head: 10 Nm.

Camshaft Bearing Caps: 10 Nm.

e Spark Plugs: 25 Nm.

¢ Oil Sump Drain Plug: 25 Nm.

The Significance of the N42 in Modern Engine Design

While the N42 had a relatively short production run (succeeded by the N46 in 2004), its legacy is undeniable. The
lessons learned from the N42's Valvetronic implementation paved the way for the N62 V8and eventually the
turbocharged N55 and B48/B58 engines that dominate BMW'’s modern lineup. It was the N42 that proved variable
valve lift could work in high-volume production, moving the industry away from the 100-year-old reliance on the
throttle plate.

For the owner of a BMW E46 316i or 318i, maintaining the N42 is a labor of technical appreciation. By
understanding the intricate dance between the eccentric shaft and the VANOS solenoids, and by referencing
accurate engine diagrams, one can ensure this milestone of Bavarian engineering continues to perform with the
precision for which it was designed. The N42 is not merely a power plant; it is a mechanical testament to the pursuit
of thermal efficiency and the precursor to the modern era of internal combustion.
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