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The BMW E46 3 Series, produced between 1997 and 2006, remains one of the most revered generations of the 

sports sedan lineage. Among its diverse lineup, the BMW 325i stands as a balanced middle ground, offering the 

smoothness of the M54 inline-six engineand a chassis that rewards precision driving. Central to this driving

experience is the transmission system, a component that defines the vehicle's character, efficiency, and

mechanical longevity.

Understanding the E46 325i Architecture and the M54 Powerplant

Before delving into the complexities of the transmission systems, it is essential to understand the heart of the 325i: 

the M54B25 engine. This 2.5-liter, naturally aspirated straight-six engine is celebrated for its refinement and 

durability. It features the Double VANOS(Variable Nockenwellen Steuerung) system, which provides variable valve

timing for both the intake and exhaust camshafts.

Technical specifications of the M54B25 include:

•  Displacement: 2,494 cc

•  Bore x Stroke: 84 mm x 75 mm

•  Compression Ratio: 10.5:1

•  Power Output: 141 kW (189 hp) at 6,000 rpm

•  Torque Output: 245 N"Åm (181 lb"Åft) at 3,500 rpm

The transmission must effectively manage this power delivery. In the E46 325i, BMW utilized several transmission 

variants, primarily sourced from ZF (Zahnradfabrik Friedrichshafen) and Getrag. The choice between an

automatic and a manual gearbox significantly alters the vehicle's power-to-weight ratio and rotational inertia.

Transmission Variants: Technical Breakdown

The E46 325i was equipped with several transmission options depending on the market and production year. The

primary units include the 5-speed manual, the 5-speed automatic, and, in some rare European or modified cases,

the 6-speed manual from later models.

1. The Getrag 250G (5-Speed Manual)

Standard on most manual 325i models, the Getrag 250Gis a compact, lightweight unit. While efficient, it is often

considered the entry-level manual gearbox. It uses a single-overdrive fifth gear, which allows for spirited driving but

can result in higher RPMs during highway cruising.

2. The ZF S5-31 (5-Speed Manual)

While more common in the 330i, many enthusiasts swap the ZF 320 (S5-31)into the 325i during manual

conversions. The ZF unit is significantly beefier, rated for higher torque loads, and utilizes a more robust internal

synchro design. It is the preferred choice for those planning forced induction (turbocharging or supercharging) for



the M54 engine.

3. The ZF 5HP19 (5-Speed Steptronic Automatic)

The ZF 5HP19(internally designated by BMW as the A5S325Z) was the standard automatic transmission for the

E46. It is a sophisticated unit featuring adaptive shift logic. However, as these vehicles age, the automatic units

often suffer from 'reverse gear failure' due to a thin D-clutch drum that can crack over time.

Transmission Specification Comparison



Feature Getrag 250G (Manual) ZF S5-31 / 320 (Manual) ZF 5HP19 (Automatic)

Speeds 5-Speed 5-Speed 5-Speed

Torque Rating ~250 Nm ~320 Nm ~325 Nm

Weight (Dry) ~30 kg ~38 kg ~75 kg

Fluid Capacity 1.1 Liters 1.3 Liters ~9.0 Liters (Total)

Clutch Type Dry Single Plate Dry Single Plate Torque Converter

The Manual Swap: A Technical Deep Dive

With the aging of automatic E46s, many owners opt for a manual transmission swap. This procedure is not

merely a mechanical component exchange but requires a thorough integration into the car's electronics (DME and

EWS systems). Below is the technical workflow for converting a 325i from automatic to manual.

Step 1: Hardware Acquisition

A successful manual swap requires the following core components:

•  Transmission: ZF 320 or Getrag 250G.

•  Flywheel and Clutch Kit: A dual-mass flywheel (DMF) is standard, though many performance enthusiasts opt 

for a single-mass flywheel (SMF) for faster revving.

•  Pedal Box: Including the clutch pedal, brake pedal (which is narrower on manual cars), and the clutch master 

cylinder.

•  Hydraulic Lines: Sourcing the hard lines and soft lines that connect the master cylinder to the slave cylinder 

on the transmission.

•  Driveshaft: The automatic driveshaft is shorter than the manual version. You must source the specific manual 

driveshaft for the 325i.

•  Shifter Assembly: Including the shift carrier, selector rod, and shift knob.

Step 2: Mechanical Installation and Torque Specifications

Installing the manual gearbox requires precise torque application to ensure safety and prevent vibrations. Critical

torque values for the E46 325i include:

1.  Pressure Plate to Flywheel: 25 Nm (18 lb-ft).

2.  Flywheel to Crankshaft: 105 Nm (77 lb-ft) - Always use new bolts.

3.  Bellhousing Bolts (M12): 72 Nm (53 lb-ft).

4.  Driveshaft Guibo (Flex Disc): 81 Nm (60 lb-ft).

Step 3: Electrical and Coding Integration

The most complex part of a modern BMW manual swap is the electronics. The E46 uses a CAN-bus system

where the Engine Control Unit (DME) communicates with the Transmission Control Unit (EGS). When the EGS is

removed, the DME will trigger a 'limp mode' and the instrument cluster will display a transmission fault (the 'Cog of

Death').

The solution involves NCS Expert or WinKFP software to recode the vehicle's ZCS (Zentraler Codier Schlüssel) 

or VO (Vehicle Order). Key steps include:



•  Removing the $205 Option: This deletes the automatic transmission from the car's digital DNA.

•  Recoding the DSC (Dynamic Stability Control): The ABS/DSC module needs to know the car is now manual 

to calculate wheel slip and engine intervention correctly.

•  EWS (Immobilizer) Bridge: On automatic cars, the starter motor only engages in 'Park' or 'Neutral'. The wiring 

must be modified or the EWS coded to allow the car to start with the clutch depressed.

Maintenance of the Manual Drivetrain

To maintain the longevity of the BMW E46 325i manual transmission, the 'Lifetime Fluid' claim by BMW should be 

disregarded. Technical experts recommend a fluid change every 60,000 miles. For the ZF and Getrag units, high-

quality synthetic fluids such as Redline MTL or Pentosin MTF2are recommended to improve shift quality in cold

temperatures.

The Importance of the Cooling System

Even though the manual transmission generates less heat than an automatic, the overall engine health of the M54 

is paramount. The automatic 325i features a transmission cooler integrated into the radiator. When swapping to a 

manual, this can be simplified, but the expansion tank and thermostatmust remain in peak condition to prevent

the M54 aluminum head from warping.

Comparative Evaluation: ZF vs. Getrag for the 325i

While both transmissions are functional, their internal engineering differs significantly. The following table provides

a comparative evaluation for owners deciding on a replacement or swap unit.



Metric Getrag 250G ZF S5-31 (ZF 320)

Shift Feel Notchy, shorter throws. Smoother, more "rubbery" but precise.

Durability Prone to 2nd gear synchro wear. Very high durability (300k+ miles).

Part Availability Extremely common and cheap. Sought after, higher price point.

Modification Support Limited to ~250hp. Capable of handling 500hp+.

Internal Detents Internal detents rarely fail. Prone to "Fifth Gear Lean" (shift pin 
issue).

Common Failure Modes and Troubleshooting

Even the robust E46 manual system has failure points. A frequent issue is the "Fifth Gear Lean,"where the shifter

fails to return to the center (neutral) position and leans toward the 5th gear gate. This is caused by a worn teflon-

lined bushing and a sticking shift pin inside the ZF transmission. The solution involves a specialized repair kit that

can be installed without disassembling the internal gears, though the transmission must be removed from the car.

Another common technical issue is Clutch Delay Valve (CDV) interference. BMW installed a small orifice in the

hydraulic line to slow down the clutch engagement, protecting the drivetrain from shock loads. However, for the

experienced driver, this creates a vague, inconsistent clutch feel. Removing the CDV is a standard technical

upgrade that restores direct hydraulic feedback.

Summary and Technical Implications

The BMW E46 325i remains a masterpiece of late-90s engineering. Whether maintaining the original ZF 5HP19

automatic or performing a manual swap to the ZF 320 or Getrag 250G, understanding the mechanical and

electronic interplay is vital. The manual transmission not only reduces the curb weight by approximately 45kg (100

lbs) but also eliminates the parasitic power loss inherent in torque converters, allowing the M54 engine's linear

power band to be fully utilized.

For the technical enthusiast, the E46 represents the last of the "analog" feeling BMWs, where mechanical changes

like a transmission swap can still be performed with standard tools and laptop-based coding. By adhering to strict

torque specifications, using high-quality synthetic lubricants, and correctly recoding the DME/DSC modules,

owners can ensure their 325i remains a benchmark for driving dynamics for decades to come.
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