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The automotive industry has witnessed several paradigm shifts in engine design, but few are as significant to the
enthusiast and engineering communities as the transition from the legendary iron-block 4G63 to the all-aluminum
4B11 series. Introduced as a cornerstone of the Global Engine Manufacturing Alliance (GEMA)—a joint venture
between Mitsubishi Motors, Chrysler, and Hyundai—the 4B1 series, specifically the 2.0-liter 4B11, represents a
sophisticated leap in mass-production powertrain technology. This article provides an exhaustive technical
breakdown of the 4B11 engine, its MIVEC(Mitsubishi Innovative Valve timing Electronic Control) system, and its
structural advantages over predecessor designs.

1. Historical Context and the GEMA Foundation

The development of the 4B11 was not an isolated event but the result of a global strategy to create a modular,
efficient, and high-performance engine platform. Known as the World Engine by Chrysler and the Thetaengine by
Hyundai, the 4B11 is Mitsubishi’s specific implementation of this architecture. While the basic block dimensions are
shared across brands, Mitsubishi integrated its proprietary head design and MIVEC technology, distinguishing the
4B11 from its counterparts in the Dodge Caliber or Hyundai Sonata.

The primary engineering goal was weight reduction without compromising structural integrity. By moving from the
4G63's cast-iron block to a high-pressure die-cast aluminum alloy block, Mitsubishi managed to shed approximately
20 kilograms from the front end of the vehicle, significantly improving weight distribution and handling dynamics.

2. Architectural Specifications: The “Square” Engine Philosophy

One of the most defining characteristics of the 4B11 is its “Square” engine geometry. In internal combustion
engineering, a square engine refers to a design where the cylinder bore and the piston stroke are identical or
nearly identical in measurement.

Technical Specifications Matrix: 4B1 Series Comparison



Feature 4B10 (1.8L) 4B11 (2.0L) 4B12 (2.4L)

Bore (mm) 86.0 86.0 88.0

Stroke (mm) 77.4 86.0 97.0

Displacement (cc) 1798 1998 2359

Compression Ratio 10.5:1 10.0:1 - 10.5:1 10.5:1

Block Material Aluminum Alloy Aluminum Alloy Aluminum Alloy
Valve Train DOHC 16V MIVEC DOHC 16V MIVEC DOHC 16V MIVEC

The 4B11's 86mm x 86mm dimensions provide a balanced profile that facilitates both low-end torque and high-
RPM stability. A square design minimizes the lateral forces on the cylinder walls compared to long-stroke
(undersquare) engines, while avoiding the excessive valve sizes and combustion chamber complexities often found
in short-stroke (oversquare) high-revving racing engines.

3.The Mechanics of MIVEC (Mitsubishi Innovative Valve timing Electronic
Control)

The core of the 4B11’s efficiency and power delivery is the MIVEC system. Unlike earlier iterations which focused
primarily on valve lift (similar to Honda’s VTEC), the 4B11 utilizes a Dual-VVT (Variable Valve Timing) approach.
This system continuously varies the timing of both the intake and exhaust camshafts independently.

The Role of Phasing and Overlap

In a standard fixed-timing engine, the valve overlap (the period when both intake and exhaust valves are open) is a
compromise. High overlap is good for high-RPM scavenging, while low overlap provides a smooth idle and better
fuel economy. MIVEC eliminates this compromise through electronic hydraulic actuators.

e At Idle: The system retards the intake cam and advances the exhaust cam to minimize overlap. This results in
stable combustion and reduced hydrocarbon emissions.

* At Low-to-Mid Range: Intake timing is advanced to improve volumetric efficiency. This increases “trapped” air
mass, resulting in higher torque for better driveability in city conditions.

< At High RPM: The system optimizes the overlap to utilize the inertia of incoming air, effectively “ramming”
more air into the cylinder even as the piston begins its upward stroke.

The MIVEC system in the 4B11 is controlled by the ECU (Engine Control Unit)based on inputs from the
crankshaft position sensor, camshaft position sensors, engine coolant temperature, and mass airflow sensor. The
phasing range typically covers up to 50 degrees for the intake and 40 degrees for the exhaust, allowing for a vast
map of operational states.

4. Block Design: Semi-Closed Deck and Metallurgy

The 4B11 employs a semi-closed deckdesign. To understand its importance, we must compare it to the open and
closed deck architectures:

1. Open Deck: Maximum cooling efficiency but lower structural rigidity at the top of the cylinders.



2. Closed Deck: Maximum strength for high-boost applications but prone to “hot spots” around the cylinder
bores.

3. Semi-Closed Deck (4B11): A hybrid approach where the cylinder walls are reinforced at strategic points. This
provides the necessary support for high-cylinder pressures while maintaining adequate coolant flow to the upper
cylinder regions.

Furthermore, the 4B11 utilizes cast-iron cylinder liners pressed into the aluminum block. This provides a durable,
wear-resistant surface for the piston rings while taking advantage of the aluminum block’s thermal conductivity and
low weight. The main bearing caps are integrated into a ladder frame(bedplate)  design, which  significantly
enhances the rigidity of the lower block, reducing vibration and allowing for higher RPM limits without catastrophic
main bearing failure.

5.4B11 vs. 4G63: An Engineering Paradigm Shift

The debate between the 4B11 and the 4G63 is legendary among Mitsubishi enthusiasts. While the 4G63 is famed
for its “invincible” iron block, the 4B11 offers several technological advantages that reflect modern engineering
priorities.

Comparison Matrix: Structural and Performance Characteristics



Metric 4G63 (Iron) 4B11 (Aluminum)

Weight Heavier (~160kg) Lighter (~140kg)

Timing Drive Rubber Belt (Needs replacement) Silent Steel Chain (Lifetime)
Exhaust Orientation Front-facing Rear-facing (Better weight dist.)
Head Design Standard DOHC DOHC with Dual MIVEC
Crankshaft Center-mounted Offset by 10mm (Reduces friction)

One of the most subtle yet effective engineering choices in the 4B11 is the 10mm offset crankshaft. By offsetting
the crank relative to the cylinder centerline, Mitsubishi reduced the side-thrust force exerted by the piston against
the cylinder wall during the power stroke. This reduces internal friction, improves fuel efficiency, and extends the life
of the piston skirts and liners.

6. Volumetric Efficiency and Mathematical Modeling

To understand the 4B11’s performance, we look at Volumetric Efficiency (VE). VE is the ratio of the mass of air-
fuel mixture trapped in the cylinder to the mass of the mixture that would occupy the cylinder volume at
atmospheric pressure.

The theoretical formula for air mass flow ()An the 4B11 is:
A=(VE x< rVvd x N)/ (2 x 60)
Where:

¢ VE = Volumetric Efficiency (influenced by MIVEC)
+ < O —"FVg6—Ge

¢ Vd = Displacement (1.998L)

¢ N = Engine RPM

Because the 4B11 can vary its valve timing, the VE curve is much flatter than that of the 4G63. In the 4G63, VE
peaks sharply at a specific RPM. In the 4B11, the MIVEC system “shifts” the VE curve dynamically, allowing the
engine to maintain over 90% efficiency across a wider RPM band.

7.Technical Analysis of the Timing System: The Silent Chain

The 4B11 moved away from the 4G63's timing belt in favor of a stainless steel silent chain. This choice was
driven by the need for reduced maintenance and improved timing precision. A timing belt can stretch or skip teeth
under high load, whereas a chain maintains its pitch throughout its service life. The 4B11 system includes a
hydraulic tensioner that uses oil pressure to maintain constant tension, automatically compensating for any minor
wear or thermal expansion of the engine block.

Step-by-Step: Timing Chain Inspection Procedure

1. Access: Remove the valve cover and the upper timing chain guide.
2. TDC Alignment: Rotate the crankshaft pulley until the mark aligns with the 0-degree point on the timing chain
case (Top Dead Center for Cylinder 1).



3. Camshatft Verification: Ensure the timing marks on the intake and exhaust MIVEC sprockets are aligned with
the top surface of the cylinder head.

4. Elongation Check: Measure the protrusion of the hydraulic tensioner plunger. If the plunger exceeds 16mm,
the chain has stretched beyond acceptable limits and must be replaced to prevent valve-to-piston interference.

8. Forced Induction: The 4B11T (Evolution X) Variant

While the naturally aspirated (NA) 4B11 is a workhorse, the 4B11T(Turbo) found in the Lancer Evolution X is the
pinnacle of the 4B series. The 4B11T features several key upgrades to handle boost pressures exceeding 20 PSI:

¢ Reinforced Block: Extra webbing in the casting to handle increased torque loads.

« Forged Components: While the NA version uses cast pistons, the 4B11T utilizes high-strength semi-forged
connecting rods and specialized pistons with a lower compression ratio (9.0:1).

¢ Twin-Scroll Turbocharging: The 4B11T uses a twin-scroll turbocharger which separates the exhaust pulses
from cylinders 1&amp;4 and 2&amp;3. This minimizes interference and allows for faster spool-up (reduced turbo
lag).

9. Maintenance and Long-term Reliability

For the 4B11 to reach its design life of 300,000+ kilometers, specific maintenance protocols must be followed. The
aluminum construction makes the engine more sensitive to overheating than its iron predecessors.

Crucial Maintenance Checklist

¢ Oil Quality: Use high-quality OW-20 or 5W-30 synthetic oil. The MIVEC actuators rely on oil pressure and
cleanliness to function; sludge buildup can lead to “stuck” cams and erratic idling.

* Coolant System: Use only Mitsubishi-approved ethylene glycol-based coolants. Aluminum is susceptible to
galvanic corrosion if the pH balance of the coolant drifts.

e Spark Plugs: The 4B11 uses long-reach iridium-tipped plugs. Replacing them with standard copper plugs can
cause coil-pack failure due to different resistance profiles.

10. Troubleshooting Common Issues

Despite its robustness, the 4B11 has documented failure modes that technicians should monitor:

Case Study: Timing Chain Stretch

In early models (2008-2011), the timing chain was prone to excessive stretching. The ECU monitors the correlation
between the crank and cam sensors. If the deviation exceeds a specific threshold (usually 5-8 degrees), it triggers
Diagnostic Trouble Code (DTC) P0012 (Intake Camshaft Position - Timing Over-Retarded). Solution: Replacing
the chain with the updated “Revision C” chain which features thicker links and improved metallurgy.

Exhaust Manifold Cracking

Due to the rear-facing orientation and the high heat cycles of the 4B11T, the factory cast-iron exhaust manifold is
known to develop hairline fractures. This leads to an exhaust leak, which skews O2 sensor readings and reduces
turbocharger efficiency. Precision welding or replacement with a tubular stainless steel manifold is the standard
resolution.

11. Synthesis and Future Outlook

The Mitsubishi 4B11 engine stands as a testament to the era of “right-sized” engineering. It successfully bridged
the gap between raw, mechanical power and the modern requirements of fuel efficiency and emissions compliance.



By utilizing a square bore/stroke ratio, an advanced dual-MIVEC system, and a lightweight aluminum architecture,
Mitsubishi created a platform that is as capable of powering a reliable family SUV as it is a world-class rally car.

As the automotive world moves toward electrification, the 4B11 remains a high-water mark for 2.0-liter internal
combustion design. Its influence is still felt in the current Mitsubishi lineup and among the global community of
tuners who continue to push the boundaries of what this aluminum block can achieve. For the technician or
engineer, the 4B11 is not just an engine; it is a masterclass in balancing the conflicting demands of weight,
strength, and thermal efficiency.
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