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The Lycoming O-235 series represents one of the most significant achievements in the history of general aviation
propulsion. As a four-cylinder, horizontally opposed, air-cooled aircraft engine, the O-235 has served as the
backbone of the flight training industry for decades. Since its introduction in the early 1940s, this engine family has
powered iconic airframes such as the Cessna 152, the Grumman AA-1, and a vast array of homebuilt
experimental aircraft. This technical analysis explores the engineering nuances, operational characteristics, and
maintenance protocols required to maximize the reliability of this venerable powerplant.

1.Technical Architecture and Design Philosophy

The Lycoming O-235 is built upon a fundamental design philosophy of simplicity, durability, and a high power-to-
weight ratio for its class. The 'O in its designation signifies its opposed cylinder configuration, which provides
inherent primary balance and a low profile, ideal for minimizing frontal area and cooling drag in light aircraft.

1.1. Displacement and Core Geometry

The engine features a total displacement of 233.3 cubic inches (3.8 liters). The bore is 4.375 inches, and the
stroke is 3.875 inches. This relatively short-stroke design allows for a compact crankcase while maintaining a

robust reciprocating assembly. The compression ratio varies by model, ranging from 6.75:1 in earlier variants to
8.5:1 in high-output models like the O-235-L2C. This variation in compression is a critical factor in determining
whether a specific engine variant is compatible with 80/87 octane aviation gasoline or requires 100LL (Low Lead)

1.2. Crankshaft and Internal Components

The crankshatt is forged from chrome-nickel-molybdenum steel and is dynamically balanced. It features nitrided
journals to increase surface hardness and wear resistance. Unlike larger Lycoming engines, many O-235 variants
utilize solid liftersrather than hydraulic lifters, necessitating periodic valve clearance adjustments. However, later
iterations transitioned to hydraulic tappets to reduce maintenance requirements and ensure consistent valve timing
across temperature ranges.

2.The Evolution of the O-235 Series

The O-235 has undergone numerous revisions to meet evolving certification standards and performance demands.
The most notable shift occurred with the introduction of the O-235-L2C, designed specifically for the Cessna 152.
This model was optimized for 100LL fuel, producing 110 to 125 horsepower depending on the RPM limit (typically
2,550 to 2,800 RPM).

2.1. Comparison of Major Variants

The following table illustrates the technical specifications across the primary sub-series of the O-235 engine.



Feature 0-235-C Series 0-235-L2C 0-235-N2C

Horsepower 100 - 115 hp 110-125hp 116 hp
Compression Ratio 6.75:1 8.5:1 8.5:1

Fuel Grade 80/87 or 100LL 100LL 100LL

Valve Train Solid Lifters Hydraulic Lifters Hydraulic Lifters
Weight (Dry) ~240 lbs ~250 lbs ~252 Ibs

2.2.The L2C and the 100LL Challenge

When the aviation industry transitioned from 80/87 octane to 100LL, the O-235-L2C initially faced significant
challenges with lead fouling. Because the O-235 runs relatively cool in many installations, the Tetraethyl Lead
(TEL) in 100LL does not always scavenge effectively from the combustion chamber. This led to the development of
specific operating procedures and spark plug recommendations to mitigate lead buildup on valve seats and spark
plug electrodes.

3. Operational Mechanics and Performance Analysis

Understanding the thermodynamic and mechanical performance of the O-235 is essential for pilots and engineers
alike. The engine’s power output is a function of Brake Mean Effective Pressure (BMEP) and rotational speed.

3.1. Power Output Calculations

The theoretical Brake Horsepower (BHP) can be estimated using the following formula:
BHP = (PLAN) / 33,000

* P: Brake Mean Effective Pressure (Ib/in?)

e L:Length of stroke (ft)

¢ A: Area of cylinder head (in2)

e N: Number of power strokes per minute (RPM/2 for 4-stroke)

For an O-235-L2C operating at 2,800 RPM at sea level, the BMEP is approximately 140-150 psi. This high
pressure relative to displacement is what allows the engine to achieve 125 hp, but it also places significant thermal
stress on the cylinder heads, making proper leaning techniques vital.

3.2. Fuel Consumption and Economy

At a typical 75% power setting (approximately 2,400-2,500 RPM at altitude), the O-235-L2C consumes between

5.6 and 6.5 gallons per hour (GPH). By utilizing the Leaning Procedure(leaning to peak EGT and then slightly
rich or lean of peak depending on the specific Pilot's Operating Handbook), operators can maximize range while
preventing the lead fouling issues mentioned previously.

4. Maintenance Protocols and Inspection Standards

The Time Between Overhaul (TBO)for the O-235 series is remarkably high, typically cited at 2,000 to 2,400
hours. However, reaching this milestone requires meticulous adherence to maintenance schedules.



4.1.The 50-Hour and 100-Hour Inspection Cycle

Standard maintenance tasks for the O-235 include:

* Oil Change and Filter Analysis: Oil should be changed every 50 hours (or 25 if no full-flow filter is installed).
Inspection of the oil suction screen and pressure filter for metal particulates is the first line of defense against
internal engine failure.

e Spark Plug Maintenance: Given the lead fouling tendencies, spark plugs should be rotated, cleaned, and
gapped every 50 to 100 hours. Many operators use "fine wire" plugs to reduce fouling.

e Compression Testing: A differential pressure test (e.g., 80/60 minimum) helps identify leaking valves or worn
piston rings.

e Magneto Timing: Ensuring the dual magnetos are timed correctly to the engine (usually 20 or 25 degrees
Before Top Dead Center) is critical for preventing detonation and ensuring full power.

4.2.Valve Clearance Adjustments (0-235-C variants)

For models with solid lifters, maintaining the correct valve lashis paramount. If the clearance is too tight, the valve
may not seat fully, leading to burnt valves. If too loose, the mechanical hammering will damage the rocker arms and
valve stems. This adjustment is performed with a cold engine using a feeler gauge and adjusting the screw on the
rocker arm.

5.Troubleshooting Common Operational Issues

Even with its robust design, the O-235 exhibits specific "failure modes" or operational quirks that require technical
knowledge to resolve.

5.1.The "0-235 Shuffle" (Vibration at Idle)

Many O-235 operators report a distinct vibration or "shuffle” during low-RPM ground operations. This is often
caused by uneven fuel distributionin the carbureted induction system or slight differences in cylinder
compression. Ensuring the carburetor heat is functional and the idle mixture is correctly set can often smooth out
this behavior.

5.2. Lead Fouling and Stuck Valves

The 0-235-L2C is prone to "morning sickness," a condition where a valve sticks in the guide due to carbon and

lead buildup. This is often detected during the first start of the day as a rough-running engine that clears up as the
engine warms. The solution involves the Lycoming Service Instruction 1425A, which details the procedure for
reaming valve guides to restore proper clearance.



Symptom Probable Cause Recommended Action

High Oil Temperature Low oil level / Blocked oil cooler Check oil quantity; inspect oil cooler
fins for debris.

Rough Running (Magneto Check) Fouled spark plug or lead failure Clean plugs; check high-tension leads
for resistance.

Sudden Drop in RPM Carburetor Ice Apply full Carburetor Heat
immediately.

Metal in Oil Screen Internal component wear Perform borescope inspection and oll
analysis.

6. Economic Considerations: Overhaul vs. Replacement

Owners of aircraft like the Piper Tomahawk or Cessna 152 must eventually decide between a major overhaul, a
factory remanufactured engine, or a new replacement. A standard overhaul for an O-235 generally costs between
$18,000 and $25,000, depending on the condition of the crankshaft and crankcase. Experimental category owners
(e.g., those building a RANS S-21 or a Cub clone) often opt for used 0-235 engines, which can be found on the
secondary market for $10,000 to $15,000, though these require thorough pre-purchase inspections to ensure they
are not "timed out" or suffering from internal corrosion.

6.1. STCs and Modifications

Several Supplemental Type Certificates (STCs) exist to improve the O-235. These include Mogas STCs (for low-
compression models), Electronic Ignition systems (replacing one or both magnetos), and Oil Filtrationupgrades.
Implementing an electronic ignition can significantly improve starting and reduce lead fouling by providing a longer,
hotter spark duration.

7. Synthesis and Strategic Outlook

The Lycoming O-235 remains a masterpiece of mid-20th-century aeronautical engineering that continues to prove
its relevance in the 21st century. Its ability to withstand the rigors of the flight school environment—characterized by
frequent heat cycles, inexperienced throttle management, and high utilization—is a testament to the Lycoming
design team’soriginal vision. For the owner-operator, success with the 0O-235 depends on an intimate
understanding of its thermal limits and a proactive approach to maintenance, particularly regarding the challenges
posed by modern 100LL fuel.

As we move toward a future of unleaded aviation fuels (such as G100UL), the O-235 is well-positioned to continue
its service. The lower lead content of future fuels will likely resolve the primary maintenance headache associated
with the L2C models, potentially extending the practical service life of these engines even further. Whether you are
a student pilot learning the fundamentals of flight or a seasoned mechanic maintaining a fleet, the O-235 offers a
masterclass in the balance between mechanical simplicity and operational performance. By following the
procedures outlined in this guide—from careful leaning to rigorous oil analysis—the O-235 will continue to provide
dependable power for thousands of hours of flight.
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