
Bronze Bushing Materials: A Data-Driven Comparison for 
Maximizing Bearing Service Life

1. Introduction: Why Material Choice Defines Bearing Longevity

In the world of mechanical engineering, the performance of plain bronze bushings and sliding bearings is not a matter of chance—it is a matter of material science. Unlike 
rolling element bearings, sliding bearings operate under boundary, mixed, or hydrodynamic lubrication regimes, making their lifespan highly dependent on a specific set of 
material properties.
Understanding these properties is crucial because service life is not a fixed number. It is a dynamic function of load, speed, lubrication effectiveness, and wear coefficients. 
Key variables that dictate performance include:
• Material Hardness & Microstructure: The fundamental building blocks of wear resistance.
• Lubrication Conditions: Whether operating dry, with grease, oil, or water.
• PV Limits: The critical product of pressure (P) and velocity (V).
• Counterface Compatibility: The finish, hardness, and material of the mating shaft.
• Thermal Dynamics: The ability to conduct heat and dissipate friction energy.
• Solid Lubricants: The presence of embedded elements like lead (Pb), graphite, or PTFE.

2. Bronze Bearing Materials: Composition and Performance

Plain bronze bushings are primarily manufactured from key copper alloy families, each engineered for specific tribological demands. These materials are standardized under 
global frameworks such as EN 1982, DIN standards, and ASTM/UNS classifications.

2.1 Key Copper Alloy Families

• Tin Bronze (CuSn alloys)
• Leaded Tin Bronze
• High-Lead Bronze
• Aluminum Bronze

3. Engineering-Focused Material Property Comparison

Selecting the right material requires a granular look at mechanical strength, hardness, and tribological behavior.

3.1 Mechanical Strength & Hardness

Material (Standard Equivalent) Typical Hardness (HBW) Tensile Strength (MPa) Key Engineering Feature

CuSn5Zn5Pb5-C (CC491K / Rg5) ~60–65 ≥200–250 Balanced general-purpose bronze; good 
all-rounder.

CuSn12-C (CC483K) ~80–90 ≥260–300 Higher load capacity; increased strength.

CuSn7Zn4Pb7-C (CC493K / Rg7) ~60–70 ≥230–260 Excellent machinability and embeddability.

CuSn7Pb15-C (CC496K) ~65+ ≥200 High lead content for superior anti-seizure 
properties.

Aluminum Bronze (C86200 / SAE 430A) >150 ≥600 High strength and wear-resistant; ideal for 
heavy loads.

Interpretation: The data reveals a clear trade-off. Higher tin content boosts strength and wear resistance, while higher lead content enhances seizure protection. Aluminum 
bronze stands out as the high-strength champion for demanding, low-speed applications.
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3.2 Tribological Behavior

Material Dry Running Embeddability Conformability Wear Resistance

Leaded Bronze (Rg5, Rg7, CuSn7Pb15) Good Excellent Excellent Moderate

CuSn12 Limited Moderate Moderate High

Aluminum Bronze Poor (lubrication essential) Low Low Very High

Key Insight: The inclusion of soft phases, such as lead, drastically improves a bearing's ability to handle contamination (embeddability) and misalignment (conformability). 
This makes leaded bronzes the go-to choice for applications prone to boundary lubrication or intermittent operation.

4. Understanding Wear Mechanisms

Sliding bearings typically fail due to one of five dominant wear mechanisms:
1. Adhesive Wear: Caused by metal-to-metal contact during lubrication failure.
2. Abrasive Wear: Resulting from hard contaminants or debris.
3. Fatigue Wear: Subsurface cracking from cyclic loading.
4. Thermal Degradation: Overheating leading to material softening.
5. Lubrication Breakdown: Loss of viscosity or film integrity.
The primary mechanism is dictated by the lubrication regime: material properties dominate under boundary lubrication, while the fluid film is king under hydrodynamic 
lubrication.

5. Service Life Estimation Models

Predicting bearing life requires moving beyond guesswork and applying engineering models.

5.1 The PV Limit Method

The most common engineering constraint is the PV limit—the product of bearing pressure (P in MPa) and sliding velocity (V in m/s). The rule is simple: Operating PV must be 
≤ Allowable PV.

Material Typical PV Limit (MPa·m/s)

Leaded Bronze 1.5 – 3.0

CuSn12 2.5 – 4.0

Aluminum Bronze 4.0 – 6.0+

A higher PV limit indicates a material’s ability to handle more extreme load-speed combinations.

5.2 Archard’s Wear Equation (Conceptual Model)

For a more granular look, Archard’s wear model is used:
W = K × (L × S) / H
Where:
• W = Wear Volume
• K = Wear Coefficient (tribological pairing efficiency)
• L = Load
• S = Sliding Distance
• H = Material Hardness
Implication: Wear volume is inversely proportional to hardness. Therefore, higher hardness directly translates to lower wear, provided the wear coefficient remains 
favorable.

https://www.viiplus.com



5.3 The Stribeck Curve Consideration

The Stribeck curve illustrates the transition through lubrication regimes. Material selection must align with the expected operating zone:
• Boundary Lubrication: Material properties are the primary driver of friction.
• Mixed Lubrication: Friction decreases as speed increases and a fluid film builds.
• Hydrodynamic Lubrication: A full fluid film separates the surfaces; material properties are less critical.

6. Comparative Selection Logic: An Engineering View

There is no single "best" material. The optimal choice depends on your specific operational constraints.
• Scenario: High Load + Low Speed
   >Preferred: Aluminum Bronze (e.g., C86200)
   >Why: Exceptional strength and fatigue resistance prevent deformation.
• Scenario: Moderate Load + Variable Conditions
   >Preferred: CuSn12-C
   >Why: Provides a balanced profile of strength and wear resistance.
• Scenario: Poor Lubrication / Intermittent Operation
   >Preferred: Leaded Bronzes (Rg5, Rg7, CuSn7Pb15)
   >Why: Soft lead particles provide inherent anti-seizure protection and embed contaminants.
• Scenario: Corrosive or Marine Environments
   >Preferred: Tin Bronzes
   >Why: Excellent corrosion resistance combined with metallurgical stability.

7. Key Variables Affecting Bearing Life

Even with the perfect material grade, service life can vary by a factor of 2–5x based on these external variables:
• Contact Pressure (P)
• Surface Velocity (V)
• Lubricant Viscosity & Type
• Shaft Hardness & Surface Finish
• Alignment Precision
• Operating Temperature
• Contamination Levels

8. Practical Engineering Takeaways

• Design with Margin: Always design below the material's PV limit to account for shock loads and start-up.
• Shaft Finish is Critical: A surface finish of Ra ≤ 0.4–0.8 µm is standard for bronze bushings.
• Hard Shafts, Soft Bushings: Pairing a harder shaft with a softer bronze bushing optimizes wear distribution.
• Lubrication is Key: Aluminum bronze demands stable lubrication to prevent rapid adhesive wear, while leaded bronzes offer a safety net during start-stop cycles.

9. Conclusion: A Data-Oriented Perspective

Plain bronze bearing performance is not governed by a single datasheet value. It is the result of a multi-variable optimization problem involving the PV operating envelope, 
lubrication stability, counterface compatibility, and the thermal balance of the system.

By using data-driven comparisons of material properties and life estimation models, engineers can move beyond simple selection and towards precision engineering, ensuring 
maximum reliability and service life for every application.
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