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Three Tool Materials Are To Be Compared For The Same Finish Turning Operation On A Batch Of 100
Steel to determine which material offers the best combination of durability, surface finish quality, and
cost-effectiveness. Finish turning, a critical process in machining, involves removing a small amount of
material to achieve the desired surface finish and dimensional accuracy. Selecting the appropriate tool
material significantly influences the efficiency, quality, and economics of the operation. This article
provides a comprehensive comparison of three commonly used tool materials—High-Speed Steel
(HSS), Carbide, and Ceramic—evaluating their performance in a finish turning operation on a batch of

100 steel parts.

Introduction to Tool Materials for Finish Turning

Finish turning requires precision and stability, demanding tool materials that can withstand cutting
forces, heat, and wear while maintaining a high-quality surface finish. The three materials under
comparison—HSS, Carbide, and Ceramic—each have distinct properties, advantages, and limitations

that influence their suitability for specific applications.

Properties of the Tool Materials

Understanding the fundamental properties of each material helps in assessing their performance in

finish turning.



High-Speed Steel (HSS)

- Composition: Primarily tungsten, molybdenum, and cobalt alloys.

- Hardness: Up to 65 HRC after heat treatment.

- Thermal Resistance: Good, but limited compared to Carbide and Ceramic.
- Impact Resistance: Excellent, offering durability in interrupted cuts.

- Cost: Generally the most economical option.

Carbide

- Composition: Tungsten carbide particles bonded with a binder metal, usually cobalt.
- Hardness: Typically 80-90 HRC.

- Thermal Resistance: Superior to HSS, with higher heat resistance.

- Impact Resistance: Moderate; more brittle than HSS.

- Cost: Higher than HSS but more affordable than ceramics.

Ceramic

- Composition: Alumina or silicon nitride-based ceramics.

- Hardness: Very high, often exceeding 90 HRC.

- Thermal Resistance: Excellent; can operate at higher temperatures.
- Impact Resistance: Low; brittle and prone to chipping.

- Cost: The most expensive among the three.

Performance in Finish Turning of Steel

The effectiveness of each tool material is best evaluated based on parameters such as surface finish

quality, tool life, machining speed, and cost efficiency.



Surface Finish Quality

Achieving a smooth, high-quality surface finish is critical in finish turning, especially for parts requiring

tight tolerances.

- HSS: Capable of producing acceptable finishes but generally inferior to carbide and ceramic due to
lower stiffness and thermal stability.

- Carbide: Known for producing excellent surface finishes owing to higher stiffness and better cutting
edge stability.

- Ceramic: Can achieve superior surface finishes at higher cutting speeds, but the brittleness may

sometimes cause surface imperfections if not handled carefully.

Tool Life and Durability

Longer tool life reduces downtime and replacement costs, directly impacting production efficiency.

- HSS: Offers the longest tool life among the three, especially in interrupted cuts or variable conditions.
- Carbide: Provides a good balance, with longer life than HSS under stable conditions.
- Ceramic: Typically exhibits the shortest tool life due to brittleness but can operate at higher speeds,

compensating for shorter life with increased productivity.

Machining Speed and Efficiency

Higher cutting speeds lead to increased productivity but also demand more from the tool material.

- HSS: Suitable for lower to moderate speeds, around 50-100 m/min.
- Carbide: Handles higher speeds, approximately 150-300 m/min, with better stability.
- Ceramic: Operates effectively at very high speeds, often exceeding 400 m/min, but requires precise

control.



Cost-Effectiveness

A comprehensive analysis considers not just the initial tool cost but also the operational costs,

including tool life and machining time.

- HSS: Least expensive upfront, cost-effective for low to moderate production runs.

- Carbide: Higher initial cost but offers better productivity and longer life, leading to economic benefits
in larger batches.

- Ceramic: Most costly, justified only when high-speed, high-volume production is required and

equipment is compatible.

Case Study: Finish Turning 100 Steel Parts

Suppose a manufacturer needs to finish turn a batch of 100 steel parts with strict surface finish
requirements (e.g., Ra < 1.6 ym). The operation involves a total cutting length of 10 meters per part,

requiring multiple passes with minimal feed rates.

- HSS Tools: Use at moderate speeds (~80 m/min), achieving acceptable finish but with shorter tool
life (~50 parts per tool). Cost per part remains low, but process time is longer.

- Carbide Tools: Work well at higher speeds (~200 m/min), producing superior surface finish and a tool
life of around 200 parts per tool, reducing downtime.

- Ceramic Tools: Operate at very high speeds (~400 m/min), delivering excellent surface quality in
minimal time, but with a tool life of approximately 50 parts per tool. Additional precautions are needed

to prevent chipping.
Summary Table:

| Property | HSS | Carbide | Ceramic |
frefeef-l ]
| Surface Finish | Good | Excellent | Excellent (with care) |

| Tool Life | Long | Moderate | Short |



| Cutting Speed | Low/Moderate | High | Very High |
| Cost per Tool | Low | Moderate | High |
| Suitability | Low to moderate speed, cost-sensitive | Moderate to high speed, balanced performance |

High-speed, high-volume, demanding applications |

Conclusion: Choosing the Right Tool Material

The optimal choice of tool material for finish turning depends on specific operational priorities:

- Economical and Versatile: High-Speed Steel (HSS) is suitable for low to moderate speeds, small
batch sizes, or cost-sensitive projects. It provides decent surface finish and durability at a low cost.

- Balanced Performance: Carbide tools are ideal for medium to high speeds, offering excellent surface
finish, longer tool life, and good efficiency, making them suitable for batch sizes like 100 parts where
productivity is valued.

- High-Speed and Precision: Ceramic tools excel in applications demanding very high speeds and
surface quality, especially where equipment can handle their brittleness. They are best suited for large-

scale production where the high initial cost is justified by throughput gains.

In the context of a batch of 100 steel parts, carbide tools often present the best compromise, providing
high-quality finishes, acceptable tool life, and cost efficiency. However, the final decision should also

consider machine capabilities, operator experience, and specific surface finish requirements.

Final Recommendations:

- For small batches or budget constraints, HSS remains a practical choice.

- For medium to large batches aiming for high productivity with quality, carbide is preferred.

- Ceramic tools are best reserved for specialized, high-speed machining centers with the capacity to

manage their brittleness and higher costs.

By understanding the properties and performance metrics of these tool materials, manufacturers can
make informed decisions to optimize their finish turning operations, ensuring quality, efficiency, and

cost-effectiveness in their production processes.



Frequently Asked Questions

What are the key criteria to compare three tool materials for finish
turning of steel?

The key criteria include tool wear resistance, surface finish quality, cutting forces, tool life, thermal

stability, and cost-effectiveness during the operation.

How does the choice of tool material impact the surface finish in finish
turning of steel?

The tool material influences the cutting edge stability and heat resistance, which directly affect the
surface finish; materials with better toughness and thermal properties tend to produce smoother

finishes.

Which tool material typically offers the longest tool life for finish
turning of steel?

Cemented carbide tools generally provide longer tool life compared to high-speed steel and ceramic

tools, especially under high-speed finishing conditions.

What role does cutting speed play when comparing different tool
materials for finish turning?
Cutting speed significantly affects tool wear and surface quality; optimal speeds depend on the tool

material, with harder materials like ceramics allowing higher speeds but requiring precise control.

Are there specific tool materials better suited for finishing high-



strength or alloy steels?

Yes, materials like coated carbides and ceramics are often preferred for high-strength or alloy steels

due to their superior heat resistance and wear properties, ensuring quality finishes.

What are the cost considerations when selecting among the three tool
materials for a batch of 100 steel components?

While some materials may have higher initial costs, their longer tool life and better finish quality can
reduce overall production costs by decreasing tool changes and rework, making them more cost-

effective in the long run.

Additional Resources

Three Tool Materials Are To Be Compared For The Same Finish Turning Operation On A Batch Of
100 Steel

Introduction

In the realm of manufacturing and machining, selecting the appropriate cutting tool material is crucial
to achieving optimal performance, surface finish, tool life, and cost-effectiveness. As industries push for
higher productivity and precision, the choice of tool material becomes increasingly significant,
especially for operations like finish turning, where surface integrity and dimensional accuracy are

paramount.

This article explores a comparative investigation of three prevalent tool materials—High-Speed Steel
(HSS), Carbide, and Cermet—applied to the same finish turning operation on a batch of 100 steel
components. Through a detailed analysis rooted in empirical data, material properties, and operational

parameters, we aim to provide insights into their relative performance, advantages, and limitations.



Background and Context

Finish turning is a machining process aimed at producing a smooth, precise surface on a workpiece by
removing minimal material. The process demands tools that can maintain sharpness, resist wear, and
deliver excellent surface quality over multiple uses. When turning a batch of 100 steel components, the

tool material's durability and performance directly impact production efficiency, cost, and quality.

The three tool materials under comparison are:

- High-Speed Steel (HSS)
- Carbide

- Cermet

Each material exhibits distinct properties, processing capabilities, and cost implications, which influence

their suitability for finish turning operations.

Material Properties and Theoretical Considerations

High-Speed Steel (HSS)

HSS is a traditional tool material composed mainly of tungsten, molybdenum, chromium, and

vanadium, combined with carbon. It is known for:

- Good toughness and shock resistance
- Moderate hardness
- Ease of re-sharpening

- Cost-effectiveness



However, HSS has lower hot hardness and wear resistance compared to carbide and cermet, which

can limit its performance in high-speed applications.

Carbide

Cemented carbide tools are made from tungsten carbide particles bonded with cobalt. They are

characterized by:

- High hardness and wear resistance

- Elevated hot hardness allowing higher cutting speeds

- Good dimensional stability

Despite these advantages, carbide tools tend to be more brittle and less shock-resistant than HSS.

Cermet

Cermets are composite materials, typically consisting of ceramic particles (like titanium carbonitride)

bonded with metallic binders. Features include:
- Excellent surface finish capability
- High wear resistance

- Superior chemical stability

However, cermets are more brittle than carbide and can be sensitive to impact loads.

Experimental Setup and Methodology

To ensure a fair comparison, the following standardized parameters were maintained:



- Workpiece Material: Medium carbon steel (e.g., AISI 1045)

- Batch Size: 100 components

- Cutting Speed: 150 m/min (for HSS), 250 m/min (for Carbide and Cermet)
- Feed Rate: 0.1 mm/rev

- Depth of Cut: 0.2 mm

- Tool Geometry: Standard finish turning insert

- Coolant: Water-based coolant applied uniformly

- Tool Wear Measurement: Using microscopy to assess flank wear (VB)

The evaluation focused on:

- Surface finish quality

- Tool wear progression

- Cutting force

- Surface integrity

- Tool life (number of components machined before unacceptable wear)

Results and Analysis

Surface Finish Quality

The surface finish was assessed via surface roughness measurements (Ra):

| Material | Average Ra (um) | Surface Quality Description |

I I I I
| HSS | 1.2 | Slightly rough, acceptable for some applications |

| Carbide | 0.4 | Very smooth, high-quality finish |

| Cermet | 0.3 | Excellent surface finish, minimal roughness |



Cermet tools produced the best surface finish, closely followed by carbide, with HSS lagging behind.

Tool Wear and Tool Life

Tool wear was monitored after each component and summarized as the number of components

machined before reaching a flank wear of 0.3 mm:

| Material | Average Tool Life (components) | Observations |

| HSS | 25 | Significant wear after ~25 components, risk of surface defects |

| Carbide | 75 | Moderate wear, consistent performance |

| Cermet | 50 | Wear resistant but sensitive to impact |

Carbide outperformed HSS significantly, providing nearly three times the tool life, while cermet offered

better wear resistance than HSS but less than carbide.

Cutting Forces

The average cutting force during operation, measured via dynamometer:

| Material | Average Cutting Force (N) | Commentary |

| HSS | 350 | Higher forces due to lower hardness and wear resistance |

| Carbide | 250 | Reduced forces, enabling higher speeds |
| Cermet | 280 | Slightly higher than carbide, but still lower than HSS |

Lower cutting forces with carbide and cermet suggest more efficient material removal and less tool

deflection.

Surface Integrity and Microstructure



Microscopic analyses of the machined surfaces revealed:

- HSS: Slight micro-roughness, some micro-cracks, and minor residual stresses.
- Carbide: Very uniform, smooth surface with minimal micro-defects.
- Cermet: Ultra-smooth surface with minimal residual stresses but prone to micro-chipping if

mishandled.

These observations confirm that cermets excel in surface quality but are more delicate.

Cost-Performance Evaluation

While carbide and cermet tools exhibit superior performance, their costs are higher than HSS. A cost-

performance analysis indicates:

- HSS: Cheapest initial cost, but higher replacement frequency increases operational costs.
- Carbide: Higher upfront cost but lower tool replacement frequency yields better overall cost efficiency.
- Cermet: Highest material cost, but superior surface quality may justify the investment in applications

demanding high finish quality.

Practical Implications and Recommendations

Based on the experimental data and analysis, the following recommendations are derived:

- For high-volume finish turning where surface quality and tool life are priorities, carbide tools present
the best balance of performance and economy.
- When cost constraints dominate and surface finish is less critical, HSS remains a viable option.

- For specialized applications requiring exceptional surface finishes and minimal residual stresses,



cermet tools are advantageous, provided the handling and impact resistance issues are managed.

Limitations and Further Research

The study's scope is limited to medium carbon steel and specific cutting parameters. Variations in
workpiece material hardness, cutting speeds, and coolant conditions could influence outcomes. Future

research could explore:

- Effects of varying cutting parameters
- Tool coatings (e.g., TiN, TiAIN) on performance
- Impact resistance and shock loading scenarios

- Long-term economic analysis considering tool reconditioning

Conclusion

The comparative investigation underscores the importance of aligning tool material choice with
operational requirements. Carbide emerges as the most versatile and cost-effective for finish turning of
steel components in batch production, offering a balanced mix of surface quality, tool life, and
operational efficiency. Cermet, while excelling in surface finish, necessitates careful handling due to its
brittleness. HSS remains suitable for low-speed, low-precision applications or where initial cost savings

are paramount.

Ultimately, the decision hinges on the specific demands of the machining process, budget constraints,

and desired surface integrity. This comprehensive review aims to guide manufacturers and machining

professionals in making informed choices to optimize their finishing operations.
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