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Introduction to High-speed Steel (HSS) Tools in
Turning Operations

High-speed steel (HSS) tools are essential in modern machining processes,
particularly in turning operations involving steel workpieces. Their ability
to withstand high temperatures, maintain hardness, and provide excellent wear
resistance makes them ideal for shaping steel components with precision and
efficiency. In this context, using an HSS tool to turn a steel work part
measuring 350 mm in length and 70 mm in diameter ensures not only the quality
of the finished surface but also the durability and cost-effectiveness of the
operation.

Understanding the Workpiece Specifications

Workpiece Dimensions and Material

The workpiece under consideration has the following specifications:

Length = 350 mm

Diameter = 70 mm

The material is generally assumed to be a common steel grade, such as mild
steel or alloy steel, which responds well to high-speed steel cutting tools.
The dimensions suggest that the component could be a shaft, spindle, or
similar cylindrical part used in machinery, automotive, or equipment
manufacturing.



Implications of Dimensions on Machining

The length-to-diameter ratio (approximately 5:1) indicates a relatively
slender shaft, which may influence the rigidity during machining. Special
care must be taken to minimize deflections and vibrations, ensuring a high-
quality finish.

Role of High-speed Steel Tools in Turning
Operations

Properties of High-speed Steel (HSS)

High-speed steel is a subgroup of tool steels characterized by:

High hardness at elevated temperatures (up to 600°C)

Excellent wear resistance

Good toughness and resistance to impact

Ability to retain cutting edge sharpness during high-speed operations

Ease of re-sharpening and re-coating

These properties make HSS tools highly suitable for turning steel workpieces,
especially when high productivity and tool longevity are desired.

Advantages in Turning Steel Workpieces

Using HSS tools in turning steel offers multiple benefits:

- High Cutting Speeds: HSS tools can operate at higher speeds compared to
carbon steels, reducing machining time.
- Dimensional Accuracy: Their stability and sharpness help achieve precise
dimensions.
- Surface Finish: Capable of producing smooth, high-quality surface finishes.
- Cost-effectiveness: Re-sharpening capabilities extend tool life and reduce
tooling costs.
- Versatility: Suitable for various steel grades and complex geometries.



Machining Parameters for Turning Steel with HSS
Tools

Optimizing cutting parameters is crucial for efficient machining, tool life,
and surface quality.

Cutting Speed (V)

- Typical cutting speeds for turning steel with HSS are in the range of 25-40
m/min.
- For a workpiece with a diameter of 70 mm, a recommended starting point
might be around 30 m/min.
- Calculation example:

\[
V = \text{Cutting speed in m/min}
\]

Feed Rate (f)

- Usually ranges from 0.05 to 0.2 mm/rev.
- For roughing, a higher feed rate (e.g., 0.2 mm/rev) can be used, while
finishing requires lower feeds (~0.05 mm/rev) for better surface finish.

Depth of Cut (d)

- For turning steel, depth of cut typically ranges from 1 mm for fine
finishing to 5 mm for roughing.
- Considering the diameter, a moderate depth of cut (around 2-3 mm) balances
material removal rate and tool life.

Machining Process Overview

Setup and Preparation

Before machining, ensure:

- Proper clamping of the workpiece to prevent vibrations.
- Correct alignment of the tool with the workpiece axis.
- Selection of appropriate cutting parameters.



- Inspection of the HSS tool for sharpness and integrity.

Turning Process Steps

1. Facing: Starting with facing to produce a smooth end surface.
2. Straight Turning: Removing material from the outer diameter to achieve the
desired dimension.
3. Profiling and Finishing: Creating specific shapes or features and refining
surface quality.
4. Parting and Drilling: If necessary, additional operations like parting off
or drilling can be performed.

Tool Selection and Geometry

Choosing the right HSS tool geometry enhances efficiency and surface quality.

Tool Types and Shapes

- Plain Turning Tools: For general outer diameter turning.
- Form Tools: For specific profiles or shapes.
- Threading Tools: If threads are to be cut.

Cutting Edge Geometry

- rake angle: Positive rake angles reduce cutting forces and improve surface
finish.
- clearance angle: Prevents rubbing and reduces tool wear.
- nose radius: Larger radius produces smoother finishes but may increase
cutting forces.

Tool Wear and Maintenance

HSS tools, despite their durability, are subject to wear mechanisms such as
flank wear, crater wear, and chipping.

Signs of Tool Wear

- Increased cutting forces.
- Deterioration of surface finish.



- Vibration and noise.
- Visible wear or chipping on the cutting edge.

Maintenance Practices

- Regular inspection and re-sharpening.
- Proper cooling and lubrication to reduce heat.
- Using appropriate cutting parameters to extend tool life.

Surface Finish and Quality Considerations

Achieving a high-quality surface finish depends on multiple factors:

- Proper cutting speeds and feeds.
- Sharpness of the HSS tool.
- Stable machine setup to minimize vibrations.
- Appropriate depth of cut during finishing passes.

Surface roughness can typically be improved by reducing feed rate and
increasing the number of finishing passes.

Conclusion: Benefits of Using HSS Tools for
Turning Steel Workpieces

Utilizing a high-speed steel tool for turning a steel work part measuring 350
mm in length and 70 mm in diameter offers numerous advantages. The
combination of high hardness, wear resistance, and thermal stability ensures
efficient material removal, superior surface quality, and extended tool life.
Proper selection of cutting parameters, tool geometry, and maintenance
practices enhances productivity and ensures that the finished component meets
precise specifications.

This methodology not only improves operational efficiency but also reduces
tooling costs and downtime, making HSS tools a reliable choice for machining
steel components in various industries, including automotive, manufacturing,
and machinery production. Whether performing roughing or finishing, the
versatility of HSS tools makes them indispensable in the metalworking shop.

---
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Frequently Asked Questions

What are the advantages of using high-speed steel
tools for turning steel workpieces?
High-speed steel tools offer high hardness, wear resistance, and the ability
to retain their cutting edge at elevated temperatures, making them suitable
for high-speed machining of steel workpieces efficiently and with better
surface finish.

How does the length and diameter of the work part
influence the turning process using high-speed steel
tools?
The length (350 mm) and diameter (70 mm) determine the cutting parameters,
stability, and tool wear. Longer workpieces may require additional support to
prevent deflection, while the diameter influences the cutting force and tool
life.

What are the typical cutting parameters when turning
a 70 mm diameter steel workpiece with high-speed
steel tools?
Typical parameters depend on the steel grade but generally include cutting
speeds of 30-50 m/min, feed rates of 0.1-0.3 mm/rev, and depths of cut around
1-3 mm, optimizing tool life and surface finish.

Why is high-speed steel preferred over other tool
materials for turning steel workpieces?
High-speed steel provides a good balance of toughness and hardness, is cost-
effective, easily sharpened, and capable of machining at higher speeds than
carbon steels, making it suitable for turning steel parts efficiently.

What are the main challenges faced when turning long
steel workpieces with high-speed steel tools?
Challenges include deflection and vibration due to the length, which can
affect dimensional accuracy and surface finish, as well as increased tool
wear from high cutting temperatures.

How can the surface finish of the steel workpiece be
improved when using high-speed steel tools?
Surface finish can be improved by optimizing cutting parameters, ensuring



proper tool sharpness, using appropriate coolant or lubrication, and
maintaining stable machine conditions to reduce vibrations.

What is the typical tool life expectancy when
turning steel parts with high-speed steel tools?
Tool life varies depending on cutting conditions, but generally, high-speed
steel tools last several hours of machining, often around 1-3 hours for
continuous operation at optimal parameters.

How does the workpiece length of 350 mm affect the
setup and machining process?
A length of 350 mm requires careful setup to ensure stability and minimize
deflection, possibly requiring additional supports or steady rests to
maintain accuracy and surface quality during turning.

What safety precautions should be taken when turning
steel workpieces with high-speed steel tools?
Safety precautions include wearing protective goggles and gloves, ensuring
proper machine guarding, securing the workpiece firmly, and maintaining
correct tool handling to prevent accidents from flying chips or tool
breakage.

Can high-speed steel tools be used for finishing
operations on a steel workpiece of this size?
Yes, high-speed steel tools are suitable for finishing operations due to
their ability to produce good surface finishes, especially when operated at
appropriate speeds and feeds, combined with proper coolant application.

Additional Resources
A High-speed Steel Tool Is Used To Turn A Steel Work Part With Length = 350
Mm And Diameter = 70 Mm.

Turning operations are fundamental in manufacturing, especially when it comes
to producing precise cylindrical components. The choice of cutting tools and
parameters significantly influences the quality, efficiency, and economics of
the process. In this context, employing a high-speed steel (HSS) tool to turn
a steel work part with length = 350 mm and diameter = 70 mm presents a blend
of traditional reliability and versatility, making it a common choice for
many machining applications.

---



Introduction to Turning and Tool Selection

Turning is a subtractive manufacturing process where a cutting tool removes
material from a rotating workpiece to produce a desired shape, usually
cylindrical. The effectiveness of this process hinges on multiple factors:
the workpiece material, tool material, cutting parameters, machine
capabilities, and the desired surface finish.

Given the specifications—a 350 mm long steel workpiece with a diameter of 70
mm—the task involves removing material efficiently while maintaining
dimensional accuracy and surface integrity. The use of a high-speed steel
(HSS) tool in this scenario is noteworthy. HSS tools are known for their
toughness, resistance to chipping, and ability to withstand high cutting
temperatures, making them suitable for various turning operations, especially
where cost-effectiveness and versatility are priorities.

---

Why Choose High-Speed Steel (HSS) Tools?

High-speed steel is a group of tool steels characterized by their ability to
withstand high temperatures without losing hardness, allowing higher cutting
speeds compared to traditional carbon steels. The key advantages include:

- Toughness and Durability: Less prone to chipping or breaking under heavy
loads.
- Cost-Effectiveness: Generally lower cost than carbide or ceramic tools.
- Ease of Re-sharpening: Can be ground and re-sharpened multiple times.
- Versatility: Suitable for a variety of materials, including different
steels, cast irons, and non-ferrous metals.

However, HSS tools generally operate at lower cutting speeds compared to
carbide or ceramic tools, which may influence productivity. For the
application of turning a steel workpiece of these dimensions, HSS offers a
good balance between performance and economy, especially when high-speed
machining is not strictly necessary.

---

Understanding the Workpiece Dimensions and Machining Requirements

Workpiece Specifications:
- Length: 350 mm
- Diameter: 70 mm

These dimensions imply a moderate-sized workpiece that requires careful
planning to ensure stability, surface finish, and dimensional accuracy.

Machining Objectives:
- Achieve a precise diameter, possibly with tolerance and surface finish
requirements.



- Maintain dimensional stability over the length.
- Minimize tool wear and maximize tool life.
- Optimize machining time without compromising quality.

---

Key Machining Parameters and Their Impact

To achieve optimal results, parameters such as cutting speed, feed rate,
depth of cut, and tool geometry must be carefully selected.

1. Cutting Speed (V)
- Definition: The surface speed at which the cutting edge engages the
material.
- Typical Range for HSS on Steel: 20–40 m/min.
- Considerations: Higher speeds increase productivity but also tool wear. For
HSS, staying within the lower to mid-range is prudent.

2. Feed Rate (f)
- Definition: The distance the tool advances into the workpiece per
revolution.
- Typical Range: 0.1–0.3 mm/rev.
- Impact: Affects surface finish and chip formation. Lower feeds produce
smoother surfaces but increase machining time.

3. Depth of Cut (d)
- Definition: The thickness of the material removed in a single pass.
- Typical Range: 1–3 mm.
- Impact: Larger depths increase cutting forces and tool wear, so a moderate
value is preferred.

---

Step-by-Step Machining Strategy

Step 1: Planning and Setup
- Workpiece Preparation: Ensure the workpiece is securely mounted, with
proper lubrication for machining.
- Tool Inspection: Check the HSS tool for sharpness, proper geometry, and
secure mounting.
- Machine Calibration: Confirm machine accuracy, spindle run-out, and proper
alignment.

Step 2: Rough Turning
- Objective: Remove the bulk of excess material efficiently.
- Parameters:
- Cutting speed: ~25–30 m/min.
- Feed: 0.2 mm/rev.
- Depth of cut: 2 mm.
- Outcome: Achieve close to final diameter with minimal surface damage.



Step 3: Finish Turning
- Objective: Achieve the desired diameter and surface finish.
- Parameters:
- Cutting speed: 35–40 m/min (limited by HSS capacity).
- Feed: 0.1 mm/rev for better surface finish.
- Depth of cut: 0.5–1 mm.
- Outcome: Smooth surface, accurate dimensions.

Step 4: Inspection & Quality Control
- Measure diameter with micrometers or gauges.
- Check surface finish visually and with surface roughness testers.
- Ensure dimensional tolerances are met.

---

Tool Geometry and Its Influence

The geometry of the HSS tool plays a crucial role in machining efficiency:

- Cutting Edge Angle: Typically 10°–20°; influences cutting forces and chip
flow.
- Rake Angle: Positive rake angles reduce cutting forces but may weaken the
cutting edge.
- Relief Angle: Prevents rubbing against the workpiece; typically 8°–12°.
- Tip Radius: Smaller radii produce sharper edges, suitable for fine
finishes.

Proper sharpening and geometry adjustments extend tool life and improve
surface quality.

---

Managing Tool Wear and Heat Generation

HSS tools, while resilient, are susceptible to wear at high speeds and
temperatures:

- Types of Wear:
- Crater wear
- Flank wear
- Notch wear

- Mitigation Strategies:
- Use appropriate cutting speeds.
- Apply adequate lubrication or cutting fluids to reduce temperature.
- Incorporate proper feed and depth of cut to minimize excessive forces.
- Periodically inspect and re-sharpen the tool.

---

Surface Finish and Dimensional Accuracy



Achieving a high-quality surface finish and precise dimensions is essential:

- Surface Roughness: HSS tools can produce finishes of Ra 1.6–3.2 μm with
proper parameters.
- Dimensional Tolerance: Typically within ±0.05 mm; achieved through precise
setup and stable machining conditions.

---

Economic and Practical Considerations

Using HSS for turning a steel workpiece of these dimensions offers several
benefits:

- Cost Savings: Lower tool cost compared to carbide or ceramic tools.
- Flexibility: Easy to re-sharpen and adapt to different materials.
- Sufficient for Medium-Precision Tasks: Not ideal for high-speed production
but effective for prototypes, small batches, or maintenance.

However, for large production runs or high-speed machining, upgrading to
carbide tools might be justified for increased productivity.

---

Summary and Best Practices

- Select appropriate cutting speeds within the HSS range for steel.
- Use moderate feed rates to balance surface finish and machining time.
- Optimize depth of cut for stability without excessive tool wear.
- Maintain proper tool geometry and sharpness.
- Ensure proper machine setup and workpiece clamping.
- Use cutting fluids or lubricants to manage heat and extend tool life.
- Regularly monitor tool condition and replace or re-sharpen as needed.
- Perform frequent inspections to ensure dimensional accuracy and surface
quality.

---

Final Thoughts

Turning a steel work part with a high-speed steel tool is a tried-and-true
process that combines cost-effectiveness with reliable performance. While
modern carbide and ceramic tools may offer higher speeds and longer tool
life, the versatility and ease of use of HSS make it a preferred choice for
many manufacturing settings, especially when working with medium-sized steel
components like the 350 mm long, 70 mm diameter shaft described here. Proper
parameter selection, tool maintenance, and process control are key to
achieving optimal results, ensuring that the final product meets quality
standards without unnecessary costs or delays.

---



By understanding the intricacies of cutting parameters, tool geometry, and
process strategies, manufacturers and machinists can maximize the benefits of
a high-speed steel tool in turning operations, delivering precision,
efficiency, and economic advantage.
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