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Surface grinding is a fundamental process in manufacturing and machining industries, primarily
used for producing smooth and precise surfaces on workpieces. An essential aspect of understanding
and optimizing the grinding process involves analyzing the chip formation, especially calculating the
dimensions of the undeformed chip during cutting. This article delves into the detailed
methodologies for calculating the undeformed chip length (I) and other related chip dimensions in a
surface grinding operation, providing a comprehensive understanding of the underlying mechanics
and factors influencing chip formation.

Understanding Chip Formation in Surface Grinding

What Is Chip Formation?
Chip formation refers to the material removed from the workpiece during machining processes, such
as grinding. In surface grinding, as the abrasive wheel contacts the workpiece, localized shear
occurs, leading to the creation of a chip that slides over or is removed from the surface.

Importance of Chip Geometry Analysis
Analyzing chip geometry helps in:
- Evaluating cutting forces and power consumption
- Optimizing grinding parameters for better surface finish
- Improving tool life and process stability
- Understanding material behavior under shear

Fundamental Concepts in Chip Geometry Calculation

Key Parameters in Chip Geometry
Before deriving formulas, it is essential to understand the primary parameters involved:

Uncut Chip Thickness (t): The thickness of the material layer before shearing.

Cutting Speed (V): The relative velocity between the grinding wheel and the workpiece.



Feed per Revolution (f): The linear feed of the workpiece per revolution of the grinding
wheel.

Depth of Cut (d): The maximum depth of material removed in a single pass.

Chip Length (I): The length of the undeformed chip, which is a key focus here.

Cutting Angle (ϕ): The angle at which shear occurs, influencing chip shape and size.

Calculating the Undeformed Chip Length (I)

Understanding the Concept of Undeformed Chip Length
The undeformed chip length (I) is the length of the chip before deformation occurs during cutting. It
represents the original unaltered material segment that will undergo shear and become part of the
chip.

Factors Influencing I in Surface Grinding
Several factors influence the undeformed chip length:
- The abrasive grit geometry
- The feed rate
- The depth of cut
- The cutting angle
- The relative motion between the wheel and workpiece

Deriving the Formula for I
In surface grinding, the undeformed chip length can be approximated based on the geometry of the
cutting process and the kinematics involved.

Assumption: The chip formation occurs along a shear plane inclined at an angle ϕ to the surface.

The undeformed chip length (I) can be related to the feed and the shear angle ϕ as:

\[ I = \frac{f}{\sin \phi} \]

Where:
- \(f\): Feed per revolution (or per unit time, depending on the context)
- \(\phi\): Shear or cutting angle

Note: In some cases, the chip length also correlates with the cutting speed (V) and the feed rate (f).
When the workpiece moves at a certain feed rate, and the grinding wheel rotates at a specific speed,
the actual chip length can be expressed as:



\[ I = \frac{V \times \text{time taken for shear}}{\sin \phi} \]

However, in typical surface grinding operations, the feed rate and the wheel's rotational velocity
primarily determine the undeformed chip length.

Practical Calculation:
For a given feed per revolution \(f\), the undeformed chip length is approximately:

\[ I = \frac{f}{\sin \phi} \]

This relationship indicates that as the shear angle increases, the undeformed chip length decreases,
influencing the surface finish and cutting forces.

Calculating Other Chip Dimensions in Surface Grinding

Chip Thickness and Width
Once the undeformed chip length (I) is known, other dimensions such as the chip thickness and
width can be derived.

- Deformed Chip Thickness (t₁): The thickness of the chip after shear, which is related to the
undeformed thickness (t₀) and shear angle:

\[ t_1 = t_0 \times \frac{\cos \phi}{\cos (\phi - \theta)} \]

where \( \theta \) is the rake angle.

- Chip Width (w): Typically corresponds to the width of cut, often equal to the width of the grinding
wheel or the width of the cut in the workpiece.

Calculating the Chip Volume
The volume of the chip removed per unit length can be calculated as:

\[ V_{chip} = I \times t_0 \times w \]

where:
- \( I \): Undeformed chip length
- \( t_0 \): Uncut chip thickness
- \( w \): Width of the cut

This volume is useful for estimating material removal rates and power consumption.



Practical Application and Example Calculation

Example Data
Suppose:
- Feed per revolution, \(f = 0.1\, \text{mm}\)
- Shear angle, \(\phi = 30^\circ\)

Calculate the undeformed chip length \(I\).

Solution
Using the formula:

\[ I = \frac{f}{\sin \phi} \]

Calculate \(\sin 30^\circ = 0.5\):

\[ I = \frac{0.1\, \text{mm}}{0.5} = 0.2\, \text{mm} \]

Thus, the undeformed chip length is 0.2 mm.

Conclusion

Understanding and calculating the chip dimensions in surface grinding are vital for optimizing
process parameters, improving surface quality, and ensuring efficient material removal. The
undeformed chip length \(I\) provides insight into the shear mechanics and helps in predicting the
cutting forces and surface finish. By analyzing the parameters influencing chip formation, such as
feed rate, shear angle, and cutting geometry, engineers can better control the grinding operation
and achieve desired outcomes.

In summary:
- The undeformed chip length \(I\) can be calculated using the relation \(I = \frac{f}{\sin \phi}\).
- Chip dimensions influence the quality and efficiency of the grinding process.
- Proper understanding of these parameters allows for better process control and optimization.

This detailed analysis underscores the importance of mechanics and geometry in surface grinding,
enabling practitioners to tailor their operations for superior results.

Frequently Asked Questions



How do you calculate the undeformed chip length in a surface
grinding operation?
The undeformed chip length (I) in a surface grinding operation can be calculated using the relation I
= (π d) / 2, where d is the diameter of the wheel. Alternatively, it can be derived from the depth of
cut and the workpiece geometry, considering the tool's feed and width parameters.

What are the key parameters needed to determine the
undeformed chip length during grinding?
The key parameters include the wheel diameter, feed rate, depth of cut, and the width of the cut.
These factors influence the chip formation and help in calculating the undeformed chip length
accurately.

Why is understanding chip dimensions important in surface
grinding operations?
Understanding chip dimensions helps in optimizing cutting parameters, reducing tool wear,
improving surface finish, and ensuring the efficiency of the grinding process by controlling material
removal rates and heat generation.

What is the significance of the undeformed chip length in
relation to grinding forces and surface quality?
The undeformed chip length affects the magnitude of grinding forces; longer chips generally
indicate higher forces, which can influence surface quality and tool wear. Accurate calculation
allows for better control of the grinding process to achieve desired surface finish.

In a surface grinding operation, how would you determine the
chip dimensions if the grinding parameters are known?
If the grinding parameters such as wheel diameter, feed rate, and depth of cut are known, the
undeformed chip length can be calculated using geometric relationships or empirical formulas that
relate these parameters, ensuring precise control over the material removal process.

Additional Resources
Understanding Chip Dimensions in Surface Grinding Operations: Calculating Undeformed Chip
Length and Other Parameters

Surface grinding is a fundamental manufacturing process used extensively across industries to
achieve precise surface finishes and accurate dimensions on workpieces. A critical aspect of
understanding and optimizing the surface grinding process involves analyzing the chip formation
during material removal. Specifically, calculating the undeformed chip length and related
parameters provides valuable insights into the cutting mechanics, tool-workpiece interactions, and
process efficiency. This detailed review delves into the concepts, calculations, and significance of



chip dimensions in surface grinding, with a focus on the undeformed chip length and other related
parameters.

---

Introduction to Chip Formation in Surface Grinding

Before diving into calculations, it’s crucial to understand what constitutes a chip in the context of
surface grinding.

- Chip Formation: In grinding, material removal occurs via abrasive particles embedded in a grinding
wheel. These particles cut into the workpiece surface, removing small chips of material.
- Types of Chips: Depending on the grinding conditions, chips can be classified as:
- Deformed chips: permanently plastically deformed during cutting.
- Undeformed chips: hypothetical concept representing the chip shape if it were instantaneously
removed without deformation.

- Importance of Chip Geometry: The shape and size of the chip influence:
- Surface finish quality.
- Cutting forces.
- Tool wear.
- Power consumption.
- Heat generation.

Understanding and calculating the undeformed chip length (the length of the chip before
deformation) is essential for analyzing the cutting process, predicting tool life, and optimizing
process parameters.

---

Fundamentals of Surface Grinding Mechanics

Surface grinding involves a rotating abrasive wheel and a workpiece that is either stationary or
moving.

Key Parameters in Surface Grinding:

- Workpiece: The material being machined.
- Grinding Wheel: Contains abrasive grains; characterized by grit size, bond type, etc.
- Feed Rate (V_f): The rate at which the workpiece advances relative to the wheel.
- Cutting Speed (V_c): The peripheral speed of the grinding wheel.
- Depth of Cut (a): The thickness of material removed in one pass.
- Abrasive Grain Engagement: As the wheel rotates, abrasive grains engage with the workpiece,
removing material in the form of chips.

Chip Formation in Grinding:



Unlike turning or milling, chip formation in grinding is localized and involves multiple abrasive
grains operating simultaneously. Each grain acts as a miniature cutting tool, creating micro-chips
that collectively remove material.

---

Calculating the Undeformed Chip Length (I)

The undeformed chip length (denoted as I) is a theoretical measure of the length of the chip before
deformation occurs during material removal.

Conceptual Understanding:

- Think of I as the initial or original length of the chip in the cutting zone if it could be
instantaneously removed without any elastic or plastic deformation.
- It provides a basis for understanding the chip formation process and helps relate cutting forces and
energy consumption.

Geometrical Approach to Calculation:

The calculation of I depends on the geometry of the cutting action, the feed rate, and the interaction
of abrasive grains.

---

Variables and Notations

- V_f: Feed rate of the workpiece (mm/min or m/min)
- V_c: Cutting velocity at the grinding wheel periphery (m/min)
- α: Workpiece inclination angle or rake angle (degrees)
- β: Grain orientation or inclination angle (degrees)
- I: Undeformed chip length (mm or μm)
- L: Actual chip length after deformation (mm)
- t: Thickness of the material removed (depth of cut)

---

Calculation of the Undeformed Chip Length (I)

In many cases, the undeformed chip length I is related to the feed and the geometry of the
engagement zone.

Method 1: Based on Feed and Geometry

- When the abrasive grains engage with the workpiece, the undeformed chip length can be



approximated by considering the feed per grit and the angle of engagement.

Formula:

\[
I = \frac{f}{\cos \alpha}
\]

Where:

- \(f\) is the feed per revolution or feed per unit time depending on the context.
- \(\alpha\) is the rake angle or angle of engagement.

In surface grinding, the feed per revolution can be linked to the workpiece feed rate:

\[
f = \frac{V_f}{N}
\]

where \(N\) is the spindle speed in revolutions per minute (rpm).

Example:

Suppose:

- \(V_f = 0.1\, \text{mm/sec}\)
- Spindle speed \(N = 1500\, \text{rpm}\)

Then,

\[
f = \frac{V_f \times 60}{N} = \frac{0.1 \times 60}{1500} = 0.004\, \text{mm}
\]

Assuming \(\alpha = 0^\circ\) (for simplicity),

\[
I = \frac{0.004}{\cos 0^\circ} = 0.004\, \text{mm}
\]

This illustrates the direct relation between feed per grit and undeformed chip length, adjusted by
the engagement geometry.

---

Calculation of the Actual Chip Length (L)

The actual chip length L is the deformed length of the chip after it has undergone plastic
deformation during cutting.



- It can be related to the undeformed chip length I through the chip compression ratio or chip ratio:

\[
\text{Chip Ratio} = \frac{L}{I}
\]

- The chip ratio is influenced by cutting conditions, material properties, and abrasive grain
engagement.

---

Calculating Other Chip Parameters in Surface Grinding

Beyond the undeformed chip length, several other parameters are critical for understanding the
grinding process.

1. Chip Thickness (t_c)

- The chip thickness after deformation is related to the undeformed chip thickness and the chip ratio:

\[
t_c = \frac{t}{\text{Chip Ratio}} = \frac{a}{L} \times I
\]

- Higher chip ratios imply more deformation and thicker chips after cutting.

2. Chip Width (w)

- The width of the chip is approximately equal to the width of the grinding zone or the contact width
between the abrasive grain and the workpiece.

- It depends on the grinding wheel's contact area and the specific grinding conditions.

3. Chip Volume and Material Removal Rate

- The volume of material removed per unit time can be calculated by:

\[
Q = V_f \times a \times w
\]

where:

- \(Q\) = Material removal rate (mm³/sec)

- This helps in estimating grinding efficiency and power consumption.

---



Significance of Calculating Chip Dimensions

Understanding and accurately calculating chip dimensions in surface grinding serve multiple
purposes:

- Optimizing Process Parameters: Knowledge of chip length and deformation helps in selecting
appropriate feed rates, speeds, and depth of cut to achieve desired surface quality without excessive
tool wear.

- Predicting Tool Wear and Failure: Excessively large or thick chips can indicate high cutting forces,
leading to tool fatigue or failure.

- Controlling Surface Finish: The nature of chip formation influences surface roughness and
integrity.

- Energy Efficiency: Efficient material removal with optimal chip dimensions minimizes power
consumption and heat generation.

- Quality Control: Consistent chip formation indicates stable grinding conditions, whereas
irregularities may signal process issues.

---

Practical Considerations and Limitations

While theoretical calculations provide valuable insights, real-world conditions may introduce
deviations:

- Material Heterogeneity: Variations in workpiece material properties affect chip formation.
- Abrasive Grain Wear: Worn grains alter engagement geometry, impacting chip dimensions.
- Vibration and Machine Dynamics: Instabilities can influence the actual chip length and formation.
- Lubrication and Cooling: These can modify cutting forces and deformation behavior.

Therefore, it’s essential to combine theoretical calculations with experimental measurements and
observations.

---

Summary and Conclusions

Calculating the undeformed chip length (I) in a surface grinding operation is fundamental to
understanding the mechanics of material removal. It involves analyzing the feed rate, engagement
geometry, and grinding parameters to estimate the initial chip size before deformation.

Key takeaways:



- The undeformed chip length I can be approximated using geometric relationships involving feed
per grit and engagement angles.
- The actual chip length L is a function of the undeformed length and the chip ratio, which reflects
the deformation level.
- Additional parameters like chip thickness, width, and volume help in assessing process efficiency
and surface quality.
- Accurate calculation and understanding of chip dimensions enable better process control, tool life
optimization, and surface finish quality.

In essence, mastering the calculation of chip dimensions, especially the undeformed chip length,
empowers manufacturing engineers to optimize grinding operations, improve productivity, and
ensure high-quality outcomes.

---
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