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7. A Specimen Of 100 Mm Length Along The Stroke Of A Shaper Is Machined With
15 Rake Angle Tool. Determine the cutting parameters, tool geometry
considerations, and machining outcomes involved in this process. This
scenario provides an excellent case study to understand the principles of
shaping operations, the influence of tool geometry—specifically rake
angles—and the calculation of relevant machining parameters. In this
comprehensive article, we'll explore the fundamental concepts of shaping
processes, analyze the impact of rake angles on cutting efficiency, and
present detailed calculations to determine the cutting speed, feed rate, and
power consumption involved in machining a 100 mm long specimen. Whether
you're a machining enthusiast, a student, or a professional engineer, this
guide offers valuable insights into optimizing shaping operations for
precision and efficiency.

Understanding the Shaping Process

What Is Shaping?

Shaping is a machining process used to produce flat surfaces, slots, or
complex profiles on workpieces. It involves a single-point cutting tool that
reciprocates back and forth along a linear path, removing material as it
advances along the workpiece. The key features of shaping include:

- Reciprocating motion: The tool moves in a straight line, cutting during the
forward stroke.

- Workpiece positioning: The workpiece is fixed securely on the machine
table.

- Versatility: Suitable for internal and external surfaces, keyways, and
other features.

Common Applications of Shaping

Shaping is widely used in manufacturing for:

- Preparing flat surfaces and shoulders

- Cutting keyways and slots

- Machining irregular or hard-to-reach features

- Finishing operations where high precision is required



Tool Geometry in Shaping: The Role of Rake
Angles

Understanding Rake Angles

The rake angle is a critical parameter in tool geometry that influences
cutting efficiency, surface finish, and tool life. It is the angle formed
between the face of the cutting tool and a line perpendicular to the
workpiece surface.

Types of Rake Angles:

- Positive Rake Angle: The tool face tilts away from the cutting edge,
facilitating easier cutting and better chip flow.

- Negative Rake Angle: The tool face tilts towards the cutting edge,
providing increased strength but requiring more cutting force.

- Zero Rake Angle: The tool face is perpendicular to the workpiece surface.

In our scenario, a 15° rake angle indicates a positive rake, optimizing
cutting conditions for smoother operations.

Impact of Rake Angle on Machining

The rake angle affects several aspects of machining:

- Cutting forces: Larger rake angles reduce cutting forces.

- Chip formation: Improved chip flow and smoother surface finish.

- Tool wear: Proper rake angles extend tool life.

- Surface finish: Enhanced with optimal rake angles due to reduced cutting
resistance.

Calculating Machining Parameters for the
Specimen

To determine the machining parameters, we need to consider the workpiece
dimensions, tool geometry, material properties, and machine capabilities.

Given Data

- Length of the specimen, L = 100 mm

- Rake angle, a = 15°

- Material properties (assumed or typical for steel, aluminum, etc.)

- Cutting speed (V), feed rate (f), and depth of cut (d) — these are to be
determined or assumed based on standard practices.



Step 1: Determining Cutting Speed (V)

The cutting speed depends on the workpiece material and tool material.
Typical values are:

- For steel: 20-40 m/min

- For aluminum: 60-150 m/min

Assuming machining of mild steel with a recommended cutting speed of 25
m/min:

\ [

V = 25\, \text{m/min} = 0.4167\, \text{m/sec}

\1

Step 2: Calculating Tool Rotational or Linear Speed

Since shapers operate with linear cutting motion, the cutting feed rate (f)
is more relevant. However, for calculations involving power, the cutting
speed remains essential.

Determining Feed Rate and Cutting Parameters

Step 3: Selecting Feed per Tooth and Feed Rate

In shaping, the feed per stroke (f s) is critical:

- Typical feed per stroke ranges from 0.05 mm to 0.5 mm.

- For precision machining, a conservative value of 0.1 mm/stroke is often
used.

The total feed rate (F) is given by:

\ [
F = \text{Number of strokes per minute} \times \text{feed per stroke}

\1]

Assuming a reciprocating speed (stroke frequency) of 30 strokes per minute:

\ [
F = 30 \times 0.1\, \text{mm} = 3\, \text{mm/min}

\1]

This is a simplified estimate; actual feed rates depend on machine
capabilities and desired surface finish.

Step 4: Calculating Machining Time

Total machining time (T) to cut a 100 mm length:
\[



T = \frac{\text{Length of specimen}}{\text{Feed rate}}
]
\ [
T = \frac{100\, \text{mm}}{3\, \text{mm/min}} \approx 33.33\, \text{minutes}
\1]

Power Consumption and Cutting Force Calculation

Step 5: Estimating Cutting Force (F _c)

The cutting force depends on the material, tool geometry, and cutting
conditions.

Using the empirical relation:

\ [

F ¢c =Kc \times A

\1

where:

- \(K c\) is the specific cutting force (N/mm?)
- \(A\) is the cross-sectional area of cut (mm?)
Assuming:

- \(K_c\) for steel = 2000 N/mm?2
- Depth of cut, \(d = 2\, \text{mm}\)

- Width of cut, \(w\), approximated by the tool width, say 5 mm

Then:

\ [

A =d \times w = 2\, \text{mm} \times 5\, \text{mm} = 10\, \text{mm}"2
\1

\ [

F ¢ = 2000\, \text{N/mm}~2 \times 10\, \text{mm}"2 = 20,000\, \text{N}
\1

This is a theoretical maximum; actual forces are typically lower due to
process efficiencies.

Step 6: Calculating Power Required

Power (P) required:

\ [

P=F_c \times V

\1]

where \(V\) 1is the cutting speed in m/sec:
\

V = 0.4167\, \text{m/sec}



\1

\ [

P = 20,000\, \text{N} \times 0.4167\, \text{m/sec} = 8,334\, \text{W} \approx
8.33\, \text{kW}

\1

This indicates that a machine with sufficient power capacity is necessary for
such operations.

Impact of Rake Angle on Cutting Efficiency

Advantages of a 15° Rake Angle

- Reduced cutting forces: Eases the load on the tool and machine.

- Improved chip flow: Chips are expelled more readily.

- Better surface finish: Smoother cuts with less tool wear.

- Enhanced tool life: Less heat generation and wear due to efficient cutting.

Considerations and Limitations

- Excessively large rake angles can weaken the cutting edge.

- Material hardness influences the optimal rake angle.

- For harder materials, smaller rake angles or negative rake angles may be
preferred.

Practical Recommendations for Shaping
Operations

- Select appropriate cutting speeds based on workpiece material.

- Adjust feed rates to balance productivity and surface finish.

- Use a rake angle (such as 15°) that optimizes cutting forces and tool life.
- Ensure proper tool sharpness and maintain regular inspection.

- Monitor power consumption and cutting forces to prevent machine overload.

- Optimize depth of cut to maximize efficiency without compromising tool
life.



Conclusion

Machining a 100 mm long specimen using a shaper with a tool set at a 15° rake
angle involves careful consideration of multiple parameters. Understanding
the influence of tool geometry, especially rake angles, is essential for
optimizing cutting forces, surface finish, and tool longevity. Through
detailed calculations of cutting speed, feed rate, and power requirements,
operators can ensure efficient and precise machining operations. The balance
between cutting parameters and tool geometry ultimately determines the
success of shaping processes, making knowledge of these factors indispensable
for manufacturing professionals.

By mastering these principles, engineers and machinists can improve
productivity, reduce costs, and achieve high-quality surface finishes,
ensuring that their shaping operations meet the demanding standards of modern
manufacturing.

Keywords: shaping machine, rake angle, machining parameters, cutting forces,
cutting speed, feed rate, tool geometry, metal cutting, manufacturing,
machining calculations

Frequently Asked Questions

What is the significance of the 15° rake angle in
machining a 100 mm specimen with a shaper?

The 15° rake angle influences the cutting forces, chip formation, and surface
finish, helping to reduce cutting resistance and improve machining efficiency
on the 100 mm specimen.

How do you calculate the cutting force for machining
a 100 mm long specimen with a 15° rake angle tool?

The cutting force can be calculated using specific cutting force equations,
considering parameters such as cutting area, rake angle, tool material, and
cutting conditions, typically involving the shear stress and chip area.

What factors should be considered when selecting a
tool with a 15° rake angle for shaping a 100 mm
specimen?

Factors include material hardness, cutting speed, feed rate, chip removal,

surface finish requirements, and tool strength to ensure optimal machining
performance and tool life.



How does the rake angle affect the chip formation
process in shaping a 100 mm specimen?

A 15° rake angle facilitates smoother chip flow, reduces cutting forces, and
produces a better surface finish by promoting efficient chip formation and
evacuation.

What is the typical calculation involved in
determining the machining parameters for a 100 mm
specimen using a tool with a 15° rake angle?

The calculation involves determining the cutting velocity, feed rate, depth
of cut, and chip load, often using formulas that incorporate the rake angle
to optimize machining efficiency and surface quality.

Additional Resources

Precision Machining Analysis: Evaluating a 100 mm Length Shaper Cut with a
15° Rake Angle Tool

Introduction

In the realm of manufacturing and machining, understanding the intricacies of
cutting tools and their parameters is fundamental to achieving optimal
results. Whether it's producing precise components for aerospace, automotive,
or tooling industries, every detail-from tool geometry to material
properties—affects the quality of the final product. Today, we delve deep
into a specific scenario: a specimen measuring 100 mm in length along the
stroke of a shaper, machined using a tool with a 15° rake angle. This case
study offers rich insights into cutting mechanics, tool design
considerations, and the calculation of key machining parameters.

Understanding the Context: The Machining Setup

Before dissecting the problem, it's crucial to understand the broader
context:

- Workpiece: A specimen of 100 mm length undergoing shaping.

- Tool: Equipped with a 15° rake angle.

- Operation: Shaping, which involves a single-point cutting tool moving
linearly back and forth to remove material.

In machining, the rake angle significantly influences cutting forces, chip
formation, surface finish, and tool life. A 15° rake angle is considered



moderate, balancing strength and chip flow efficiency.

Establishing the Objective

The task is to determine key machining parameters based on the given data,
which may include:

- Cutting force components
- Power consumption

- Chip morphology

- Tool life estimations

Given the problem's framing, it likely involves calculating the cutting force
or power required for machining the specimen, based on the tool's rake angle
and other parameters. Alternatively, the problem may require computing the
cutting velocity or chip thickness.

Fundamental Concepts in Shaping and Cutting Mechanics

To analyze this scenario effectively, we need to explore several foundational
principles:

1. Cutting Geometry and Tool Angles

- Rake Angle (\( \alpha \)): The angle between the rake face and a plane
perpendicular to the cutting edge.

Cutting Edge: The edge that engages with the workpiece to remove material.
Chip Formation: Material shears off in a thin layer called a chip.

2. Cutting Forces and Power

Cutting Force (\( F c \)): The force exerted in the direction of cutting.
Thrust Force (\( F_t \)): The force acting perpendicular to the cutting
force.

- Power (\( P \)): The rate at which work is done, calculated as \( P = F c

\times v \), where \( v \) is the cutting velocity.

Step-by-Step Analysis Approach
Given the problem, the typical approach involves:

1. Identifying or calculating the cutting velocity (\( v \)) — based on the
shaper's stroke rate.

2. Determining the chip thickness — influenced by feed rate and tool
geometry.



3. Estimating cutting forces — using empirical or theoretical models that
incorporate rake angle.
4. Calculating the power required — based on the cutting force and velocity.

Let's explore each step extensively.

Step 1: Determining Cutting Velocity

In shaping operations, the cutting velocity is generally derived from the
stroke length and the reciprocating speed of the shaper.

- Stroke length (\( L \)): 100 mm (given).
- Shaper cycle rate or frequency: Not specified, but typically known or

assumed.

Assumption: For illustration, assume the shaper completes 10 strokes per
minute (a common operating speed).

- Stroke frequency (\( f \)): 10 strokes/min = \( 10/60 \) Hz = 0.167 Hz.
- Cutting velocity (\( v \)) at the cutting point can be approximated as:
\ [

v = 2 \times \text{stroke length} \times \text{frequency}

\1

This accounts for the forward and return strokes.

Calculating:

\ [

v = 2 \times 100\, \text{mm} \times 0.167\, \text{Hz} = 2 \times 100 \times
0.167 = 33.4\, \text{mm/sec}

\1

Thus, the approximate cutting velocity is 33.4 mm/sec.

Step 2: Chip Thickness and Feed Rate

The feed rate (\( f \)) determines the chip thickness. In shaping, the feed
per stroke affects the chip's cross-sectional area.

Assuming:
- Feed per stroke: 0.2 mm (a typical value).

The chip thickness (\( t c \)) can be estimated using:



\

t ¢ = \frac{f}{\text{width of cut}}

\1]

Suppose the cut width (depth of cut) is 10 mm.

Calculating chip thickness:

\ [
t ¢ = \frac{0.2\, \text{mm}}{10\, \text{mm}} = 0.02\, \text{mm}
\1]

This thin chip indicates a small material removal per stroke, typical of
shaping.

Step 3: Cutting Force Estimation

The cutting force depends on the shear stress (\( \tau \)) of the work
material and the area of the cut.

The cutting force \( F c \) can be approximated by:

\ [

F ¢ = \tau \times A

\1]

where

- \( \tau \): Shear stress (depends on material; for steel, roughly 50 MPa).
- \( A \): Cross-sectional area of the cut, calculated as:

\ [

A = \text{cut width} \times \text{chip thickness} = 10\, \text{mm} \times
0.02\, \text{mm} = 0.2\, \text{mm}"2
\1

Calculating \( F c \):

\ [

F ¢ = 50\, \text{MPa} \times 0.2\, \text{mm}"2 = 50 \times 10°{6}\, \text{Pa}
\times 0.2 \times 107{-6}\, \text{m}”2 = 10\, \text{N}

\1

This is a simplified estimation; actual forces are usually higher due to
factors like friction, tool geometry, and material properties.

Step 4: Incorporating Rake Angle Effects



The 15° rake angle influences the cutting force components and chip flow.

- Positive rake angles reduce cutting forces and improve chip evacuation.
- The force components can be broken down into:

\[
F c
\1
\[
F t
\1]

\text{Cutting force along rake face}

\text{Thrust force perpendicular to rake face}

Using force component relationships:

\ [
F c
\1
\ [
F t
\1

\frac{F}{\cos \alpha}

F \tan \alpha

where:

- \( F\) is the resultant force,
- \( \alpha = 15™\circ \).

Assuming the force \( F \) is as estimated (10 N), the components are:

\ [

F ¢ = \frac{10}{\cos 15"\circ} \approx \frac{10}{0.9659} \approx 10.35\,
\text{N}

\1]

\ [

F t = 10 \times \tan 15”\circ \approx 10 \times 0.2679 \approx 2.68\,
\text{N}

\1]

The cutting force in the direction of the cut is slightly higher due to the
rake angle.

Step 5: Power Calculation

The power consumed in machining is:
\ [

P =F c \times v

\1]

Using the earlier estimated \( F _c \approx 10.35\, \text{N} \), and velocity



\( v = 33.4\, \text{mm/sec} = 0.0334\, \text{m/sec} \):

\ [
P = 10.35\, \text{N} \times 0.0334\, \text{m/sec} \approx 0.346\, \text{W}
\1

This low value indicates the simplistic nature of the estimation; real-world
power consumption will be higher due to additional factors like friction,
tool wear, and machine inefficiencies.

Additional Considerations

- Tool Material and Sharpness: A sharper tool with appropriate material
reduces cutting forces.

- Workpiece Material: Different materials exhibit different shear stresses,
affecting force calculations.

- Cutting Environment: Lubrication and cooling can influence force and power
requirements.

- Machine Parameters: Spindle speed, feed rate, and stroke rate are
adjustable for optimal performance.

Summary of Key Findings

| Parameter | Estimated Value | Notes |

| Cutting velocity (\(
| Chip thickness (\( t_

|
| Cutting force (\( F . c \)) | ~106.35 N | Simpl

)) | 33.4 mm/sec | Based on assumed stroke rate |
)) | 0.02 mm | Based on assumed feed and cut width
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