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	1. Cutting Tools
Dr. V.Harinadh
Dept  of Mechanical Engineering
 


	2. What is a  Cutting Tool
⚫A cutting tool is any tool that is used to remove metal from the
work piece by means of shear deformation.
⚫It is one of most important components in machining process
⚫It must be made of a material harder than the material which is
to be cut, and the tool must be able to withstand the heat
generated in the metal cutting process.
 


	3. Two basic types
⚫Single  point
⚫Multiple point
 


	4. Manufacturing Technology
Classification of  cutting tools
▪ Single-Point Cutting Edge Tools
▪ One dominant cutting edge
▪ Point is usually rounded to form a nose radius
▪ Turning uses single point tools
▪ Multiple Point Cutting Edge Tools
▪ More than one cutting edge
▪ Motion relative to work achieved by rotating
▪ Drilling and milling use rotating multiple cutting edge tools
 


	5. Manufacturing Technology
▪ Cutting  Tools
Figure (a) A single-point tool showing rake face, flank, and tool point; and (b) a helical
milling cutter, representative of tools with multiple cutting edges.
a. Single-Point Cutting Tool b. Multi-Point Cutting Tool
 


	6. Single Point Cutting  Tool
 


	7. Multi Point Cutting  Tool
 


	8. Cutting-Tool Materials
⚫Cutting tool  bits generally made
⚫High-speed steel
⚫Cast alloys
⚫Cemented carbides
⚫Ceramics
⚫Cermets
⚫Cubic Boron Nitride
⚫Polycrystalline Diamond
 


	9. Cutting tools &  its characteristics
Cutting tool is a device, used to remove the unwanted material from given workpiece. For carrying
out the machining process, cutting tool is fundamental and essential requirement. A cutting tool
must have the following characteristics:
•Hardness: The tool material must be harder than the work piece material. Higher the hardness,
easier it is for the tool to penetrate the work material. Cutting tool material must be 1 (1/2) times
harder than the material it is being used to machine.
•Hot hardness: Hot Hardness is the ability of the cutting tool must to maintain its Hardness and
strength at elevated temperatures. This property is more important when the tool is used at higher
cutting speeds, for increased productivity.
•Toughness: Inspite of the tool being tough, it should have enough toughness to withstand the
impact loads that come in the start of the cut to force fluctuations due to imperfections in the work
material. Toughness of cutting tools is needed so that tools don’t chip or fracture, especially during
interrupted cutting operations like milling.
 


	10. Cutting tools &  its characteristics
• Wear Resistance: The tool-chip and chip-work interface are exposed to severe conditions that
adhesive and abrasion wear is very common. Wear resistance means the attainment of
acceptable tool life before tools need to be replaced.
• Low friction: The coefficient of friction between the tool and chip should be low. This would
lower wear rates and allow better chip flow.
• Thermal characteristics: Since a lot of heat is generated at the cutting zone, the tool material
should have higher thermal conductivity to dissipate the heat in shortest possible time,
otherwise the tool temperature would become high, reducing its life.
 


	11. Cutting Tool Properties
●  Wear Resistance
⚫Able to maintain sharpened edge throughout the cutting
operation
⚫Same as abrasive resistance
● Shock Resistance
⚫Able to take the cutting loads and forces
● Shape and Configuration
⚫Must be available for use in different sizes and shapes.
 


	12. Single Point Cutting  Tool
 



	14. Nomenclature of Single  point
cutting tool
 



	16. ▪ Shank
▪ It  is the main body of the tool
▪ Flank
▪ The surface of the tool adjacent to the cutting edge
▪ Face
▪ The surface on which the chip slides
▪ Nose
▪ It is the point where the side cutting edge and end cutting edge intersect
▪ Nose Radius
▪ Strengthens finishing point of tool
▪ Cutting Edge
▪ It is the edge on the face of the tool which removes the material from the work piece
▪ Side cutting edge angle
Angle between side cutting edge and the side of the tool shank
Tool signature for single
point cutting tool
 


	17. ▪ End cutting  edge angle
▪ Angle between end cutting edge and the line normal to the tool shank
▪ Side Relief angle
▪ Angle between the portion of the side flank immediately below the side cutting edge
and a line perpendicular to the base of the tool, measured at right angle to the side
flank
▪ End Relief angle
▪ Angle between the portion of the end flank immediately below the end cutting edge
and a line perpendicular to the base of the tool, measured at right angle to the end
flank
Tool signature for single
point cutting tool
 


	18. ▪ Side Rake  angle
▪ Angle between the tool face and a line parallel to
the base of the tool and measured in a plane
perpendicular to the base and the side cutting
edge
▪ Back Rake angle
Angle between the tool face and a line parallel to the
base of the tool and measured in a plane perpendicular to
the side cutting edge
Tool signature for
single point cutting tool
 


	19. CHIP FORMATION
  


	20. Single Point Cutting  Tool Terminology-2D
Ƴ
 


	21. Single Point Cutting  Tool Terminology – 3D
 


	22. Cutting Tool Materials
❑  Carbon steels, High-speed steels
❑ Cast carbides, Cemented carbides, Coated carbides
❑ Cermets, Ceramic Tools
❑ Polycrystalline Cubic Boron Nitride (PCBN)
❑ Polycrystalline Diamond (PCD)
Properties of Cutting Tool Materials
❑ Harder than work piece.
❑ High toughness
❑ High thermal shock resistance
❑ Low adhesion to work piece material
❑ Low diffusivity to work piece material
 


	23. Orthogonal and oblique  cutting
• Instructional Objectives
• At the end of this lesson, the student would be able to
• (i) define and distinguish, with illustrations, between orthogonal cutting and oblique cutting
• (ii) identify the causes of oblique cutting and chip flow deviation
• (iii) determine angle of chip flow deviation.
• (iv) illustrate and deduce effective rake angle
• (v) state the effects of oblique cutting
 


	24. ▪ Metal cutting  or machining is the process of producing a work piece by removing unwanted
material from a block of metal, in the form of chips.
▪ This process is most important since almost all the products get their final shape and size by
metal removal, either directly or indirectly.
Figure (a) A cross-sectional view of the machining process,
(b) tool with negative rake angle; compare with positive rake angle in (a).
Theory of Metal Cutting
 


	25. ◼ Orthogonal cutting
❑  The cutting edge of the tool is straight and perpendicular to the direction of motion. (surface finish)
◼ Oblique cutting
❑ The cutting edge of the tool is set at an angle to the direction of motion.(depth of cut)
Orthogonal and oblique cutting
 


	26. The Mechanism of  Cutting
◼ Cutting action involves shear deformation of work material to form a chip. As chip is removed, new
surface is exposed
◼ Orthogonal Cutting - assumes that the cutting edge of the tool is set in a position that is perpendicular to
the direction of relative work or tool motion. This allows us to deal with forces that act only in one plane.
(a) A cross-sectional view of the machining process, (b) tool with negative rake angle;
compare with positive rake angle in (a).
 


	27. Mechanics of Orthogonal  Cutting
Orthogonal Cutting
▪ Ideal Orthogonal Cutting is when the cutting edge of the tool is straight and perpendicular to the
direction of motion.
▪ During machining, the material is removed in form of chips, which are generated by shear deformation
along a plane called the shearplane.
◼ The surface the chip flows across is called the face or rake face.
◼ The surface that forms the other boundary of the wedge is called the flank.
◼ The rake angle is the angle between the tool face and a line perpendicular to the cutting point of the
work piece surface.
 


	28. ◼ The relief  or clearance angle is the angle between the tool flank and the newly formed
surface of the work piece angle.
Mechanics of Orthogonal Cutting
 


	29. Mechanics of Orthogonal  Cutting
Orthogonal cutting model:
◼ t1 = un deformed chipthickness
◼ t2 = deformed chip thickness (usually t2 > t1)
◼ α = rake angle
◼ If we are using a lathe, t1 is the feed perrevolution.
 


	30. The Mechanism of  Cutting
◼ In turning, w = depth of cut and t1= feed
 


	31. The Mechanism of  Cutting
Cutting force (Fc) is tangential and Thrust force is axial(Ft)
Cutting forces in a turning operation
 


	32. Mechanics of Orthogonal  Cutting
Chip thickness ratio (or) cutting ratio
where
▪ r = chip thickness ratio or cutting ratio;
▪ t1 = thickness of the chip prior to chipformation;
▪ t2 = chip thickness after separation
Which one is more correct?
◼ r ≥ 1
◼ r ≤1
◼ Chip thickness after cut always greater than before, so chip ratioalways less than 1.0
C u t t i n g r a t i o = r =
t1
t 2
 


	33. Mechanics of Orthogonal  Cutting
Shear Plane Angle
▪ Based on the geometric parameters of the orthogonal model, the shear plane angle ө can be
determined as:
where
▪ r = chip thickness ratio or cutting ratio;
▪  = Rake angle
▪ ө = Shear angle
tan =
r cos 
1− r sin 
 


	34. Mechanics of Orthogonal  Cutting
Shear Plane Angle Proof
 


	35. Mechanics of Orthogonal  Cutting
Shear Strain in chip formation
(a) chip formation depicted as a series of parallel plates sliding relative to each other, (b) one of the
plates isolated to show shear strain, and (c) shear strain triangle used to derive strain equation.
θ
θ
θ -α
 


	36. Mechanics of Orthogonal  Cutting
Shear Strain Proof
◼ From the shear strain triangle (image c –slide 35)
▪  = AC/DB= (AD+DC)/DB
▪  = AD/DB + DC/DB
▪ AD/DB = Cot θ
▪ DC/DB = tan (θ - )
▪ Therefore  = Cot θ + tan (θ - )
❑  = tan(θ - ) + cot θ
 


	37. Mechanics of Orthogonal  Cutting
Shear Strain in chip formation
◼ Shear strain in machining can be computed from the following equation, based on the
preceding parallel plate model:
❑  = tan(θ - ) + cot θ
where
❑  = shear strain
❑ θ = shear angle
❑  = rake angle of cutting tool
 


	38. Cutting Tool Materials
  


	39. Zones of Heat  Generation
 


	40. Heat Dissipation
80% Energy  is
converted to heat
18% of Energy
is converted to heat
Work
2% of energy
converted to heat
 


	41. ▪ Mechanics of  metal cutting is greatly depend on the shape and size of the chips formed.
More realistic view of chip formation, showing shear zone rather than shear plane. Also shown is the secondary
shear zone resulting from tool-chip friction.
Chip formation
 


	42. Selection of cutting  speed and feed
• The selection of cutting speed and feed is based on the following parameters:
• Workpiece material
• Tool Material
• Tool geometry and dimensions
• Size of chip cross-section
• Types of finish desired
• Rigidity of the machine
• Types of coolant used
 


	43. Selection of cutting  speed and feed
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