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Insert shape and terms

Role of edge angle

Rake angle

Relief angle
Relief angle makes move of the cutting edge easily by avoiding the friction between workpiece and relief face.

Features
Big relief angle causes less flank wear. 
Big relief angle weakens cutting edge strength. 
Small relief angle causes chattering.

Recommendation
For hard workpiece or strong edge strength
=> low relief angle
For soft workpiece or “easy to work hardening” workpiece
=> high relief angle

Relief angle

Cutting edge
angle

Cutting force, cutting heat,  
chip flow  and tool life

Eliminate unnecessary interference 

Prevent friction between cutting
edge and cutting face

Control chip size and
cutting direction 

Control chip size and
cutting direction 

Side rake angle
Rake angle

Relief angle
Side relief angle

Cutting edge angle

Side cutting edge angle

End cutting edge angle

* Positive angle : excellent machine-ability 
 (reduce the cutting  load, whereas weaken edge strength)
* Positive angle : proper for “easy to cut”
  and thin workpieces 
* Negative angle : proper for mill scale or interrupted
 cutting demanding strong edge strength.

* Must be designed considering the tool life
 and edge

* As the angle becomes bigger, chip thickness
 becomes thicker, resulting easy chip flow.

* As the angle becomes bigger, cutting edge 
 becomes wider, resulting strong edge strength.
* As the angle becomes smaller, chip thickness
 becomes thinner, resulting easy chip flow.

* Small angle strengthens edge strength,
 whereas shortens tool life by flank wear.

Angle De�nation Function Features

Relationship between various relief angle and �ank wear

Innovator in Technology 164



Innovator in Technology225

T
ec

h
n
ic

a
l 
in

fo
rm

a
ti

o
n

Turning

Innovator in Technology165

T
e
c
h
n
ic

a
l 
In

fo
rm

a
ti
o
n

Turning

Side cutting edge angle and chip thickness

End cutting edge angle
It influences the surface finish by preventing friction between the machined face and the tool. 

Effects
If end cutting edge angle reduces cutting edge get stronger 
but cutting heat generated by machining increases.
Small end cutting edge angle can cause chattering due to 
the increases cutting force.

Side cutting edge angle

t1 = 0.97t, W1 = 1.04W
t2 = 0.87t, W2 = 1.15W

Side cutting edge angle and cutting load

Side cutting edge angle and cutting performance

Low

High

Easy to cut material

Small

Hard to occur

Finishing

Long thin workpiece

In case of low rigidity

High

Low

Difficult to cut material

Big

Easy to occur

Roughing

Thick workpiece

In case of high rigidity

Lead angle

Wear rate

Workpiece

Machining power

Chatter

How to machine

Workpiece rigidity

Machine rigidity

Side cutting edge angle influences chip flow and cutting load. Therefore, it is necessary to design proper angle considering the tool strength.

As approach angle becomes bigger, chip thickness 
becomes thinner and tip width becomes wider. 
When the feed and depth of cut are the same, and 
approach angle is 0˚, chip thickness is the same as the 
feed rate and chip width is the same as depth of cut. 
(t=fn) and chip  width is equal to depth of cut (W=ap).

As approach angle becomes bigger, radial cutting 
force becomes bigger, whereas feed component force 
becomes smaller. 
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Nose-R
Nose radius influences not only the surface finish but also the edge strength. 
generally, it is designed with 2~3 times bigger than the feed.

Features
Big nose radius makes a good surface finish. 
Big nose radius strengthens the edge strength. 
Big nose radius reduces flank and crater wears.  
But if the radius is too big, it would cause chattering
by big cutting load. 

Recommendation
For small depth of cut or  thin and long workpiece => small nose R
For interrupted cutting, big size workpiece or roughing => big nose R

Cutting edge shape and the affects
Rake angle
Rake angle influences cutting force, chip flow and tool life.

Features
High rake angle makes a good surface finish. 
As the rake angle becomes bigger by 1°, spindle power 
becomes decrease by 1%. 
High rake angle weakens cutting edge.

Recommendation
For hard workpiece or interrupted cutting => small rake angle
For soft workpiece or “easy to cut” material => big rake angle

Rake angle and the direction of chip �ow

Major cutting formulas

Vc : Cutting speed (m/min)
D : Diameter  (mm)
N : Revolution per minute (min-1)

: Circular constant (3.14)

Vc = (m min)
D N

1,000
1,000

Cutting speed Feed Theoretical surface roughness

fn : Feed per revolution(mm/rev)
vf : Table feed (mm/min)
N : Revolution per minute (min-1)

fn = (mm rev)
Vf

N

Rmax : Profile depth ( )
(Maximum height roughness)
fn : feed (mm/rev)
r : nose radius

Practical surface roughness
Steel : Rmax (1.5~3)
Cast iron : Rmax (3~5)

Rmax = 
fn2

8r
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Wear behavior

Trouble shooting by wear behavior

Crater wear

Flank wear

Notching

Chipping

Flaking (continuous cut)

Flaking (interrupted cut)

Breakage

Reduce cutting speed
Reduce feed rate  
Add coating on the insert
Coolant

Increase cutting speed (for grey cast iron)  
Reduce cutting speed (for hardened steel)  
Increase feed rate
Increase depth of cut  
Check tool center height

Increase cutting speed
Reduce feed rate  
Increase approach angle
Increase chamfer angle 
Change D.O.C

Use chamfered or horned edge preparation
Change cutting speed to eliminate vibration

Increase cutting speed reduce feed rate
Use chamfered and horned edge preparation
Reduce insert approach angle  
Check tool center height

Dry cutting  
Reduce feed rate
Use chamfered and horned edge preparation 
Reduce insert approach angle  
Check cutting tool center height

Increase cutting speed
Reduce feed rate  
Increase approach angle
Use chamfered edge preparation
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