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CUTTINGCUTTING

PERFORMANCESPERFORMANCES
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PERFORMANCESPERFORMANCES
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� Tool wear

◦ Load of a cutting tool

◦ Tool wear mechanisms

◦ Tool wear types◦ Tool wear types

� Forces

� Cooling
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LoadLoad factorsfactors of a of a tooltool

� A – mechanical

� B – thermal

� C – chemical

� D - abrasive� D - abrasive
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Tool wear mechanismTool wear mechanism
� 1 – abrasion wear

� 2 – diffusion wear

� 3 – oxidation wear

� 4 - fatigue wear

� 5 - adhesion wear
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Abrasive wearAbrasive wear

� Friction

� Different hardness

� Mechanical load
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Diffusion wearDiffusion wear

� Different chemical properties

� Atomic interchange

� Affinity of the tool material to the 
workpiece material

� Temperature depend� Temperature depend

� High cutting speed
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Oxidation wearOxidation wear

� High temperature + Air (oxigen)

� Some oxides are harder than the tool 
material
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Fatigue wearFatigue wear

� Thermo-mechanical process

� Change of thermal and mechanical load

� Breaking
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Adhesion wearAdhesion wear

� Low machining temperature

� The chip is welded to the tool – build-up 
edge (BUE)

Manufacturing engineering II -
miko.balazs@bgk.uni-obuda.hu 10



ToolTool wearwear typestypes
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FlankFlank wearwear
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CraterCrater wearwear
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PlasticPlastic deformationdeformation
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NotchNotch wearwear
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ThermalThermal crackingcracking
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Mechanical fatigue crackingMechanical fatigue cracking

Manufacturing engineering II -
miko.balazs@bgk.uni-obuda.hu 17



Chipping of the edgeChipping of the edge
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FractureFracture
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BuiltBuilt--upup edgeedge (BUE)(BUE)
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WearWear processprocess
Wear criteria:

Flank wear (VB) or
Crater wear (KT, KB)
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Wear processWear process

• Cutting speed: vc = 315 m/min
• Depht of c.: a = 1,5 mm
• Feed:   f  = 0.2 mm
• Material: C45
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WearWear vs. vs. CuttingCutting speedspeed

VBmax

> > >>
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Logarithmic diagramLogarithmic diagram

m

m

m

Manufacturing engineering II -
miko.balazs@bgk.uni-obuda.hu 24

m – Constant, depends on workpiece material

T – Tool life 
1907. W.  A. Taylor – turning, vc



Extended Taylor formuleaExtended Taylor formulea
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Cutting forcesCutting forces
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F – Cutting force

Fc – Tangential component of the cutting force
Ff – Axial component of the cutting force (feed force)
Fa – Active cutting force
Fp – Radial component of the cutting force (pasive force)



Cutting forceCutting force
Method 1

kc – specific cutting force, 
required force for cutting a 1 mm2 chip

kc1 – main value of the specific cutting force
h – chip thickness
m - exponent

[ ]  N  Fc Akc ⋅=   1
m
c

c
h

k
k =
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Fc : Fp : Ff = 100 : 40 ÷ 80 : 10 ÷ 30

A – chip cross section area ( A = a f = b h )

[ ]  N  F 1
p m

p

h

k
A ⋅= [ ]  N  F 1

f m
f

h

k
A ⋅=



Material kc1 m     
C15 1820 0,22
C45 1680 0,26
100Cr6 1410 0,39
90MnCrV 2300 0,21

x5CrNi1810 2350 0,21

GG20 1020 0,25
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GG20 1020 0,25

AlMg3 780 0,23



CF – constant coefficient, N

xF , yF , zF - exponent

a, f, vc – cuttig data

K – modification coefficients

Method 2

[ ] N  ∏⋅⋅⋅⋅= Fci
z

c
yx

Fc KvafCF FFF
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KFci – modification coefficients



Torque in the axes, Nm

[ ]Nm   
2000

dF
M c

c

⋅=

PowerPower, , kWkW
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PowerPower, , kWkW

[ ]kW   
955060000

nMvF
P ccc

c

⋅=⋅=
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TemperatureTemperature

10%

80%

� Shearing

� Friction

� Load (cutting force)
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10%



MeasureMeasure??
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CalculationCalculation

[ ] C °⋅⋅⋅=Θ ΘΘΘ
Θ

z
c

yx vafC

CΘ – constant coefficient

x Θ , y Θ , z Θ – exponent (<1)

a, f, vc – cutting data

1200
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CoolantCoolant

� Aim / function:

◦ Cooling - detract the heat

◦ Lubricating - decrease the friction 

◦ Flushing - wash-out the chips
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Coolant materialCoolant material

� Non (dry cutting)

� Air (C, F)

� Cool air (C, F)

� Oil (L)

� Water + oil (C, L, F)� Water + oil (C, L, F)
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Surface qualitySurface quality

� Accuracy

◦ Size

◦ Shape

◦ Position

� Surface quality� Surface quality

◦ Surface roughness

◦ Surface integrity
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Surface roughness in turningSurface roughness in turning
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Main factors:
- Feed
- Nose radius

Rt ≈ 4 Ra
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