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Study on Prediction of Surface Roughness in Hard Turning by Cutting Force
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ABSTRACT

Hard turning replaces grinding for finishing process with expectations of higher productivity and demanded surface quality.
Especially for the surface roughness as surface quality demanded in finishing process of hard turning, know-how of
machining characteristics of hardened materials by cutting force analysis should be accumulated in company with
achievement of precision of elements and high stiffness design technology in hard turning. Considering chip formation
mechanism of hardened materials, adequate cutting conditions are selected for machining experiments and cutting forces are
measured according to cutting conditions. Increase of cutting forces especially thrust force and increase of dynamic
instability could occur in hard turning. Analysis of dynamic characteristics of the cutting forces is executed to investigate
relation between dynamic instability and surface roughness in hard turning. Investigation on effects of relative motion of
machining system generated by vibration due to dynamic instability shows that ultimate surface roughness could be predicted

considering relative motion of machining system with geometrical surface roughness.
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Table 1 Machining Conditions for Hardened Material

Cutting Speed [m/min] 100 ~ 200
Feedrate [mm/rev] 0.02 ~0.15
Depth of Cut [mm] 0.05~0.3
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Table 2 Specifications of Cutting Tool

Material CBN
Grade KB50 (CBN 50%)
Nose radius 0.8mm
Effective Rake Angle -4.6°
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Fig. 1 Cutting Force-Acquisition Experiment of Hardened
Material in Hard Turning Machine
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Fig. 2(a) Cutting Force Change according to Feedrate
Fig. 2(b) Cutting Force Change according to Depth of Cut
Fig. 2(¢) Cutting Force Change according to Cutting Speed
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Fig. 3(a) Geometric Surface Roughness and Measured
Surface Roughness according to Feedrate
Fig. 3(b) Frequency Analysis of Cutting Force according

to Feedrate
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Fig. 4 Relative Motion of Machining System and State

Workpiece A,B,C.D : State Matrices:

Matrices of State Space Equation

m,X+c, x+k,x=F(t) )
my+cy+ky=u )
X = Ax+ Bu
y=Cx+Du
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Preload considering Thrust Force
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Fig.5 Transfer function by Modal Analysis Considering

Preload and Autospectrum of Force Signals



[«
—

A, Fts 24

KN
=

oﬂ i) Tg: T %{?} % T |

AAe 71e2d 37 49 AwAd 1 2 2= gy

o Mg B3 #9 ¥k

(@) .. :
(f=0.02mm/rev) (£=0.05mm/rev)
Xsim=0.13um i Xsim = 0.184m

 V=200m/min, D=0,2mm
k=470MN/m con;idering Wn:740Hz

Soatonas Hpmfaues swssuilin 1o i poeliag

i (f—-—O.lrﬁm/rev) (b)

% Asim=0.23pum _ * ‘,

P oBat how B

§ by tvwdrand
Fig. 6(a) Displacement of Relative Motion
Fig. 6(b) Surface Roughness according to Feedrate
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Fig. 7(a) Surface Roughness according to Depth ot Cut
Fig. 7(b) Surface Roughness according to Cutting Speed
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