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A Study on the Surface Integrity of Machined Surface Layer in
Machining Hardened STD11 Steel

Sang-Lai Noh', Sang-Ook An”

ABSTRACT

In this study, residual stress and surface roughness were investigated experimentally to
evaluate surface integrity on surface layer machined by CBN, ceramics and WC cutting tools.
When machining difficult-to-cut material (hardened STD11 steel HxC 60), residual stresses
remaining in machined surface layer were mainly compressive, The increase of flank wear
caused a shift of the compressive residual stress maximum to greater workpiece depths, but
the changes did not penetrate the workpiece beneath a depth of 300¢m. Surface roughness was
influenced considerably by variations of the cutting speed and feed. In machining hard
material, CBN and Al.O, ceramics cutting tool materials proved significantly superior to
mixed ceramics Al.O.-TiC and WC in evaluation of surface integrity.

Key Words : Surface integrity, Machined surface layer, Residual stress, Difficult-to-cut
material, Flank wear, CBN, Ceramics, WC, X-ray diffraction method
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Fig.1 Stresses at the surface of a stressed body
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Table 1. Chemical compositions of specimen (wt. %)

Composition| C | S |Mn | P S| Cr | Mo|V

0.55[0.025(0.025 [12.0 | 1.0 | 0.3

STDIL [1.4]0.35
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Fig. 3 Geometry and specification of cutting tools
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Table 2. Physical and mechanical pro-perties of
cutting tool materials

Cutting
Materials i AlfOr |AQxh-TIC| CBN
Froparties
Hardness (sfiv) 2080 2800 3200 4500
Modulus of elasticity
(Kg/na®) 83000 38000 32000 71000
Tranaveras rupture strength
K 80
{ -g) 150 80 j: 1]
Thermal comduetivity
(Cal/Cs *C Sec) 0.07 0.002 0.04 3.1
Theroal expanslon
coetticient( % 10%%) | % 7.6 74 47
Dernity {g/Ca") 157 | 423 41 | a4
3.3 Ag gy
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Table 3. Cutting conditions

Cutting speed Feed Depth of cut :
V (m/min) f (mm/rev) d (mm) coolant
40 0.06
60 0.08
80 0,10 0.2 none
120 0.12
180 0.14
=
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Table 4. Conditions of X-ray diffraction

Voltage 30Kv

current 50mA

X-ray target Cr-Ka,
No. of detector 2
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Fig. 4 Distribution of residual stress on surface layer
machined with different cutting tools

68 £LE e Aolvk, AaAY ghe 7b2EW
FAAE AdFTREE] ez EHoR HE ZHo
7t ALAE doAH dEAFEHoE dgen s
HEo Hol7h f Sk dEAFEHES FH9
Z7v8te] Atk (Peak residual stress)®] UFERRT
o]F He= ZHol7t FH Frlsidsr ¢E2afeye
HAZ Frda F 3000m Ho] o]y ANEZREE
AFEEL FAE 4 9% == A Vel 3
Ao Hapdel g Fho 7MY BE& ¢EEH
435y o] 455¥ e 7)AA $9 (Mechanical
stress) & 4 €% (Thermal stress)e] Hataje] EH
of Zgat7] ¥ ALg e B AHA
7IAA &E& AR g 2EHUYY ¥
F SzEUelEe] HEst 71F ZREE AIATE
dglel Hol olRe] w& FEXFLH L oWAE
Aoz #udr, € ¥ 7Y vlE¥ (Wear
land) & 9] &A Atole] mhde) olgw, ulIIGL L
LEdeE THHLAT o dfte tiE AEE7] W
Foll daAle] YRR Zo] ARsAE Bl 13y
o] £E7t y-aRle] 2X & YoM nl2EiloEx 2
AAGE A JlEree EdHe 92 (White layer)
AN AeZE AR 2PHoR i 9
st2Ato|E W= AFAFLEE st ewd of

NAH e AT FHgHo] FH LA

!

o

Ll
A=

157

HEd 7FEHe FHelx= @d % AFTF-EH
el g9 9% 34 gL 7HEEd 4L e

F& AF-EH0] vehhs Aoz Bdgd,

AAETY A2Ad BE JFE IA o7} gle]
CBN, Ceramics, WC 2.8 ¢&a7-&d0] 24
Yetgor Ho 4ERF-890 EAE 138 39
Aol X9 LoZ o FA o|FHe Ut ok
A4FFAS neA=sd FEHY Aol 283 FFHt
Fol 93 AaAge F712 7144 8] v 2A
AEE7 HEY zlog A" ALO ARG F
7 MixedA 2] 3+ Roix $go] A7 &
L Mixedd=Z F7v Axs A% EAd
shd Rt % (Chipping) @40 AAFA Wesde
H o2 Zujgto} w& FAAYS dodln Hakdo
$EE A FEde Aog Yt

4.1.2 37ehEH 253

Fig. 5t w9 7R 349 FrohEd o
g 72N ARsd0l RHE 1T TE3 2
ol e Aol

—O— 3 CBN Y = 80 m/min
J —ft ¢ Alzle d = 0.2 mm
120 —&— -+ Alala.TiC f = 0.1 tam/rev
—— : WC

100

80+

-

10

Depth beneath the surface {(um})

20

o
¢ T Y T ™ 1 =T

0.00 0.05 0.10 0.16 0.20 0.25 0.30
Flenk wear Ve(mm)

0.35

Fig, 5 Depth distribution of maximum compressive
residual stress on the surface layer machined
with worn tools

27AE Hagel BAgel FAA EARE 3
FEYL BF goz eyt CBNIL 7
% ge 43 EEFIA AN 9EAFER] ek

E



L R

oW Ceramiesd 7= F7H% AoldM, WCETE 7}
F FZe 2N vENY £ 3 nido] AASFE g
U GEFEEel EXste dolx A4 ZdA e
o olH& #e ZHa viEe] Fibg wat T
o =g B\ WA ee] HEHol Fugo] HAR
go] ZIHsHA Hul S71d &R go] 2FEE o
g2 nAoEe Husy, HAde] Ty npgo] W
sty E-gol TYaviz WitAle] HEHor B
AEEE AR WeakzAe] & CBNEDE WCF
79 AAAge] AA Fristd A2ERE o E o
FE X7 BEo)e}t ARE),

BO0
&800

400-{
200 aq
0

Cutting tool material : AlvOn
Coolant : none

Y = B0 m/min

4 = 0.2 mm

t = 0.08 mm/rev

Residual stress (MPa)

=200
-400-]
Ve= 0.0 mm
~&00- V3= 0.2 mm
-800+
— 1000 T T T T T T T
4 40 &80 120 780 200 240 280 320

Depth beneath the machined surface d(um)

Fig.6 Variation of residual stress on surface layer
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Fig, 8 Effect of cutting speed on peak residual stress
measured perpendicular to cutting direetion
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