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Study on Surface Residual Stress of Hard Cutting
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[ABSTRACT] Taking bearing steel GCrl5 as the
object, the thermal-mechanical 2D orthogonal hard cut-
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ting simulation model is established based on the thermal
elastic-plastic mechanics. The finite element model of hard
cutting is established with the point-surface contact of fail-
ing to set separation line and the Johnson-Cook material
constitutive model according to the characteristics of the
hard cutting. The effects of the cutting parameters and cut-
ting tool’s geometric on the residual stress of the machined
surface are obtained by the ABAQUS software. The results
indicate that maximum compressive residual stress exists
in surface, the compressive residual stress translates into
tensile residual stress along the increasing of depth inside
the workpiece, and gradually tends to zero. It has impor-
tant theoretical guiding significance for controlling and
improving the workpiece surface of hard cutting.

Keywords: Hard cutting Thermal-mechanical
coupling Temperature field Residual stress Finite
element

DOI:10.16080/j.issn1671-833x.2015.06.064

Wt DT HI B AR S i, JEHR A A ) B s

* [EFHRBIEIE AT H (50875214, 10672134, 11072196 ) %88 .

64 FiAHEECAR - 2015 453 6 1]

Rmar ) BALT( PCBN ) i HE B, (AR5 2 0 1
WA R A AT BE, PR A T DA B BB A VI T4
Ro ZFEARBA I THCR R J5 50 N TRMR S
M5, TR RRREAR A B/ N5 Y, 2R L R
B LR TG M B i 2s A K Tolk 45 A5 2 1 RE
Al

TN 228 A 5% A R 77 37 2 LA 2R A AN BAGEER Ay 3 []
VERIRYZE R . WA D)0 e B B ARk A T 0 T, i
HAE N T A R 0 FRYTHIE, 3 3807 2 Wi
TR T RN T AR AZ T = AU fer AR R A
DAL, B2 DD I R TG 25 AR A R AR 11550

Wen %5 ' 32 FA BROCAY 5 A5 T n T2 1
BRATRY 10943 AR, T SR 45 SR kAT T e, o
IR T A — 2 . Umbrello 45 23z PRI 25 ) 2%
B3, 856 A BR TR REL, 0 1 A 25 0 ) e
T4 52100 AYFRAI J1 534 o Thiele %5 PV BF5T 45 20 .
ey NIy AN L R b: i AN VA R L K. e
IR 3 P RIS 348 K i 70 ) S0 B ) 3 R 2 i I
BRAY RN 7 s ol F R S35 7 R 1o A Tk
PEAE 152 I A2 IR0 T v RS 4 T U0 ) AR R R )
T SEREPEIEAT T 0T o

R, X A5 U 5 7 1 AT 9 32 L4 e H L
J7 T 10 6B 42 AR A N ) B TR A g A IR, A
BRSO 32k T I e A 1) 3% v 5 A 1 7 A oA iR
AT UIHI S E0R T) U S HOEZS DI R ik 4
IS 737 B B, ok T v Al ST £ 2 o R ELA R
FIBRESHE S8 X,

1 BRTERRES
1.1 MR AR

ALY B 2 58 M AR ) 5 22 02 VDI A R R g T A
A B SR 1 2247 R, R VTN T /945 BR oo BAR
IR E B HBERMER . AW TR ARl
W GCrl5, JJHZ I Z PCBN JJH, % 1 fiZk 2 4351
T TAERI R GCrls Al PCBN J]H AR P FES
%& [6—7]O

TERE A DT A A A Bt v 1 AR R R



RESEARCH #*iﬁ i

F1 THMRIGCHSHHIESE

20 201 0.277 11.5 52.5
200 179 0.269 12.6 475
400 163 0.255 13.7 415
600 103 0.342 13.7 325
800 87 0.396 153 26.0
1000 67 0.49 15.3 29.0
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Fig.1 Normal stress and friction stress distribution of tool rake
face in hard cutting
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Fig.2 Point-surface contact
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Fig.3 Finite element model of hard cutting
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Fig.4 Correctness validation of residual stress distribution law in
workpiece
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Fig.5 Effect of cutting speed on residual stress
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Fig.6 Effect of cutting lay thickness on residual stress
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Fig.7 Effect of angle of cutting edge on residual stress

68 At EA - 2015 43 6 1]

BEOTH <5 I i) AT B RIS I A B3 O, i
CIN T A B A S T4 R

3 #ig

(1) BEZSYIEIIN T T2 PRRER A S oA B e
IEFR AL 1 BUAE TR0, W TR BE IS I T A A
FREIER AL ST 5% AR R A R R AR S, FFE T
el T,

(2) Bl D) B B35 , BRAR IS 1738 A LR 1
S, 70 ) S o 2 L)) T TR R A I T 14 5 R
N

(3) B DI R BE AR, BB A I m T T ¢ 3
THT PR3 A% S IO 0 W LR 4% VR o7 7 2 B b S B
s

(4) B 7T R B, B RS 26 m 5%
A RO T WAL/ , B A% P 07 7 2 U 452 B T 4 K £
e,

& £ X

[1] Wen Q, Guo Y B, Todd B A. An adaptive FEA method to predict
surface quality in hard machining. Materials Processing Technology, 2006,
173(1):21-28.

[2] Umbrello D, Hua J, Shivpuri R. Hardness—based flow stress and
fracture models for numerical simulation of hard machining AISI 52100
bearing steel. Materials Science and Engineering A, 2004, 374(1/2):90-100.

[3] Thiele J D, Melkote N. Effect of tool edge geometry on workpiece
subsurface deformation and through-thickness residual stresses for hard
turning of AISI 52100 steel. Journal of Manufacturing Processes, 2000,
2(4):270-276.

[4] Thiele J D, Melkote S N, Peascoe R A, et al. Effect of cutting-
edge geometry and workpiece hardness on surface residual stresses in finish
hard turning of AISI 52100 steel. Journal of Manufacturing Science and
Engineering, 2000, 122(4):642-649.

[5] TRENE . B O, S5 RS T DI PR 2 e 4
PRI M. LIS R L 2006, 40(6):922-926.

[6] Guo Y B, Liu C R. Mechanical properties of hardened AISI
52100 steel in hard machining processes. Journal of Manufacturing Science
and Engineering, 2002, 124(1):1-9

[71 ERIE . WSO R AT BRI 5 L5 28 F5T [D]. TR 7K
% I /RUEIT K% ,2010.

[8] Pantale O, Bacaria J L, Dalverny O. 2D and 3D numerical
models of metal cutting with damage Effects. Computer Methods in Applied
Mechanics and Engineering, 2004, 193(39/41):4383-4399.

[9] Guo Y B, Wen Q, Woodbury K A. Dynamic material behavior
modeling using internal state variable plasticity and its application in hard
machining simulations. Journal of Manufacturing Science and Engineering,
2006, 128(3):749-759.

[10] Guo Y B, Liu C R. 3D FEA modeling of hard turning. Journal of
Manufacturing Science and Engineering, 2002, 124(2):189-199.

(vt 12%&)



