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FEM Simulation of Abrasive Grain Machining Processes
- Cutting States with Negative Rake Faces -

Yoshifumi OHBUCHI and Toshiyuki OBIKAWA

A thermo-elastic-plastic finite element modeling of orthogonal cutting with a negative rake single-grit has
been developed to understand the mechanics and thermal aspects of chip formation, which is the fundamental
metal removal process of grinding. A stagnant chip material ahead of the tool tip, which is peculiar to the
machining with a large negative rake, is introduced into the modeling to act like a built-up edge. This modeling
coupled with temperature and strain-rate dependent flow stress characteristics of a work material SK-5 produces
the serrated chips, which are usually observed experimentally under the cutting conditions of grinding region.
There appear high and low temperature zones in turn according to severe and mild shear in the primary shear
zone respectively. Simulations with and without a stagnant region show the importance of its role in the chip
formation with a large negative rake. The shape of chip is affected by cutting speed and depth of cut; as Peclet
number of deformation zone decreases with decreasing cutting speed or the depth of cut, serrated and long chips

become difficult to form.
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Fig.1 Schematic of typical chip formation with a stagnant
region. The shear plane and resultant cutting force
meet with an angle o
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Fig.2 Finite element mesh

HTORDO RS IZF S WARKERADEE ZNE, 20
BITEAICESL. ZOBEIE, CAWEYABE 2R

DSFTERCHBEREIET S L E, CANBOERES I
FEFICKREREL 2D, FBICHALEMETORFTHLREERSD
IE, BOTRKERBEICARZBOLFHRIND. LT VE
EHWHIM RO R TANNISNZD, S0 T EAERT B
DORN ECRBEBREENKRERERBHITICEMLN, 0
FTH L IVEROAEFME TR EEHAZZITHZ &I
BB, ZOLIRRET TR, < AVHEEZB@E T 58 A
HEFRTD2OIIRETH Y, HAEMFED L S OEMBEEA
M, TR EREOZARBROBER 2R T HFN=F
X —BIZHRTH 5.

EHSOERTIE, TWROTENEbLNZ-%, HBEBD
BHRITEOHERLVELS Y, WEBOEALY THOHM
BHITEoOME~HE L CEY L2356, I LT IRT
RO TE % AW ERD TIRAIFOREAKRE W0, B 1
WART LD ICHRBEBIIRESRELTRY, HAOMEIRT
BEMLIZIEFMUEE (HHARRS) otz R TI
#EO _RTEHNZ RS S 7= HEBOEFT ML ETT 7=,

2.2 FOWEARROBES & UEREHE

AIRD L 2IC, REZADTWVWATRIAZICHEBNHE
EL, o< FIEEEE (N3 TREERE, UTHEE
FTLVWEEES) KR THRND 72O, EEHZT VAR
KIBIZHEMT 5., 22 TAYVIaL—ar T, BEENE
FOBTRITEE L, YHEEEFLE—EORE SOBHEE
PEROPLTEO—#HL L TCHEETILOERELE. £z
WHRBOHEHAOEZIZEBALELELTHY, TOKEFM
ORI, WEEBOKE SBRGFHIESIITIE®RFATI LN
ERT —FICESNT, BEOXHE Y —EEHE IR E
EXtan(—a), HELaidT<WA) EIFmFitbsbns
RELE. —F, BEET<VEIZKR S T WADOEITEE
%@EEE%%%LT,ﬁggwﬁﬁvimkb R3o &

WICHARPSHERE T VWEICH > TEER B I eV 5B 3K
m @6mkﬁ&é@t.ttbﬁ%@i@#&i&@&m
MoYHEEE .

WEET < WE COBBEIE, ¢<wﬁ IETHHNLT
DR R AWRBIS D 50% & L. —F, BEENE
KHERLEFID K T LMNEEEMT 2T VETIIAEL DR
RUFEBEERIDEER L, 20O MRS 0.4 & L,

2.3 HFEEBTAOHKL

WEBOBEAIIBOWTHEMIZEI ) S FichdRy L, &
FFEICRIESCSBINDS. BiROBREELETZE TN

1468 FBBI | Vol. 66, No. 9, 2000

Fig.3 Finjte element mesh around tool tip with a stagnant
region
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Fig.4 Chip formation simulated. Cutting conditions:
work, carbon steel(SK-5); tool, diamond (rake an-
gle, —45°); cutting speed, 20m/s; undeformed chip
thickness, §.05mm
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Fig.5 Photomicrograph of a partially formed chip with a
stagnant region. Cutting conditions are the same as
in Fig.4 except that work is carbon steel (345C).
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Fig.6 Chip formation with cutting length . Cutting condi-
tions: work, carbon steel (SK-5); tool, WA (rake an-
gle, —45°); cutting speed, 30m/s; undeformed chip
thickness, 0.1mm
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Fig.7 Temperature distribution in °C. Cutting conditions
are the same as in Fig 6.
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Fig.8 Cutting without a stagnant region. Cutting condi-
tions are the same as in Fig 6.

Fig.9 Chip formation under depth of cut O.OOSmm.V Other
conditions are the same as in Fig 6.
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Fig.10 Cutting under depth of cut 0.00lmm. Other con-
ditions are the same as in Fig 6.
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Fig.11 Cutting under low speed. Cutting conditions:

cutting speed, 3m/s; undeformed chip thickness,
0.01lmm

Fig.12 Photomicrograph of very low speed cutting in SEM.
Cutting conditions: work, carbon steel (S45C);
tool, CBN (rake angle, —45°); cutting speed,
5pm/s; undeformed chip thickness, 0.005mm
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