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Development of Grinding Simulation based on Grinding Process

OOO00O00OT.ONOZAKIODOOOODOA. SAITO

This paper describes grinding simulation technology to establish the generating mechanism of chatter
and grinding burn. This technology is consisted of two modules based on grinding process. The chatter
prediction module can accurately predict chatter by analyzing the grinding force from the interference
area of wheel and workpiece. The grinding burn prediction module can predict burn by calculating the
distribution factor of grinding heat in detail. The validity of both modules is verified by comparing the
simulated results to the experimental ones.
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Schematic view of total simulator for grinding machine
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Machining process of grinding
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Machining model of grinding
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Predicting procedure of chatter

223000000000

ooboooooooooboocoooboooboOooo
coobboooboooooooooobooooooooon
oooboooooooooooooooOooobboooon
oooboooooooooobooooooooobboooo
oooboooooboooooobooooobooooobboooon
oooboooooboooooooooobooboooobboooon
ooooo
ooobooooooooon

ooobOooooooOobobooooobooboOottoDOon
Ooo0oo0Oooooooocooooomooon
O0000ooooooXooooooooooooX
coobobooobooooooooboooooobooboooo
Oo0oooooooooopocooo Xoooooo
ooood

C=uwt

N (1)
V; +> A;sin(@rft)
i=1

X:Xo_

o0 0000000O0X 00000000000 X
ooov,0OooOOooooACOOOOCOODO0OO0
O0ooooNOOOOoOOoOooooofoooooo
coooooobooooo
OoooooocoooXoooooooooooo

JTEKT Engineering Journal No. 1004 (2007 )

5 WA EYOMIBERR

Geometrical relationship between wheel and workpiece
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Transfer model of grinding heat
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Machining model with single grain at grinding point

JTEKT Engineering Journal No. 1004 (2007 )



gobooooooooooooobooooooooooo

JTEKT

2 WKW + —
0.(X, Z)= n'qk - [fiie ”Ko[sz+u2]du
[erf

]df]wm(x, )

(5)

L+HT

3 2 2
—nHe"Zf ore “erfc
2T

X+L
L]

2T
R,E(V+v)
W=7 (6)
KlOO20 00000000000 oerfooooog
erfcl:ll:ll]DDDDHWQXDZEDDDDDDDDDD
g 0000000000 oFpOOO0OOpoooog
pOOQOQOOO
00OoXoZ0LOHOOOoODOooooOoooooooo

_vx _ vz _ vl _ 2K,h
X=9p 273 L= H=°%y V)

hOooooooooooooo

oooooooooooooooo R, 0000000
od

—erf L+r

— Rwlfz(F‘t,cr Fn‘c; a, ¢)+Rw2 t,sl
= - (8

F.O0F,0000000000000000000
fi Fo 0 Foo 0 a0 $0 Fy O F, D0 ¢ 00000
0000F,, 000000000000

2340000000000

goboobobooboobobooboooboon
gbobooooooobobobobooomoboo
gobooboobbobobooboobbooboo
goooboooboobobooboboobobobobooo
gbooooooobooboboboooon
goooooogoog

0000000000 ooo0ooooo G)ooooo

0000000 #pXozZOoOOOOODOOODODOoOoOOoDO

0000000000 Z00000000 6yqmk5 Z0

goobood

gobogobooobgoo
obooboooooboobooboboboboooobogo

gooooooozooobooooooboooobooo

oo

ooooogooogooogz,

z006,..0z0-0,00000000 Z
oooooooz,

z00,,..0z0>0,00000000 Z
,06,000000000000000000
000000000000000000000000
0000000000000000000000

3uuuoougg

coooooooOoocooboooboobocoobooooo
gbobooobooooooooobooOooobooOooono
gooooo

3100000000

goboodbboobuoobbooboooboon
gogooooboobooobobooboobbooobg
gobooooboon

goboobobooboobbooboobboon
gboboooooobbooobbooboooboobood

Oodoooooooooooog
Grinding conditions in predicting chatter

oooo 1000000000
O00FOO0OVOvVvOOOOOOODOOOOOOO Toooo
0000 @eooo0o0o000ooooooooooR, mm% mma s0 1
oQ CBNOO #120000 200
oo 0O0mm 160
T IERICADHE IR & EEE LY -
BB . K - TG Hoooms 119
TS ADHE |zt &) IBRIISRTE . SCr420 000 OO0
e 7 =5 MCABHE HRC64
M Uzssein || ez ||  (Fres g Hon Jomm ; 32
1 (B oooom/s 0.50
TiEwBE|| |Tremiazts Iy
ZHEORE) 00000mm 403
CEEFHE 21— [ )HEBEIFRIES 2L goooooooog
oQ
B8 HHlEI OFHFIE B , -
Predicting procedure of grinding burn 000L/min 30
JTEKT Engineering Journal No. 1004 (2007 ) 31



JTEKT

ooooooooooooboooobooooooobod

goboooobooobboooobooooobboo
goboogoobooboooouoboboooboboo
gbobobobobio0oooooboobobooobo
gooobooobobobooobboooobboo
gogoboooboobboooobobboooobbooo
040umO OO0 OOO0MumOOOOUO0O0OOOOOO
gbobooooobooboboboboooooogooo
gboooooooobobobooon

32000000000

oobooooooooooboocooooooobooooo
oooboooobooooooooooooooboboooon
ooobooooooooooooooooooboboooon
oooboooobooooooooooobooobboooon
ooobooooboooooooooooo

ooboooooooooboocoooooooboooon
cooobobooobooooooooooooooboboooon
coobobooobooooooooooooooboboooo
cbooboodob0oilr0oobc0ooooboooboboOoooon
coobobooobooooooooooOooOooobooboOooon
cooboboooobooooooooboooooobooboOooon
oo ooooooooocoboooobooboboon

mm

A #TR ) &,

BEfE, s

K9 {hAHKEDEDHENTE LS RBREOLEIER
Comparison results between predicted and experimental
value of residual cutting depth

0.05 : : : :
004l .. — BB . : :
€ o003
% 0.02
0.01 |4
° 9 60 ;10 600 o 1000
BEEE, Hz
10 TEMRROBREDMICHITDENBEE
EEREDLERIER

Comparison results between predicted and experimental
value of frequency analysis of workpiece shape

32

gooodoooooroooooobooboboboboobobog
gogoobooobooboooobuooboobobooobg
gogboobooobooboobobooboobboobg
ug

4004040

coooooooocoobocoooobocooboooo
gbobbooobooooooooooocOooooOooono
gbobooobooooooooobooooobooooono
gobooobooooooooooooooooooon

gobooboooobooobooooo
Grinding conditions in predicting grinding burn

gooo 1000000000
goooo
s 5012020
mm*ZI mm [ s
0o CBNOO #120000 200
oo 00 mm 400
0oo0o00Om/s 120
. SCM415H 0D DO O0OO0O
HRC60
ooo
0O0mm 68
OooooOm/s 053, 177
a0 ooooooooo
goooo oooooooo
000L/min 30

goddddoooooooooooooooo
Comparison results between prediction and
experiment in re-quenching

ooooooo

0.53 1.77
m/s

goooo

5 12 20 5 12 20
mm3Z) mmQO sO

O
od a O O g O
oooo
oo g ] d g g g

TEMFREH, S5 DRE, um
B11 TEYICBITEEERED KSR

Prediction results of maximum temperature of workpiece

JTEKT Engineering Journal No. 1004 (2007 )



gobooooooooooooobooooooooooo

JTEKT

gobooboobbobboobboobobooboo
gobooboobbobobooboobbooboo
gooooobobbbbobobobooooooooboobo
gobooboobbobobooboobbooboo
gobooboobbooboo
oooobooooboobobooboobobooobo
gbooooooboobobobooboooooogooo
gbooooooboobobobooboooooogoog
gboooooobooboboboooooooogoo
gboooooobooboboo

gogno

000000000000 vol 490 no. 121 1983C11680.

0000000o0ooooooooooovol 50no. 7.

00O I Inasaki: Annals of the CIRP, vol. 50, no. 21 20010
515.

000000000 ooovol 300 no. 12119640014,

0 0S. Malkin: ASME J. Engineering for Industry, vol.
96, no. &1 197411177.

0 0S. Malkin: ASME J. Engineering for Industry, vol.
96, no. 41197411184,

0O S. Malkin: Annals of the CIRP, vol. 27, no. 11 19780
233.

J00000000000vol 480 no. 51 198206009.

00000000000 000vol 560 no. 8 19900621,

0000000000000 vol 560 no. 100 199001 2087.

oo0J. C. Jaeger: Proceedings of Royal Society of New
South Wales, vol. 761 1942(203.

00ON. R. DesRuisseaux, R. D. Zerkle: ASME J. Heat
Transfer, vol. 92, no. 81 1970C456.

JTEKT Engineering Journal No. 1004 (2007 )

godg

‘ -4
oooo”
T. ONOZAKI

oooog™
A. SAITO

° 000000000DO0000000O0
oooo
" 0000000000000 00000

33



