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Performance Enhancement of Grinding Processes
— Mutual Interaction between the Material Removal Process and the Machine Tool —

oooo”
Prof. Ichiro INASAKI

In order to attain the performance enhancement of grinding processes in terms of the high productivity
as well as high machining accuracy, it is necessary to establish the reliable physical models of the
material removal process and the machine tool performance. In addition to those, it is essential to

understand their static and dynamic mutual interactions.

Key Words: grinding process, grinding machine, mutual interaction, stiffness, chatter vibration
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Dressing process and grinding process
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Grinding process as a closed loop system
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Elastic deformation model of grinding machine
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Grinding process as a first order time delay system
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Force flow in the machine tool and the resultant

stiffness
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Contact stiffness of the grinding wheel

3gougogod

coooooooooobooooobooboooobooooo
gboboooobooooooooobooooobooOooono
goboooboooooooooboooooooooo
gobooooo

O0o0o0oooo0ooooooooooooo 20



JTEKT

goooooooodob- bobooooooooooo-

ooooooooboobooooDbDOooboooooomo
oooobooooboooooooooobooooobboooon
oooobooooboooooooooooooobboooon
cbooooooobooobobooobobooooooboo
coobobooooboooooooooooooobooboooon
coooboboooobooooooooooOoooooboboooon
coooboboooobooooooooooOoooooboboooon
coooboboooobooooooooooOooOoooboboooon
000 FOOOOOODDOOOODOyOOODOOO
coobobooobooooooooooooooboooon
gooooooooooooooooood

y__1
F = 2kC )

0000000000 ¢oooooonoooooon
00000000000000 kKkODODOOOOOO0ODO
goboobooobooboboo

TeY) BAEREIRED , .
N et
ARED: 2
—4—- % ?
i PR HIIRE
i i

i
S ERaEFIIRED
[\

,\V Vv

7 HHIINTICSIT DiREIRSR()

Vibration phenomena in the grinding process (1)
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Vibration phenomena in the grinding process (2)

cooooooooooboocoobobocooboooo
gopooo
(0000000000000 00000000000
oooboooooboooobooooboooboonoo
oooooooobooooboooboboooboooo
ooooooooon
(2)000000000000000000O00000
coooooooooobooobooboooboooo
cooooooooooboocooboboooboooo
coooooooocooboocoobobocooboooo
coooooooooobocooboocooboooo
0" 0000000000000 00000000O
ooooOoOoooOo0oobooooboooboooo
oooboooooboooobooooboooboooo
ooobooooobooooboooboboooboooo
oooooooboooooo
2000000000000 DOO0OO0OOOOODO
gboboooboooooooooobooooooooono
goboooboooooooooobooooooooono
gbobooooooobobooooobocoooooonn
gbobooobooooooooooboooooboOoooon
goboooboooooooooooooooooono
gobooobooooooooooocooooooonon
gobooobooooooooooooooooooon
oopboooboooooooooboooooooDo
oooo
ooboooooooobooobooobOolonoboOon
gobooooboooooooooboooooboooooDo
gbobooooboooooooooobooooooooono
gobooobooooooooobooooooooono
goboooboooooooooooooooooono
gobooobooooooooobooooobooooo
goboooboooooooooboocOooobocmoon

JTEKT Engineering Journal No. 1004 (2007 )



gooooooooooo- oooooooooooboo-

JTEKT

gobooboobbobboobboobobooboo
gobooboobbobobooboobbooboo
90° D0o0O0OO0OO0OO0OOOO0OOoOoODOOOoODO

10 2
& ¥
mé s b oa=2y
'y ~ 2
H_
0 2a<2y
0 05 1.0 Yo,
IRIELE, yo/y y

K9 HEFNTSER
Geometric interference between the grinding wheel
and the workpiece

T

F
@

B10 AV TSATVADNT N)VER

Vector locus of dynamic compliance

-

RABES N7 NVELEH

oobooooooooobooooboooboooo
oooobooooobooooooboooooboooooboboooo
cooboboooboooooooooooboooobooboooo
ooobooooobooooooooooooooboboooon
coobooooooooooooooOooooobooboooon
cooboboooobooooooooooboOooobooboooo

4= [ReG(j@) +ImG(jw)] 12
ood
ud cosecoSl o O B0 (13

oobooboboooooowbOOooooooooobooon
e00O00O0O00DOOODOOOOOOODOOODODOO
000o0RUO00D0O00000D00000000
00000000000000000 A000000
cooboboooobooooooooooboooobboooo
gobobooooooboooooboobOOoboboooooon
0000000000000 000D0DDO0O00DDO

JTEKT Engineering Journal No. 1004 (2007 )

gooooobooboobobooboobbooobg
gogooooboobooobbooboobbooobg
goboooobooboobbooboobboobdg
gobobooobooboobbooboobboobd
gooboi1l1moooooooooooboobobooo
000000000 @M@O0000D00o0ooo

L=14Gw)
u

=cos(a —f)cosa

(LD
p=rg

a

11 HAIREDEIR

Directional factor

coooooooOoocooboooboobocoobooooo
gbobooobooooooooobooOooobooOooono
gbobooobooooooooooocooooooono
goboooboooooooooboooooooooo
oooooooooooobDOobDOobOoomoooon
gopbooobooooooooobooooooooDo
goboooooooooooobooooboobooooDo
00000 000000000000000000D0
gbobooobooooooooobooooobooooono
gboboooobooooooooobooooooooono
gobooooood

coooooooOoocooboocooboocoobooooo
gobooobooooooooobooOooooboOooono
goboooboooooooooboooobooooono
gobooobooooooooobooooooooono
goboooboooooooooobooooooooon
gopboooooooooooobooooooooDo
goboooooooooooobbooooooo

AUoudoudoodd

coooooooboocooboocobobooboooboooo
goboooboooooooooboooooooooo
gobooobooooooooobooOooooboOooono
gbobooobooooooooobooOooobooOooono



JTEKT

goooooooodob- bobooooooooooo-

oooo0o0ooo
012000000000000000° 00000
0000000000000000000000000
00000000 (()0000 yObOOOOODOODO
00000000000 000000D00000000
00000000000 000000D00000000
00000000000 000000D00000000
00000000000 000000DO00000oo
00000000000 000000DO00000OnoO
00000000000 0000D0DDO0000
QUODD0D000D0OO0O0DDO0O0ODOOO0ODO
000000000000000000000000
oooooo0oo0og
bODO0D0D000D0KODODODO0DO0O0OO0O0D00wOO
000000000000000000000000
oooo
(DODO0O00O0¢oOoooon
0DO0000000D00000000000000
00000000000 000000D00000oo
00o0D00000Ooooooo
(00000000000 DDO0O0DDOODNDO
00000000000 0000D0D0D0000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000000000000

| Re

HEl 70+ X
()EIREDERE

5000

oooooooobooooboooboboooboooo
gbooooobooboobooboooooboooooooo
gboboooboooooooooobooooooooono
goboooboooooooooooooooooono
gobooobooooooooobOoOooooOooono
gbobbooobooooooooooocOooooOooono
gobodooboboooboooboooooon

gogo

00O 1. Inasaki: Ratterschwingungen beim Aussenrund-
Einstechschleifen, Werk und Betrieb, vol. 108, no. 6
[0 1975[841-346.

O 01 Inasaki: Selbsterregte Ratterschwingungen beim
Schleifen, Methoden zur ihrer Unterdrueckung,
Werk und Betrieb, vol. 110, no. 8 197705621-524.

00l Inasaki, B. Karpuschewski, H. S. Lee: Grinding
Chatter-Origin and Suppression, Annals of the
CIRP, vol. 50, no. 21 20010615-534 Keynote paperd

FTTDONXY NIVELER

(0)BERIMEDIER

HRFRBDED

(C)ERDIZEXR

(A)XT MIVERERDFZED

(e)BEXNRDIFEL

E12 BERERIRENDINHEE

Strategies for suppressing the regenerative chatter vibration
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