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Study on Cutting Chatter Stability of a

Computerized Numerical Control Camshaft Grinder

ZHANG Qing',CHEN Wentao', CHEN Miao', WANG Yuzhuo®,ZHENG Dateng™

(1. School of Mechanical Engineering, Tongji University ,Shanghai 201804, China;
2. Jiangxi JACK Machine Tool Co Ltd,Ji’an 343008, China;
3. School of Mechanical & Electrical Engineering , Jinggangshan University,Ji’an 343009, China)

Abstract: The chatter in the follow—up grinding process will affect the quality of camshaft grinding. In order to
suppressing chatter, the regenerative chatter model of follow—up grinding based on regenerative chatter theory and the
characteristics of follow—up grinding was built, considering the regenerative chatter of both camshaft and grinding
wheel. Based on the regenerative chatter model ,the stability limit diagram was portrayed to study the regenerative
chatter stability of the follow—up grinding. The grinding tests on the camshaft grinding machine were carried out to
verify this model. The vibration features of the grinding machine were inspected in both frequency domain and time—
frequency domain,and the results agreed well with the stability limit diagram. It testified the regenerative chatter
model and feasibility of the chatter predicting and the machining parameters” optimizing by stability limit diagram.
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Fig.I Dynamic model of grinding wheel system
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Tab.1 Parameters needed to solve grinding stability limit

X% kJ(Nemm?®) E/(N-mm™) ¢
R
[ 2.1x10°

w,/(rad-s™) b/mm

1.1x10% 1.5x10° 0.05 502 40

1.1x10° 0.1 710 40
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Fig.2 Stability limit diagram of grinding machine
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Fig.3 Layout of sensors
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Tab.2 Experimental scheme

ST T ARG/ (e min™) 3/ (v min™)
1 60 2 500
2 60 3 000
3 60 3 500
4 60 4 000
5 90 2 500
6 90 3 000
7 90 3 500
8 90 4 000
9 120 2 500
10 120 3 000
11 120 3 500
12 120 4 000
13 150 2 500
14 150 3 000
15 150 3 500
16 150 4 000
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Fig.4 Time history,frequency and time—frequency

responses of point a in testing 1
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Ilig.7 Time history ,frequency and time-frequency

responses of point e in testing 4

& 6 i 3 E AR N0 o 941 Hz il
1058 Hz, HAWWRAIRIGE/N. B 7 o E 2 A0
I R 1362 Hz Fl 1 696 Hz, HLABST % 0 9% I 45

/N FEIIT e~ S I AT A A SR T AR 2210
AIIRAR B AT 2 MRS A e A3, T AR A3
RIGPRIREN, FF HAR RS E A R 1 S 30 20 Hh i
AR AR, X —BGERW], T e~i S R S RD
Fe M) A FEES AT a~d SR, BRI 2 38 iR 3)
TEDRACI N, TR 1] PO 0 04 R 0 IR 1 9
PRI, RVBRRABIAR. 70 1) 5 2 0 S0 AR
MR Z Rk, R an ™ 5 il A i
FeITAR MBS (R, TR R R A O 2
Bk R G2 AL, R T SR AR

I R B A0 e 07 B RS 1Y) o 5 0 A5 DR
FER AT AT, BIEHIRE Y 0.05 mm B, 735112k
R 1SR 4 5528, AR m S I S A T A
ST AT, 2555 B AN 8 FIE 9 .

0.10
=
.05
b
B g4l A ;
0 500 1 000 1500 2000 2500
i/ He
(b L E
0.7
0.6
0.5
04
0.3
0.2
0.1
Hif 8] /s
(e )Nl i 4T P

B8 KM 159 m 50lE a2 E g 8 Aot 50 B
Fig.8 Time history,frequency and time—frequency

responses of point m in testing 1

=

g =
B e L

TN BE REEL/ (m =)

s b

6

=)
13
(%]
N
N
=)

A E) s
(a )2



SR A < B R T B PR IR A R TR 51

552 3]
~ (.30
?? 0.25
Efu.zo
0.15
= 0.10
%m)s
= D |
= Yy 500 1000 1500 2000 2500
$i = He
(b S
1.0
0.8
0.6
0.4
196 Hz .2

i ) /s
(e )/ R4
B9 KM45REE m5H2OHEE FEEREHE 4

Fig.9 Time history, frequency and time-{requency

responses of point m in testing 4

8 Hrd AR 2 122 Hz, HAWATR
IR E AN, UL RD S R AR 200 42 Ha; &
9 g FE AR LSS 196 Hz, HABSRA IE(E
BN, NS e AR 2R 66 He. FE3 T j~
m 50 A5 A A B e T A B2 B S - 16
BAPEHLI R, R B Z 5 R R B IR
Bl AERDRC L A [R] 9 S5 21 rh fi 32 B (0 43 3 2 i
AHIE],  ELAZT TR0 50 0 T 2P A0 5 1 5 AR s R 1 [
AN 133 Hz. 25 T30 j~m S0 510 2 Kb 4 4
i HANNI R R, 28R A iR EC 45
W, ACREAIN B SR T R G [ AR 37 38
PR3
4.4 EUHRFRTE METUNLEIE

JBE PR A 4IR 3l 32 B A 35 F LR 3 F= il e i 7= A
Z AR B A T A S5 b RS A B R A 0 B AR R
ARSCF BT P ER, N T s &2 8 iR S
B sEme , Oy ) oA B R R ) HLE S
H) e S I B EA T AT, A S o i
[RIEAE AN 35 3 .

T A AN ) T e e AR R, A5 31
(RBHE BEA I 455 2 il R RS P BR T, 25040 1)
(1425 5 ] BB FR S B0 22 7 38 4R sl s = 11
B SZIerm T2 8wl B E 2 b, 4Tl - 77
e X, TR T 7 B AR X AT L& B4k
TR DX S 6 U A 4 o P DR (LD, B

TASVEHRIMBN T 4 m/s?s AETEATR SE DX (1 52 460
AN FE W (LA (LR, AR T 4 m/s?. I
AL IR B F7 AR R IR A P, 5 ] R RS A
R PN 2 5 AR 14 B A s A A7
3TN R R A I (AN FARE M R b

Tab.3 Acceleration amplitude and stability region of sensors

SRS R/ (mes?) R M R X
1 1.724 FEX
2 2.362 X
3 2.835 FasE X
4 8.378 AFEX
5 2.606 FaE X
6 2.056 FUE X
7 2.574 FE X
8 4.308 AFE X
9 1.844 FEX
10 2.370 FasE X
11 2.829 FasE X
12 7.794 AFEX
13 3.012 FE X
14 2.199 FEX
15 2.892 FEX
16 5.153 AFREIX
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