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Stability Analysis of High Speed Grinding Process of CFRP Wheel
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[ABSTRACT] In order to analyze the influence of different elements on the stability of high speed cylindrical grinding
process with CFRP grinding wheel, the Timoshenko beam theory was used to conduct the dynamic analysis on the stepped
workpiece. Combined with the dynamic characteristics of grinding wheel measured by impact test, the grinding stability
analysis of the two-degree-of-freedom system between grinding wheel and workpiece in high speed grinding process was
conducted. During the dynamic analysis of the stepped workpiece, it was found that the stepped feature of workpiece has
a small influence on the dynamic characteristics whose error is lower than 2%. In the grinding stability analysis, it was
observed that the grinding stability can be affected by both the speed difference of grinding wheel and the difference of
cutting position. The closer the grinding position is to the center of workpiece, the lower the grinding stability is and it is
easy to induce chatter. As for the position near the center support, the grinding stability will be influenced by the dynamic
performance of workpiece and grinding wheel at the same time as the increase of workpiece stiffness. The effectiveness
of the proposed analytical method has been proved by the grinding experiment. The experiment results also indicate that
the stiffness difference of the workpiece in different grinding positions can affect the surface quality, and the increase of
workpiece surface roughness can reach 51.6% due to grinding instability.
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Fig.1 Dynamic model of plunge cylindrical grinding
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Table 1 Three beam theories of beam lateral vibration
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Fig.2 Timoshenko beam model based on stepped workpiece
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Table 2 GCr15 material and dimension parameters of stepped workpiece
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Table 3 Calculated results of natural frequency of stepped workpiece
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Fig.3 First, second and third mode shapes of the stepped workpiece
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Fig.5 Impact test of CFRP based grinding wheel and obtained frequency response function
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Fig.6 Grinding stability diagram with different workpiece positions

BEWG T P, iR, 0.229 mm. FEEEAY 50~150 m/s
SEHVE R, S HI R e R A B TR 1 RS R
Wi, AN FE 126 m/s 55 B 3T 52 B AP EE MRS 1 52 5 70 L
A S R P S RS AT AR B2 B T AR S 1 By
W AR 176 m/s 289 m/s Fl 365 m/s S5/ [ i
ZEN TR 2 B IR S . EALE Py S EIRR 2
PEAEH G5, B H) e 1 A BR T R S 55 F P, AP,
A8, A 1.949 mm, H T TAEFESEE 0 3h J1 22 R AR
HET, A O RS e Pl £k 2 2 2 N R,
o RS I 50 m/s AT 118 m/s B4 R AT AR R 11 R
FEVE, TAFRES 1 S 66 m/s 80 my/s T 220 m/
s S ek o R AU ) S ) RS A P, B AN, 90 m/s .288 m/s Al
364 m/s S R L U B HIRS R IR 2 2 B TAEE 2 By
BRI . T [l — T B 0 T e i R
S —n T8, Bz s Hm T ft iAo 1 = 22

20244E 55678 5810 - HiAT R EIA 81



‘_‘i. N »
E{%l’ﬁi RESEARCH

S B T A PRI 55 WP A2

3 EiESMEIEHI S

e B I E CNC8325 ™y T e sl s A A s
PR FttAT >R H 8 MPa i &y ik % Hr X, T4
FITEARAE RS En 2 2 Fros , BT T AR R TRl —dtt vk
R AT R A 1 2 00 iy SR FH O <7 B I S kA 7
eI VAR UER] R S5 1 1 — B0k . B R ab 48 LL CFRP
REAR, TR EHIA & MK 2 (b) Ui, ibie
SHCREEHIN T 28003 5 P, B L5 69 23 1h
BN 7 R, FEESHNRL T, R A A
— A=) He L O AR IR, Ak B
I B ) ok R b R OT IR SIS 5, 6 T JAE P o
FETE AT I & T AR RIS, RS R &N
10000 Hz,

TEAMB S H] ok B v, 38 B D AR T M A 100 m/s
A 1 ek AR DA A 2 o B ) [ s 2% S B R
T A0 EL AR X 504 2 DR = Sl ) 3 TR 1 v K, PRI
FEHIAI S AR AR T 100 m/s Fl 120 m/s M RMEHE4E
L, H e N Y EHI R E MRS AR 6 T RS T T
PRiRo 75 20 B2 7R B MR i, R R b AE e o 43
SRE R — AR A 1) T A I T e B A B I, i — D A5
2 (b) T (4B A7 B A FEL 6 T 7 A M
Mrah S, SCRE AL B RRAE MRS E MR AE o B S G P
F Py A IS G SLIEAT 3. AL 6 ATLUE Y
EEHE N 100 my/s B, 78 P, AL BSHI 207 TARFR 2
DX, S FSF S I Tk R 2 15 K AR, AR P
Ak P 0 DA TR A X3k, LG S 1 e AR A T 5 2
WHHE A 120 m/s B, BEHIAL & P, F1 Py Y900 THE
P XS, SRS B H e R AR A T

R TR A A AR5y, o 0l D — VR I DT
AP BEEEAR A 1 s BN EES, SR AP
253442 7 (Fast Fourier transform, FET ) 3154 HAE 5
BB TESUI N o0 A T O, AR 25 R anf&] 8 P, "%
VR Y2, SEBR B H 4 B0, 30 e = b >R 4 1% Jon ook
TR Y B e i 22 B TP A S A ) B A S A I

®5 WRSHMEHMISH

Table S Parameters of grinding wheel and grinding process

W 4E E AR /m P46 5L RE /m W 4E L AL f#
0.5 0.0155 CBN 140
g S ARG VIHI R RE/ L/
(m-s") (r-min") m (m-s")
100, 120 60 5%10° 5x10°

82 Wis MG A - 20244E 5 675 581

s T BRSNS R AR IR S {5 5 I EAT B R e
R FL B REAS S e TR 4R B 0, TR E BT J R 1 R o
AR P R IR T R A I FE T X Ty AR5 S,
8 (a) F(c) AN, MubAeH 3 A 100 m/s B, MR 4%
R BT 63.7 Hz, TEBE HIAL B Py I, A7 8 5 3 5
P T RIS, T A4 NI RAF, 4k s 55 i s i o3 K
2B LRI W R AT AT, 7 S o B 1) o e v R B A L, s
Hil 73R A 1 i ssia IR 5l 5 EES AL E Py B B0 B B
G, HARR IR AN N G Re s 3594 e m, OF BL7E
1539 Hz At 38— Be i vh HAR & = f sk g (8, i
WA B Ak 1) i H 2 Py 7 v B R UL S A%, I Haz g
(EATR AR F230 T A — B [ 450, w] W7 Lt il T
T B 55 RIPE S BB S RR  ER RS, — A2
A8 (b)) FICd) ATAL, YRbEEE A 120 m/s B, 640
AT A 76.4 Hz, LS 7R 07 & P, I Py JEA7 S HI B 2
FHONTRE BE LR, PR s BEAR /N, TS v mT LB
3|, REhRe R 24T TELL 299 Hz Fil 745 Hz MICEMEE
AR D o 75 B R FERD AR R 100 m/s
120 m/s B, 7 825 Hz Ab¥Rsh A5 5 547 — ek
I BE I, 2R B 100 m/s 553810 13 500, d 4%
T 120 m/s B 11 A58, 25 R0 5 I AR W (L AE
FHIIR SIS T BB TR B, R A HR R A
TSR A R TS AR T

R T R 254 BT S 0 R 1 B i, R AR Time
3231 FHLRE BE 4K CFRP W04 B8 HI J 4 T4 3% 1 KRS
PEATVERE , At o B AR S50 5 ) ol ) 5
BRI 22 R, PEAT I o, 0 5 1Ao7 1 240 i 3 K
Jei BOE (8, i AR AN 9 (a) FiaR, B TRLRE B2
e B A B, GBS 8 TR A T T 0 A B
HIlJE TR RS B2 25 R A 9 (b) R, th TRb4e
B9 100 m/s BEZEQ & P A0 IRES HI BRI S i &
FE I 0 A 2R T ARDRE B 55K, 3R 81 0.138 pm; TIZEA
B Py AR E B, R ARS8 0.089 um., A,

7 ERIARRE
Fig.7 Grinding experiment setup
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Fig.8 Frequency domain of grinding vibration under different grinding wheel speeds and different workpiece positions
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