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Exact Solutions of the Vibration Modes of Circular Saw Blades
Guo Xingwang Zou Jiaxiang

College of Mechanical Engineering, USTB, Beijing 100083, PRC

ABSTRACT Based on exact numerical calculation of Bessel functions, the frequency
equations and the mode functions of usual circular saw blades with the effects of the
centrifigual force neglected are exactly solved and calculated respectively, so the exact vibration
modes of the saw blades are obtained. In order to examine the correctness of the results , a cer-
tain saw blade is analysed by finite element method. The findings by the two methods show a
great consistency. Additionally, it is confirmed by computation that the influence of Poisson’s
ratio of steel on the vibration modes of the saw blades is very small. All the findings in this
paper provide a direct use for saw blade design.
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He  a,=J(Dx); a,= Y, (Dx);

a,=1(®x); a,=K, (®x);

b, =nJ,(0x)/(Px) = J, , ,(Px);

b,=nY,(®x)/(®x)— Y, (Px);

by=nl (9x)/(®x)+1,,,(Px);

by=nK,(Px)/(®x) - K, , (Dx);

d,=J,(x)= (1 =v)[n(n— 1)J,(x)/x* +J, ., (x)/x];

d,=Y,(x)=(1=-)[n( - DY (x)/x*+ Y, (x)/x];

dy= —{L(x)+ (1 —v)[nn— DI (x)/x*—1,,,(x)/x]};

d,= —{K,(x)+ (1 =v)[n(n— DK, (x)/x*+ K, , (x)/x]};

e,=nJ,(x) = xJ, . ,(x) +n*(1 =v)/’[(n = 1)J(x) — xJ, . ,(0)];

e, =nY, (x)=xY, () +n’(1=v)/x°[(n = 1Y, (x) = xY,, (x)];

ey=—{nl, (x)+xI,,,(x)=n* (1 =v)/x[(n — DL (x )+ xI,,,(x)]};

e,=—{nK, ,(x) = xK,, ,(x) = n*(1 = v)/x’[(n — 1)K, (x) — xK,, ,()]}.
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1 ZEARAMTRATME
Tablel Nondimensional frequencies of usual circular saw blades

HE Wik Kotk .

BHm ¥n 0.1 0.2 03 0.4 05 06 0.7 0.8 0.9
256 314 403 546 788 1242 2236 51.14 2084
211 291 397 552 804 1267 2270 51.54 2089
340 390 482 633 890 13.62 23.77 5277 2103
754 763 803 906 11.23 1572 2582 5491 2126
1322 1323 1336 1391 1549 1941 2909 5805 2159

0

1

2

3

4

S 2027 2027 2031 2057 21.62 2484 3382 6233 2202
6

0

1

2

28.67 2867 28.68 28.80 2946 3199 40.11 6786 2255
1529 1954 2579 3544 5146 81.05 1452 3289 1325
1675 2090 29.01 3654 5248 8198 1460 329.7 1326
2236 2539 30.83 3991 5552 8478 1486 3322 1328

2 HEERNKE

HTRIEREHMAERENITBERYIERYE, SRR TEITE -6, DEx.

BERRTH: M2 d=10m, B 2h=0006m, RHHKI =0.5m. 4EA MR AR #®
HEE £=2058x10"N/m’, AR H v=0.3, EE p=7.8%10kg/m’.
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1 & (04), i=1549 B2 A (14), 1=6782 ©=089
Fig.l The mode shape (04) A=1549 Fig2 The mode shape (14) A=67.82, ®=0.89

®2 HERBSRH ©1000-500-6 EFIRE [Hz
Table2 The matural fregencies of the usual circular saw blade ®1000—500—6 /Hz
HTEHE m O 0 0 0 0 0 0 0 0 1
it n O 1 2 3 4 5 6 7 8 0
WHBE 713 789 873 1102 1520 2121 2890 38L1 4875 5048
SAP6: 760 776 861 1088 1498 2084 2827 3707 4708 4751
BRExE - - 67 87 129 184 2% W1 M1 -
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R3 L 0=05 v=024% 03 T RNIER
Table3 Nondimensional freqencies for the case: ®=05, v=024 and 0.3

FTHREm TEH

v=0.24 v=03 FHREm FiE¥n

v=03

0 0
0 2
0 4

7.67 7.88 1 0
8.85 890 1 2
15.62 1549 1 4

50.46
55.52
67.82

SEMIEOUEALL, B R RBIFEMBUEHERE, BMREBHHEERR. HERE
FEBRT Bessel RPMHERHE AXHBELRVWERMCHHEFEFEEL EHANE
XHITERE R TERNE .
AXATEANELCH. SHEBOCAN, ATELCANBERFNKEERN, SHEAM
ZRAIER . HI, ASCHSRIS % B B A SR REF 5 A % Br B A SR80 T RE.

5 &g

(1) 3@ =01~ 0358, FHFxAIRBEEAE 0,1);

Pz R R AR AR (0,0)

Y ©=04 ~ 095, FHEHFxf

(2) BEEXBELHI I, EMMBRAYK. YKELARKEHA N, HEXR
BB, AR SRR K
(3) BRFEIFHALE ® <04, m=0, n <14, EHMERLT, HREWMIERABALE, [E
BIAZBEM, A SHE R,

(4) IR AL LB 22 e Xt B SR R B R AR/, T DL A3t
(5) 1 ol T 8 2 AR AT R AEAT RS 32 B 48 R B 81 A 4

2 £ x H

[ R N " I O I

fefe. SBRBUEE R HBHFHRTR: |
ZHM. BEEOIATEIR: [ME¥e0eX ) Ux: AR AE, 1989

RTEXK. ERBEEREES T RATHERBEST: [BL¥Aes] dba: teRdkY, 1989
e, TRHE, KH. S$HAHNEREEERRENRKIT. RESKRIEH,. 1988(05): 7
FAEE, APEH. BN IRABEEGSHT. AP EFR, 1993, 156): 624

7 Hitchcock A J M. Mathematical Tables and Aids to Computation, 1957, 11: 86

Mote C D Jr. Free Vibration of Initially Stressed Circular Disks. J Eng Industry, 1965, 87: 258
Wit ] dbal: dbaBiE K, 1988



