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(A Study on the Flexural Vibrations for the Ring with Symmetrical Cross Section)
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Asbstract

Various automotive and machine parts are having the shape of circular ring and the study and
the verification of its dynamic characteristics can be the important basis of quality control and
improvement of performance of inner and outer race of ball and roller radial bearing, ring gear,
seal, ete.

In this study, three separate sets of governing equations on the flexural vibration of circular
ring were formulated each considering the effects of viscous damping, rotatory inertia and shear
deformation, and three frequency formulas were derived.

Numerical values of frequencies of circular and rectangular cross section ring were tabulated

and compared with experimental value, Some important parameters were found in the ring vibr-

ation characteristics.

SCEMAA - &  Grauitational acceleration

Nomenclature 1 ! Area moment of inertia of cross section

. . . of ring about the normal axis to the pla-
a ! Thickness of ring in rectangular cross
. ’ ne of vibration
section

. . . J ! Mass moment of inertia of ring about
. Area of ring cross section

b Width of ring in rectangular cross the normal axis to the plane of vibration
I Wi of ring in rec r .
. . K : Radius of gyration of ring cross sectio-

section ring

c D . ficient nal area moment of inertia
. ampmg coerncien
Cen: Critical damping coefficient k’ . Form factor of ring cross section
E ! Modulus of elasticity of ring material M : Moment of force
f : Frequency of ring vibration . m ! Mass of the ring per unit length
G Modulus of shear of ring material ‘ m=pA/g
E N [ Shear force
G= 2(1+%) n . Number of nodes in a circumference of
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a ring

R : Radius of underformed venter line of cir—
cular ring

T . Normal force acting at ring cross sec-
tion

t ! Time ‘

u ! Radial displacement of ring element

w [ Tangential displacement of ring element

A | Angular deformation due to shear

€ ! Angular coordinate

? . Slope of deflection curve due to moment

# : Total angular rotation of ring elements
¢=9¢+ 8

2 . Density of ring material

¢ ! Damping ratio

v ! Poisson’s ratio

w

. Natural circular frequency of ring
w: ! Natural circular frequency of ring by
classical theory expressed by A.E.H. Love
_. /EIn'(n*—1)*
we =
mR*(n*+1)
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Table 1. In-plane vibration frequencies of circular cross section ring

€=21x10° kg/cm?, v=0.29, p ~7.8g/cm*, G —0.82 x 10* kg/cm?,

’ 7 N
K=3. %. 1, %’, Radius =-12.7cm, Cross section radius —2.54 cm.
Nodal (’;J‘LaSSiC Case 1 1%:«13«3 2 Case 3 Shear Effect Experiment
Di t t
MR ey =003 | pota | k=79 | K=80 | K'=1 |K'=10/9 | W. Kuhl (3)
2 1.728 1.710 1.720 1.685 1.704 1.706 1.708 1. 666
3 4 887 4.863 4.864 4.450 4.633 4,659 4.680 4,387
4 9.370 9.315 9,325, 7.747 8.370 8.465 8.544 7.739
5 15153 15.060 15.075 11.224 12.584 12.806 12.993 11.459
6 22.229 22.095 22.105 14.705 17.033 17.437 17.783 15.402
7 30.596 30.433 30.410 18.122 21.568 22.196 22.74] 19,463
8 40,252 40.090 39.983 21.458 26.103 26.985 | '27.760 23.576
9 51.196 51.040 50.821 24.718 30.597 31.750 32.774 27.708
10 ©63.429 63.200 62.917 27.913 35,034 36.469 37.754 31.822
11 76.949 76.702 76. 266 31.054 39.411 41.130 42,683 35.908
Table 2. In-plane vibration frequencies of rectangular cross section ring
e=21x10kg/cm?, v=~0.29, p=7.8g/cm?, G=0.82x10* kg/cm?,
’ 6 .
K=%.1 3, 2, L. 1 Radius — 36.303mm, thickness — 4mm, width=17.394mm
Nodal Classic | (gge1 | Case 2 Case 3 Shear Effect Experi-
Diameter| Theory _ Rotary [~ - - ‘ ment
" we €=0.03 | lnertin |K'=6/5| K'=1 | K'=5/6|K=2/3 |[K=7/12|K'=1/2| (10)

8.371 8. 287 8.184| 8.212 8179 8.142| 8.087| 8.045| 7.999| 7.635
23.676| 23.628 | 22.223| 22.020 | 21.703 | 21.365| 20.886 | 20.563 | 20.154| 19.036
45.396 | 452569 | 40.326| 39.056 | 37.995| 36.906 | 35.434| 34.488| 33.330 | 32.150
73.415| 73.121| 61.185| 57.609 | 55338 | 53.093| 50.185| 48.383 | 46.247 | 46.050

107.699 | 107.160 | 83.801| 76.635| 72.817 | 69.160| 64.579| 61.820| 58.623 ) 60.400
148.234 | 147.344 | 107.467 | 95.604 | 90.045 | 84.850 | 78.508 | 74.770 | 70.507 | 74.200
195014 | 193.804  131.706 | 114.299 [ 106.907 | 100.132 { 92.019| 87.312| 82.006 | 88.000
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