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Natural Vibration Characteristics of Multi-step Rotating Shaft

Oh Sung Jun, Hong Gun Kim(Jeonju University),

and Jin O. Kim(Soongsil University)

ABSTRACT

Natural vibration of the rotor system having
multi-step cross-sections is analyzed. The rotary
inertia and the shear deformation are considered.
Torque is also included in order to simulate the
power transmission  system. The complex
displacement and the wvariable separation are
introduced. The exact solutions in uniform
cross-section segment and the boundary conditions
are used. Natural frequencies and mode shapes are
obtained,
countinuous.
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E1 Prohl 3| AA AY
*+« NQ. OF SEGMENTS: 20
++% NO. OF BRGS: 2
«x+ ELASTICITY: .21E+07
«*xx GRAVITATIONAL ACC.. 98E+03
+x+ SHAFT DENSITY: .78E-02
+** POISSON RATIO: .290
=+« NO. OF NODES: 21
**+ NO. OF DIMENSION: 80
#*xxxx NODE POSITION ( 1): 00CE+0Q
«#xx+ NODE POSITION ( 2): 206E+02
«xxxx NODE POSITION ( 3): 298E+02
+*xxx NODE POSITION ( 4): .338E+02
»#+xxx NODE POSITION ( 5): A30E+02
#*+x+ NODE POSITION ( 6): 4T1E+02
«++++ NODE POSITION ( 7): BOSE+02
+*+++x+ NODE POSITION ( 8): 738E+02
*=x+* NODE POSITION ( 9): I5TE+02
+*x++ NODE POSITION (10): BE5E+02
#*+%+ NODE POSITION (11): 878E+02
«*xxxx NODE POSITION (12): 891E+02
#x+x* NODE POSITION (13): .105E+03
#+xx* NODE POSITION (14): 111E+03
#*xxx NODE POSITION (15): 120E+03
s*xxxx NODE POSITION (16): 133E+03
+*xxxx NODE POSITION (17): 138E+03
s«xx+ NODE POSITION (18): 151E+03
#*xxx+ NODE POSITION (19): 161E+03
+*xxx+ NODE POSITION (20): .176E+03
+*x+xxx NODE POSITION (21): 17T7E+03
#++xx SHAFT RADIUS ( 1» INNER; .00
#*++x« SHAFT RADIUS ( 2 INNER; .00
s#+x+x SHAFT RADIUS ( 3): INNER: .00
s#xx+ SHAFT RADIUS ( 4) INNER: .00
=+xxx SHAFT RADIUS ( 5 INNER; .00
#++x+x SHAFT RADIUS ( 6): INNER; .00
#*»+xx SHAFT RADIUS ( 7): INNER; .00
»++xx SHAFT RADIUS ( 8): INNER: .00
s+x+x SHAFT RADIUS ( 9): INNER: .00
#+++x SHAFT RADIUS (10): INNER;, .00
«++++x SHAFT RADIUS (11): INNER; .00
«++x+ SHAFT RADIUS (12): INNER; .00
»*x#x SHAFT RADIUS (13): INNER; .00
»++4x SHAFT RADIUS (14): INNER; .00
w+++ SHAFT RADIUS (15): INNER; .00
s++xx SHAFT RADIUS (16): INNER: .00
=++++ SHAFT RADIUS (17): INNER;, Q0
»oekx SHAFT RADIUS (18): INNER: .00
w«+x+x SHAFT RADIUS (19): INNER: .00
s++++ SHAFT RADIUS (20X INNER; .00
sxxxkx NODE NO. OF BRG. LOCATION: 2
sxkx4+x BEARING STIFFNESS: .10000E+15
«++++x NODE NO. OF BRG. LOCATION:20
wxkxxx¥ BEARING STIFFNESS: .10000E+15
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spin Natural Frequencies (rpm)

]

(rom) 1th 2th 3th 4th

5th

0 12184.084 |10487.303}22285.099135450.419

43544.918

1,000 | 2188.325 [10489.599|22323.38335474.033

43596.814

2000 |2192.571 {10491.894|22361.711|35497.576

43652.893

3.000 | 2196.822 110494.190)22400.083|35521.048

43707.156

4.000 | 2201.079 |10496.486|22438.496|35544.451

43761.602

5000 | 2206.341 [10498.783|22476.952|35567.783

43816.230

6.000 | 2209.608 110501.079/22515.450|35591.047

43871.038

7.000 | 2213.880 |10503.376|22553.988|35614.243

43926.027

8.000 | 2218.185 [10505.67322592.56735637.371

43981.196

9.000 | 2222.440 |10507.970;22631.186|35660.432

44036.543

10.000 | 2226.728 |10510.268|22669.845135683.428

44092.068

11,000 | 2231.021 {10512.560,22708.543,35706.357

44147.769

12,000 | 2235.319 [10514.864|22747.280135729.222

44203.647

13.000 | 2239.622 |10517.16222786.055;35752.022

44259.700

14.000 | 2243.930 |10519.460(22824.867,35774.759

44315928

15,000 | 2248.243 |10521.759|22863.717|35797.433

44372.328

16.000 | 2252.561 110524.058(22902.603|35820.044

44428902

17.000 | 2256.883 |10526.357]22941.525|35842.5%4

44485.647

18.000 | 2261.211 110528.657 | 22980.483|35865.083

44542.563

19.000 | 2265.543 |10530.956123019.47635887.511

44599.649

20.000 | 2269.881 |10533.256|23058.504|35909.880

44656.905

¥E3 EQ23d g nHASF WE (2=

0 rom)

Tomue

Cgoonge Natural Frequencies (rpm)

1th 2th 3th 4th

5th

0 2184.084 [10487.303|22285.099/35450.419

43544.918

100 2184.048 110487.303122285.099(35450.419

43544.918

10,000 | 2184.084 |10487.303122285.099/35450.419

43533.918

1,000.000 | 2184.085 |10487.305|22285.087 | 35450.392

43544.904

100,000,000| 2217527 [10571.934|21767.093;34331.369

43047.429

¥4 EoAq
(£2=5, 0007 pm)
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Torque

(kg cm? /5", Natural Frequencies (rpm)

1th 2th 3th 4th

5th

0 2205.341 |10498.783]22476.952|35567.783

43816.230

100 2205.341 [10498.783)22476.952 |35567.783

43816.230

10,000 | 2205.341 |10498.783|22476.952 | 35567.783

43816.230

1,000,000 | 2205.342 |10498.784/22476.941 |35567.756

43816.216

100,000,000{ 2238.501 {10583.787|21952.424|34434.484

43342.314
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