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Stiffness effect of fitting interference for a shrunk rotor
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ABSTRACT

In general industrial rotating machinery is operated under 3,600 rpm as rotating speed and designed to have critical speed that is
above operating speed. So, there was no problem to operate rotating machine under critical speed. But nowadays, they should be
operated more than the first critical speed as usual with the trend of high speed, large scale and high precision in industries. In case
of the large rotor assembly as the trend of large scale, using fitting method of disk or cylinder on shaft is rising for the convenience
of assembly and cutting down of manufacturing cost. The shrink fitting is used to assemble lamination part on shaft for
manufacturing of rotor of motor or generator in many cases and also is widely used for other machinery. In rotating system, which
is compose of rotor and bearing, the critical speed is determined from inertia and stiffness for the rotor and bearings. In case of
fitting assembly, analysis and design of the rotor is not easy because the rotor stiffness is determined depend on a lot of factors such
as shaft material/dimension, disk material/dimension and assembled interference etc. Therefore designer who makes a plan for
high-speed rotating machine should design that the critical speed is located out of operating range, as dangerous factors exist in it.
In order to appropriate design, an accurate estimation of stiffness and damping is very important. The stiffness variation depend on
fitting interference is a factor that changes critical speed and if it's possible to estimate it, that is very useful to design rotor-bearing
system. In this paper, the natural frequency variation of the rotor depends on fitting interference between basic shaft and cylinder is
examined by experimentation. From the result, their correlation is evaluated quantitatively using numerical analysis that is
introduced equivalent diameter-and the calculation criteria is presented for designer who design fitting assembly to apply with ease
for determination of appropriate interference.
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Fig. 1 Modeling of rotor

where, d, Basic shaft diameter (mm)

d, Cylinder inside diameter (mm)
d, Cylinder outside diameter (mm)
Ad  Assumed shaft diameter increment by additional
stiffness (mm)
m; Additional mass (kg)
d, Equivalent diameter ( d =d, +Ady(mm)

s Natura! frequencies (Hz)
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Table 1 Calculated natural frequencies

Calculated natural

No. 6, (%) frequencies( /» Hz)

Ist 2nd
| 0 1168.0 1516.2
2 1 1183.0 25323
3 2 1197.8 2548.3
4 3 1212.5 2563.8
5 5 1241.2 2593.0
6 7 1269.1 22872
7 10 1309.4 2658.7
8 15 13723 27142
9 20 1429.6 2761.5
10 30 1528.2 2837.0
11 40 1607.1 2893.8
12 50 1669.3 2937.7

Table 2 Calculated natural frequencies
( d =45.00mm, 6” =+0.01lmm )

Calculated natural

No. d, d./d, frequencies
(mm) Ist 2nd
i 55.0 1.22 1560 2840
2 65.0 1.44 1478 3136
3 75.0 1.67 1544 3004
4 75.0 1.89 1560 2672
5 100.0 222 1540 2432
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Fig.2 Geometrical parameters of shrink fit rotor between
shaft and cylinder
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where, 4, Assembled interference , 8, =r,-n, (mm)

f. Inner radius of shaft, % =0-5d, (mm)
% Outer radius of shaft, /s =0-3d, (mm)

7 Inner radius of cylinder, /i = 0-54; (mm)

oY

Inner radius of cylinder, %o = 0.5d, (mm)

E,  Modulus of elasticity of shaft (W/mm?)
E. Modulus of elasticity of cylinder (N/mmz)
v Poisson's ratio

m
U Shaft radial growth due to unit pressure ( %/ mm' )

e Cylinder radial growth due to unit pressure
P Fit pressure (N/mm?)
l Fitting length (mm)

o2 Fig. 32 5 =225 mm, % =375 mm, % = 00
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Table 3 Test equipments

No. Equipments Model

1 Multi-ch. FFT analyzer B&K 3560C

2 Accelerometer B&K 4393

3 Impact hammer B&K 8202

4 Multi-ch. charge amplifier B&K Nexus
FFT Charge Accelero Iimpact Test

analy zer amplifier -meter hammer rolor

Fig. 6 Measurement setup
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Fig. 13 FRF of rotor { % = +0.05 mm)

Table 4 Measured natural frequencies
(4. =75.00mm, d, = 45.00mm)

N s P Measured natural frequencies
o (mm) (8/rm’) Ist d, 2nd S,
1 -0.01 0.00E+00 r 1168 0.0 2516
2 -0.005 0.00E+00 1248 5.5| 2552
3 +0.00 | 0.00E+00 1544 32.0{ 2820 10.0
4 +0.01 3.17E+01 1560 34.0| 2840 11.6
5 +0.025 | 7.91E+01 1560 34.0| 2840 11.6
6 +0.04 1.27E+02 1560 3401 2840 116
7 +0.05 1.58E+02 1564 345 2840 11.6
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Table 5 Comparison of natural frequencies of various
cylinder outer diameter between measured and
predicted natural frequencies.

(d4 =45.00mm, 6, = +0.0lmm )

p Ist natural freq.  2nd natural freq.
No. ° )
(mm) (N/mm)Meas. Cal.I Cal2 Meas. Cal.l Cal2
1 55.0 1.64E+01 (1478 1685 1580 {3136 3358 3180
2 65.0 2.58E+01|1544 1613 1613 |3004 3187 3003
3 75.0 3.17E+01) 1560 1560 1560 |2840 3024 2837
4 85.0 3.56E+01} 1560 1520 1520 |2672 2873 2632
5 100.0 3.95E+01{1540 1477 1477 |2432 2672 2482
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