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ABSTRACT

Even if active magnetic bearings are widely used in turbomolecular pumps, they experience more difficulty in controlling
vibration in the unexpected frequency range, which is not considered in rotordynamics as rigid and flexible body mode. Since
the blade wheel and main shaft of TMP are often assembled through bolt joint and interference fit, resonance frequencies are
expected to vary according to rotating speed change, which is inevitably caused by the contact status of interference fit and
blade wheel and main shaft assembled by bolt joint. In this paper, through finite element analyses, pre-stressed modal analyses
are performed to compete with the variation of resonance frequencies and mode shapes for rotating parts of the large and
medium capacity turbomolecular pump composed of the blade wheel and main shaft. Firstly, static strength analyses are
performed to get pre-stress caused by rotating velocity and check structural integrity. Contact status is also checked on the
surface of the interference fit, the surface between the balance plate and blade wheel, and the surface between the blade wheel
and main shaft. Finally, modal analyses according to rotating speed are performed, and a Campbell diagram is made to find
crossing points. It is found that mode separation and resonance frequency variation are caused by the contact status of the
assembly of TMP rotating parts, which should be considered in the control of AMB.
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Table 1 Results of Static Strength Analysis

Interference

Fi(mm) 0.03 0.01
Max. Axial 0.353@Blade of Stage 3 and 4
Disp.(mm) (Upstream Dir.),

P- 0.523@Blade of Stage 1 (Downstream Dir.)

Max. Radial

Disp.(mm) 0.313@Drag of Blade Wheel
Min. Safety

Fcator of Bolts 1626 1623

Min. Safety

Fcator of 1.373 1.269
Main Shaft

(a) Large Capacity TMP Rotating Parts

Interference

Fi(mm) 0.03 0.01
Max. Axial 0.375@Blade of Stage 3 and 4
Disp.(mm) (Upstream Dir.),

P- 0.426@Blade of Stage 1 (Downstream Dir.)

Max. Radial

Disp.(mm) 0.311@Drag of Blade Wheel
Min. Safety

Fcator of Bolts 1490 1490

Min. Safety

Fcator of 1.360 1.279
Main Shaft

(b) Medium Capacity TMP Rotating Parts
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Fig. 8 Contact Pressure and Contact Status When Rotating
with 104% Rated Speed

Table 2 Contact Status When Rotating with 104% Rated Speed

Interference
. .01
Fit(mm) 0.03 0.0
Balance Plate and Partial Areas in

Blade Wheel No Area in ‘Sticking

Interference Fit

‘Sticking’

No Area in ‘Sticking’
Blade Wheel and Some Areas in Some Areas in
Main Shaft ‘Sticking’ ‘Sticking’

(a) Large Capacity TMP Rotating Parts

No Area in ‘Sticking’

Inte'rference 0.03 0.01
Fit(mm)
Balance Plate and Most Areas in Partial Areas in
Blade Wheel ‘Sticking’ ‘Sticking’

Interference Fit

Blade Wheele and
Main Shaft

(b) Medium Capacity TMP Rotating Parts

No Area in ‘Sticking’ | No Area in ‘Sticking’

No Area in ‘Sticking” | No Area in ‘Sticking’
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(a) All Stage Blade Bending with ND1 and
Wheel Bending

(c) All Stage Blade Bending with ND1

(d) 5" and 6" Stage Blade Bending with NDO,
Out of Phase w.r.t. Axial Dir.

(e) 5" and 6™ Stage Blade Bending with NDO, (f) 5" and 6™ Stage Blade Bending with NDI,
In Phase w.r.t. Axial Dir. Out of Phase w.r.t. Axial Dir.

(g) 5" and 6" Stage Blade Bending with ND2,
In Phase w.r.t. Axial Dir.

Fig. 10 Resonance Mode of Medium Capacity TMP Rotating Parts
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Fig. 11 Campbell Diagram of Medium Capacity TMP Rotating Parts
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(a) All Stage Blade Bending with ND1 and Wheel Bending

(b) Wheel Bending

(c) 1% Stage Blade Bending with NDI

(d) 1% Stage Blade Bending with ND2

(e) 1" Stage Blade Bending with ND3

(f) 1% Stage Blade Bending with ND4

Fig. 12 Resonance Mode of Large Capacity TMP Rotating Parts
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Fig. 13 Resonance Mode of Large Capacity TMP Rotating Parts
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