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Rotordynamic design of a turbogenerator supported by air foil bearings
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ABSTRACT

This paper shows the rotordynamic characteristics of a turbo-generator for a BOP of a fuel cell system. The
rotor-bearing system consists of magnetic shaft and compressor-turbine shaft, and the two shafts are connected
by spline coupling and supported by oil free air foil bearing. Preliminary design according to several parameter
is considered in detail. Static and dynamic characteristics of the AFB are estimated by the soft
elasto-hydrodynamic analysis technique and the perturbation method. The results of the natural frequencies,
mode shape, and unbalance response analysis are presented.
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(a) Motor & generator (b) compressor and turbine
Fig. 2 Lay out of the turbo-generator

mw«-—;
Ko ooy,

Fig. 3 Lay out of bump type air foil bearing
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Table 1. Comparison of wheel mass

2221 | Speed et | o | s | ey | Sy

[mm] | [kgl [kg] [kal [%]
0.7 |49612.4 | 1540 | 183 | 1.668 | 6223 | 54.5
0.75 53156.2 | 145.2 1.49 1.406 | 5.414 53.5
0.8 56699.9 | 135.7 | 1.248 1.132 | 4904 52.8
0.85 60243.6 | 131.3 { 1.133 1,050 | 4.704 | 52.7
0.9 [63787.4 | 1252 | 0.976 | 0.896 | 4.396 | 52.5
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Fig. 4 Rotordynamic modeling of the turbocharger

Table 2. Comparison of separation margin

or=7) 1st 2nd 3rd 4th Separation | Separation
‘jl_A_E Critical{ Critical | Critical { Critical |(3rd-Rot.)| Margin
- [RPM]| [RPM] | [RPM] | [RPM] [RPM} [%
0.7 (4248.5| 7152.4 [ 76905.1 {123698.8| 27293 55
0.75 [4721.3] 7718.2 | 78480.8|126991.5| 25324 48
0.8 15110.2]| 8155.6 | 79775.2|130251.9( 23075 41
0.85 {5292.1] 8331.1 |80309.7 |132092.6] 20066 33
0.9 |5611.6( 8653.6 |81323.5|135342.8] 17536 27
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Table 3. Comparison of assembly procedure

Tie—bolt 2|
1RHBEE (rpm) 4249 4252
2X2FE (rpm) 7152 7166
3XSEE (rpm) 76905 90930
2rEEE (rpm) 27293 41318
ZEIE2LI0R (%) 55 83

Table 4. Comparison of bearing size

Hl 012 =& (mm) 40 50 80
20| {mm) 275 299 322
BIVHEN (kg) 5.615 6.223 7.034
HIHZZIAHE! (mm) 83.3 95.6 107.9
PARAEE 0.140 0.100 0.078
1XBEE (rpm) 4314 4249 4164
2XBEE (rpm) 7507 7152 6765
3ABEE (rpm) 75997 | 76905 | 74927
222! (rpm) 26385 | 27293 | 25315

ZAESCIUR (%) 53 55 51
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Fig. 5 Single Bump Configuration
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Table 5 Design Specification of the AFB

Bump Parameters

Height(mm) 0.5
Half Length{mm) 1
Thickness(mm) 0.05

Pitch({mm) 3

Bearing Parameter
Diameter(mm) 50
Axial Length{mm)| 50
Clearance{mm) | 0.05
Load(N) 20
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Fig. 6 Journal Locus for 1 Pad AFB

a5

€T w0
32 |
3 s
% 30 o
£ 2

5
5
E 2
3
E s /
2 /

5

[

10000 20000 230000 40000 50000 60000

Rotating Speed(rpm)

Fig. 7 Minimum Film Thickness for 1 Pad AFB
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Fig. 8 Stiffness Coefficients for 1 Pad AFB
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Fig. 9 Damping Coefficients for 1 Pad AFB
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Undamped Critical Speed Map
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Fig. 10 UCS map of the turbocharger shaft
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(c) 3rd mode
Fig. 11 Mode shape of the turbocharger shaft
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Rotordynasvic Darnped Natural Frequency Map
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Fig. 12 Campbell Diagram of the turbocharger shaft
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(b) out—of-phase unbalance
Fig. 13 Unbalance response of the turbocharger shaft
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Fig. 14 Rotordynamic modeling of the motor shaft
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Fig. 15 UCS map of the motor shaft
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Fig. 16 Mode shape of the motor shaft
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Fig. 17 Campbell Diagram of the motor shaft
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Fig. 18 Unbalance response of the motor shaft
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