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Design of Magnetic Bearings for 200 HP Class Turbo Blower

Cheol Hoon Park™, Tae Gwang Yoon’, Jun Young Park™
Key Words : Magnetic Bearings(<-7]%#[9] %), Turbo Blower(E/ZE-Z %)), Permanent Magnet( S 7-3F4), High Speed Rotor(< 3]71)
ABSTRACT

Recently, the development trend of turbomachinery is high capacity and high efficiency. Most of turbomachinery in the
market are adopting ball bearings or air foil bearings. However, ball bearings have a limit for high speed product over 2.0x10°
DN(product of the inner diameter of the bearing in mm (D) and the maximum speed in rpm (N)). Air foil bearings have a
limit for high axial load for high power products over 200~300 HP(horse power). Magnetic bearing is one of the solutions to
overcome the limits of high speed and high axial load. Because magnetic bearings have no friction between the rotor and the
bearings, they can reduce the load of the motor and make it possible to increase the rotating speed up to 5.0x10° DN.
Moreover, they can have high axial load capacity, because the axial load capacity of magnetic bearing depends on the capacity
of the designed electromagnet. In this study, the radial and thrust magnetic bearings are designed to be applied to the 200 HP
class turbo blower, and their performance was evaluated by the experiment. Based on the tests up to 26,400 rpm and 21,000
rpm under the no-load and load condition, respectively, it was verified that the magnetic bearings are stably support the rotor
of the turbo blower.
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Table 1 Design requirements for thrust magnetic bearing

Item Value
Gravity force for rotor [N] -170
Max thrust force by blower [N] 400
Thrust force to be supported -170 ~ 230
Safety factor 4
Load capacity -1,200 ~ 1,200

Table 2 Design results for thrust magnetic bearing

Parmameter Value
1, [mm] 10
H, of NdFeB magnet [A/m] 962,508
A [mm’] 3,700
go [mm] 0.6
g, [mm] 15
N [ turn] 100
Current gain, &, [N/A] 150
Position gain, #,, [N/m] -1.0>10°
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Table 3 Design requirements for radial magnetic bearing

Item Value
Unbalance force [N] 58
Safety factor 2
Magnetic force against unbalance force [N] 116

Magnetic force against attractive force
between thrust collar and ring-shaped 110
permanent magnet [N]

Net magnetic force by radial magnetic

bearing [N] 22

Table 4 Design results for radial magnetic bearing

Parmameter Value
4, [mm’] 304
g, [mm] 04
7, [mm] 1.0
N, [ tumn] 100
Current gain, &,, [N/A] 1
Position gain, &,, [N/m] -3.93x10°




(a) Radial magnetic bearing  (b) Thrust magnetic bearing

(c) Rotor
Fig. 7 Manufactured magnetic bearings and rotor
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