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Study on Vibration Characteristics after Applying Variable Speed
Control to Constant Speed Fans used in a Power Plant
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Abstract * In this paper, vibration characteristics after applying variable speed control to fans with a rated speed

used in a power plant are studied by performing experiments and analyzing finite element models. Then the

campbell diagram is presented to verify the reason of the abnormal vibration measured from fan structure during

variable operation of Forced Draft Fan & Induced Draft Fan.

According to results, it is found that amplitude of acceleration increases abruptly when a 2X harmonic component

meets the natural frequency of fan rotor. Therefore it is very important thing that investigate exactly dynamic

characteristics for the rotor at variable speed zone before applying variable speed control to a rotor with a rated

speed.
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Table 1 Technical Specification of FDF

Type Centrifugal Material

. . Electrical Highten
Type of Driver Motor Blade Steel

Fan Speed 1180 RPM | Center Plate | SS400

Max. Temp. 60 T Side Plate SC450

3 : Highten

BRG. Type Roller Impeller Hub Steel
Rotor Diameter 1730 mm Shaft SM45C

. . | from 3.2mm .

Blade Thickness to 45mm Weight
No. of Blades 10 Rotor 1,100kg
Hub Diameter 750 mm Housing 6,760kg

Hub Thickness 180 mm Total Weight | 12,450kg
Table 2 Technical Specification of IDF
] Type Centrifugal Material

. Electrical .

Type of Driver Motor Blade SS400
Fan Speed &30 RPM | Center Plate SS400
Max. Temp. 200 C Side Plate SS400
BRG. Type Roller Impeller Hub | SC450

Rotor Diameter | 2085 mm Shaft SM45C

Blade Thickness 3.2mm Weight

No. of Blades 11 X2 Rotor 2.270kg
Hub Diameter 650 mm Housing 12,600kg
Hub Thickness 305 mm | Total Weight | 15,700kg
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Measurement Point

Fig. 3 Measurement point on FDF system

Table 4 Dominant vibration of IDFs

Fig. 4 Measurement Directions on FDF bearing

Fig. 5 Vibration according to speed variation of

casing
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Fig. 7 Measurement Points and Directions of IDF
Rotor

Table 5 Natural Frequencies of FDFs

MeaSBirrement Natural Frequencies
" Radial 24Hz, 39.25Hz
Axial 23.25Hz, 34.75Hz
o | Radal 2275z, 385Hz
Axial 21.75Hz, 34Hz

Table 6 Natural Frequencies of IDFs

MeasBrjf ment Natural Frequencies
™ Radial 22.5Hz
Axial 13Hz, 21Hz
B Radial 22.25Hz
Axial 13.25Hz, 21.5Hz
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Fig. 8 Measurement Points and Directions of IDF
Rotor

Table 7 The finite element number applied for FDF

rotor
Element No. Node No.
Shell Element 10,239 10,982
Solid Element 8,956 13,180
Total No. 19,195 22,684

Table 8 The finite element number applied for IDF

rotor
Element No. Node No.
Shell Element 21,044 20,343
Solid Element 25,056 37,687
Total No. 46,100 54699
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Fig. 9 Mode shapes of FDF model
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Fig. 10 Mode shapes of IDF model
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Table 9 Results of mode analysis for FDF model
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Fig. 11 Campbell diagram for FDFs
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Table 10 Results of mode analysis for IDF model

under increasing speed

e A axial 1st mode

-B axial 1st mode

e A radial 15t mode
e B radial 15t mode
e A axial 2nd mode
=== B axial 2nd mode
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