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Vibration Characteristics of a 50MW Francis Type Hydro Power Plant
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ABSTRACT

Vibration characteristics of the rotating machinery has been usually managed to facilitate the deterioration of the equipment
and to prevent accident in advance. In a hydropower turbine, pressure pulsation characteristics to induce vibration is investigated
during the model testing with a small scale model turbine for various operating conditions, and a prototype turbine is
constructed to operate stably on the site. However, the model test has limitation that can’t be considered together with the
vibration characteristics of a generator itself and of civil engineering structures for the building that support a turbine and a
generator. Therefore, field tests of vibration for a hydroelectric power plant are carried out periodically, thereby maintaining
reliability for safe operation of power generation facilities. In the study, the vibration of a Francis type hydroelectric power plant
operated over 30 years and overhauled a year and a half ago was measured and its characteristics has been investigated.
Displacement and velocity sensors were installed at appropriate positions to measure the vibration of the rotating shaft and
bearing support of a turbine and a generator, and the vibration characteristics of a typical hydroelectric power plant have
confirmed by analyzing the measurement results. The vibration characteristics of rotating shaft and non-rotating parts of the
hydroelectric turbine have been analyzed to confirm the degree of aging of the plant. Vibration in the power plant building

depending on the operating conditions was also measured to be large enough to sense, and its frequency characteristics were

analyzed.
1. 2 dol A =R ok AZE Slet webA Y EHE
oA MY AEAGE PG £ MRS Bus]
SIA7IA A EAStE e 71719 4T ALLE AR 98] @Al Fr)1Hoz S3)Eofof dirt
Aol WAsk7] QJ8f| 7]=A] o|stE = ofof gttt f2dt o= Y5 FAZIAS A8 XE S780] 7Fst AllA
o] 2} Ul A9 AE 7|2 AFelr| A, A& 3 7} Baw|o] $9A] vl AEAIS 7 BUEEE o 2K
71 QAT WRE 2 Zaste] kR Vortex rope), BF NGO ool AT 5 ok, SeSA=A 47
(Cavitation), ¥Fel(Separation) 4} 5 fakt S5 720 Hol QU= A1, H/1A Avle] ek AF A mUE e
olgl] WA E= WS S0t RAAES ettt 18 gk B2 QLS Mohanta et al, Vo] 2153} vb gk, 1yt
U wE gaje] ABARE AA Bge] AT WAl o] Selold WAHL AFS 2Fek Ba| Faio]
2} 9 7S AABHL Qs BER REe] te A5 & ajgels 50 Hz AE-gglol gt B4o] 5)m@ wbdz) o) 2}
* St A YA} (Korea Water Resources Corporation, K—water)

¥ ZBOE 7] A8 (School of Mechanical Engineering, Chungbuk National University)
T WAIAA}, E-mail @ ycho@kwater, or, kr

The KSFM Journal of Fluid Machinery: Vol. 23, No. 3, June 2020, pp.48~53(Received 12 Nov. 2019; accepted for publication 19 Nov. 2019)
48 SRSHDIHEE =2E: M23H, MBS, pp.48~53, 2020(=2 &+ Ak 2019.11.12, AAIRZUXE: 2019.11.19)



~

o T

2O

> Wl 2

7183t 3= (Air gap)oll 28] A==
YU G Ee, FEUE
ol F3l ety H=d % =4
S wteksir|® Sl ¢
2 Aol 30 ol P E 50MWH

ehle] 2ol A 4710 25 o

7| 918 A #2400 ek &

A
Shedrt. Wk Albe] nhe Aleh 9l e

ATE Ed) AEEARS BA519

for 32

71= 19 6749 Aol EajHzo]

O

Alee flsliA Fig. 13} 2ol 7o)

o "
[oh FLI

A =] A

FAALRL: Table 13} 2t} 2]y 274
ol=9] 4= 137), S|ALE = 257 rpmo|H,

24711¢] 7to|=H|R1 e Zh=rt 2 E )
S 8RZTOR o] Fojql V]S HofR ) 257k
2 o] Fofxl ERIZ wjojRol ofsl A[A|H Il At
EHo]®)(Guide bearing),
7] 1A (Stator), AB|AEH|0]F(Thrust bearing)l ¥
WA SEANE ST 2 Hos ul sol)
Aol ekAE AMAE x5l 2GS

2= 9kek (xHeF) I A9 47 Wk (yshos

t} ;(]_HPX~]7].‘:_ A7 ]Z‘L‘Zi Zdﬁﬂ_l_’_ Qow, AlE o

2,546 mm, -gﬂ'ﬂ
ol wek

W7 S 2490

Table 1 Specifications of the turbine

Turbine type Vertical Francis
Runner diameter 2,546 mm
Max. head 110.5 m
Min. head 74.1 m
Rated head 95.0 m
Discharge 59.4 m’/s
Rated power 51.6 MW
Nominal speed 257 rpm
Max. runaway speed 505 rpm
Turbine axis level 50 m as.l
No. of runner blades 13
No. of guide vanes 24
No. of stay vanes 23
No. of generator poles 28
No. of axial thrust segments 10
No. of generator bearing segments 8
No. of turbine bearing segments 2
Rotational direction clockwise
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Table 2 Measuring position and symbol of sensors

S mm Shaft displacement near turbine guide bearing
™! (x-direction)
N mm Shaft displacement near turbine guide bearing
o (y-direction)
S mm Shaft displacement near lower generator guide
e bearing (x-direction)
N mm Shaft displacement near lower generator guide
w2 bearing (y-direction)
S | mms Absolute vibrations velocity of turbine bearing
o ’ (x-direction)
S | mms? Absolute vibrations velocity of lower generator guide
e ’ bearing (x-direction)
S | mms? Absolute vibrations velocity of upper generator guide
@ ’ bearing (x-direction)
S | mms’ Absolute vibrations velocity of generator stator
ot ’ (x-direction)
S | mms! Absolute vibrations velocity of thrust bearing
“ ’ (z-direction)
o
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Fig. 1 Scheme of sensors positions for machine vibrations
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Table 3 Shaft p—p displacements at various active power

Pa [MW] | yov [%] | Sw [mm] | Sy [mm] | S [mm] | Sy [mm]
0.0 9.0 0.079 0.051 0.198 0.166
10.1 23.0 0.080 0.054 0.183 0.155
15.0 28.6 0.103 0.064 0.188 0.173
20.0 345 0.143 0.067 0.196 0.179
24.9 393 0.133 0.060 0.192 0.155
30.1 450 0.148 0.070 0.185 0.145
349 50.6 0.106 0.064 0.183 0.141
39.7 56.2 0.088 0.060 0.180 0.135
457 63.1 0.075 0.052 0.179 0.134
50.1 712 0.079 0.053 0.178 0.131
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Table 4 RMS of shaft vibrations at various active power

P, Saxt Sayt Sac Sap2 Saz
(MW] | [mmvs] | [mmvs] | [movs] | [movs] | [mmvs]
0.0 12 0.5 0.5 0.4 0.7
10.1 0.6 0.4 0.5 0.5 0.5
15.0 0.9 0.4 0.7 0.6 0.6
20.0 1.0 0.5 0.7 0.6 0.6
24.9 0.5 0.4 0.5 0.6 03
30.1 0.6 0.4 0.4 0.6 0.4
34.9 0.7 0.4 0.5 0.7 0.4
39.7 0.8 0.5 0.5 0.7 0.5
45.7 0.9 0.5 0.4 0.8 0.5
50.1 0.9 0.4 0.4 0.9 0.4
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