J. Korea Saf. Manag. Sci. Vol. 25 No. 3 September 2023 ISSN 1229-6783 (Print) 1
http://dx.doi.org/10.12812/ksms.2023.25.3.001 ISSN 2288—1484 (Online)

Hbq-2 71AERl Rotor AA|ZAE #HA Turning +3A17F 22k
5017)F A4S S4He=

FAF ol FI
FREALAF)

A Study on Optimal Turning Operation Time for Rotor Stop Condition

in Gas Turbine: Based on Field Test of W501 Machines
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Abstract

As the capacity of renewable power generation facilities rapidly increases, the variability of electric
power system and gas turbine power generation is also increasing. Therefore, problems may occur that
require urgent repair while the gas turbine rotor is stopped. When the gas turbine rotor turning is stopped
and then restarted, if the turning period is not appropriate, severe vibration may occur due to rotor
bending.

As a result of the experiment, it was confirmed that normal operation is possible when the gap data
measured at the start of rotor turning after maintenance work is similar to the existing value. And the
vibration value at the start of rotor turning was lower as the rotor temperature was lower or the stop
period was shorter.
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[Figure 1] Bending phenomenon due to mechanical load and
temperature difference [5]
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[Figure 2] Time response of the rotor bending angle about
the X—axis[6]
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[Figure 3] Gas turbine structure and sensing position[8]
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[Figure 4] Gas turbine W501D5 shrink—fit type(a) and
W501F multi—bolt disc type(b) rotor
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<Table 1> Gas turbine rotor material by manufacturer

Manufacturer Rotor material Remark
Ni—Cr—Mo—V
Wy 22Cr—Mo—V
. r—Mo—V, .
Siemens 12Cr—Ni-Mo magnetic
- substance
MHPS 3.5Ni—Cr—Mo—V
ABB 12Cr—Ni—Mo—V
GE IN 706 non—
IN 718 magnetic

<{Table 2> Standards for gas turbine rotor turning by
manufacturer [9] [10]

Item Description
— Over 72hrs after GT shut down
¥ M501J : Over 48hrs
Turning | — Disc cavity temp. under 65T
stop point (Stop less than 1min above 65T,
rotates and maintains 180° as
much as the stop period)
- Over 24hrs before GT start-up
% Mb501J GT turning hours
Required Stopped hours Required hours
turning Over 3hrs Over 12hrs
hours
1~3hrs Over 8hrs
~ lhr Over 4hrs

<Table 3> Rotational speed and vibration value by operation

condition
Operation mode | Speed (rpm) Vibration (um)
Normal Alarm
Turning 3 A7 o
Spin 500~900 20~40 _
Normal 3600 ~100 146
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[Figure 5] Vibration trend when rotor turning stopped for 6hrs
at 656C
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[Figure 6] Vibration trend when rotor turning stopped for bhrs
at 28C
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[Figure 7] Vibration trend when rotor turning stopped for bhrs
at 120C
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[Figure 8] Repuired turning operation time according to rotor
temperature and stop period
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[Figure 9] Vibration trend when rotor turning stopped for
33days at 656C
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temperature and stop period



6 A g 7FAEY Rotor ARZAY A Turning 3|7 22 FF-o1F 4

3.2.2 Rotor &7} 7|&HT W2 7%

[Figure 10]< Rotor 57} A2} 7|2 EHTE o
& 29°CellA FAlske 3043t 7] gn=919- Turning
S Al A Aegke S8 dyjolr). & A7zE
A Fol 5w FU3HA B9 Blade wAIZR]S 25k 71+
Ao 7 Turning= A5k

Turning >3 A|ZA] JEa FAHART 25%8 %
2 6umoletE A E AL, AFre] A ErE AAhshs
AR FAIE Btk Turning Z7]0ll= whEA] 7h4sst
b Alko] A s AR Thaste] oF 7t 4

I Fell= AL sakat AR =itk
3.2.3 4343 1@

[Figure 9,10]9] A¥4d3E F3ted 71k Rotor
Turning A1, Rotor 257} A2} #|A] 7| =229
AL w2 AdEollA] G| E Aol @7 1E FA AL
Aol g=A vebt 3713 Turning 8414
ofi= FAA] 58} ] 7|7kl wE Turning < A2t
Al 253k B} 71Eg 0 2 0] BAAIZE Aol 4] oF
= ¢ T Ak

[Figure 11] [Figure 9,10] ¥} Z°] RotorE 7|7+
AAsR= A2 3 thA] Turning 343R= 2714 H
7ol thall, Turning 4 AlEAF A A 71E As
FoR Y= AQHE AR S54%E Aot

Rotor Tuning % A2 21E4k2 Turning JAA|
Rotor %7} 714k olskd 745 =58k F=]7]3te] mp
E 4= A9 Gl A o® YERTE Turning 84
Al Rotor 57} S5, AX|A7to] Fha5 v ke
P == IR G AYAl PIAR R v Ao
Kt} o] Rotor =0l whet oJ3ks wromA] 3d
“go] Algts]aL oo wet HEghe] HAARE AlghE] =
E AR A7E Kol Z1o® JdEIth

olelst Ao xjol= & uff, A7RE A7} E.esk Agn|zt
AAlellE= RotorE 725 ofskE WA = Sl T
sk Agto] o231, Agu| Aol 3] A il
Blade wA| 25}& flste] 1Fd% 0= Turnings F138sk

>

4 &

2 Aol M= 71~EJH] Rotor Turning &% A A]
229} A ARl w2 XEgk W) gl diste] 1z

stlor, o dAik= vy Ak

(1) Rotor Turning <3 gx|A|19] ZHA] we} Rotor
wadgo] AR, wio] I xS k&
Turning % AlZHA] W08 Gap AlA Zlsgke = &1
g = QISltk 2= AdelA Turning =4 A2 ls4k
& 728 2 Aol 91oH, Turning 274 AXte]
7ol wet fhashs sUs FAE Bk

(2) ©AIZF AH]ZRIA] Rotor Turning 27212 4
#2418k A3, Rotor Tuning &4 A2 Aagke 4
Rotor 257} S5 AA|AIZT] 75 o] W
© 2 Yepdth zlggko] /P == AR Tuning 84
Rotor %7} =24 7Z-9-oll= A ARG H &,
7|25 7ito] 35 AdElellA A A -oll= FAIA
ZERT} o 21 Aol Q3T

(3) 713 n]=AA] Rotor Turning 3=
A}, 7)FE25 olstell A FAE A9 TAIRE An]Ak]
o= vrEA AR 59} X717kl A GBS A
ok= 71 o & VERT) T3 7)%A] A1ZA}F Turning &4
AZF AR ERT U = ATl JEgto] P El= A
O F et

(4) AAZIS Rotor Turning =44 43k 2157k
o] A #h} frAkst Mol e 9ol H
& 71ET o] A oE o) TFeEE &
Turning =AA] Zlggko] 7R} =2 AHlolA &5
AT Afolle v =2 AEpke s veh ) 4o &7
a3t

upeba] ZEAER] Rotor w7 #askel /P41 &
A& $J8lA=, Turning &4 JAA] 225 7FssH WA
skl FAATRE BA fAI8keioF &b, Turning #-%1A
Zlsgto] 71 JEakat fAkskA Hg el dnlE
7|-s3tolof gtk gk A AYF 7Fs s AlRbstolet e
Turning & AI3E 79 ] e A7t W@
AT 7 Qs AR Hrk 723l &% 7RAER] oA
+ Rotor A% Turning &4 AJZA] WHAE &= o]
Gap Datas 7|REC = A F4lslo] Adn]e] 7]s7Fs AR
7} 7)5A] VdElE JEaks ARdell dEE 4 Qs XIeA]
2Hl AL AT E FTHH O R o] Fox{of st

Ol
th

il

A A

A

>

Mo
12
>

e o

-

=

roh

(o3

5. References

[1] M J. Kim, S. H. Myung, S. H. Kim(2019), “Analysis
of flexible resource requirements to increase

renewable energy acceptance in power system.”
Journal of KIIEE, 33(11):63—70.



J. Korea Saf. Manag. Sci. Vol. 25 No. 3 September 2023
http://dx.doi.org/10.12812/ksms.2023.25.3.001

ISSN 1229-6783(Print) 7
ISSN 2288-1484(Online)

[2] H. R. Jeon, D. H. Choi, S. M. Beak, S. H. Lee, H.
J. Lee(2023), “An analysis and overseas case
studies on installation of synchronous condenser
in a power system for improving inertia.” Journal
of KIIT, 21(1):49-59.
[EA(2022), World energy outlook 2022. IEA Report.
E. Poursaeidi, A. R. Razavi(2008), “An investigation
on the cause of a rotor bending and its thermal
straightening.” IJE Transactiona B: Applications,
21(2):281-287.
[5] W. K. Cho(2018), Multi—physics simulating process
for bent turbine rotors. Korea Marine and Ocean

= Y

University
[6] 1. C.Bang, J. T. Chung(2001), “Dynamic analysis

AAF 290
fraF
e L R L
= A FEATAE) T AT A

[7]

of an automatic dynamic balancer in a rotor with
the bending flexibility.” Transactions of the KSME
A, 25(7):1125-1130.

T. S. Kim(2010), Vibration reduction for gas turbine
engine by vibration spectral analysis method. Korea
Aerospace University.

SIEMENS(2008), Advaced SGT6—5000F Development.
SIEMENS Energy, Power—Gen International 2008.
WH Electric(1997), W501F gas turbine operation
manual. Westinghouse Electric.

[10] MHI(2013), M501J gas turbine operation and

maintenance manual. Misubishi Heavy Industry
LTD.

ol F <&



