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Dynamic Characteristics Analysis of H-class Gas Turbines Foundation

Based on Response Surface Methodology
LIU Senlin®, WANG Zhong, CHEN Qichun, ZHOU Guangbing, WANG Xiao, SUN Di
(Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group , Chengdu 610021)

Abstract: [Introduction] The paper aims to study the dynamic performance of the H-class gas turbine foundation, obtain the
relationship between the key influencing parameters and the basic performance of the gas turbine, and guiding the parameters
selection and engineering design. [ Method | The foundation thickness of H-class gas turbine, concrete elastic modulus, unbanlance
force and damping ratio were selected as the key influencing parameters, and the three-dimensional finite element model of H-class
gas turbine foundation was established through ANSYS, and the harmonic response analysis method was used to obtain the dynamic
amplitude of the foundation under the unbanlance force. [ Result] Through a large number of finite element calculation and analysis,
the response surface about the maximum control amplitude of the H-class gas turbine foundation, the thickness of the foundation and
the elastic modulus of concrete presents an S-shaped curved surface, which has relatively flat ends and rapid growth in the middle;
The amplitude of the basic control point of the gas turbine increases proportionally with the increase of the unbanlance force. While
the amplitude change caused by the damping change is not monotonous, and the increase of the damping may increase or decrease its
amplitude. [Conclusion] In engineering design analysis, the parameters of appropriate foundation thickness, concrete elastic
modulus, unbanlance force and damping ratio should be selected based on specific engineering data and design conditions, which is
the prerequisites to obtain correct and reliable dynamic performance analysis and gas turbine foundation design.
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2095-8676 © 2021 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China
GEDI. This is an open access article under the CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/).

WS EE. 2020-12-15 EEBE. 2021-03-26
BEEWB . o) TR 4 A P8R i 3B BRZS Wl R I B 5 07 A B OH BAHL IR BT 5T (50-KQ2021-T05) .



W77 RETR IR

%8k

“oF DU S A VR RN A 2SR BT R R AR
e s WA R R LR BR AR, DT HE Bl R AR I 2
ToRFFE K . RARR LB H AN, BT R
T, AR RV 1Y rb i W 24 FH RN A R TR P A S8
TERR AN A 002 . HEAPLE H ATt A b s
. RE . IMRIRARIATAL, 7EEPRR S
ML, FEA EFE GEA Al HY 9HA.01 BIBRAL
f#5 ] SIMENS 7\ 7] #Y SGT5-8000H BIMAHL . H A =
32 H L8 ml I M701] BURHLATE R A2 5% R 28
A GT36 BUANL . BT, EWNE G RHHIHR
R —ZERBR A FP LA A 3 H ——4 ) M 38 3k
&P =AEH, T 20204F 6 A 14 HH 1 5HL
ZHMA 38 2 168 /NG T A ikas 17, % H R 1)
WIS IAAL N B Rt P e it | e i m e T
SGT5-8000H Z A e ML & HHLAL, 7E17 ZYRB A |
RIELRAALZETE | FEARAR Y HTRE BUASE Ty T A 45 B R
FEHLS

H GRPLE R AR S — R i KAV R A i 25 3l )
SLnth, R R 093h 1 Re R R R 1T I
SRR, HADLEERN ) ) PERe 2 B o it . NIEEFN
FHJE SE R Z i sgm >, fEB it iy I3l ) 1t fig
(52 el AEAER SR T R 06 AR pE AT
B —E0E B M, JEMELRIEW T i H LI

Tt B 30 J1 PR e E ). &P H SR HLIE RS 4 3l o vk
e, VEHOGLARRRRE | TR AR . shit A
JE FAE s H AL e R 3, IR
Sl s KA R AEAE A 2l Ty PR deds, dE A
FRIC ANSYS S 501k A E 57 H GO BLIE Atk A ] S
RS | TREE AR | ShP S MELE ey K
YRR R I R AT AR AR AN R S B RLR
IR R I, 87 HGURDLIERE f R i e 5
SERNIEERE | JREE T R | Shdk T AR L fA]
(ISR, AAFNT HGARHLIE A 4 i 175 07 1) 3l 1 v fg
FRAE 0

1 HZRIERSH

H A B E

[N AP T T SGT5-8000H 2 H IR S 5E 4L,
PR FE AL E 3 9 3 000 rpm, & BLHLATE %5 340
3000 rpmo BRMLIERIIE 200 KPR IR, AR
IR HGURMIIEREAME TRl H E Bk &
BT R R AL R, W LR R O TH,
AL SE & HHLIX RS 17.45 mx7.2 mxTH, BRS48
HLIX I LRl A 23.69 mx8.7 mxTH, H:fill 3% H 44
HE P800 mm 425 B FLFE A o BRAL I Al 57 1fd A1)
Tl A7 B A 1 RTR

1.1

IR
§ HI n : : : [
vvvvvvvvvvvvvvvvvv L # | oo | F}a
é_m( . o] S SN N
g i i i ! U =
R i i pae | 2
; n gy I
7207127459 54674 | 54674 | 48186 [211 9550 9460 1800
KPR LB RHR  GTB%4 BRHL R ¥R
(a) FE A
RN RO iR HFRE GTS S RULER Vs
+6000 037459 54674 | 54674 | 48186 2110 9550 9460 +6.000
= [ N S
#4930, 42,500
5] 210,000
| _%11—
25007 & 2500
N7 | N/
(b) A-AFE R
i AR EN A m, HAR S mm,
B1 MUEMTEmnImaER

Fig. 1 Gas turbine foundation plane and section layout
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Fig.2 Single-degree-of-freedom spring vibration system
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Tab.1 Unbanlance force table of generator and gas turbine

v RIS S FE 45HzZh 50HzE) 55 Hzdh
I
Node kg ARHIKN BSIAN  HESI/AN
) 4001 339 21,98 27.14  32.84
R
4002 409 26.52  32.74  39.62
4003 528 3424 42,27 51.15
R
4004 666 43,19 53.32  64.52
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Fig. 3 Finite element model of H-class gas turbine foundation
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Tab.3 Modal frequencies of different models of
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28 5 [Hz
Ty/m 1.5 15 15 25 25 25 35 35 35
E./GPa 255 31.5 345 255 31.5 345 255 31.5 345
iy 546 552 555 535 539 540 5.16 5.18 5.19
2B 7.31 7.34 7.35 6.68 6.69 6.70 6.17 6.17 6.18
3B 7.37 747 751 6.79 684 6.86 6.25 6.29 6.30
4B 13.52 14.32 14.68 13.44 13.93 14.00 12.75 12.86 12.90
5By 15.52 15.70 15.79 14.02 14.58 14.97 13.58 14.51 14.93

17 By 39.06 42.13 43.53 40.59 43.95 45.47 42.73 46.46 48.15
18 B 40.07 43.62 45.23 42.39 46.18 47.89 44.06 48.05 49.85
19Fr 47.11 51.53 53.54 48.86 53.58 55.73 49.09 53.84 56.00
20 By 51.51 56.40 58.56 54.20 59.59 62.06 55.79 61.01 63.35
50 By 110.6 121.1 125.8 117.7 129.5 134.8 118.8 131.0 136.6

RIS, B SRS S B I 8 n . [RIRsE, BRHIL
SRR 0 5 RN AR A B B — AR R, HC R
fith J52 J3 FFTTES 3 - S ASE B 1) ek AR AR — e TN A
b, JERI I KA . BRALIBUE B TR S, =
50 Hz, JAMLIERHAYFR A5 (FE2HE 17 Br 3] 20 By
ZIa]) AbT 45 Hz f155 Hz Z 0], LI AIREI%R S
WRALIERE AU B A T A, Rk S R AL Al A
ILPRIG 77 AR KRR > B, X SR
FEIE B BT THR 10% 36 Bl N SEF T I I B oA, JF4%
il A A 2 SR IR IR G O, APRIIE SRR TR IE % 12
TTIRE T BA RAFsh JivERE.

4 JRAILIG Rz TET 43 T

Sy Sr HBRLEERT B 1 R REm N I OC R 7
ANSYS B iP5 A R LR (1.5 m~3.5 m) #l
TREE T AR (25.5~34.5 GPa) [BIAIHEAT IE 3
BEATHAA10% G (45 Hz 3 55 Hz) BRI 1 43
B, BB S IR B B ) T 1
() = AT iR, 4% ] — 7 a4 ) 4% 749 s [l — 1)
PRUR P77 FIT )7 (SRSS) SRS 132 )7 1] Y
RO, F-18 U R Tl i i o i) e KABAE
SRR A e K IR . R, XERE 210 AR
[7i) il JE 8 TR 6 - PR AR S A A A5 ) 210 N B R
PEIARIE, KSR R | TR s AR R KR
Tl PRI 2 WA =4 Ak bR, FHELG R il 4R
5 BERIIEERE | TRLRE - LA A 2 ] A i 7 T DG R A

Bl 4. B, X8 IR B+ 5 vk B E E,
(GPa), YHIMIEREERE T, (m), Z%hR 5 KP 6
PRl (wm) .

12-
10-

FR SRR/ um

N
34

IREETHERRE, /GPa

(a) =4EME

15

FEANE T, /m

2 =2
= n

FERIERET, /m
N

2

28 30 32
IREELHERRE, /GPa
(b) FHEBHZ A
B4 HZBAHUE At AR K i Wi i oz T ]
Fig.4 Response surface of the maximum control ampli-
tude of the H-class gas turbine foundation

PP 4 AT, H ORI fl i 35 i % s 5 2
Bl JEERE | VRBE b LR AT A 2 ] (% i) 07 T S B S AR
M RRAE , PRsRAR X RO, R R, AR e
JO7 TET 2 IR R RRAIE R AR I il e A4 il 0 it g iz
K43k ST, S2 8183 = AN X, =X BA Y
FIEATT .

1) BRAL W R ST X I v 4R s X, B
0.333E,+T,<11.5 X3, 12 DX 3l Al J52 88 RT3
PR S B ARXT /DN, LR %) BT RN R AN, X R
1 R R IR R, B R Hl R IR A 16.8 pm 3k
WAL IR SRR 17.1 wm, FFE8E/NE BB P A 3
o L At JEL TR B A Bt X S At 1) Bl g 1 B el
BRI, FRPLIERR A TR XS, I AL
Rl 3h I3 08T, PRUESERE 04 3h 711 BT 2 R AR o
2K,



22 FE T REVR AR

2) BEBLI LY T S2 DX 35k % sl R 1 K Xk
B 11.5<0.333E,+T,<12.5 [X 48 . 2% X I 5Ll 14 e
Frs Tt I i o S5 el V52 R YRR - P AR 38 5 R A
R, E RS TIAR IR A AR TS 6~14 pum, JEREAY
i RS ) I 1 i JE e RV G - b M A P 34 K
/NN, A F32% DX 3 P (A R AT BE Al 7 (] el 42 o) S Al
JEL R RV R - PR i, DA R A [ AR AL Sl
B JIPERE R

3) BRHLWE R S3 X B A R 4R 5 X By, HD
0.333E+T,>12.5 DXI, 1% XA A BOR 1Y B s
IR, el i e KA IR I 28/, K298 5 um,
PRHLILRS HAG A R e M E R s T RE, B/NE
L PN 11 0] e L e B2 38 R 5 - M A i AR SR RE S
UERRALIL AL 0 8l ) PR RE AL TR R A, ATz X3
P RALSE R LA RAFR3h T PERE, T REREHEHTSL
B TR o PR SE S8 Ak T X sl R BB R B2

H ZARMLIERE SE PR TR TP AR S 3 Fn e
PLROE T 460, deE R B/ N 25 m, REE R
FHC35, BAPERCE Jy 31.5 GPa, gl JJPERE e K
e il P s Ay el 4 i 1 17 P61 PP BT = A, i T
e [ T S3 XSk, dpe R Al IR MR 4 5.84 pm<<17.1 pm
(BRAE ), [F)mf HAE 52T S2 X o7 B, A5 HoAE 5L
it B A —E AT AN, R B RAR
e REFIIRIE A S sl veRe, 2R0in HZUR
PLEERE T %o

T I T AR AR RIS TOL R Y
PRENE L. HE PR TR HEUAPLEERN T,=2.5 m, E=
31.5 GPa. FEAHN AN M4 IERTT , A4
T4 ) A A iR R AN TR 5 T o AL A R
PR H B0 AE L HIL T 4 4002, 381740 K 54 Hz B fi
KIEME 9 5.84 pm<17.1 wm (FRAA) . 78 %40 5 5 3
50 Hz M, BABL IRl 6 8 0 B KR MR /N T
2 wm, FRHLEERI 3h ) PERERE U 2 E PronifE R
FIER

5 Zhif A1FnREfE L Bk S

5.1 Zhik AERES
WRDLEERITETH AR NN B I, — RN R AL
a il )R AL S (. Be= BORkE, AT DR ¥
BV A QAR AR R 2 . iR EFRISO 1940
—1 Table 1 3P 5 HAniE, BAPLEL 3 15 55 9%

EEREEC
4.0+
35-
{—0—%,@4001
3.0- —E—7 £1400
_ —*—T5 54003
E 2. —A—5 5400
220

005 46 27 48 49 50 51 52 53 54 55
W% Mz
(2) YImPE 145l s Y R

——7 14001
—— 35 44002
—*— 5 154003
AT 54004,

IR ME/(10-°m)

% 46 47 48 49 50 51 52 53 54 55
% [Hz
(b) Zm L &4 S Zm PR s

E5 #MEMEHEFES SIRIEE(TH=2.5 m,EX=
31.5 GPa)
Fig. 5 Amplitude of each rotor control point of gas turbine
foundation(TH=2. 5 m,EX=31.5 GPa)

HG2.5, TEHATE 10 B RS AE SR T, PRSP
B T AR B B Ge. 3 TSI ), Ge.3
S SJE G5 st iy 2.52 4%, P IIHEX A X [R] AR
AR, XTEEHA B AT B o 43 5 HS
Y G2.5, 1545 G2.5, 245 G2.5, 2515 G2.5Fl
G6.3 VMBS S X RML IR A T3 F1 4387, BELJE HE
H0.02, HUIR IR Z 17 H8 775 53 4002 AN [F 241
IR Z1n g an &l 6 s o

A 6 ml 1, 9 45 4002 78 G6.3 ISP 2548
K Z 1833 08 % A 7E 54 Hz M 14.72 pm<<17.1 um
(FRAE), HIX T G2.5 AR {E 5.84 wm 5 K T 2.52
fis, TP IE AR Btl, BAHLEEAT 426
SR IERE & S0 R K, IF HAR IR K
() E A 5 Bl Ty 34 R EL AR A . X L G6.3 115
() B R AR IR AT e 6 i I s A o, BAMIL A L
ARSIk RE



5 2 1 X

ko

MR, A BT D 5 VR ) H UL B ) PERERIF ST 23

L3 T T 1
——G25 ;
—B— 1.5xG2.5 /\
£ 1.0 —k— 2xG2.5
“‘“S —h— G6.3
E |
¥ o5 /
% 46 47 48 49 50 51 52 53 54 35

E6 ZmithiTE 4002 REH AT ZEIRIE
Fig. 6 Z-direction displacement amplitude of node 4002 under
different Z-direction unbalance force

5.2 BRRRELLEIBMED

BHELJE X BRAIL LRl 80 ) o3 Al AR s AR O, BHJE
WSEW e, AR CENES " REPRME
ACI 351.3R—18 "1 7.2.3.2 Z5 s IR Bk + 45 /4y A BHL)E
FeH0.02, FRE G & AR (B L Bt it pr
#E) GB 50040—2020 1 B.1.7 £ X FHJE b AY HU(E
R 9 0.062 5 BN T 0.02~0.062 5 X ], F:- 42 K&
RSN/ T5% 1 3l T8 55 9 G6.3 %8 g 114 fp 26
fF, BHJE L EHCIME . ShFL A BHE LU R X T3]
R, SN FRLE Hea ok i sg ), 430 BURH e
F0.02, 0.03, 0.04, 0.05, 0.062 5XFANLEEA BT
SN, SS9 G2.5. BURIE KA Z 1)
P19 55 4002 AN[FIRHJE LT Z 1 Rt an &l 7 s o

6

= —k— (=0.04 /‘ L\L
“ﬁE 4| ——(=0.05 ‘

% s £=0.0625 / }/

&

1 _— o

i f [ |

45 46 47 48 49 50 51
B /Hz

B7 ZEHATF 4002 AEERBET ZEiRiE

Fig. 7 Zdirection displacement amplitude of node 4002 under

52 53 54 55

different damping ratio

iy & 7 AT, A 4002 76 50 Hz ZbFHJE 1L K
0.02 B} Z [ PR 18 4 0.697 wm, BHJE M 0.062 5 1 Z
4R IE A 1.188 wm, IR Bl & BEE L i3S AN H R
W/NEYE R T 17485 719 514002 7E 54 Hz ZbBHJE [

9 0.02 0 Z [0 PR K 5.84 wm, FHLJE K 0.062 51} Z
[l R 2.528 wm, I M Bl 5 BELJE L A 38 g e/
FIEAA 0.43 15, ik, BHJEAR T ok i PR iR A2 Ak
ANFRE LR, T R A EE R IR R A B R A
5, BEJE RS T RIS Al mT AR /N AR 1

6 &

A B TC A ANSYS S50ik s, SEBUR
] AR ML R BT | TRE + B | Shdl Akl
JE LB ST AR R A H G BRI R SRR T | 0847 1E
HABATIRAS T AT IR 1N S0 AT AR A B AR ) f A%
TIPRIE, WA T HBURAPLIERIAE A R S50
B 1 3h S R S AR AFAE

1) ROLEERR A5 — B A%k 5.16~5.46 Hz,
St R 3 AR R - S8 A 2 LAy SR AR AR AR
JERZH 5%

2) HGIRMLEE b 5 K F 1 B el 5 3Ll JEE B
TR AR - AR e 2 () (9 g 7 T B S ARl T 4R
iE, 3 T M 0 e 7 T S B B RAE 43 h ST
PR IX I, S2 4 gy P 34 K X I A S3 AR 2l X 35,
AN X

3) JRAPLIERE S PR TR S H0 T8 B F o K 3 i 4R
W4 5.84 pm, i 2 BR AR KA 17.1 wm R
(B o IR T 0 1 S3 X I, EL A AR 110 o5 K4 il
R W8 A 400 B T PERE

4) WRMLIE Al 1 A A IR i Bt Sh B T 3R
T 85 L B3 A 5 7 BEL . A28 Ak AT F ) 41 s A A A J2:
PER, BELJE (43 K AT BERE At T R/ INHAR 18

B3k

(1] e N R AIEAE B R & A B0, R 5 T 47 e B A8 B
JR . BIHLAR SR . GB 50040—20 [S]. dbst: dfE
) R L 2020.
Ministry of Housing and Urban-Rural Development of the Peo-
ple’ s Republic of China, State Administration for Market Reg-
ulation. Code for design of dynamic machine foundation:
GB50040—20 [S]. Beijing:China Planning Press,2020.

(2] B5)7 s, 500U . OH ZUADLE Pl As BT [J]. REIRS T
fi£,2019(10) : 48-52.
FANG G S, GUO J H. Discussion on general plane layout of
9H class gas turbine [J]. Energy and Energy Conservation,
2019(10) : 48-52.

(3] BRBEREWREE UL . RALAT EIRHLIERN S JEESE 3 W BE 52 )
3T (3], A s set, 2020(6) : 32-37.



24

7 RE TR A

%8k

[5]

[6]

[7]

(8]

[10]

[11]

CHEN L Y, TAN Z,QIU J. Analysis of the impact of dynamic
stiffness of pile foundation considering low-level layout of gas
turbine foundation [J]. Electric Power Survey and Design,
2020(6) :32-37.

BEEL. P15 oH BABLEE AL 3 J3 40 A [T). RO, 2020
(14):151.

XUE R. Basic dynamic analysis of siemens 9H gas turbine
[J]. Technology Wind,2020(14):151.

Jermit . FET GE UK b AIRHLRERN BT A b 52 [T].
PEB A TR, 2018(24) :226-227.

LONG Y Y. Analysis and research on the basic design of floor-
mounted gas turbines based on GE models [J].
ment Engineering, 2018(24) : 226-227.

FARaE SR AR T, B /NES . =35 OF BABLIERI Bl 1 REE A3 (]
BRI RS2 (T2 ) , 2018, 51 GETI1) : 261-264.

CHEN Y, ZHANG B L, HUANG X L. Analysis of basic dy-

China Equip-

namic characteristics of mitsubishi 9F gas turbine [J]. Journal
of Wuhan University (Engineering Science Edition) , 2018, 51
(Supp. 1) :261-264.

FBAI. STAAD #AFAERABLAE Jie Be it P g iz 1 (). )7 A
#,2013,29(11) :33-35.

ZHENG C. Application of STAAD software in the design of
gas turbine base [J]. Guangdong Building Materials, 2013, 29
(11):33-35.

BAIRLL . 2x660 MW HLAL T2 B4 1 1548 & LB B S JRE ML
Sl g (1], SR T7,2013,41(5) :38-40.
ZHAO X H. 2%X660 MW unit main building structure, turbine
generator and coal pulverizer basic design form analysis [J]. Ji-
lin Electric Power,2013,41(5) : 38-40.

BN L RALIR  AF L 454G S OB BURRBILERRE (1Y Zh 4
JIRVE Sy R B [T]. R AR AE R, 2012, 29 (6) - 68-
73+103.

HUANG X L,SHEN T,ZHU Z B, et al. Discussion on the dis-
turbance and dynamic characteristics of the foundation of 9E
gas turbine combined with examples [J].
2012,29(6) :68-73+103 .

L RACRL, Xt 3 J7 CRRHL) Jfli e i rp iy — Se B %
(7] 58I, 2012,33(4) :391-394+397.

JI G,ZHANG D G, LIU B. Some thoughts on basic design of

Special Structure,

power (gas turbine) [J]. Electric Power and Energy, 2012, 33
(4):391-394+397.

Tl . DTSRRI SR ER i) T RA U4 R LR
SRR AT (D], P42 PU A SR K, 2012
YANG H. Mathematical model analysis of basic dynamic char-
acteristics of gas turbine generator for a gas turbine combined
cycle power plant project in Pakistan [D]. Xi‘an:Xi“an Univer-

sity of Architecture and Technology,2012.

[12]

[13]

[14]

[15]

[16]

WML, X4 2200 25, 45 . oH GURHLILRE 3 01 2 #r [T].

BIR 2 (TR ,2018,51 B8 H] 1) :217-220.

PENG X F,LIU T H,LI B Y, et al. Basic dynamic analysis of
9H gas turbine [J]. Journal of Wuhan University (Engineering
Science Edition),2018,51(Supp. 1) :217-220.

2L ITRE . GE KRB AILIE B oA [T]. i
31,2013,39(8) :51-53.

WU L Y,FANG W D. Design analysis of GE bulk gas turbine
base [J]. Shanxi Architecture,2013,39(8):51-53.

ZEW], SN BRSO A P RS R AL R B T R
oM [0 AL 4R, 2017, 44(6) 1 53-56.

LI M, WANG B H, WEI W H, et al. Comparative analysis of
basic power calculations of gas turbines under Chinese and Ger-
man standards [J].
2017,44(6) :53-56.

FEME . RBIR UL B T3 43 W7 B i B P RE AT 50
[D]. R BT R, 2017,

WANG B H. Basic dynamic analysis of large gas turbines and

Shandong Electric Power Technology,

research on equipment vibration isolation performance [D].
‘Wuhan: Wuhan University of Technology,2017.

B BANLAEE S A [T, BSR4 (12
Ji2),2010,43(H4 T 1) :225-226.

WANG H,ZHAO X Y. Dynamic analysis of gas turbine base
[J]. Journal of Wuhan University (Engineering Science Edi-

tion),2010,43(Supp. 1) :225-226.

EERT

XA GAEFIEE)

1991-, 55, WHDE#EBA, TR, AHA
RS S AR TR+, FENF AT
KWL A g5 B 58 M Bt (e-mail)
164836001 @qq. com,

X FR B
TR
1971-, B3, DUNDSHEBA, S TR, 1, EZMNFK
F1 B A EIESE (e-mail) 229802643 @qq. com.
FREE
1969-, Y, DI, IE@ETRIM, 4, EZIE
K1 kRIS (e-mail) chenqc@126. com,
ISt iE
1971-, B, WA, IE@E LRI, 4, ETNH
BRI SY (e-mail) zgb8080@swepdi. com,

(WAE%mEE  Z4%)



