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Numerical calculation and experimental study on dynamic stress of
the long blade of large steam turbine under full working conditions
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Abstract: Aiming at the outstanding problems of flexible operation in full working conditions of
contemporary large steam turbines, a new dynamic stress simulation analysis method for the long blades
was proposed by taking the low-pressure last stage blade of a 1000 MW air-cooled steam turbine in
Harbin Turbine Company Ltd. as the research object. The validity of the calculation method was
demonstrated by the long blade dynamic test. The theoretical analysis shows that the vortex-induced
effect on the blade surface caused by flow separation is a key factor to increase the dynamic stress of the
blade under low load operating conditions. For the engineering application, it is feasible and effective to
calculate and analyze the dynamic stress of the blade under different working conditions by taking the
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pressure fluctuation value on the blade surface of the aerodynamic flow field as the excitation factor for

the structural field excitation force. By comparing several schemes, the simulation results are in good

agreement with the test results. Both of the simulation and dynamic test results show that the maximum

dynamic stress of the last stage blade appears at about 20% load, and the peak value of the dynamic

stress of the blade is about 5% of the allowable value, which has sufficient vibration resistance strength

and safety margin, and can well meet the requirements of flexible, safe and reliable operation of the

large steam turbine under full working conditions.

Keywords: full working conditions; long blade; dynamic stress; excitation factor; dynamic test
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Fig.1 Research scheme for dynamic stress of the

long blade
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Tab.2 Variation of excitation factor with different loads at
different nodes
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Tab.3 Calculation results of blade dynamic stress (back

(2) PRI T]

i E 10 kPa)

pressure 10 kPa)

Hufii/%  EARERBIN J1/% RSN T1/% RS 1/%
5 2.201 2.640 1.598
15 4.329 4.993 2.945
25 4.155 4.825 2.827
30 0.470 0.554 0.326
50 0.062 0.074 0.044
100 0.012 0.013 0.007

3 FHINMARAEHR

1E PR RSN R AR T, 2T 31 B KR RS
TR D AR SR TR S g A WL ATIRz IR e i W e DR SR LR



608 o B TR 2 2 R

2023 4F 5 45 4%

ALY 940 mmAR YA R 1y S AR T T I
8o SR IR R G0 3 Tl Rk, A
TH A G2 LS T AR T80T sl )
MWHR . IZ R GER T 8T % B 7 5)
N S TR BRI R G & 9 A 10 43514 940 mm
it Bl i I R A R 5 2R SR

(R, Bal R EEZNI
i 7
R TR (i
(&2
[ fi s —— FFT /MBI | |
[#5 ]

9 #EMXFR AN RGIEE

Fig.9 Diagram of dynamic stress test with contact method

10 FtE BRI & 52
Fig.10 Test bench of blade dynamic stress

32 HMNREER

RETARITIHAER, et BUARES  S b
AT LA K - B TR Sy 10 ) A 55 R A DX s 3 2
Wi AR A g, DARAE S 1K o FERS
BRI OLE 2 RSP L. K
LR BI AT, LA AR AR s A A
o HIER R STPILE M A Y BRI, — A
BB 7 K. FEMA RN, §E T 3
IR T 00, S8 1 MR T B0 /Y 3l il
I . 2 B G AR AR G AT R RS2, 7
10 kPa ¥ Hs & Y 2 W g 0328 67 A 3 9 10%~
25%. 7 4 RN RS R . 1 SR it
AESKEENXSE. TLUEL, iRy
W 45 R W) S B o B R AR DX B A AR
10%~30% TLLIE N, 1 8l 03 WS P HI
2 5%, BA R RIEEME, RPIRIKM

F RERS AR AT 1035 1 4 T00 0% M2 AT 1 2 4T 5
PETLR . BhAh, LTI HL 668 AR L F7E7s fiu
THB AT BB A7 iR 2 e T v 2 et

x4 MHEFHHARBER
Tab.4 Results of blade dynamic stress test

Ti/% ARSI J1/%  BIAEhR % T RTRESEI /%

10 3.92 — 1.47
15 4.41 — 3.04
20 3.92 5.12 2.45
25 3.04 — =
8 r
.1 — RS
o PRI
6 R 1
< 5| s e AR
= éiﬂ. o AT A
2oL /N v s

0 10 20 30 40 50 60 70 80 90 100
15/ %

B 1 MAsEATEESREE T
Fig.11 Computational and experimental comparison of blade
dynamic stress

ik IR, RS Ik, RAE
THLH A AT 00T MR s 8, 4R T
W 5 Bl N7 g 04 X 07 1 T DX 5 A ek
BB, IR TR M A 8 Y T IR 9
DA R 4 T 00 R IE PERFE MU IS K I s T K

4 % it

L1000 MW 2548 28 18 AR ML HOR 90 A 4
REETT R MBEFE RARTE, $e il Te T RGPz
FHREE MR R i 7 s s 05 BB T ik o 45
RN ARSI, FR T TE A
o FESWWT

a FEAMRGAMT &, BBl o B 51k 1y - Fr K i i
VSOV S i SN TN RN R, Rl D
R, Wishr s R, i Fr 3R R ) ks 5
IR o R, FE TR IR /N
OUR, B TR R RERAR . N, i TR
RO L ) Bl 7 ) A — A WA DX 3



% 6 1

KO, A REGRIEVUR IR 2 TSR BE 5 e w5 609

b F TG ATk, KA R R R
T T 22 Ve R TT Bksh R AE S8, 3RAT Tt
Fr AR 1 AR N, SR T A AEA
G TO0 R BYBINE Sy o BT 05 ik i Hat 3 46
Sl e AT, A TR S T
IV E Y SRR 17y V[ RN A DB SR NS

c. SO BETHEE SRR W], 7R 940 mm M
AR TR TS | 07 A5 BT DL R i B TR, e R sl
1 ¥ AR 20% Gfig BT o B gl I (R
VERIMERIZ) 5%, HA 20w 0 i Ik 08 52 M1 22 424
JE, BERSAR4F I 4 T00 R IE MR RS HLAY 2 4z
FrEek.

SE R

[1] LIU W, LUND H, MATHIESEN B V. Large-scale
integration of wind power into the existing Chinese energy
system[J]. Energy, 2011, 36(8): 4753—4760.

(2] Frgte, Eaiiil, xR, 45, o I S B e b 1) mT P A AR
KRB AR TS (3], Hh A AL T AR 22 4R, 2015, 35(14):
3699-3705.

(3] EFENR, TRA NI, SRENNE, 55 B Re IR TH 40 e X R 4 b
KSR EAT 5% (3], B AL TR 2= ), 2017, 37(1):
1-9.

(4] BSHE. "+ 0 T 1a) IR AR K S T ) 43 A (], 9T R H
71, 2020(82): 1-3.

[5] W&/R4, HETID, hTE, . Kl RIS TERGE M BUR . 5%
A K R (7). F R, 2020, 41(9): 58-68.

l6] ZERGHE, PR, B4k SE, 4%, 350 MW K FELALZE A FR FR A
TR VR W R B 5T (9], RS ML EE R, 2020, 62(5):
389-392.

(7] RESTT, M PR, [ 200 MW Y5 HL L B HLA dE & %

T F 3R 115 B A A (7], T E AL TR 4R

1990, 10(4): 26-34.

BURS, IR, WA, S ko R LA LI i R A Sl

ZAME & [J]. R REeEHL, 20203): 1-4.

lo] Emide, T30, B Aata, %, REE G T.00 R R HLAL
RSB He/N R e (9], AL TR 224, 2020, 56(16):
98-108.

[10] $4RTF, 20, B YR, % AT IREREILAHM R K
R R 5N H [ RE B ) TR, 2022, 37(2):
63-69,91.

(1] B SCR, R4, BRI, 45, KA A il 5 I8
K m B3RS0 0], KR HLEE AR, 2018, 60(5):
343-345.

[12] ZR4%, ZRqde, i, 45, TR ML B e R 752 m B 28
F BT (0], IREEHLEE R, 1999, 41(5): 267-271.
[(13] WP B TARE2A4E, 1999, k1 & B B &3 AR Tt (M.

JEaT: BB AR AL

(14] ARFEH . REEHUAR G R AR TS AT B 9 Bl )

SRR [ _LIIREEHL, 2001(1): 38-42.

(8

[}

(. #& fH)


http://dx.doi.org/10.1016/j.energy.2011.05.007
http://dx.doi.org/10.3969/j.issn.1001-5884.2020.05.019
http://dx.doi.org/10.3969/j.issn.1001-5884.1999.05.003

	1 研究方案和计算方法
	1.1 研究方案
	1.2 动应力计算方法

	2 数值结果和分析
	2.1 流场稳态数值模拟
	2.2 流场瞬态数值模拟
	2.3 动应力计算

	3 动应力试验研究
	3.1 动应力试验系统
	3.2 动应力试验结果

	4 结　论
	参考文献

