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ABSTRACT

Torsional vibration model of turbine-generator shaftsisthe basic for fatigue life loss analysis, for the accuracy of the
fatigue analysis of the shafts depends on the precision of the inherent characteristics of the shafts model. The
sengitivity of the inherent characteristics of the torsional vibration model to the structure parameters of the
turbine-generator shaftsis analyzed in this paper. A parameter adjusting method for the torsional vibration model is
proposed based on the method of Taylor expansion. The logic structure of the adaptive process of torsional vibration
model is designed. The torsional vibration model for a 1000WM turbo-generator shafts was taken as an example and
the accuracy of the method is verified.
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INTRODUCTION

Shafts, Couplings, and blades of turbine-generaiits can be damaged during torsional vibratiothefshafts. Modal
superposition method is usually used in analyzirgfatigue life loss of shafts caused by sub symabuis oscillation
(SSO). The modal speed of the gear can be obt#ineagh a band-pass filter, and the stress of #akwections of the
shafts can be calculated by combining the torsigiehtion inherent characteristic. If there wadeaiation between
the shafting torsional vibration model and the picat model, the torsional vibration natural freqag would deviate
from the actual band-pass filter pass-band, whial affects both the filtering effect and the stresisulation of the
weak sections.

The torsional vibration inherent characteristicthefshafts change with the rigidity of the rotetsch is susceptible to
the steam temperature. In this case, a real-tird@eradaptive adjusting torsional vibration modethod based on
the sensitivity computation is proposed in thisgraff he torsional rigidity of the torsional vibmati model can be
adjusted by comparing the torsional vibration raitnrequency value of the real-time monitoring dinel calculation

result based on the torsional vibration model,stbaensure the accuracy of the torsional vibraaioalysis.

Sensitivity of vibration modeto structure parameters
Shafts can be stimulated2éreedom degree of mass-spring model. Accordindfterdntial functions of no damping

free vibration withn freedom degree, the nature frequergyand vibration modeX; (1=12---,n) can be
calculated. According to vibration mechanics, freney and vibration mode can be given:

Characteristic function
(K -@’M)x, =0 (1)

And,
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x'Mx. =1 (2)

Where, X; =vibration mode ofi period after orthogonalityM = model mass matrix, and K= model rigidity mativk.

and K can be written,

m k+k, -k,

M = m, K = -k, k,+k; —k,
m, K, Ktk

The sensitivity equation of nature frequency tactire parameteP is

. (6K » OM j
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From Eq. (3), the sensitivity of; towardsT; j (j =12,-+-,n) can be written,

e M,
a_a{:_ I amj I :_C“f(xi)j2 (4)
om 2a) 2

Where,(Xi )J. = the j element of phase.

MakeX; =X, / (X;),, X = (Xi)j . According to transfer matrix method, when the eladbrates at phasenature

frequencyd), then,

X, Xn
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Where,
; 1
1—_1@2 [
Hi = K K (6)
mja)2 1

From Eq. (5), itis,
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Then,
0%, _ Of (Kpewr Ficd) O pen OF (K w R ) OF s ©)
akk a)g,k—l akk al:I k-1 akk
2

a)q,j =af ()g,k—l’l:i,k—l) (rrl(a{ )g,|2+FI,]) (J <k£ﬂ+l)

oK, 0% 4 K,

oX ; - Of (X 41 Fjea) (M’ + Fii) _Of (Xpenr Fiuca) (k=n+1) (10)

oK, 0% 1 K oF

OX ; _

—==0 <k

oK. (j =k)

0X ; _ Of (% 10 Fixen) 0% s + of (X -pF -0 OF 4

am, 0X 4 om, oF am,

| ; | (1<ksn)
AR @ KR o
0% 1 K, oF "

ox .

Tiz0 (j<k)

am,

Parameter adjustment value calculation method
Write Eq. (11) into Taylor series, and ignore teead and more than second times modification itémsll be,

n aa{ n+l aw
Aa{ =y —Am + Y —Ak. 12
; amj ] ; ak] ] ( )
n 6X} n+l aX-
Ax, =) —-Am + > —Ak. 13
2 om ™+ g A (13)

Eq. (13) and Eq. (14) reflect the relationship lesw nature vibration parametéds -- @), X;---X, and structure

parameterf ---m,, K ---K_,,in turbine generation shaft vibration. If the diiet values of nature frequency and
vibration mode between the mass-spring model antlabcblade is given, the adjustment value of
parameter&m ---Am, andAk, - -- AK_,, can be calculated according to the following equati
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Analysisand Application
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Fig.1 The mass-spring model for the turbine-generator shafts

The mass-spring model of the shafts of a 1000MWina-generator is shown in Fig.1. The parametethemodel
will change when the condition of the turbine flnathe parameters of the accurate model and tisedimodel are
shown in Table 1.

Table 1 Parameters of the accurate model and the biased model

Accurate model Biased model
Moment of Moment of Inertia Moment of Inertia .
] R . Relative error
Inertia (Kg'm?) (Kgem?)
11 19398 19398 0
12 28825 28825 0
I3 28425 28425 0
I4 3850 3850 0
I5 2150 2150 0
Torsional Torsional stiffness Torsional stiffness .
) ) ) Relative error
stiffness (N=m/rad) (N=m/rad)
K1 220700000 242770000 +10%
K2 182500000 197100000 +8%
K3 153800000 161490000 +6%
E4 131000000 144100000 +10%

Adjust the torsional stiffness using the methodwshn Fig. 1. According to Table 2, the parametsrthe adjusted
model is consistent with those of the accurate mode

Table 2 Model adjustion result

Actual torsional stiffne Adjusted torsional stiffne

Torsional stiffness Relative error

(Nem/rad) (Nem/rad)
K1 220700000 220158396 -0.245%
K2 182500000 182779115 +0.153%
K3 153800000 154042130 +0.157%
K4 131000000 130693121 -0.234%
CONCLUSION

It is proved that the adaptive adjustment methagh@sed in this paper can make sure the mass-spdg! of the
torsional vibration monitoring equipment is consigt with the actual turbine-generator shafts. Thieeient
characteristics can be accurately calculated basethe online adaptive adjustment model, which owups the
reliability of the torsional vibration analysis tis.

REFERENCES

[1] YAN Shuiping, HUANG ShuhongProceedings of the CSEE, 2000, 20 (11): p.10-12.

[2] Chow J H, Javid S H, Sanchez-Gasca J J, €EBE Transactions on, 1986 (4): p.83-91.

[3] Chyn C, Wu R C, Tsao T PEE Proceedings-. |IET, 1996, 143(5): p.479-486.

[4] LIU Chao, JIANG Dongxiang, XIE Xiaorong, et &lutomation of Electric Power System Journal, 2010, 34 (15):
p.19-22.

319



Tiezheng Jin and Yujiong Gu J. Chem. Pharm. Res., 2015, 7(3):316-320

[5] Fairbairn R E, Jennings G D, Harley RIGEE Transactions on, 191, 6(4): p.1389-1395.
[6] Guo Li. Journal of Engineering for Thermal Energy and Power, 1998, 13 (3): p.168-170.

320



