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ABSTRACT

Recently, large capacity steam turbines have comoewider use and have been designed
to perform at even higher performance specificatidxs we all know, it's hard to maintain the
concentricity of rotor-bearing system during opeigt especially for multi-rotors within
specified levels of vibration. Rotor vibration cdlle caused by many reasons. Mass unbalance
and bent shaft are amongst the most frequentlyrdaoguof these reasons. Mass unbalance and
bent shafts both give force excitation at a freqgyecorresponding to once per revolution.
Taking a LP B rotor of a 1000 MW USC steam turbaisean example, this paper studies the
lateral vibration of the LP B rotor based on finglement. Responses of mass unbalance and
bent shaft are analyzed and compared.

Keywords:rotor —bearing system, mass unbalance, bent $fai, rotor, lateral vibration.

1. NTRODUCTION

A shaft bent could be caused during shipping, ilagian, and operation. Bent shaft can
either generate high vibration or create a lottoéss on other components during operation.
Hence, catastrophic failure will result. It is tefare important to be able to recognize such a
fault. For the vast majority of rotating machinda bow (hog and sag) is negligible, and
therefore it can be ignored for practice purpo§eslong driving machines as turbo-generators
in power plants or machines with long spacer sttt shaft should be considered. Bend on
shaft could be caused by such factors as: therist@rtion due to fast load changes-cooling or
heating of the rotor, rubbing-the frictional heabguced at the site of rubbing, change of shaft
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stiffness, etc. The forcing response caused byéne is similar to that caused by conventional
mass unbalance, which is function of square of dpteugh there is a slight difference in
amplitude and phase angle.

In several decades, some scientists have alreadiedtthe vibration phenomenon of by
shaft forcing due to an initial bend. Nicholaes al. [1] had studied unbalance response of a
flexible rotor due to shaft bow through theoretiaad experimental work. Parkinsen al. [2]
indicated that the difference in whirl experiendsda rotating shaft due to shaft bow and mass
unbalance. Shiau and Lee [3] studied the effectsitlual shaft bow on the dynamic response of
a simply supported single disk rotor with disk skawed mass unbalance. Edwaedsl. [4] gave
a method to determine the modal components of @ laend bend geometry from measure
vibration signal.

In this paper the LP B rotor of a 1000MW USC (ukitgpercritical) steam turbine is studied.
Turbo-generator sets with 1000MW are widely usedéneration of electric power. It is large
and complex rotating machine. During operation, yndifferent forces act on it that influences
the dynamic behavior of the machine. Recently, gfablems on the LP steam turbine rotor
become more prominent during the debugging proaassin the first beginning operation. It
may be caused by temperature field of the LP casingmogeneous [5]. Non-uniform heating
can be resulted from temperature increasing oreasang too quickly during the period of
start-up or shut-down, which in turn results inorobending and adds centrifugal force to the
machine. Figure 1 shows the structure of the LBtBribearing system. The system is modeled
by finite element method including gyroscopic, sheadulus and rotary inertia effects [6, 7].
Both bearings have stiffness k k,, = 2.45x 10°N/m and damping,&= ¢,y = 3 x 10°N.s/m.
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Figure 1.Modeling of a LP B rotor-bearing system.
2. ANALYTICAL MODELING

In general form, the equation of motion for viboatiof a multiple degrees of freedom (dof)
rotor — bearing system may be written as

MG +(QG+Q g+ Ko= H) @
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where:q is a vector containing the generalize coordinBteis mass matrixG is gyroscopic
matrix; C is damping matrixK is stiffness matrix;2 is rotor spin speed=(t) is generalized
force.

2.1. Unbalance response

The vector of generalizing force acting at nodeuk tb a disk offset by a displacement
and an angl@ usually represents in form][

F(t)=%”| Q° j(l el | =R(Q%*h, &) 2

whered andy are the angle (when t = 0) of the out-of-balamceef and moment vectors relative

to Oxyaxes. Taking Eq (2) into Eq (1) gives:
Mg +QGa+ Ca+ Ka=R(Q* h &) €)

The steady-state solution is found by assumingspargse of the fornq(t) 29%(00eim)

(0o is complex). Thus

6 =[(K-Q°M)+ jQ(QG+0)] " Q%, @)

2.2. Response of bent rotor

In case of a bent rotor, the equation of motiontoamvritten as [8]
M +(QG+ C) b+ Kg =0 (5)

where @ is a vector of the elastic deflections at the soded q is a vector of the total
deflections at the nodes. Thus, g #+tqq, where g denotes the vector of deflections of
stationary rotor due to permanent bend. Henge g . Therefore, equation (5) can be written

Md+(QG+C) g+ Ka= Kg ©)

The geometry of the shaft bent profile is detailedinition in [9,10]. Because the rotor is

— j Ot
spinning, the bend in the shaft in particular fsiraction of speed, theg‘i’ (t) =R(qee™) and
(gb0 complex). Thus
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MG+ (QG+ C) a+ Ka=R( Kg, ") (7)
— j Ot
Assuming the solution of the forgr(t) =R(%e™) , it gives
0 =[(K-Q°M )+ jQ(QG + O)] *Kay, (8)

3. CALCULATION RESULTS
3.1. Case 1: Rotor supported by isotropic bearings

3.1.1 Unbalance response
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Figure 2.Unbalance response of the rotor at node 11, &ieix direction.

It's assumed that an out-of-balance of 0.001m awctthe two sides of the rotor (at node 11
and node 31) in the same angular position (FigFiQure 2 shows unbalance responses and
phase changes of these nodes to x direction. Beadubse symmetric system, the responses in
the x direction and in the y direction are coindd€&he responses to the out-of-balance force at
the equivalent critical speeds of 1360, 2750, &®D3ev/min get maximum values. Comparing
with the rotor speeds, these speeds that are deinath natural frequencies of the system and
only forward whirl modes are exited. When rotomspat subcritical speed range, these nodes
whirl in-phase. Due to critical speeds, the phatesige by approximately 1800 (because effect
of damping, the phase change do not exactly by 18Dibe phase changes occur at both
resonances and anti resonances of the system.ldse pf the node 11 reverses two times in
regions 2250 rev/min and 2890 rev/min respectivEhe node 31 also reverse phase in region
3050 rev/min.
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3.1.2. Response of bent rotor

The initial deflection of the rotor is calculateg¢ binite element method, described by
Mueller and Christopher [9,10]. FEM model and detflen of the shaft in vertical plane are
shown in Fig. 3. Forces act on shaft due to weiglie disks and gravity of the shaft.
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Figure 4 The response of the rotor at node 11 and node 8direction due to a bent rotor.

Figure 4 shows the amplitude and phase resportse gfystem at node 11 and node 31 due
to initial bent of the rotor. Comparing with thespense of unbalance force in Fig 2, it is shown
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that two responses are very similar. However, tlaeeeslight different at low speed and high
speed of the rotor. The response of the rotor derfdl has a zero value in region of 2670
rev/min. The response at both node 11 (and nodé&ino anti-resonance between the second
and third peaks. The maximum values of the respahsetor speeds are 1360, 2750, and 3680
rev/min, respectively. It coincides with the maxmmuesponse of the rotor is excited by
unbalance forces. The phase of the node 11 (ane 8bgdreverses in region of 2170 rev/min
(2870 rev/min).

3.2. Case 2: Rotor supported by anisotropic bearirg

This system is the same with previous system, éxtiegd the isotropic bearings are
replaced by anisotropic bearings. Original stiffne§each bearing is assumed to pek.45x
10°N/m and will be changed, byk= 2.30x 10°N/m.

3.2.1. Unbalance response

The response of the system at node 11 and node @&it-bf-balance 0.001m on both disks
(at node 11 and node 31) are shown in Fig. 5. €apanse have a maximum when rotor speeds
is 1340, 1360, 2620, 2760, 3360 and 3670 rev/imm.cah see that both forward and backward
modes are excited. The stiffness of the systeniffierehce in x and y directions; hence, the
amplitude of whirl in these directions are differzen This illustrated in Figs. 6 and 7,
respectively.
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Figure 5 Responses of the rotor at node 11 and node 8diirection due to out-of-balance force at node
11 and node 31 (the length of the semimajor axth®@brbit).
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Figure 6. Response of the rotor in x and y direction atenddl. The shaded regions indicate backward
whirl.
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Figure 7. The responses in x and y direction at node 3&.shaded regions indicate backward whirl.

It can be seen that, the peaks response occureasaime rotor speed in the x and y
directions. At these speeds, responses of phasehanged. The zero value of the response in x
and y directions occur at different rotor speetisistthe phase of response in the x direction
changes at a different rotor speed from that td&ection. If the phase of response in either x or
y direction changes substantially, the directiomwbirl reverse. In Fig. 6 and Fig. 7, regions of
backward whirl are indicated by red regions.

3.2.2. Response of bent rotor

In case of bent rotor (see Fig. 3), the amplitut# phase responses at node 11 and node 31
are illustrated in Fig. 8. It is shown that there &wo peaks in the response at both 1340 rev/min
and 1360 rev/min. Thus, both forward whirl and baaid whirl are exited. When the phases of
the response in x and y direction are differerd,dliection of whirl reverses. Fig. 9 and Fig. 10
show the response magnitude at these nodes initectidns. Red regions indicate backward
whirl regions in ranges of rotor speeds. It carséen that, at some speeds, one part of the rotor
is in backward whirl whereas other is in forwardinvfmix mode). Figure 11 shows the orbits at
these nodes at various rotor speeds, and the arbitslliptical and can be forward or backward.
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Figure 8 The responses of the rotor at node 11 and node3dlirection due to a bent rotor.
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Figure 9 Response in x and y direction at node 11 duebienarotor.
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Figure 11 Whirl orbits at node 11 (red) and node 31 (gréenjhe bent rotor on anisotropic bearings. The
cross denotes the start of the orbit and the diandemotes the end.
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4. CONCLUSIONS

In this study, the dynamic vibration behavior ofetlhB B rotor of a 1000MW

turbo-generator under unbalance forces and shafti®@vestigated. The finite element method
(FEM) is applied to model the system. The reswdtslee summarized as follows:

274

1) The behavior of a rotor excited by out-of-bakaris almost indistinguishable from
excited by a bent shaft. Comparing these respoitsesshown that the responses of them
are very similar although there are still slightfetiences. So it's hard to distinguish bent
rotor fault from out-of-balance fault.

2) The responses of the rotor in two case isotrapid anisotropic bearing systems are
analyzed. In case the rotor supported by isotrbparing, only forward modes are excited.
Whereas in case of the rotor supported by anisiottmgarings, both forward and backward
modes are excited.

3) As usual, as the system is linear, the effegtoéunbalance forces and shaft bent can be
studied separately. And their effects can be adged
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TOM T AT

SO SANH TRANG THAI DAO PONG MAT CAN BANG VA VONG TRUC CUA
MAY TURBINE CO LON

Ngb Van Thanh

Bé ménHong @ dot trong, Khoa @ khi, Tieong Dai hoc Giao théng ¥n ti, 3 Cau Gidy,
Lang Throng, Pong Da, Ha Nji

Email: ngovanthanh@utc.edu.vn

Nhitng rim gin day, turbine may phatién o I6n duoc sr dung ngay cangang rai va
duoc thiét ké dé taing hiéu st ngay cang caodm. Trong qua trinhan hanh, vic chim séc ko
dudng b8 théng rotor -4 truc theong gip nhidu khé khin, dic biét 1a nHing ke truc duogc lién Kt
nhiéu rotor$ truc voi nhau. H truc nay throng gip cac & ¢d lién quandén van dé daodong khi
van hanhDéi véi daodong aia ke rotor-d truc kich thréc 16n cé ét nhiéu nguy&n nhan, trong
d6 mit can ting khbi lvong va vong tic 1& nhiing nguy&n nhan tfong gip nhit. Ca hai trwong
hop naydéu sinh ra cacuc kich thich dadong 1én I truc. Bai bao nay tac gitién hanh nghién
ctru so sanh ang thai daatong aia LP rotor (Low Pressure rotoma turbine 1000 MW do ét
can king khbi luong va dadd véng bantiu gay ra.

Tir khéa:hé rotor- truc, mit can ting khbi luong, véng tac, LP rotor, da@dng ngang.
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