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Abstract. The issues of dynamic calculation of frame reinforced concrete foundations of turbine generators with
different rotor speed are presented in this work. The calculations were carried out by the well-known force method,
while, to simplify the calculation procedure, it is proposed to go from the original three-dimensional problem to
the equivalent bar (one-dimensional) model. The original system is considered as a dynamic task with two degrees
of free place (for two concentrated point masses) under the action of the horizontally concentrated vibration load
caused by the rotation of the turbine rotor. The system was calculated for free and forced vibrations without taking
into account damping based on the decomposition of vibrations into their main forms. The characteristics of free and
forced vibrations are obtained, an analytical assessment of vibration safety is made. The influence of the number of
revolutions of the rotor on the value of the root-mean-square speed of forced vibrations of the structure is investigated.
The results are obtained for the scientific interest and can be applied in design practice.
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Introduction

In thermal power engineering, the machines with
nominally balanced moveable parts (turbine units,
turbine generators) are widely used, the work of
which during operation creates a dynamic effect on
their supporting devices and foundation, i.e. on the
building structures of the construction.

To assess the vibration safety of such machines
and their foundations, it is necessary to perform
appropriate dynamic calculations in order to
determine dynamic displacements, deformations,
stresses. The complexity of calculations in these cases
is due to the fact that the objects of study (machine
foundations) are spatial structures with a multiple-
degree freedom.

In this work, in order to perform applied
engineering calculations of the frame foundations of
turbo units, it is proposed to reduce the initial three-
dimensional problem of mechanics of a deformable
solid body to a rod (one-dimensional) problem.
At the same time, only bending deformations are
taken into account, i.e. torsional deformations with
their relatively small effects on the operation of the
structure are not taken into account.

Let us consider the calculation procedure of frame
reinforced concrete foundations for standard turbine
units with the number of rotations of moveable parts

n*=3000 rpm, the total mass of the turbine is 617t,

the weight of the rotor is 44.8 t. The design solution is
schematically shown in Figure 1.

The calculation scheme of the turbine unit is
presented in Figure 2, a. as a system with multiple-
degree freedom.

The initial calculation data:

Frequency of forced oscillations:

Ton  3,14-3000
30 30

0= =314 124,
P, =145 t. — weight of all connecting columns,
P,=1434 t. — weight of bottom plate,
P,=354,74 t. — weight of the upper platform,
P=972t. - the total weight of the topside structure
including the weight of the turbine itself.

1. Calculation for free vibrations
The canonical equations of the method of forces
for free vibrations have the form [2]

(611’mo _§>yu + (812k1m0) Yoi = 0
l @
(621%) Yui + (822/€1 my — %)yzz =0

In Figure 2 (b, c) the unit epures from unit forces
7 =12, =1 are built.

The coefficients of equation (1) are calculated by
the Mohr formula using the Verishchagin rule.
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Figure 1 — Structural scheme of frame reinforced concrete foundation
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Figure 2 — To the calculation of the frame foundation

524,63

o EJ(MI) (MI)_ EJ, ;

224,33

6 321— J(Ml) (MZ)_ EJ B (2)
125,57

822 - J’ (M2) (MZ) - JO .

Let us take the notation:
_ EJ
a=LL, ©)

We take the value (K;=0,15) (taking into account
expressions (2.3)), we write down the equation (1)

(524,63 — A:)y.: + (33,65) 1. =0
(224,33) 4+ (18,84 — A.) 1. =0

Using equations (4), we compose a «secular»
equation to determine the frequencies of natural
oscillations [3]:

_|(524,63—A:);  33,65;
224,33, (18,84—A):

Having expanded the determinant (5), we define
the eigenvalues A, A,.

A =538,1434; A, = (6)

Using the values (6), we construct the main modes

(4)

=0. ()

4,3370.

of natural vibrations, substituting the values (6) into
equation (4).
a) the 1st main form (4, =538,1434)

(524,63 — 538,1434 )y, + (33,65) y = 0
{(224,33)3;11 + (18,84 — 538,1434) o, = 0 @
From equations (7):
yn =1; yu = 2,49; ®)
b) the 2nd main form (A, =4,3370)
(524,63 —4,3370)y,, + (33,65) y» =0
{(224, 33)y + (18,84 —4,3370) 1, = 0 ®)
From equations (9):
yn = 1; y = 0,065. (10)

Using the values (8.10), we build the main modes
of natural oscillations, Figure 3.

Using the values A; of the formula (3), we define
the circular frequencies of natural vibrations:

‘/7 4/ =0,0431 4/ — fundamental period,
(11

1/7 1/ =0,4802,/ - — — first period.

We calculate the value of the actual bending
stiffness EJ, (Figure 4).

)
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Figure 3 — The main modes of natural vibrations
EJy=EJ. = EJ uea, (12)

where J,.u.c reduced moment of inertia of the
connecting column [3]:
anma = 12[:]2 +A0 : 2,252], h=b= 0,7 m;
A=h-b=0,7-0,7=0,49 m;
_ bk _0,7-0,7
12 0 12
Jreaneea=12[0,02+0,49(2,25)2] =30 m*;
E=21-10'MPa=2,1-10° t/m? — modulus of elasticity
of the reinforced concrete column material;

EJ,=2,1-10°-30 =63 -10° t/m>

Jo =0,02m".

(13)

ITo Berpaskernsam (11) ¢ yaetom (13) n According
to the expressions (11) taking into account (13) and
(moy=145t.) we calculate

w, = 0,04314/ % = 28,41 % — fundamental
period,

106
@, = 0,48024/ % =317,71 % — the first period,

ie.

rad

rad, ), = 317,71 24,

w, — 28,41 s 7

(14)

2. Calculation for forced oscillations

The calculation scheme of the frame foundation
as a system with two degrees of freedom (according
to one-dimensional model) has the form (Figure 5).

Calculation data: P,,,=44,8 t, 0=0,75, §=314 s7".
ITo [3]

Py(t) =P-cos(0-t) =44,8cos (0 - t);

M.o(t) =P p-cos(0-t) =44,8-0,7-cos(0-t) =

=33,6-cos(0-1).

Atcos(0-t) =1: calculate the horizontal component
of the vibration load:

33,6
10,6

P, =P (4) + My (t) = 44,8+ =43+t.
According to [1], we calculate the second variant

of the vibration load

F,=k-n P (15)

where k=4 — overload coefficient [1];
7=2 - dynamic coefficient [1];

P'=0,2 F.=0,2-44,8 = 8,96 t.

According to (15) P,=4-2-8,96 t.

We calculate the average (reduced) value of
the bending stiffness (Figure 2), according to the
dimensions of the structural solution of the elements
of the frame foundation (Figure 4)

(2,2-4,73+1-8+0,57-1,5)
22+8+15

EJ, = EJy- = 1,6462EJ,.

We calculate the greatest static deflection from
force P=72 t. (Figure 5 b, c)

— 1
(M,)- (M) =1 616263 -10°
2

1 P — .
x(7763,2 10,62 10,6)— 0,276 10" m:

-1
Ymox =BT,

3.7
1 1 —] | 1] ] [
| L ] L] ] ]
75M 225Mm
X
225M
/. 1 _ 1M — ] —
L] L] L] L] L] ]
252 M

Figure 4 — Plan of the connecting columns of the upper structure of the frame foundation
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Figure 5 — To the calculation for forced oscillations

e
We calculate the root-mean-square speed of Ne n*, o, A A Vioot:mean-squares
vibrational oscillations [1] " rpm | rad/s ! 2 m/s
0 1| 500 | 52,33 |37,59*10°  0,72*10° | 0,771*107
— 2 a)f E ’ ’ 7’ ’
Vaea V ; A 2 s (16) 2 /1000 104,66 7,17*10° | 0,81*10> | 0,23*107
where 4, — amplitude of the i-th harmonic oscillation, 3 11500 156,99 | 3,05*10° | 0,95*10° 0,214*10*
w; — the circular frequency of the i-th form of 4 2000 209,34 1,69*10°5 1,28*10° @ 0,286*107
natural.Vlbranons (expression 14). . 5 2500 26168 107*10°  2,24*10° 0,498*107
According to [1], we calculate the amplitudes
P 6 /13000 314 0,742*10° 30,91*10° 6,86*107
— 0
A"’_4m~(62—w?)' (17)
According to (17): Vroot-mean-square (AAz),m
A= 1.8 =0,742-10 " m; | vl
'T 61T (314°—28,41%) 0 1.0*102 40%10°
44,8 . I
= ? = . R : -2 * -5
A= 7 BT —s1ay) 091107 m; 0,910 ), 36*10
According to (16): 0.8%1 02 32%10°
Vi = | /
B \/(0,742 -107°)%-(28,41)* 4 (30,91-10°)*- (317,71)* _ 0,7*10? 28*10°7
= 5 = I
#1 2 4% ()3
=6,86-10" 3 0,6*10 ' I 24*10
5 '~ 3 = #* -5
Vo = 6,86 10 2 = 0,686 22 < V., = 1,182, 0,5%107 \ l 20%10
standard value [2]. Thus, the technical condition 0.4%1 02 16%107
(vibration safety) of the frame foundation is assessed ’ / l
as «good». 0.3*1072 v 12107
Table 1 shows the values of vibration amplitudes . \\ 4 l -
and root-mean-square velocities depending on the = 5xj ()2 Q10"
change in the rotor speed n*. . \ Ai_//
According to Table 1, it can be seen that with 0.1%102 \ 44107
an increase in the number of rotor revolutions, 4, ? \>§/
amplitude decreases, while 4, amplitude increases. T 1 n*, ipm
At n*>2500 rpm, A, amplitude increases sharply, ’ 500 1000 1500 2000 2500 3000
while t}_‘e I rgot-mean-s]équa(rie o}s\cﬂla’a?n fs"lgield Figure 6 — Dependence of the amplitude of
mo;:otomci }}flmcreases. e.llse .ont € r(‘esu ts of lable oscillations and root-mean-square speed on the
1, the graphs have been built (Figure 6): number of the rotor rotations
Al :fl(n*)y A2 :fZ(n*)a Vmot-meam-square :f3(n*) . 163




B Tpygabl yHuBepcuteta N1 (86) » 2022

Conclusion

1. In this work, instead of the generally accepted
calculation of reinforced concrete frame foundations
of turbines as a spatial (three-dimensional) model, it
is proposed to calculate them using a simplified one-
dimensional rod system (Figure 2a).

2.0n the basis of the force method, a direct
dynamic calculation of a rod system with two-degree
freedom was carried out: a) calculation for free
vibrations in the form of «standing» waves (Figure
3); b) calculation for forced vibrations on the action
of vibrational harmonic load created by the rotating
part of the turbine (rotor). Dynamic displacements
(vibration amplitudes), mean-square speeds of
vibration vibrations are calculated.

3.A method for assessing vibration during
operation of turbine foundations is presented (based
on [3]): it has been established that when the rotor
speed n*<3000 rpm, the technical condition of the
turbine foundation is «good».

4. The dependence of the dynamic characteristics

of the turbine frame foundation (amplitude and root-
mean-square speed of forced oscillations depending
on the rotor speed cycle n* (table 1, Figure 6)) has been
investigated. It was found that with an increase in the
number of rotor rotations, the following occurs: the
amplitude 4, decreases monotonically; the amplitude
A, increases monotonically, while for n*>2500 rpm
— it increases sharply; the value of the root-mean-
square oscillation speed at the beginning «falls» at
(n*=500—1500 rpm), and then increases sharply (at
n*>1500 rpm); at the same time, for n*=3000 rpm, it
increases significantly.

5. The theoretical and practical results obtained
in this work will find application both in scientific
research and practical construction design of
reinforced concrete frame foundations, as well as in
assessing their vibration safety. This study has shown
that the calculation according to the one-dimensional
(rod) model significantly reduces the volume
and complexity of the computational operations
performed.

1. Dynamic calculation of buildings and structures; Ed. B.G. Koreneyv, .M. Rabinovich. — Moscow: Stroyizdat, 2012. — 303 p.
2. Lyuboshits M.I., Itskovich G.M. Material Resistance Handbook. Minsk: High School, 2014. — 464 p.
3. Savinov O.A. Modern foundation structures for machines and their calculation. — Moscow: Stroyizdat, 2011. — 200 p.

bip enwemOi e3ek modesniHe HezizdenzeH mypboazpecammapoblH, pamansik ipzemacbiH OUHAMUKAAbIK ecernmey
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KaparaHdbl mexHuKanwiK yHusepcumemi, Kazakcma, 100027, KaparaHowl, H. Hazapbaes 0aHfbinbl, 56,

*aemop-koppecrnoHOeHm.

AHOamna. Kymbicma pomop aliHan6IMbIHbIH 3p Mypsi caHbl 6ap mypbozeHepamopaapobiH pamansiKk memipbemoH
Hezi30epiH OUHAMUKAsbIK ecerimey macesenepi Kapacmsipelaadsl. Ecenmeynep 6enzini Kywmep adicimeH xcy3eae acsi-
pblnadel, an ecenmey nNpoyedypaceiH xeHindemy ywiH 6acmanks! yw eawemoi mancelipMadaH 3KeusaneHmMmi e3eK
(6ip enwemai) modeniHe emy ycbiHblAAObI. bacmankel xylie mypbuHa pomopbiHbiH AlHAAYbIHAH MYbIHOGFAH Korl-
OeHeH barbimmansaH 0ipin HyKmemeciHiH acepiHeH eKi epKiHOIK 0apexceci 6ap OUHAMUKALIK mManceipma pemiHoe
Kapacmolpbinadel (€Ki WOFbIPAAHFAH HYKMeEIK Macca YWiH Kapanbicmelpbinadel). Tepbenicmepdin onaposiH 6acmel
HbICAHOAPbLIHA bIObLIPAYbLIHbIH Hezi3iHOe demngepneydi (ewydi) ecenke anmaraHOa epKiH HaHe Maxcbypai mepbeni-
cmepee apHanraH xcylieHi ecenmey opbiHOAA0bI. EpKiH 3aHe Maxcbypai mepbenicmepdiy, cunammamanapsl anbiHObI,
Oipin KayincizdieiH aHaAUMUuUKanbiK 6aranay #ypeaizindi. PomopdslH aliHaay CAHbIHbIH, KYPblabIMHbIH Maxbypsai mep-
benicmepiHiK opmawa K8adpammeiK H#bla0aMObIFbIHbIH MAHIHe acepi 3epmmendi. ANbIHFAH HAMUMCENEP FblAbIMU Kbl-
3bIFYWbIALIK MyOblpadsl aHe 0aap0bl ¥obasaay maxcipubeciHoe KondaHyFa 601a0bl.

Kinm ce3dep: mepbenyi, memipbemoH ipezemacsi, mepbesic, OUHaMUKASbIK ecernmey, pomop, cmamop, mypbuHa, ep-
KiH mepbenicmep, epikciz mepbenicmep.

AuHamuyeckuli pacuem pamHozo pyHdameHma mypboazpe2amos Ha ocHoee 0dHomepHoli cmepxcHesoli modenu
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AHHOmMayus. B pabome paccmampusaromca 80npocbl OUHAMUYECKO20 pacyema pamHbIX Hene306emoHHbIx ¢hyHOa-
ET vermos mypb6oz2eHepamopos ¢ pasauYHbIM Yucs1om o60pomos pomopa. Pacuemsi 8birnoaHEHbI U38eCMHbIM MEMOOOM
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cus, npu 3mom 0718 ynpouwjeHuUs npoyedypsl pacdema rpedsazaemcsa om ucxo0Hol mpexmepHol 3adaqu nepelimu
K aKeusaseHmMHol cmepxcHesol (oOHomepHoU) modesnu. Mcxo0Has cucmema paccmampueaemcs KaK OUHAMUYECKas
3a0a4a ¢ 08ymsA cmerneHAMU c8ob00bI (019 08yx cOCPedoMOoYeHHbIX MOYEYHbIX MAcCC) npu 0elicmeuu HA Hee 20PU30H-
masnbHo cocpedomoyeHHol sUBPALUOHHOU Ha2py3KU, 8bI38aHHOU 8paweHUeM pomopa mypbuHsl. BeinosHeH pacyem
cucmembl Ha c80600HbIe U 8bIHYHOeHHble KonebaHus 6e3 yyuema 0emngepuposaHus (3amyxaHuUs) Ha OCHO8e Pa3so-
yeHus KonebaHul Ha 2iasHble ux gpopmel. [ToayyeHbl xapakmepucmuKu c80600HbIX U 8bIHYHOEHHbIX KonebaHul, 8bi-
MosHeHa GHAAUMUYeCKas oyeHKa subpayuoHHol bezonacHocmu. Mcciedo8aHo eausHuUe Yucaa 06opomos pomopa Ha
8e/1UYUHY CpedHeK8a0pamMu4YHoU cKopocmu 8biHy#OeHHbIX KonebaHuli coopyxeHus. lonyyeHHbie pe3ynemamel npeo-
CcMasaAalom Hay4YHsll UHMepec u mo2ym bbimo MpuMeHeHbl 8 MPAKMUKe MpoeKmMupPo8aHUS.

Knrouesole cnoea: subpayus, subpobezonacHocms, xene3obemoHHsIl pyHOameHm, KonebaHusa, OuHamu4veckul pac-
Yem, cpedHeK8aopPamMu4yHas CKopocmos, pomop, cmamop, mypbuHa, ceobo0Hble KonebaHus, 8bIHyH OeHHble Koneba-
HUA.
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