International Research Journal of Innovations in Engineering and Technology (IRJIET)

-

IRJIET

ISSN (online): 2581-3048
Volume 3, Issue 5, pp 42-52, May-2019

Structural Dynamic Behavior of Turbo Generator
Foundation Connected with Passive Supplemental
Damping Devices

'Mohamed Adel, >Yassr Alzeni, >Ahmed Ghalab

'M.Sc. Graduate Student, Structural Engineering Dept., Faculty of Engineering, Ain Shams University, Cairo, Egypt
?Assistant Professor, Structural Engineering Dept., Faculty of Engineering, Alexandria University, Alexandria, Egypt
®professor Doctor, Structural Engineering Dept., Faculty of Engineering, Ain Shams University, Cairo, Egypt

Abstract - Study the dynamic properties of Turbo-
Generator foundation with and without passive
supplemental damping are considered in this paper using
finite element method. The high vibrations of machines
especially Turbo-Generators machines lead to use massive
masses of foundations to absorb the big amount of
dynamic loads generated by machines. The work in this
paper investigates the effect of using passive supplemental
damping devices such as lead rubber bearings to
accommodate these big amount of dynamic loads, also
investigates how it could lead to change the dynamic
responses of Turbo-Generator foundations to be in the safe
frequency range with less masses and better dynamic
performance. The analysis of the system with and without
supplemental damping devices is performed which shows
the significant effect of using damping devices. The results
show that damping devices could lead to decrease masses
of top deck of the machine foundation by 20% with
acceptable dynamic responses compared with foundations
without supplemental damping devices. A proof of the high
significant of damping devices especially lead rubber
bearings in decreasing the construction cost and changing
the dynamic behavior of Turbo-generator machine
foundation is presented by performing a detailed
comparison study with and without damping devices.

Keywords: Dynamic Analysis, Machine Foundations, Turbo
Generators foundations, Passive supplemental damping
devices, Lead Rubber Bearings, Finite Element Modeling,
dynamic response.

I. INTRODUCTION

Safety, stability, durability and reliability of structure
should be considered while designing the foundation system,
Nawrotzki et al., (2008). The usage of supplemental damping
devices could have a significant effect on the performance of
the generators foundation and could lead to a significant
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reduction in the construction cost specifically in case of
generators used in mega power stations.Turbo-generators in
power stations are often placed on foundation structures that
are flexible over the running range of the machine and can
therefore contribute to its dynamic properties. The generators
foundation is to be simulated using finite elements models,
where the efficiency of supplemental damping devices is
thoroughly studied,specifically through usage of base dampers
such as (Lead Rubber Bearings).

According to the fact that Turbo-generator foundations are
subjected to significant dynamic loads during operation in
addition to ordinary structural design and environmental loads,
Jayarajan (2014). The followings need to be considered

= High Resonance which may be occurred in turbo
generators and hence the natural frequency of
foundation system coincides with the operating
frequency of the machine.

=  The amplitudes of motion and velocities at operating
frequencies may exceed the limiting amplitudes and
velocities, which are generally specified by machine
manufacturers.

Accordingly, factors will be studied in this research are:

= Simplified and effective finite element modelling in
representation of such complicated problem.

= Validation of the FEM using SAP2000 program.

= Effect of Passive Damping Devices on dynamic
response of T.G Foundation through usage of Lead
Rubber bearings.

= Comparison between dynamic responses of T.G
foundation with/without Lead rubber bearings.

= Study the Dynamic Response of T.G Foundation
after Decreasing Top Deck Mass using Lead Rubber
Bearings.
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Il. MODELLING OF TURBINE GENERATOR
FRAME FOUNDATION

Design of Frame Foundation is relatively a complex task
compared to any other foundation. There are many parameters
that influence machine-foundation response. The stiffness of
Frame Structure plays a vital role in design. Individual
vibration characteristics of columns, beams, cantilever
projections etc., besides being part of the system, have also
been found to significantly influence the response.

1. Foundation Data

Foundation material properties are as follows:

Concrete Grade M25

Mass density of concrete 2.50 /m3

Elastic Modulus E 3.00E+07 kN/m2
Poisson's ratio 0.15

Shear Modulus G 1.30E+07 kKN/m2

Top Deck L=13.80 m, B = 8.00m, Thickness =1.80 m

Base RaftL=13.30 m, B = 8.00 m, Thickness =2.00 m,

And the following figure 1 shows the turbine generator
machine foundation geometry (plan and elevation).
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Figure 1: Turbo Generator Foundation Plan and Elevation

2. Frame Sizes

Frame number Frame 1 Frame 2 Frame 3
Frame Beam width 1 1 1 m
Frame Beam depth 1.8 1.8 18 m
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Frame span 9.7 9.7 9.7 m
Beam Moment of Inertia 0.49 0.49 0.49 m*
Column Moment of Inertia 0.08 0.08 0.11 m*
4 300 J
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Figure 2: Frames Plane and Elevation (Center Line)

3. Machine Load Data
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Figure 3: Machine Load Points

Load point o1 °2
Total M/C WT 400 360
Rotor WT 25 35
Unbalance

Lateral/Vertical 5 7
Longitudinal 2 3
Blade loss force 3 11

Short Circuit Torque
Machine Speed

*3 * 4Total (KN)
200 200 1160KN
70 70 200KN
15 15 42KN
6 6 17KN
_ _ 14KN
2160 KN.m
50 Hz
43
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4. Foundation modeling using SAP2000

a) Modeling Procedure

Modeling procedure used in the finite element model using
SAP2000 software are:

= The first element used is Shell element to simulate
the table top foundation itself with concrete material
and defined as Shell-Thick with 1.80 m.

= The second element is Frame element and it is
defined as rigid link frame element by giving it a
large modulus of elasticity and zero weight, to
connect the loading points to the foundation
horizontal center line to ensure adequate and smooth
load transfer from the loading points to the
foundation body. Rigid Frames are also used to
connect the turbine supporting points to the turbine
Centre of gravity and also to connect generator
supporting points to generator center of gravity to
ensure that the loading points are connected and
acting as one body to simulate the equipment itself.

= The third element is the frame beam to simulate
frames beams and columns of foundation with the
exact beams and columns dimensions.

= Foundation Basement can be simulated with shell
element with springs or solid element but in this case,
foundation will be simulated as fixed constraints
under each column because there is no need to
calculate the stresses on the soil in this study. And the
geometry of all foundation is presented in figures 4 &
5.

Figure 4: Model Geometry using Shell-Beam Element Method
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Figure 5: Model Geometry (Extruded View)

b) Material Properties

e Concrete Grade M25
e  Mass density of concrete 2.50 t/m3
e Elastic Modulus E 3.00E+07 kN/m2

e Poisson's ratio 0.15
e Shear Modulus G 1.30E+07 kN/m2

¢) Load Definition

The loads on the foundation used in the model are based
on machine load data mentioned before in part 3.

d) Time History Function Definition

According to DIN 4024-1(the German institute for
standardization) the natural frequencies of the foundation with
equipment must not occur within the following ranges:

For 50 Hz application exclusion ranges of 37.5 Hz to 64
Hz for the first natural frequency and 42.5 Hz to 56.5 Hz for
higher natural frequencies.

A step of 2.5 Hz was selected to define time history
frequencies which started from 37.5 Hz to 65 Hz for Steady
state condition. And from 2.5 Hz to 37.5 Hz for startup and
shut down condition.

e) Dynamic Load Cases

= Time History load cases definition: In phase and Out
of phase cases are considered (at each frequency).

= Load Cases generation concept are as follows: Load
cases are the basic cases with Arrival time of T = 0.0
and all load points starting their cycle at the same
time.
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= All load combinations are generated with all Loads at
the defined load points with positive sign and
negative sign separately.

= The considered damping is the damping of the whole
system (Equipment + Foundation system)

= Damping is assumed as 0.05.

Notes:

f) Mass Source Definition

Mass Source = Equipment Own Weight (represented in
mass joints) + Foundation Own Weight.

g) Load Combinations Generation

Dynamic analysis load combination is the envelope of all
defined Time history load cases.

h) Analysis (Free Vibration Analysis)

Natural Frequencies for various modes is listed in Table I.
First eight mode shapes are presented to show natural
frequencies for transitional, torsional and vertical modes of
vibration.

TABLE |
Frame natural frequencies (HZ)
Modl Periods And Frequendes
Ouiputlase | StepType | StepMum | Period | Frequency | Cinfreq | Eisenvahe
Text Tet | Unithess Sl Opofsec | radfsec | radlfsecd
MO0 Mode 1 0375205 L1645 16742 B0

DDA Mode 2 0366129 | L7303 17161 1045
DDA Mode 3 (287812 | 1AM 33 47559
MODAL Mode 4 (.04174 198 15053 12650

L Mode 5 0032601 3674 1473 45
DDA Mode b 0031537 LN 1.1 19683
MO0 Mode i (026669 e 156 55508
MO0 Mode B 002583 L) M3.25 59170

I11. VALIDATION OF TURBO GENERATOR
FRAME FOUNDATION RESULTS OBTAINED BY
FEM

The previous results are validated by comparison with
previous published bookBhatia (2008) as shown in table II.
The obtained results in this study will be used to determine the
damping effect on foundation in the next sections.
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TABLE Il
Validation Table showing Frame natural frequencies

Frame Natural Frequencies (Hz)
Solid Model Beam Plate
Mode Analyzed by Model Using Observation
K.G. Bhatia example SAP 2000
1 2.95 2.6646 Less than 10%
2 3.02 2.7313 Less than 10%
3 3.67 34745 Less than 10%
4 26.48 23.958 Less than 10%
5 32.36 30.674 Less than 10%
6 33.2 31.708 Less than 10%
7 35.57 37.497 Less than 10%
8 364 38.714 Less than 10%

The above table is the validation table between solid
model analyzed by Bhatia (2008) and beam plate model
analyzed by SAP2000 and the observation shows that results
are in the same range and not exceed 10% between the two
models.

IV. EFFECT OF PASSIVE DAMPING DEVICES
ON DYNAMIC RESPONSE OF T.G FOUNDATION
USING FINITE ELEMENT MODEL

Use of damping devices in the foundation of critical
structures has attracted considerable attention in the recent
years, Lin Su et al., (1989) and K. Spanos et al., (2015). The
most types can be used as damping devices for turbo-generator
foundation are:

= Pure friction base isolation

= Laminated Rubber Bearing

= Resilient-friction base isolator (R-FBI)
= Electric de France system (EDF)

= Friction Pendulum Bearings (FPS)

= Lead Rubber Bearings (LRB)

In this study Lead rubber bearing is chosen for the
following reasons:

= Rubber bearings isolators provide isolation and
depending on the rubber compound it is also provide
damping at resonance.

= Rubber used in LRB is a combination of the two
(damping + isolation). Their stiffness forms part of
the isolation process and their damping removes
some Vibrational energy.

= Damping in LRB is reducing the response at the
resonant frequency, while isolation is reducing
response due to shifting of the frequency away from
the resonant frequency.
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= Lead-core in LRB is used to provide an additional

means of energy dissipation and initial rigidity
against vibration.

The above reasons make lead rubber bearing one ofthe
most suitable damping device for Turbine pedestals.

1. Dynamic response for Turbo Generator Foundation
without using passive supplemental damping devices

This section introduces the design data and dynamic
properties for foundation without supplemental damping
devices (LRB) to compare the results in the next section.

a) Mode Shape and Frequencies

The following table 111, shows the modes and frequencies
for Machine foundation without using LRB.

TABLE I
Mode shapes Periods and Frequencies without using LRB

Qutpast Case | SeepType | StepMum |  Period | Frequency | Circ.Freg | Eipenwale
Text Unitless Ser yefsec radfsec | rad?fsec?
0375205 La640 16.742 2
0366129 17313 17.161 Ba5
0.z&7812 34785 NEN 475,50
174 13.958 15053 1650
0032601 Eatint) 19273 Iras
001537 L8 1991 o603
0026669 37.407 1358 55508
(L2583 R4 PLER L

:
PEEEEEEES

b) Velocity Check

The maximum velocity at the concrete top edge of the
supports points is 1.06 mm/s (r.m.s), as shown in table V.

TABLE IV
Joint Velocities without using LRB
mmmmmrmmrmmmwmnnl
Tt Tedt Tt mmsec | mmysec | mmyse | radfsec | radfsec| vadfsec
py | Em.Dpm Loaks | Comio. 0BMS| 577 | 02 |D00MSS | 0.00012| L00IETS
P1 | Em.Dpm. Loads | Combo. ABE | A7 | 92 |00 | D000t | 00017
p2 | Em.Dpm Loads | Comio. 0058 | 5% | 057 | noooos | aoomt | noonsn
p2 | Ev.Dypm. Loads | Comdo. A0 | 5B | 057 | -2000m | 00001 | 0000187
731 | Em.Dym. Loads | Combo. 02 | 606 | o7 |noowe3 | ooxt| nooossy
731 | Em. Dy Loads | Combo. 42 | A6 | 472 | 00%2 | 00001 | 900136
732 | Em. Oy Loads | Combo. 02 | &6 | o7 | 000203 | aooent | aconssss
732 | Em. Dpn. Loads | Comio. an | 406 | 412 | 0oxe | -4 | 0o
pe | Emw. Dy Loads | Combo. 0 | 625 | 106 | 0001 | Q05 | 0.0001865
741 | Em.Dyn Loads | Combo. 42 | €25 | 105 | 9002 | -1E0¢ | 000136
P47 | Em. Dy Loads | Combo. 02 | 625 | 105 |0000M1| OTED5| 0.000136
pe2 | Emw.Dpm. Loads | Combo. 22 | 65 | 106 | a000n | 1504 | 000016

F|IESF\5F 5FFF 5T
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c¢) Displacement Check

The max. Displacement at the concrete top edge of the
supports points is 7.3x10° mm, as shown in table V.

TABLE V

Joint Displacementwithout using LRB
| i ispau=nents without usie Lezd Rabier Bearines
Joit | Ougpulse |CasType [Sepfge| W0 | W | W | R | R | B
Teit Tt Te | Tem mm mm mm | Fadiass | Radiens | Radians
PL | Ew. Dyn.loeds | Combe. |Mex | W00388| LI7ISTO| 00028 | L37E06 | R5E47 | K45
Pl | EmeDyn.loads | Combe. |Min | £00030) 07058 | L0028 | 14605 | geqp | IS
P! | Enw.Dyn.loads | Comba, |Max | 000379 0301132 | 0003834 | 151606 | Beg7 | IEAS
P! | Emw.Dyn.loads |Combe, |Min | 00038 30013 | 0833 | -Lseds | ey | IS
P31 | Emv.Dyn.Loas | Combe, |Max | 000517 0310264 | 00dnd | 14606 | R1ey | IS
P31 | Ew, Dy, Loecs | Combo. |Min | 000253 L3104 | 9a0edn | -L6E0e | gy | BEAS
P31 | Ev.Dyn.Loads | Combe, |Max | 00017 0310244 | 0042 | L4606 | Reg7 | IS
P32 | Ew, Dy, Loecs | Combo. |Min | 000253 L3104 | Da0edn | -L6ge | gy | BELS
P41 | Env.Dyn. Loacs | Comba, | Max | 0402476 | 0330184 | 00073 | 1700 | 07 | 1S
P41 | Erw, Dy, Loecs | Combe. |Min | D00MB| 33810 | 90735 | -LEEDG | 77 | BEAE
PA] | Ew. Dyn.Loecs | Combe. | Max | MIIMTG | 0338184 | 0007353 | 178605 | fiseqm | BEAS
P4 | Ev. Dy Loads | Combe. |Min | D01MB| 133819 | 90735 | -Lees | gy | IS

d) Frequency Range Check (case 1)

For first natural frequency with participation mass >5% As
per DIN 4024-1

Operating frequency/range First natural frequency

50Hz (3000 RPM) / X% +Y% | 50Hz- (20+X)% to 50Hz + (25+Y)%

X and Y depend on the local grid code and/or machine
vendor requirements.
Typical values would be: X=5 and Y=3.

For a 50 Hz application that would mean exclusion
range of 37.5 Hz to 64 Hz, for the first natural frequency.

From Sap2000 model output Modal Cases No. (1, 2, 4,
5&7) have a mass participation ratio >5% as shown in table
VI marked in red and some of them are in safe frequency
range as shown in frequency table I1l. Butmode number 7 is
in the excitation value (frequency = 37.49) which mean that
it is in the danger range which lead to maximize the size and
geometry of foundation to be in the safe frequency range but
it is better to use a smart economic solution with using
damping devices and compare the values in the next pages.

Impact Factor: 1.98 46



A
IRJIET

TABLE VI
Participation Mass Ratio for Each Mode shape

Case | Steplyppe | Sizphum | Pesind 1 ur I Sumll | Semll¥ | Semld
Text | Text | Unitless  Sec Unitless | Unitless | Unitless | Unitless | Unitless | Unitless
MODAL | Mode 1 |eaess| nessow | 9295E19 | oooooosoms | oteconr | o.sE | oooooim
MODAL | Mode 1 ease| asaEae | asens 0 1.500007 | (L9E12%5 | 0.0000030ES
MODAL | Mode 1 | eann ] 1015 0 800007 | (1.999774 | 0000003083
MODAL | Mode 4 | ooum | ooooos [ 0423779 | 0500008 | 00007 | DA2ITER
MODAL | Mode 5 masn | 0000 [ 0051966 | 0.500081 | 00007 | DNETER
MODAL | Mode L ] 1000285 ] 0500081 | 0000934 | DNETER
MODAL | Mode 7| Ba2ssen | 0L00DNEEE [ DTS | D.S000m9 | 0000934 | D41
MODAL | Mode P | oooses | sENEW | nawensss 0 0500080 | 000023 | DasaeL

e) Frequency Range Check (case 2)

For higher natural frequency with participation mass (5%
> participation mass >1%) As per DIN 4024-1

Higher natural frequencies
50Hz - (10+X)% to 50Hz + (10+Y)%

Operating frequency/range
50 Hz (3000 RPM) / -X% + Y%

For a 50 Hz application that would mean exclusion
range of 42.5 Hz to 56.5 Hz for higher natural frequencies.

From Sap2000 model. Output Modal Case No. (3) is a
(5% > participation mass >1%) as shown in table VI. And
Frequency as shown in table Illis in the safe frequency
range.

4. Dynamic response for Turbo Generator Foundation
with using supplemental passive damping devices

This section introduces the design data and dynamic
properties foundation with supplemental damping devices
(Lead Rubber Bearing).

a) Calculate the stiffness of each bearing

Total weight of (machine + foundation system) (W) = 5374
KN

Consider No. of isolators = 6 isolators (isolator in the top of

each column)

-~ Load per isolator = % =896 KN

Consider target of isolation efficiency n = 90%

Considering isolating damping as 10% which means that { =
0.1

~ From the graph (Isolation frequency VS. frequency ratio)
Bhatia (2008), the frequency ratio (B) = 3.6
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314.16
3.6

= Required isolator frequency (P) = % = = 87.26 rad/s

As @ = % = 314.16 rad/sec

= Required isolator deflection §,calculated as follows:

p= |4
“P= |Z,
o2y 9 __9810 _
= (P =5, Then, §=————=12mm
. . . 896
= Stiffness of isolator (Vertical) = Ky = - 750 KN/mm

-~ Stiffness of isolator (Lateral) = Kx = Kz = 0.6 x 750 = 450
KN/mm

And the following figures 6&7, shows location of LRB
above foundation columns and its simulation using
SAP2000 FE model.
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Figure 6: LRB above Columns Locations on TG Foundation

S

b

Figure 7: Simulating LRB in Sap2000 model

b) Mode Shape and Frequencies

The following table VII, shows the modes and frequencies
for Machine foundation with using Damping devices (lead
rubber bearings).
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TABLE VII
Mode shapes Periods and Frequencies with using LRB

Modal Periods And Frequencies with using Lead Rubber Bezrings
ODuputCzse | StepType | Stepbum | Peiod | Freguency | Circfreq | Eigenvalue
Text Text Unitless Ser Cyefsec | radfsec | rad2fseck
MODAL Mide 1 L4565 10516 735 46184
MODAL Mide 1 ILE432 11304 7151 5452
MODAL Mide k) LTG0 13584 35368 THTA
MODAL Mide 4 I3TAlE ] 164.1 27350
MODAL Mide 5 [ M4 pd el 46020
MODAL Mide LIE425 35181 L 45341
MODAL Mide 7 L4344 41152 il | 1043
MODAL Mide ) L4456 a3y p< S0

c¢) Velocity Check

The max. Velocity at the concrete top edge of the
supports points is 1.00 mm/s (r.m.s), as shown in table VIII.

TABLE VIII
Joint Velocities withusing LRB

| it Velvites with using Lead Rebber Bearings

joint|  Outpritase | CaseType [StepTge] w1 | w2 | B | m R e
Text Ted Tet | Ted | Meys | mms|mmis| Rads | madls | maths
Pl | Eov. Donamic Laods | Comi Mo | amnd | Ler | o || asen | EM
Pl | Eov. Donamic Laods | Comi vin || e [ o | aseem | e [ Em
P! | Eov. Ivuamic Lasds | Combi Mar | OUBBEN | 203 | 04D | DUBODLEEI | OIS | ZEM
P! | Eov. Draamic Luads | Com Min | | 233 | o | awenss | e | Ew
P11 | Eov, Irnamic Lasds | Comit M | e | 20 [ e | oemnss | eens |
P11 | Eor. Drnamic Laods | Cam M | 42 | 206 | o | amens | e | Ew
P11 | Eor. Dvnamic Laods | Combi M |k | 206 | s | oewnss | eeens | M
#11 | Eov. Drnamic Laods | Comi M | | 206 | oo | aeeenn | e [ Em
Fi1 | Env. Dymamic Lasds | Comii Aax 13 | 211 1 | (DML4ET | BGEEDS | IEM
P41 | Eov, Irnamic Lasds | Com M | 42 | am | 1| amwew| 4 | JEM
P41 | Eov. Irnamic Lasds | Comit M |z | am [ 1 oo | esEes |
(P42 | Eow, Dnamic Loods | Combinstion | Min 428 | 201 | 1 | aweewr | 4758 | JEM

d) Displacement Check

The max.Displacement at the concrete top edge of the
supports points is 5.3x10° mm, as shown in table IX.

TABLE IX

Joint Displacement with using LRB

Ty .'-.-!'i-::} i

ont| Otpitae | Caelpe Sewlpe| UL | 2 i

B (0 | R|[ B
(Tet| Tedt Tet | mm | mm | mm | pd | od |
H | DD leads | Cenimatin 0060 | BIONG | BMD | TISET | 3T ANES
¥ | EwDnlob | Cishiatve L0005 | 0T ML | TIEET | SMIET| ARES
B | DD Luds | Comimatin 000074 | DIMTED | OGNS | RITEET | SNNET | NN |
P | Dl lub | Cinhiatie L0 | BT | RIS | ROET | SIET | A4 |
231 | Eov. D Liads | Combimatin OIS | AOS4RD | OGN | LMET | ABIET | MRS |
| 23] | Eex.Da Loads | Combimation AN | 0 | S0 | SHET | AKIET ARES
P31 | Ewv. I Laais | Comibimation AN | DY | G0 | LMET | SEIET | MISES |
P31 | Ew. D Luads | Comimation A0 | s | s | J4ET | SRIET] NS |
P41 | B I Luoks | Comhination 30 | DI | OB | SOWET | AT | M4
241 | Ewn.DnLiads | Combimation D60 | DI | LIS | RTMET [ AMET | AMES |
| P41 | Eac. D Luads | Comhimatin A3 | DMEISS | OISR | STRET | ST | MMOE4 |
241 | Eex.Dra Liais | Comhizatin L0050 | DS | BIGRS | ET | AT | 2004 |

F|F|F|F FIFFIFFFEFF &
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e) Frequency Range Check (case 1)

For first natural frequency with participation mass >5%
As per DIN 4024-1

Operating frequency/range First natural frequency

50Hz (3000RPM) / X% +Y% | S0Hz- (20+X)% to 50Hz + (25+Y)%

X and Y depend on the local grid code and/or machine
vendor requirements.
Typical values would be: X=5 and Y=3.

For a 50 Hz application that would mean an exclusion
range of 37.5 Hz to 64 Hz, for the first natural frequency.

From Sap2000 model output Modal Cases No. (1, 2, 3,
4&5) have a mass participation ratio >5% as shown in table
X marked in red and their Frequencies shown in the
frequency table VII. And as shown the lead rubber bearing
lead all the frequencies to be in the safe frequency range,
also mode number 7 now is out of (mass ratio > 5%) and
that is shows how lead rubber bearing significantly affect
the dynamic responses of turbo-generator foundation.

TABLE X
Participation Mass Ratio for Each Mode shape with using LRB
|-umif|ﬁ||uﬁ
a5z | Step¥ype | StepMam | Perind ] ur I} Samlll | Sl | SumlE

Text | Test | Unitless| Ser | Unitless | Unitless | Unitless | Unitless | Unitless | (Unitless

MODAL | Madz 1 [ | BIELT | 0ESeE 1 LISEIT | QA5]6ES ]

MODAL | Made 1 umu:l WG | GISIELT | QOODREIILY | LERRSGG | Q.AN16EY | DOGMNINIID

MODAL | Made 3 [ 007560 | LIELE | LTI 1 LERR5GG | Q908 | LOOMIDD
MODAL | Mad: 4 [ 0ByTelE | 000022 1 LBISTEE | LSORSSE | 000083 | BKETHY
MODAL | Mad: 3 [ ENOEs | 0000 1 LITGLIS | LSAMOIE | 000083 | IBS1SE
MODAL | Mad: § [ 0E3EE| LEIELS | LI 1 LEANIE | QUSRS | 055150
MODAL | Mad: T [ ORSH | 0GWTHE | LOMELR | QUIOSHSE | LROMUE | ONMSEE | 00TH

MODAL | Mad: B[ LERELT | WM | LSTIE-N | LRSMUE | OOMOE1 | 00TH

f) Frequency Range Check (case 2)

For higher natural frequency with participation mass (5%
> participation mass >1%) As per DIN 4024-1

Higher natural frequencies

50Hz - (10+X)% to 50Hz + (10+Y)%

Operating frequency/range
50 Hz (3000 RPM) / -X% + Y%

For a 50 Hz application that would mean an exclusion
range of 42.5 Hz to 56.5 Hz for higher natural frequencies.

From Sap2000 model. Output Modal Case No. (7) isin a
(5% > participation mass >1%) as shown in table X. And
the corresponding Frequency as shown in table VII is in the
safe frequency range.
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V. COMPARISON BETWEEN DYNAMIC
RESPONSES WITH/WITHOUT LRB

The previous results showed the great effect of using LRB
in changing the behavior of dynamic responses for machine
foundation as it leads the machine and foundation to be at the
safe dynamic frequencies range without maximize the size of
table top of machine foundation and also it leads to decrease
the velocity and displacements of foundation and under is the
comparison between the results.

a) Time/Frequency Chart without using LRB

The below chart figure 8, shows the Time vs. Frequency
without using LRB
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Figure 8: Time vs. Frequency without using LRB
b) Time/Frequency Chart with using LRB

The below chart figure 9 shows the Time vs. Frequency
with using LRB
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Figure 9: Time vs. Frequency with using LRB
¢) Velocity comparison Chart with/without using LRB

The below chart figure 10, shows the Velocity of T.G
foundation with/without using LRB at machine resting
points

International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 3, Issue 5, pp 42-52, May-2019

Velocity With/Without LRB

Figure 10: Velocity comparison with and without using LRB

d) Displacement comparison Chart with/without using
LRB

The below chart figure 11, shows the Displacement of
T.G foundation with/without using LRB at machine resting
points

Displacement With/Withot using LR8B

Figure 11: Displacement comparison with and without using
LRB

VI. STUDY THE DYNAMIC RESPONSE OF T.G
FOUNDATION AFTER DECREASING TOP DECK
MASS USING LEAD RUBBER BEARINGS

This section studies the effect of LRB in reducing the mass
of the table top foundation, which means use more economic
sections with less mass and dimensions in the power plants.
Through this study,the good response appears when top deck
of the foundation decreased by 20%. And this percentage can
be changed according to the mass and loadsof each
foundation.Which mean that LRBleads to use machine
foundation with less area and more economic concrete
sections. And under is theresults after reducing 20% of
foundation top deck.

a) Mode Shape and Frequencies

The following table XI, shows the frequencies for each
mode shape after reducing 20% of top deck masswith using
Damping devices (lead rubber bearings).
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TABLE XI c) Frequency Range Check (case 2)
Mode shapes Periods and Frequencies with LRB after
reducing 20% of top deck mass For higher natural frequency with participation mass (5%

> participation mass >1%) As per DIN 4024-1

| OutputCese | StesType | Stephtem | Period | Frequescy | Crchreq | Egemslue : : :
Yo <y % e | safi Operating frequency/range Higher natural frequencies
MODAL Node 1 0085597 | 1683 | 7305 53882 50 Hz (3000 RPM) / -X% + Y% 50Hz - (10+X)% to 50Hz + (10+Y)%
MODAL Mode 1 0082164 2amn T6ATI 5478
MOOAL Maode 3 0068331 14,507 1182 8303.8
MODAL | Mede | 4 | 0meEs | 2ase | 1es | 29398 For a 50 Hz application that would mean exclusion
MODM Mode $ oman | 348 | 2304 | 6 range of 42.5 Hz to 56.5 Hz for higher natural frequencies.
MOOAL Mode ¢ 026se3 | %088 | 1303 | S
MODAL Mode 7 0.02524% 39612 .89 BiME -
“wood | Meie | 0 e | meu | zum | s From S.ar.J mt?del output. Modal Cases No. (5&7) areina
(5% > participation mass >1%) as shown above in table XIlI,
b) Frequency Range Check (case 1) and the corresponding Frequencies are in safe frequency

range.
For first natural frequency with participation mass >5% As
per DIN 4024-1 d) Time/Frequency Chart with using LRB after reducing
20% of top deck

Operating frequency/range First natural frequency The below chart figure 12 shows the Time Vs.

50 Hz (3000 RPM) / -X% + Y% 50Hz - (20+X)% to 50Hz + (25+Y)% Frequency with using LRB isolator with reduction 20% in
the top deck concrete mass.

X and Y depend on the local grid code and/or machine
vendor requirements.

TIME/FREQUENCY CHART WITH LRB AFTER DECREASING 20% OF TOP DECK
6L B

Typical values would be: X=5 and Y=3. & W e
T B
For a 50 Hz application that would mean an exclusion é :
range of 37.5 Hz to 64 Hz, for the first natural frequency. [
» =
: D
From Sap2000 model output with using supplemental % f
lead rubber bearings we found that Modal Cases No. (1, 2, 3 £ o s lcml sl ==
& 4) which marked with red in table XII have a mass Vo | Mem | Mk | M W=
participation ratio >5% and Frequencies are in the safe LIRS | DEEEH | DOCHIST | DITS | QTSR 2

frequency range. Which means that lead rubber bearings IR | GIENS | O3 | DI B
lead all of these frequencies to be in the safe frequency
range and out of the excitation range after reducing 20% of
top deck foundation.

W57 DI U688 fegveee

Figure 12: Time vs. Frequency with using LRB after reducing
TABLE XII 20% of top deck

Participation Mass Ratio for Each Mode shape with using LRB

after reducing 20% of top deck mass e) Velocity Check after reducing 20% of top deck

The max. Velocity at the concrete top edge from all

(e |Segiype | Sephmm | B | W w @ | SR | Sowlt | Smi? support points is 1.16 mm/s (r.m.s).
Tat | Tem |Unitess| Ser | Uses | Usiess | Uniles | Unties | Uritlss  Unifes
WOl | Mede | 1 |omsS®l 1 | omee | 0 | L3403 0 f) Displacement Check after reducing 20% of top deck
MODAL | Node 1 |Q032154| 0395831 | LOLE-16 | LD38E-0€ | 0.933332 | 0831683 | 1033206 )
The max. Displacement at the concrete top edge from all

MODAL | Niode 3 |00s3t| 1E13 | S 0 0333332 | 035526 | 1038206 . .

support points is 5.3x10-3 mm.
MODAL | Node 4 003555 0060012 0 0753806 | 0333344 | 055626 0753807
WOOWL| Mode | § |GOOETH| QMGSE | ASTIEDD | QAU |ASHMR | 03906 QRIS So from the previous results, tables and charts,lead rubber
BB Neh | € OMDOIINEN: LNNT | INED |ARN0 IO LATNES bearings (passive supplemental devices) not only lead the
B |l | 7 |GENG DML N | SRR STONR) SRS ANIR dynamic properties of Turbo-Generator foundation to be in the
kI EL HE b L L B safe frequency range, but also lead to decrease the mass and

© 2019 IRJIET All Rights Reserved www.irjiet.com Impact Factor: 1.98 50



dimensions of foundation with safe dynamic responses, which
means use more economic foundation concrete sections with
less mass and dimension and good dynamic properties. And

figure 13 shows the Turbo-Generator foundation after
decreasing the top deck of foundation with 20%.

=2 1 ’ v |
L&l
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<

Figure 13: T.G Foundation after decreasing Top Deck with 20%
and still in the Safe Range

V. SUMMARY

The purpose of this paper is to highlight the effect of
supplemental damping devices in changing the dynamic
behavior of turbo-generator foundation. Study of T.Gframe
foundation is introduced. And to model such large framed
foundation a SAP2000 finite element model is built using shell
and frame elements. The main analysis performed to compare
the dynamic behavior of foundation with and without using
damping devices are: (1) Frequency analysis, (2) harmonic
analysis.

Frequency analysis is performed to determine the natural
frequency of the foundation and the percentage of masses
captured by the modes of vibration and the frequencies
corresponding to it. This analysis done for two cases with and
without using damping devices (LRB) to compare the results.
In addition to that, the frequency analysis is used in study to
check if the foundation natural frequency is outside the
machine operating frequency with +/-20% margin in each
case.

Harmonic analysis is performed to determine the response
of the foundation to the dynamic unbalanced loads that applied
from the machine to the foundation during all machine
operation time to compare the results with and without
damping devices (LRB).

Study the effect of damping devices in decreasing masses
of the foundation therefor reduce the construction cost is
introduced for more economic foundation.
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VI. CONCLUSION

Based on the results of this study the following can be
concluded:

Frequency Analysis: Using supplemental damping devices
(LRB) has a significant effect on changing the fundamental
frequency, changes in the natural frequency values are
observed due to using lead rubber bearing which lead the
turbo-generator foundation locate in the safe frequency range
by changing the dynamic response for the foundation from
being set in resonance condition to be out of the resonance
condition which lead the foundation to be in the safe dynamic
range.

Harmonic Analysis: using of supplemental damping devices
(LRB) reflect in changing the displacements, velocities and
amplitudes with good results to ensure that using damping
devices improve the dynamic responses of turbo-generator
machine foundation in both frequency analysis and harmonic
analysis.

Also results shows that decreasing 20% of top deck of the
foundation with using LRB still setting the foundation in the
safe range with good dynamic responses which means that
using damping devices in machine foundations is more
economic and more efficient for machine stability.

REFERENCES

[1] Bhatia, K. G. (2008). Foundations for industrial
machines and earthquake effects.

[21 Nawrotzki, P., Hiffmann, G., &Uzunoglu, T. (2008).
Static and dynamic analysis of concrete turbine
foundations. Structural Engineering
International, 18(3), 265-270.

[3] Jayarajan P., Kouzer K.M. (2014). Dynamic analysis
of Turbo-generator Machine Foundation. Journal of
Civil Engineering and Environmental Technology.

[41 Adhikari (2003). S. Turbo generator foundation II.

[5] IS 456. (2000). Plain and reinforced concrete—code of
practice. Indian Standard, ICS, 91.100. 30, New
Delhi.

[6] ACI Committee, & International Organization for
Standardization. (2008). Building code requirements
for structural concrete (ACI 318-08) and
commentary. American Concrete Institute.

[7] IS 2974-1 (1982). Code of practice for design and

construction of machine foundations.

[8] Seo,J., Hu, J. W., & Lee, J. (2015). Summary review
of structural health monitoring applications for

Impact Factor: 1.98 51



L /..L_}. N
IRJIET

highway bridges. Journal of Performance of
Constructed Facilities, 30(4), 04015072.

[91 Morgan, T., Whittaker, A. S., & Thompson, A.
(2001, October). Cyclic behavior of high-damping
rubber bearings. In Proceedings.

[10] Vu, T. D., Kim, D., & Cho, S. G. (2013). Updating of
Analytical Model to Consider Aging Effects of Lead-
Rubber Bearings for the Seismic Design of Base-
Isolated Nuclear Power Plants. Nuclear
Technology, 182(1), 75-83.

International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 3, Issue 5, pp 42-52, May-2019

[11] IOf, S. (2009). ISO 10816-7: Mechanical vibration -
evaluation of machine vibration by measurements on
non-rotating parts.

[12] DIN 4024-1 (1988). Machine foundations; flexible
structures that support machines with rotating
elements.

[13] DIN 4024-2 (1988). Machine foundations; rigid
foundations for machinery with periodic excitation.

Citation of this article:

and Technology (IRJIET), Volume 3, Issue 5, pp 42-52, May 2019.

Mohamed Adel, Yassr Alzeni, Ahmed Ghalab, “Structural Dynamic Behavior of Turbo Generator Foundation Connected
with Passive Supplemental Damping Devices” Published in International Research Journal of Innovations in Engineering

*khkkkkk

© 2019 IRJIET All Rights Reserved www.irjiet.com Impact Factor: 1.98 52



