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ABSTRACT

In general Primary Air fan (PA Fan) foundation consist of a block foundation / semi framed
foundation with heavy concrete mass. Its dynamic behavior is studied using Barkan’s method by
most of the engineering practitioners. This method has limitations in providing wholistic details
of foundation behavior like transient stage behavior, response at specific part of the foundation
etc. However, in this study a three-dimensional Finite Element model is used to study its
dynamic behavior. ANSYS software is used for modeling the foundation with three-dimensional
Finite Elements. Appropriate soil structure interaction is resembled with suitable elements
available in ANSYS element library. Natural frequencies of the foundation system and
displacement amplitudes are obtained using the above model. Mode shapes of the various modes
are plotted. Foundation response for equipment startup and shut down conditions are studied by

plotting displacement amplitudes w.r.t frequency variation.
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1 INTRODUCTION

PA fan foundation is one of the critical foundation in
thermal power plants. Primary Air fans of this capacity
are used in thermal power plants of size 800MW.
Abnormal fan vibrations may lead to operational
problems, shutdowns, and curtailed operations of
power plants. The safe and optimum design of
foundation for this critical equipment is an important
aspect in power plants. Therefore, the analysis of large
structural concrete foundations for fans presents a
challenge to a wide variety of industrial plants [1].
Concrete foundation cracks result not only from
mechanical defects which cannot be completely
resolved by plant personnel (e.g. imbalance and
misalignment), but also from type of loading, speed of
rotors, and cyclic and dynamic loading. Fan vibration,
caused by the mentioned reasons as well as the
frequency resonance of the dynamic load, can reduce
the safety factor of fan foundation [2,3]. Simply
checking the validity of the foundation design for the
stationary situation (as it often happens in practice)
might not be enough to produce a proper foundation
design [4].

Evolution of software’s based on Finite element
method’s such as Staad.Pro, SAP, ANSYS, Nastran
etc.., paved the way to understand the behaviour of
these block foundations under dynamic loads under
different operating conditions. From output results of
these software’s one can read the displacements /
velocity amplitudes at different points on the
foundation. This is helping practitioners to predict the
behaviour of foundation more precisely during
equipment operating conditions. The finite element
model (FEM) is a beneficial method to include all
parameters without the construction of a full-scale
foundation [5]. Research has shown that the first and
second natural frequencies obtained from a stiffness
matrix with coupled lateral behavior provided very
good correspondence with the FEM of the foundation,
especially when the effects of inertia on the foundation
were negligible [6]

2 GEOMETRY AND BASIC DATA

The geometry is considered as per machine
manufacturer’s foundation input drawings. It can be
seen from the geometry shown in figure 2.0, that the
fan foundation is a block foundation supported by
framed foundation.

2.1 Material properties

Table-1 Material properties of concrete

Material | Property Value
Density, KN/Cum 25
Characteristic ~ Strength,

2 35

Concrete N/mm

M35 > | Upper  Modulus  of | 40000
Elasticity, N/mm? (Dynamic)

Y (Dynamic)

Dynamic young’s modulus of concrete will have a
range also actual concrete grade that will used at
construction may vary on upper side. Hence the FEM
analysis is required to be done for the lower and upper
possible values of Young’s modulus of concrete. M30
grade of concrete is used for pile.

2.2 MACHINE DATA

The machine and foundation arrangement with the
loads are specified in machine manufacturer’s drawings
/ documents. The salient features of the machine are
summarized as below.

Total Fan Weight 373.3 kN
Motor weight 155 kN
Weight of rotating parts in fan = 29.40
kN
Weight of rotating parts in motor=  40.00
kN
Self-weight of the Foundation = 3091
kN

weight ratio of Foundation to Machine = 5.85> 2.5
weight ratio of Foundation to rotor = 44.538 >2.5

23 SOFTWARE REFERENCE

ANSYS/Structural 13.0 ver, ANSYS, Inc., USA is
renowned and is in practice in the industry both
nationally and internationally for similar type of
structural dynamic analysis for PA Fan foundations.
Consistent units of Newton, Meter are used in the
present analysis.

3  FEM MODELING OF STRUCTURE

Solid brick finite elements are used to represent the
geometry of fan foundation for dynamic analysis. The
solid model is built in ANSYS software based on this
geometry and then the finite element is created by
meshing using solid elements “solid186” of ANSYS
element library. The volume mesh contains brick
element shapes of the solid186 shown below. Solid186
element has three degrees of freedom in three linear
directions. The foundation is provided with piles spring
supports estimated as per the soil characteristics of the
site.
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Figure.1 Solid186 Element Geometry

The following sections describe the analysis/design
methodology including loading consideration and
finally summarize the results.

3.1 MODAL ANALYSIS - NATURAL
FREQUENCIES

The Mode-Frequency analysis for natural frequency
and mode shape determination is carried out in
ANSYS. The assumptions made in this analysis are:

a) The structure has no time varying forces,
displacements, pressures, or temperatures applied,
which means that this is free vibration analysis.

b) There is no damping in the structural
system.

¢) The structure has constant stiffness and
mass effects.

3D MASS 21 element (from ANSYS element library)

is used to represent machine mass application points on

foundation block. COMBIN14 is used to model vertical
and lateral pile springs on the foundation.

The natural frequencies are requested for first 50
modes of vibration. But only 10 modes are present in
the foundation system below 50 Hz and they are
tabulated below. Refer to ANSYS output in Section 5
for natural frequency output and mode participation
factor table.

3.2 Dynamic stiffness Calculations

Data:
Length of the pile L = 49 m
Diameter of the pile D = 0.75 m
Radius of the pile R = 0.375 m
Pile Slenderness = L/R 130.7

Weighted average Young's modulus of the soil along
the pile length to be calculated as per site condition.
However, the same is considered as 206.8104 MPa in
the present analysis.

Ep =
= 27386 MPa
Poisson's Ratio = 0.281
Unit weight of the concrete = 25kN/m?
Shear Modulus,
Es
Gs = 2 = 94.288 MPa
(2]
Unit weight of the soil, y s = 18 kN/m?

Shear wave velocity,

Gs
vs= | =2 -

7.1685 m/sec
Ys
(3]

Compression wave velocity

E
Ve= / L9 =
Yp

(4]

103.66 m/sec

Vs/Ve  =0.069
Stiffness Factor fig)1 =0.036
Radius of the pile =375 mm

Vertical Stiffness is governed by the soil at the bottom

of the pile which is dense sand.
Ep.A

Kz = (—) f181 [5]

Yo

=1161954283 N/m

Since the Lateral Stiffness is governed by the top pf the
pile which is dense sand.

=123.52 MPa
=0.258

Young’s Modulus Es
Poisson’s Ratio

Shear Modulus,
Gs= —= [6]

2(1+w)
=49.094 MPa

Shear wave velocity,

vs =+ Gsg/ys [7]

=5.17 m/sec
Compression wave velocity

Ve = /E’Y';Zf = 103.66 m/sec (8]

Vs/Ve =5.173/103.7 =0.0498

From table 5-2 of the Design of structures and
foundation for vibrating machines by Suresh Arya,
Michel O’ Neil, Gorge Pincus.

5000/ fck



f11,=0.03591

Moment of Inertia (I) = 15E +09

Horizontal Stiffness Kx = (%) f11,1 [9]

=289757370.5 N/m

Modal Analysis is performed for both the static pile
stiffness and dynamic pile stiffness. The frequency
separation criteria is met for both the cases.

4 STRUCTURAL MODEL SKETCHES

Below sketches shows the FEM model of ID fan
foundation system generated using the ANSYS
software.

4.1 ANSYS model sketches
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Figure 2. ANSYS - solid model
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Figure 3. ANSYS - solid model — element mesh

Figure 4. ANSYS — solid model — applied boundary
conditions

5 ANALYSIS OUTPUT

5.1  ANSYS - natural frequencies for upper “E”

Table 2. Participation factor calculation X direction

RATIO
FREQUENC PARTIC. EFFECTIV CUMULATI EFF.MASS
MODE i PERIOD FACTOR RATIO E MASS ;I:AI:I::ISOSN TO TOTAL
MASS
1 6.61 0.151 -1.09E-05 0.000 1.19E-10 2.72E-16 2.72E-16
2 8.68 0.115 6.20E+02 1.000 384170 8.79E-01 0.878621
3 11.27 0.089 8.07E-06 0.000 6.51E-11 8.79E-01 1.49E-16
4 18.32 0.055 -1.19E+01 0.019 142398 8.79E-01 3.26E-04
5 18.97 0.053 -9.25E-06 0.000 8.55E-11 8.79E-01 1.96E-16
6 20.51 0.049 2.25E+02 0362 5.05E+04 9.94E-01 1.15E-01
7 26.22 0.038 4.92E+01 0.079 2.42E+03 1.00E+00 5.55E-03
8 26.91 0.037 4.57E-05 0.000 2.09E-09 1.00E+00 4.78E-15
9 42.34 0.024 3.31E+00 0.005 1.10E401 1.00E+00 2.51E-05
10 43.61 0.023 6.57E-05 0.000 4.32E-09 1.00E+00 9.87E-15
sum 4.37E+05 1.00E+00
Table 3. Participation factor calculation Y direction
CUMULATI RATIO
MODE FREQUENCY PERIOD T ATTC  maio FTFECTV vEmass SRS
FRACTION
MASS
bl 6.61 0.151 1.11E-05 0.000 1.24E-10 2.83E-16 2.83E-16
2 8.68 0.115 3.08E+00 0.005 9.51343 2.18E-05 2.1758E-05
3 11.27 0.089 -4.18E-06 0.000 1.75E-11 2.18E-05 3.99E-17
4 18.32 0.055 6.54E+02 1.000 427678 9.80E-01 9.78E-01
S 18.97 0.053 1.14E-04 0.000 1.30E-08 9.80E-01 2.98E-14
6 20.51 0.049 3.14E+01 0.048 9.89E+02 9.82E-01 2.26E-03
2 26.22 0.038 -2.99E+01 0.046 8.97E+02 9.84E-01 2.05E-03
8 26.91 0.037 7.63E-06 0.000 5.82E-11 9.84E-01 133E-16
9 4234 0.024 8.34E+01 0.128 6.96E+03 1.00E+00 1.59E-02
10 4361 0.023 1.54E-03 0.000 2.39E-06 1.00E+00 5.46E-12
sum 4.37E+05 9.98E-01

Table 4. Participation factor calculation z direction



PARTIC erpecry CUMULAT EFRFAJ'& s 52  ANSYS - natural frequencies for lower “E”
MODE FREQUENCY PERIOD _ o RATIO “hnc’ VEMASS - 'o or
FRACTION . . . .
MASS Table 8. Participation factor calculation x direction
il 6.61 0.151 5.78E+02 1.000 3.35E+05 7.65E-01 7.65E-01
2 8.68 0.115 1.14E-05 0.000 1.295E-10 7.65E-01 2.9618E-16 RATIO
CUMULATIVE
3 1127 0089  398E401 0069  158E:03  7.69E01  3.62E03 MODE FREQUENCY PERIOD ::::;. RATIO T;ve Wass ::F.Trgﬁi
4 1832 0055  -651E05 0000 4241609 760601  9.70E-15 FRACTION T30
5 1897 0053 318802 0549 L0105 1.00E+00 231801 1 6.41 0.156  -1.18E-05 0.000 1.39E-10 3.18E-16 3.18E-16
6 2051 LR T TR 7 T 2 835 0120 6136402 1000 375775  860E-01 085942
’ 2622 0038 4iS6EO6: 0000 20711 400800 A75EL7 3 1085 0092 9.69E-06  0.000 9.39E-11  860E-01  2.15E-16
8 2691 0037 815601 0001  6.65E-01  1.00E+00  1.52E-06 4 17.72 0056 -6.97E+00 0.011  48.6029  860E-01  1.11E-04
9 4234 0024  -987E05 0000  9.74E09  100E+00  223E-14 5 1855 0054 -933E06 0000 870E-11 860E-01  199E-16
10 4361 0023  538E400 0009  290E401  100E+00  6.62E-05 6 1979 0051 243E+02 0397 592F:04 995601  135E01
sum 4376405 1.00E+00 7 24.87 0040 4626401 0075 2.14E+03  1.00E+00  4.89E-03
8 25.47 0.039 4.62E-05 0.000 2.13E-09 1.00E+00 4.88E-15
.. . . 9 39.68 0.025 3.68E+00  0.006 1.35E+01 1.00E+00 3.09E-05
Table 5. Parthlpatlon factor calculation ROT X 10 4050 0025 105604 0000 1.11E-08 1.00E+00  2.53E-14
direction sum 4.37E405 1.00E+00
CUMULATI
PARTIC. EFFECTIV .. . . . .
MODE FREQUENCY PERIOD L, ~rop  RATIO Ly, os VEMASS Table 9. Participation factor calculation Y direction
FRACTION
1 6.61 0151 1816403 0991  3.29E406  4.64E-01 RATIO
2 8.68 0115  -864E400 0005 745847  4.64E01 wooe FREQUENGY Perop PARTC  pamo  EFECTIVE CUMMl;"sAs""VE EFFMASS
3 1127 0089 3876401 0021  149E+03  4.64E-01 FACTOR MASS ooy TOTOTAL
4 1832 0055  -1.83E+03  1.000 3353000  9.37E-01 MASS
5 18.97 0.053 -5.87E+02 0.320 3.44E+05 9.85E-01 1 6.41 0.156  1.21E-05 0.000  1.46E-10 3.35E-16 3.35E-16
6 20.51 0049  -8.80E+01 0048  7.75E+03  9.86E-01 2 835 0120 229E+00 0004 52439  120E05  1.1993E-05
7 26.22 0038  8386+01 0046  7.03E+03  9.87E-01 3 10.85 0092 -340£-06 0000 116E-11  120E-05  2.64E-17
8 26.91 0037  6.29E+01 0034  3.96E+03  9.88E-01 4 1772 0056 6536402 1000 426789  978E-01  9.76E-01
9 4234 0024  -2.34E402 0128  5.46E+04  9.95E-01 5 18.55 0.054 9.69E05 0000 9.38E-09 9.78E-01  2.15E-14
10 4361 0023 -180E402 0099 3268404 100E:00 6 1979 0051 170E+01 0026 291E+02 979E01  6.65E-04
sum 71006 7 2487 0040 -296E401 0045 8776402 98101  200E-03
8 2547 0039 17105 0000 291E-10 981E01  6.66E-16
9 3968 0025 9.16E:01 0140 839E+03  100E+00  1.92E-02
Table 6. Participation factor calculation ROT Y 10 4050 0025 24903 0000 621E06  100E+00 14211
direction sum 4.36E+05 9.98E-01
CUMULATI Table 10. Participation factor calculation z direction
MODE FREQUENCY PERIOD 'F’:g%cé RATIO EE:ATST;V VE MASS P
FRACTION —
i I 6.61 0.151 -3.60E+03 1.000 1.30E+07 4.66E-01 CUMULATIVE
PARTIC. EFFECTIVE EFF.MASS
2 8.68 0115  174E+03 0482 3011890  574E-01 MODE FREQUENCY PERIOD ) rop RATIO ™ ss MASS TO TOTAL
FRACTION
3 11.27 0.089 -2.52E+03 0.698 6.33E+06 8.02E-01 MASS
4 18.32 0.055 -3.34E+01 0.009 1116.37 8.02E-01 1 6.41 0.156 5.75E+02 1.000 3.30E+05 7.56E-01 7.56E-01
5 18.97 0.053 -2.15E+03 0.596 4.61E+06 9.67E-01 2, 8.35 0.120 1.23E-05 0.000 1.52E-10 7.56E-01 3.465E-16
6 2051 0049  629E402 0175  3.96E+05  9.81E-01 3 10.85 0.092 3.74E+01 0.065 1.40E+03  7.59E-01 3.20€-03
7 26.22 0038 1386402 0038  190E404  9.82E-01 4 17.72 0.056  -5.82E-05 0.000  3.38E-09  7.59E-01 7.74E-15
3 26.91 0037 7036402 0195  4.94E405  1.00E+00 5 18.55 0.054  3.24E+02 0564  1.05E+05  100E+00  2.41E-01
9 42.34 0.024 9.27E+00 0.003 8.60E+01 1.00E+00 6 19.79 0.051 5.21E-06 0.000 2.71E-11 1.00E+00 6.21E-17
10 43.61 0.023 _8.73E401 0.024 7.61E+03 1.00E+00 7 24.87 0.040 7.90E-06 0.000 6.24E-11 1.00E+00 1.43E-16
sum 2 78E+07 8 25.47 0.039 -2.75E+00 0.005 7.59E+00 1.00E+00 1.74E-05
9 39.68 0.025 -1.81E-04 0.000 3.29E-08 1.00E+00 7.52E-14
10 40.50 0.025 6.65E+00 0.012 4.42E+01 1.00E+00 1.01E-04
sum 4.37E+05 1.00E+00

Table 7. Participation

factor calculation ROT Z

direction
CUMULATI
MODE FREQUENCY PERIOD ::g:g; RATIO E;;f;" VE MASS
FRACTION
1 6.61 0.151 1.06E-04 0.000 1.12E-08 4.18E-16
2 8.68 0.115 -1.85E+03 0.447 3425700 1.28E-01
3 11.27 0.089 -8.39E-05 0.000 7.04E-09 1.28E-01
4 1832 0.055 4.14E+03 1.000 17107200 7.65E-01
5 18.97 0.053 7.26E-04 0.000 5.27€-07 7.65E-01
6 20.51 0.049 1.82E+03 0.440 3.31E+06 8.88E-01
7 26.22 0.038 -1.60E+03 0.387 2.56E+06 9.83E-01
8 2691 0.037 -1.40E-03 0.000 1.95E-06 9.83E-01
9 4234 0.024 6.69E+02 0.162 4 47E+05 1.00E+00
10 4361 0.023 1.26E-02 0.000 1.58E-04 1.00E+00
sum 2.68E+07

Table 11. Participation factor calculation ROTX direction

CUMULATIVE
MODE FREQUENCY PERIOD ::g.:::; RATIO EF;:E:S.I'ISVE MASS
FRACTION
1 6.41 0.156  1.82E+03  0.995 3.31E+06 4.67E-01
2 8.35 0.120 -6.41E+00 0.004 41.1117 4.67E-01
3 10.85 0.092 3.57E+01 0.020 1.27E+03 4.67E-01
4 17.72 0.056 -1.83E+03  1.000 3346020 9.39E-01
5 18.55 0.054 -5.62E+02  0.307 3.16E+05 9.83E-01
6 19.79 0.051 -4.77E+01 0.026 2.28E+03 9.84E-01
% 24.87 0.040 8.29E+01 0.045 6.87E+03 9.84E-01
8 25.47 0.039  7.22E+01  0.039 5.21E+03 9.85E-01
9 39.68 0.025 -2.56E+02  0.140 6.58E+04 9.94E-01
10 40.50 0.025 -1.98E+02 0.108 3.90E+04 1.00E+00
sum 7.10E+06

Table 12. Participation factor calculation ROTY direction



CUMULATIVE
MODE FREQUENCY PERIOD E:(?TTIOCI:? RATIO EF;E:S.ILVE MASS
FRACTION
1 6.41 0.156 -3.58E+03 1.000 1.28E+07  4.61E-01
2 835 0.120 1.72E+03  0.479 2946070 5.67E-01
3 10.85 0.092 -2.47E+03 0.691  6.12E+06 7.87E-01
4 17.72 0.056 -1.95E+01 0.005 381.031 7.87E-01
S 18.55 0.054 -2.20E+03 0.615  4.86E+06 9.61E-01
6 19.79 0051 6.81E+02  0.190  4.64E+05 9.78E-01
7 24.87 0.040 1.29E+02 0.036  1.68E+04 9.78E-01
8 25.47 0.039 -7.68E+02 0.214  5.89E+05  1.00E+00
9 39.68 0.025 1.03E+401 0.003 1.06E+02  1.00E+00
10 40.50 0.025 -1.03E+02 0.029  1.06E+04  1.00E+00
sum 2.78E+07

Table 13. Participation factor calculation ROTZ direction

CUMULATIVE
MODE FREQUENCY PERIOD ::(mi RATIO EF:IEACSEV E MASS
FRACTION
il 6.41 0.156 1.15E-04 0.000 1.31E-08 4.90E-16
2 8.35 0.120 -1.87E+03  0.449 3492700 1.30E-01
3 10.85 0.092 -8.72E-05 0.000  7.61E-09 1.30E-01
4 17.72 0.056  4.16E+03 1.000 17306000 7.75E-01
5 18.55 0.054 6.29E-04 0.000 3.95E-07 7.75E-01
6 19.79 0.051 1.59E+03 0382  2.53E+06 8.70E-01
7 24.87 0.040 -1.72E+03  0.414  2.97E+06 9.80E-01
8 25.47 0.039 -1.56E-03 0.000 2.43E-06 9.80E-01
9 39.68 0.025 7.31E+02 0.176 5.34E+05 1.00E+00
10 40.50 0.025 2.01E-02  0.000  4.02E-04 1.00E+00
sum 2.68E+07

Upper E value:

The natural frequency along the rotor direction(X-dir)
=8.67566 Hz : 2nd Mode

The natural frequency across the rotor direction (Z-dir)
=6.61252 Hz : Ist Mode

The natural frequency in vertical direction (Y-dir) = 18.3195
Hz : 4th Mode

Lower E value:

The natural frequency along the rotor direction(X-dir)
8.35271 Hz : 2nd Mode

The natural frequency across the rotor direction (Z-dir)

6.40527 Hz : Ist Mode

The natural frequency in vertical direction (Y-dir) = 17.718
Hz : 4th Mode

The operating frequency of the Fan and motor = 1490/60

=24.83 Hz
The natural frequencies are away from the frequency range,

Fan and Motor: 19.88Hz (0.8*24.83) To 29.80Hz (1.2*24.83)
Also, 42.21Hz (0.85*2%*24.83) to 57.10Hz (1.15%2%24.83)

5.3 ANSYS — mode shape plots for upper young’s modulus
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5.4 ANSYS — mode shape plots for lower young’s
modulus
DISPLECEHENT A.N
?‘:ﬁi‘n:ﬁ; PEEFRE
Figure 11. Mode no. 1: Deformation plot
DISPLACEWENT AN
?.%é;:;?; 1182236

Figure 12. Mode no.1: Deformation plot - side view

1
DISPLACTHENT AN

. R & 2817
STER=)
B 2 11z02:54
FEEf=. 35771
ot = 02077

Figure 13. Mode no. 2 : deformation plot



1
DISPLACTWINT

'z

BTEP=),

FEEQ=H. 35271
el = BEIEYY

2017
sl Vizieae?
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1:2003)

The dynamic forces are estimated as per the machine-
balanced grade. The machine-balanced grade is 6.3.
The next lower grade is G16.

Soe ,= 16 mm/sec

Eccentricity for motor rotor, e=0.1026 mm

Table 14. Unbalanced Force Table

Unbalanced Force,

Figure 14. Mode no. 2 : Deformation plot - side view

Rotor Weight, N N
mew”2
Fan 29400 7475
Motor 40000 10170
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5.5 ANSYS — amplitude output
Dynamic Force Calculation
Eccentricity for Fan and Motor Rotor

Motor speed = 1490 RPM =156 rad/sec = 24.83 Hz

Dynamic Loads Input in Ansys:

Motor:

The centrifugal forces at motor rotor level are
transferred onto top deck as below.
Centrifugal force at Motor shaft =10170 N

Real and Imaginary components of the centrifugal

force for motor and fan are considered in the directions
as shown on the figures below.

Motor Rotor

Imaginary Component
5 » OfDynamiclLoad (£z)
1010mm Real (Fy) __ Load
A — Packets

1600 mm

Cls of Motor Base (Section A-A}

Figure 17. C/s of Motor Base (Section A-A)
Number of pockets for motor =4
Real component of the centrifugal force on each load

pad, Fy =2542.50 N (Vertical)

Imaginary component of the dynamic load will have
horizontal and a couple on the top deck.

Horizontal load due to imaginary component of the
centrifugal force on each pocket, Fz=2542.50 N (Fz)

Couple on top deck, Mx = 10271.7 N-m

Push Pull (Fy) due to couple on load pads, Fy= 3210 N
per pocket

Fan:

The centrifugal forces at fan rotor level are transferred
onto top deck as below.



Centrifugal force at Fan shaft =7475N
Number of pockets for Fan = 14
Real component of the centrifugal force on each load

pad, Fy =534 N (Vertical)

Imaginary component of the dynamic load will have
horizontal and a couple of the top deck.

Horizontal load due to imaginary component of the
centrifugal force on each pocket, Fz =534 N (Fz)
Couple on top deck, Mx =10091.25 N-m

Push Pull due to couple on load pads, Fy = 720.80 N
per pocket
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Figure 19. Dynamic Forces — Real Part
(Dynamic Load vertically downward -Y dir.)
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Figure 20. Dynamic Forces — Imaginary Part
(Dynamic Load horizontal +Z dir.)
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Figure 21. Node numbers at dynamic load points

The above dynamic loads act on the rotor at
different phase angles at motor and PA Fan locations.
However, as a conservative approach, they are
assumed to act simultaneously in the same phase at
both locations in the same direction and applied
accordingly. The displacement amplitudes are
obtained for the above worst condition and are
compared with the allowable limits.

Referring to displacement amplitude table, it may be
noted that the amplitudes are within the allowable

limits

Figure 22. Applied Dynamic Forces

5.4
frequencies:

displacement

amplitudes

for

operating

Table 15. Upper E Displacement amplitudes for
Operating Frequencies

Support Point Node Frequency Max Amplitude, m
at Range (Hz) Ux Uy Uz
45324 24-26 111E-06  263E-08 3.35E-06
39211 24-26 1.14E-06  277E-08 3.63E-06
29208 24-26 105E-06 287E-06  436E-06
26931 24-26 1.00E-06 316E06  470E06
23408 24-26 111E-06  338E-06  492E-068
23410 24-26 112E-06  357E-06 5 09E-06
= 20967 24-26 1.16E-06  3.85E-08 5.35E-06
I 45223 24-26 161E-06  271E-06 3.35E-06
39123 24-26 161E-06  287E-06 363E-06
28266 24-26 142E-06  347E-06  4.37E06
26815 24-26 145E-06  391E-06  472E-06
20744 24-26 146E-06 420E-06  494E-06
22746 24-26 148E-06  444E-08 5 11E-06
20853 24-26 150E-06 481E-06 5.37E-06
Max 161E-06  481E-06 5 37E-06
64173 24-26 1.01E-06  306E06  271E06
o 56567 24-26 9.14E-07  2.26E-06 3.17E-06
E 64191 24-26 146E-06 334E-06  271E06
= 56487 24-26 131E-06  220E-06 31TE-06
Max 146E-06  3.34E-06 3.17E-06




Table 16. Lower E Displacement amplitudes for
Operating Frequencies

Table 18. The resonant amplitudes during transient
stage for upper E are listed below

SUppD;: Foint Node Fr;:::r;cy Ux N AE:lltudE, " Uz Suont Amplitude(in Meters) for dynamic load - A’Tplm.].di(:’;tmcium.) fo'r\‘:\:::rlc I:ad y

45324  2426Hz  103E-06 234E08  3.33E00 i T {Kedir S, Y-dir 18.5H, Zcir Th)

20211 2426 Hz 108E-08 2 T9E-08 4.00E-06 Ux(8.5-9.0 HZ) Uy(18-18.5 HZ) U2(6.5-7 HZ) Ux Uy Uz

45324 184E-06 272605 136E-04 0.67 19.71 38.43

29208 24-26Hz 9.97E-07  3.34E-06 4.99E-06 39211 1.84E-06 2.66E-05 1.35E-04 0.67 19.26 38.10

26931 24-26 Hz 1.04E-06 371E-06 5.49E-08 20208 185E-06 24705 L3TE04 0.67 17.87 38.53

23408 24.96 Hz 106E-06 3.94E-06 5.81E-06 26931 185E-06 238005 136E-04 0.67 17.27 38.37

22410 9476 Hz 107E06  412E-08 6.06E-06 23408 1.85E-06 231605 136E-04 0.67 16.72 38.23

2410 1.85E-06 224605 135E-04 0.67 16.20 38.10

> 20967 24-26 Hz 110E-06  4.38E-08 6.46E-08 220067 186E06 210605 L34E-04 0.67 15.21 37.85

ﬁ 45223 24-26 Hz 1.87E-06  283E-06 3.32E-06 w 45223 175E-06 3.84E-05 1.36E-04 063 27.86 38.43

39123 2496 Hz 1.86E-08 3.11E-06 4.00E-06 39123 1.77E-06 3.78E-05 1.35E-04 0.64 27.41 38.10

28266 1.80E-06 357605 137E-04 0.65 25.89 38.53

22268 24 26 He ERIE06; IR0 S00E08 26815 1.80E-06 3.50E-05 1.36E-04 0.65 25.35 38.37

26815 24-26Hz  161E-06  4.33E-06 5.51E-08 2744 L80E06 34205 136E-04 0.65 2.79 38.23

22744 24.26 Hz 162E-06 459E-06 5.84E-06 2746 L8IE06 33405 135E-04 0.65 423 38.10

20746 94.96 Hz 164E06  481E-08 610E-06 20853 181E-06 JASE0S  LMEGH 065 B0 I

MAX. 1.86E-06 3.84E-05  137E-04 0.67 27.86 38.53

20853 24-26 Hz 167E-06  5.13E-06 6.49E-06 x 64173 183E06 24305 146E-04 0.66 17.61 03

Max 187E-06 513E-06 6.49E-06 O seS67  184E06  ATEQS  LMEM 0.67 972 40.64

64173 24.96 Hz 877E.07 4.36E.06 6.79E.06 g 64191 176E-06 327605 146E-04 0.64 371 nn

# 56567 496 Hz 701E07 288506 4 GOE06 56487 L176E-06 359E-05 L44E-04 0.64 26.04 40.64

) - - - MAX. 1.84E-06 3.59E-05  1.46E-04 0.67 26.04 4.23
o 64191 24-26 Hz 167E-06 5.66E-06 6.77E-06
= 56487 24-26 Hz 146E-06 4.11E-06 4 G5E-06
Max 167E-06  5.66E-06 6.7T9E-06

The displacement amplitudes listed in section 5.5 are
corresponding the centrifugal force of rotating masses
at 1490Rpm *24.83Hz). Displacement amplitudes at
other frequencies have to be obtained by following
equation.

Displacement amplitude at frequency, X = (Amplitude
at frequency, X as per section. 5.5/24.83) *Frequency,
X

Table 17. The resonant amplitudes during transient
stage for Lower E are listed below

Amplitude(in Meters)for dynamicload Amplitude(in Microns) for dynamic load

::;": Node corresponding to 14S0RPM(24.83Hz) mmpn::'gmr:_::?:::‘;:ﬁ_:r:;"e":vtx'
Ux(8.0-6.5HZ) Uy(17.5-18HZ) Ual6.0-6.5HZ) Uk Uy u

1534 20006 30605 1SIE0 0.70 2065 3950
011 20606 306EQS  LSOE04 0.69 0.1 B2
008 19606 284E05  LS2E04 0.68 2052 BN
6931 L99E06 276605 LSIEQ4 0.68 1999 2958
BM8  1%ED6 26805 LSIE0 0.68 1940 2946
P40 19E06 260605 LS00 0.68 1882 3934
2 067 L%EDG  2MEQS  LAOEOM 0.68 1769 1
Y Tem me swes isiw 051 2550 3950
013 LI6E06 4905 LSOE04 0.60 5.7 B2
W66 LTENE  39E0S  LSEN 0.60 186 wN
6815 LT5E06 30605 1SIE0H 0.60 137 3958
DM LTE06 ISEQS  LSIEOH 0.60 2.8 2946
26 LT5E06  308E05  LSOE04 0.60 03 3934
0853 LBE0G 29305 LASE04 0.60 12 .1
MAX, 20406 3SE05 LS04 070 | B0 | 3072
© 618 20BEDS 26805 161E0 071 1940 0.0
O s 205606 3005 1SOEGH 0.70 2189 1.6
g 64191 186606 290605 L6IE04 0.64 210 0.0
S6487  LS4E06  328E05 LSOE04 063 178 1.6
MAX. 20806 328605 LGIE04 01 B1 a0

10

5.6 Ansys —Amplitude vs Frequency plots

The following plots show the variance of amplitude (Ux,
UY & UZ) with frequency range of 0 to 50 Hz for few
nodes at base locations for upper “E” value of the
concrete. X & Z are TRANSVERSE and Y is VERTICAL
directions of ID Fan foundation. Similar plots can be
generated for lower “E” values of concrete.

A) Amplitude vs frequency plots for upper E
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Figure 23. Vibration Amplitude Plot— Node:
20853 Ux, Uy and Uz
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Figure 24. Vibration Amplitude Plot — Node:
20967 Ux, Uy and Uz
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Figure 25. Vibration Amplitude Plot — Node:
22744 Ux, Uy and Uz
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Figure 26. Vibration Amplitude Plot — Node:
22746 _Ux, Uy and Uz

Figure 27. Vibration Amplitude Plot — Node: 23408 Ux, Uy

and Uz
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Figure 28. Vibration Amplitude Plot — Node:
23410 _Ux, Uy and Uz
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Figure 29. Vibration Amplitude Plot — Node:
26815 Ux, Uy and Uz
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Figure 30. Vibration Amplitude Plot — Node:
26931 _Ux, Uy and Uz

Figure 33. Vibration Amplitude Plot — Node:
39123 Ux, Uy and Uz
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Figure 31. Vibration Amplitude Plot — Node:
28266 _Ux, Uy and Uz
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Figure 34. Vibration Amplitude Plot — Node:
39211 _Ux, Uy and Uz
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Figure 32. Vibration Amplitude Plot — Node:
29208 Ux, Uy and Uz
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Figure 35. Vibration Amplitude Plot — Node:
45223 Ux, Uy and Uz
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Figure 36. Vibration Amplitude Plot — Node:
45324 Ux, Uy and Uz
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Figure 37. Vibration Amplitude Plot — Node:
56487 Ux, Uy and Uz

Figure 38. Vibration Amplitude Plot — Node:
56567_Ux, Uy and Uz
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Figure 39. Vibration Amplitude Plot — Node:
64173 Ux, Uy and Uz
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Figure 40. Vibration Amplitude Plot — Node:
64191_Ux, Uy and Uz

6 CONCLUSIONS

The paper highlights various issues related to the
mathematical modeling of machine, foundation and
soil. FEM analysis of Fan foundation described in this
paper will result in safe & optimum design under static
and dynamic loading conditions. Modal analysis is
carried out in ANSYS software to elicit the natural
frequencies of machine-foundation system for all
significant modes of vibration. The absolute maximum
amplitudes are obtained by performing steady state
harmonic analysis of PA Fan foundation in ANSYS.

The operating frequency of the Fan and motor is 24.83
Hz. The natural frequencies are requested for first 50
modes of vibration. But only 10 modes are present in
the foundation system below 50 Hz (2.01 times the
machine operating frequency). In Upper “E” value &
Lower “E” Value the natural frequencies are away
from the frequency range of the operating frequency of
the Fan and motor is 24.83 Hz. The natural frequencies




are away from the frequency range, Fan and
Motor :19.88Hz (0.8%24.83) To 29.80Hz (1.2*24.83).
Hence there by, resonance condition is avoided.

Frequency vs Amplitude plots for the variance of
amplitude (Ux, Uy & Uz) with frequency (0~50 Hz)
for different nodes at equipment base locations are
generated. These plots helped in understanding the
foundation behaviour during equipment start-up & shut
down transient conditions apart from the operating
condition. The peak values shown in the plots
represents the transient stage resonant condition’s
which are many times more than the amplitude values
at operating condition’s. This helps engineers to
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