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Operational Deflection Shape and Modal Analysis Testing To Solve Resonance Problems
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Fig. 1 Left : new motor (pumps 1 & 2),
right : old motor (pumps 3 & 4)
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Fig. 2 Baseline data
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Table 1. Natural frequency and stiffness for
pump 1~4

P1 P2 P3 P4

Natural Frequency(Discharge Dir)-com | 30.0 | 22.5 | 33.7 | 286
Stiffness(Discharge Dir)-mils/lb. 011 | 024 | .008 | 017
Natural Frequency(X-Discharge Dir)-cpm | 31.2 | 22.7 | 36.8 | 285
Stiffness(X-Discharge Dir)-mils/lb. O11 | 017 | .007 | .021
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Fig. 9 Natural frequencies near 2X
operating speed range for pump 1~4
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Table 2. Pump #1 modal frequencies

Fre(qlflxze;q Y | Mode Description

25 First bending mode

25 First torsional mode-not sufficiently excited in the
modal survey

29.81 Second bending mode, Shaft/Support Pipe in Phase

39.3/39.9 }S’E:cs)gd bending mode, Shaft/Support Pipe out of

51.4 Vertical mode
56.3 Third bending mode
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Fig. 17 Modal peaks plot is a summation of
all FRF measurements



Fig. 18 Frames view of 29.8 Hz natural
frequency
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Fig. 19 FEM Model

Table 3. Correlation of measured and predicted
natural frequencies of pump 1

Measured | Analytical
Mode Shape Description Value | Prediction
(Hz) (Hz)
1* Bending 4.8 44
1* Bending 44
Torsion 24-25 23.5
2nd Bending, Shaft/Support Pipe in Phase 29.8 29.2
2nd Bending, Shaft/Support Pipe in Phase 29.5
2nd Bending, Shaft/Support Pipe out of Phase 392 41.8
2nd Bending, Shaft/Support Pipe out of Phase 399 4272
Vertical Extension 514 60.3
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Table 4. Effect of support pipe length on
the predicted natural frequencies

of pump 1
Length Reductions
Mode Shape Description Be(llsii)ne Tp(ﬁ.Z)S" éfzn) (?{2;) (7}{22")
Ist Bending 44 43 541 58] 62
Ist Bending 44 49 | 54| 59 63
Torsion 235 | 255 |246|251 (255

2nd Bending, Shaft/Support Pipe in Phase { 29.2 | 30.0 }37.1 (399 [41.8

nd Bending, Shaft/Support Pipe in Phase | 29.5 | 30.2 |37.3 (402|422

Ind Bending, Shaft/Support Pipe out of Phase | 41.8 | 39.2 [49.6 | 54.1 | 58.5

2nd Bending, Shaft/Support Pipe out of Phase | 42.2 | 39.6 | 49.8 | 54.2 | 58.6
Vertical Extension 60.3 64.9 | 64.4|66.0|673
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Fig. 20 Pump 1 second bending mode
frequency shift with pipe length reduction
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