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Figure 5.3
Phase relationship — couple unbalance

Figure 5.2
Phase relationship - static unbalance

Amplitude

Amplitude varies proportional

For all types of unbalance
to the square of speed
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Figure 5.1
FFT analvsis — unbalarnice defect
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Figure 15.32 Bends that change shaft length generate axial thrust.



Figure 5.11
Angular misalignment confirmed by phase analysis

Angular misalignment
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Figure 5.10
FFT aof angular misalignment
Figure 5.9
Angular misalignment
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Parallel misalignment
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Sequence

Sequence

Figure 5.21
Mechanical looseness

DOR-CW
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Figure 5.20
Mechanical looseness graph
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Figure 5,22
Structure looseness

Soft foot
Structure looseness

Figure 5.23
Structure looseness graph
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Figure 5.37
Truncated waveform
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Figure 5.36
Rotor rub
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Zone A: machine rpm and harmonics zone
Lone B: bearing defect frequencies zone (3-30 kepm)

Zone C: bearing component natural frequencies zone (30-120 kepm)
Zone D high-frequency-detection (HED) zone (beyond 120 kepm).

Figure 5.44
Small defects in the raceways of a bearing
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Figure 5.45
More obvious wear in the form of pits
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Bd = Ball / Roller diameter (inch or mm)

Pd = Bearing pitch diameter (inch or mm)
8= Contact angle in degrees
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BFF1 = Ball pass frequency = lnner

BPFO = Ball pass lrequency — Ouler
FI'lF = Fundamental train frequency (Cage)
B5F = Ball spin lrequency (rollimg element)

Figure 547
Severely damaged bearing in final stage of wear
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Common Factor % of Life Expected
1x2x2x3
o, 1 100%
2 50%
— - 3 33%
— i 25%
— 5 20%
— T AU > 6 16%
@ 7 14%
8 12%
" 9 11%
.",‘ . ., 10 10%
3085
1x2x3x5 A

v £ AR 2 A BB AR
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Viode £ 7 R 4 A2 i3 o A3
#7 A o % A %
1 21 Hz 23.071 Hz | 9.8619 | 21.467 Hz 2.2238
2 134 Hz 144.5 Hz 7.8358 | 134.46 Hz 0.3433
3 328 Hz 367.6 Hz 12.073 | 347.76 Hz 6.0244
4 380 Hz 40491 Hz | 6.5553 | 376.78 Hz | -0.8474
) 426 Hz |1 459.16 Hz | 7.7840 | 442.13 Hz 3.7864
6 /36 Hz 794.7/75 Hz | 7.9823 | 739.54 Hz 0.4810
7 1022 Hz | 1111.4Hz | 8.7476 | 1051.2 Hz 2.8571
8 1235 Hz | 1316.4 Hz | 6.5911 | 1225.0Hz | -0.8097
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Rotor support stiffness

Rotational speed




Rotor Speed {Log Scale)

Representative Range of Slifiness Vaolues for
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