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Part 1: Why do we care about machine vibration
levels? What causes vibration?

I A machineds Vvibration | evel orefl ec
present in the machine.

I A machine is designed to withstand a certain level of dynamic force
or dynamic stresses. Once this level is exceeded, expected machine
life decreases and reliability suffers.

| Total Forces = Static Forces + Dynamic Forces.

| Examples of static forces in rotating machinery: weight or gravity,
belt tension, pre-loads due to misalignment or improper
installation, etc.

| Examples of dynamic forces in rotating machinery: unbalance,
effects of looseness, a portion of the effects of misalignment, etc.



How vibration effects a material’s strength (S-N diagram).
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The diagram below is known as a SN diagram for materials. It shows the
rel ationship between a material 0s strengt
(N) it is subjected to.

For most structural materials such as steel, iron, titanium, aluminum, etc, a
material s strength (S) decreases with th
limiting number of cycles (10 © cycles @ 5&psi) known as the endurance limit (S,)

or fatigue limit is reached.

Depending on the type of material DESIGN FOR FATIGUE STRENGTH
used, the original design strength
can be reduced by Y2 to ¥ssimply

due to fatigue (from diagram ,120

l«——Low cycle— ~—>‘t<

kpsi A 50kpsi).

3,600 rpomA 4.6 hrs to limit.
1,800 rpmA 9.25 hrs to limit.
900 rpm A 18.52 hrs to limit.

Think of bending a paper clip.
How many times can you bend it
byl1/26 or so until

SN Diagram 1]



An example of conservative machine design for fatigue.
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Figure 50.6 Sinusoidal Fluctuating Stresses

-Higher vibration levels reflect higher
alternating (dynamic) stresses.

-As either the mean (static) or alternating
(dynamic) stresses rise, thereal factor of
safety in the machine design drops.

- So, for adesigned factor of safety (FS) such
as 3 and a known endurance strength (), we
must keep our real mean & alternating
stresses inside theSoderburg Line or other
design limits to achieve our design life.

The mean stress is
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Additional factors effecting a material’s endurance strength.

A In addition to the amount of fluctuating
stress a machine is subjected to, other
factors exist that

A Stress Concentration Factors:
Discontinuities or irregularities in the
design or geometry of a part that cause an
amplification or rise in localized stresses
(see plot at right for examples).

A Surface finish : Generally, the more

smooth a material 0s 0

poli shed, the | ess C
A Corrosion : Corrosion has particularly

nasty effects on a n

that unlike the other factors mentioned
above, corrosion tends to continually
reduce a material 0s
overtime until failure inevitably occurs.
There is no fatigue limit for a part
subjected to corrosion. Minimize Calculation of common stress concentration
corrosion![! factors!?




Two examples of shaft failure by fatigue
(bending stress with corrosion):
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A This is what fatigue failure looks like on a shaft subjected to both bending
stress and corrosion.

A In both cases over half of the shaft area had already been lost due to fatigue
(crack propagation) before final failure occurred.
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Example of shaft failure by fatigue
(torsion with stress concentration @ keyway):
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A Note how the crack started at the
keyway and propagated out from there.
Ultimate failure of the shaft occurred
after roughly 25% of the shaft area had
been lost.
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How bearing life is effected by both dynamic loading &
machine speed.

From the SKF products catalog3], | BEARING LIFE VS DYNAMIC LOAD
we | earn that a |
life expressed in hours of
continuous operation can be
estimated as:
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C = A bearingos
load rating (found in
catalog).

P = Equivalent dynamic bearing
|Oad_ 1 12 14 1.6 18 2 22 2.4 2.:=BE,::INGD?.VNAM?,I.CZLOA;A 3.6 3.8 4 42 4.4 4.6 48 5

rpm = machine speed (rpm)




Two examples of common bearing failures:

Outer race fault (spalling) on a spherical

_ Inner race fault (spalling) on
roller bearing.

a triple race spherical roller
bearing.



