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xcessive vibration is at the root of
many problems with rotating drive sys-
tems. But, you as a designer can use elas-
tomeric couplings to reduce the trans-
mission of torsional vibration so the
drives run smoother and last longer. 

Before selecting an elastomeric cou-
pling to minimize vibration effects, as
well as accommodate misalignment, you
need to know these system parameters:

• Operating speed.
• Rotational inertia of driven load.
• Transmitted power.
• Shaft misalignment.
• Operating environment.
The following example shows how to

use this information for selecting the
right coupling. 

Example
A 100-hp, 8-cylinder, 4-stroke engine

that operates at 1,200 rpm is connected
to a gearbox through an elastomeric cou-
pling. To protect the gearbox and maxi-
mize its service life, the manufacturer
wants the coupling to isolate 97% of the
engine’s torsional vibration. The rota-
tional inertia of the driven load is 20 lb-
in.-sec2/rad.

The key to isolating the engine’s vibra-
tion (reducing the amount of vibration
transmitted through the drive system), is
to design the system so its natural fre-
quency is well below the disturbing fre-
quency.

1. First, calculate the disturbing fre-
quency generated by the engine. The dis-

turbing frequency for a 4-stroke engine is
obtained using the equation:

 

Fd = (N

 

3 S)/(2 3 60)

where: 
Fd = Disturbing frequency, cycles/sec or
Hz.

N = Number of engine cylinders.
S = Speed, rpm. 

Accordingly:
Fd= (8 3 1,200)/120

= 80 Hz

For other engines or motors, the dis-
turbing frequency is obtained from:

Two-stroke engine: Fd = (N 3 S)/60
Electric motor: Fd = (N 3 S)/60

where: 
N = Number of engine cylinders or elec-
tric motor stator poles.

Selecting elastomeric couplings
to halt troublesome vibration

In addition to their customary role of accommodating shaft
misalignment, flexible elastomeric couplings also reduce the effects 

of torsional vibration in rotating equipment. 
Here’s how to select such a coupling to do both.
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Figure 1 — Elastomeric tire type coupling
connects a belt drive to a stone crusher in
a gravel pit operation.



2. Determine the required natural
frequency of the system from the equa-
tion:

Fn = Fd/[1/(1-I) + 1]1/2

where: 
Fn = Required natural frequency, Hz

I= Required isolation (0.97).

This gives: 
Fn= 80/[1/(1-.97) + 1]1/2

= 14 Hz

If the required isolation is not speci-
fied or known, you can calculate the max-
imum allowable natural frequency from
the simpler equation:

Fn = Fd/1.414

Keeping the natural frequency below
this value will prevent amplification or
buildup of the torsional vibration trans-
mitted through the system.

3. Determine the inertia of the driven
load. Many times this information is
available from the equipment manufac-
turer. In this case, the manufacturer
specified the driven load inertia as J = 20
lb-in.-sec2/rad. 

You can also calculate inertia using
standard formulas found in most engi-
neering texts and the PTD Handbook, p
A21. A common technique is to divide the
driven mass into simple geometric sec-
tions (usually cylinders), calculate their
individual inertias, and add these values
to obtain the total inertia.

4. Determine the required torsional
spring rate, or stiffness, of the coupling
from the equation:

K= J

 

× (2p 3 Fn)2

where:
K = Required torsional spring rate, lb- 

in./rad.
J = Driven load inertia, lb-in.-sec2/rad.

Thus: 
K = 20 3 (2p 3 14)2

= 154,598 lb-in./rad

This can be converted to lb-in./deg by:
K = 154,598/57.3

= 2,698 lb-in./deg

5. Determine the torque applied to
the coupling by the engine, using:

T = (P 3 63,025)/S

where:
T = Torque applied to coupling, lb-in.
P = Power supplied by the engine, hp.

Thus:
T = (100 3 63,025)/1,200

= 5,252 lb-in.

6. Finally, select a coupling with the
required torsional spring rate from the
manufacturer’s catalog or selection
chart, making sure that the coupling can
handle the applied torque, speed, mis-
alignment, and operating temperatures.
Table 1 shows part of a typical selection
chart, in this case, for rubber-tire-type
couplings. 

Referring to Table 1, first find the cou-
pling with a torsional spring rate that is
closest to, but does not exceed, the re-
quired rate calculated in step 4. Here,
you would choose the model M8 coupling,
which has a spring rate of 2,420 lb-
in./deg.

Then verify that the coupling can
transmit the engine torque calculated in
step 5. The M8 coupling accommodates
up to 7,750 lb-in. torque, which exceeds
the required 5,252 lb-in.

Next, check whether the selected cou-
pling can accommodate the required
shaft misalignment. In this case, the cou-
pling accommodates up to 4-deg angular
and 1/8-in. parallel misalignment, which
is adequate for many applications.

Finally, make sure the coupling can
operate at the required speed. Here, the
M8 coupling is rated for 2,300 rpm and
therefore, can easily accommodate the
1,200 rpm operating speed.
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Table 1 — Typical selection chart for elastomeric couplings 
(tire type).

 

M1 4,500 429 120 4.0 0.062 +/-0.096
M2 4,500 900 224 4.0 0.125 +/-0.156
M3 4,000 1,800 414 4.0 0.125 +/-0.156
M4 3.600 2,200 544 4.0 0.125 +/-0.156
M5 3,100 3,605 876 4.0 0.125 +/-0.156
M6 2,800 4,502 1.088 4.0 0.125 +/-0.156
M7 2,600 5,402 1,530 4.0 0.125 +/-0.156
M8 2,300 7,750 2,420 4.0 0.125 +/-0.156
M9 2,100 12,605 4,014 4.0 0.125 +/-0.156
M10 1,840 27,590 8,296 4.0 0.125 +/-0.156
M11 1,560 37,800 12,000 4.0 0.125 +/-0.156
M12 1,300 82,500 29,000 4.0 0.125 +/-0.156

Model Max rpm

Max torque
(1.0 service

factor)

Ave. tor-
sional

spring rate,
lb-in./deg

Angular,
deg

Parallel,
in.

End float,
in. 

Misalignment
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