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the couplings often do not meet the system's complex 
requirements.

Designers who have made this error and had to make 
changes to the system to get the couplings to function 
properly can tell you: Couplings are a critical component 
for overall system performance. Early selection reduces 
errors in estimating performance and makes premature 
coupling failure less likely.

Coupling selection involves a number of design criteria 
including torque, misalignment, stiffness, inertia, rpm, 

When engineers select couplings with the capabili-
ties, environmental resistance, and service parameters 
their applications demand and install and use them as 
designed, they can be confident the couplings will work 
reliably over their designed lifetimes. Unfortunately, 
ignoring one or more of these factors can cause prema-
ture coupling failure with results ranging from small 

Couplings chosen with 
application requirements 
in mind last longer, 
improve precision, and 
protect other system 
components from 
premature failure.

inconveniences to serious financial loss and personal injury.
Mechanical couplings connect and transfer rotary mo-

tion and torque between rotating shafts. Although the 
concept is elementary, the details of selecting and using 
couplings may not be. Here are some common mistakes 
and how to avoid them.

 m!r"#$e%ec"ion
Far too often, engineers select motion-control cou-

plings too late in the design process. When this happens, 
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instantaneous torque. !his is particu-
larly important when torque varies, 
for instance with start-and-stop mo-
tion. "n some cases, designers may 
wish to build in a degree of torsional 
compliance to dampen torque shock 
loads and peaks.

Flexible couplings' static torque 
ratings depend on the coupling de-
sign. For example, a double-disc 
coupling and an #ldham coupling 
with an acetal disc may both be rated 
for a particular application, but the 
double-disc coupling has $% to &() 
greater static-torque capability.

!orsional compliance, torsional 
rigidity, or windup all refer to the 
rotational deflection between the 
driver *e.g., motor+ and load. !hink 
of it as winding up the coupling like 
a spring.

Windup can mean a difference in 
angular displacement from one end 
of the coupling to the other. "n servo 
applications, this makes it difficult to 
maintain accuracy. Windup may also 
introduce resonance into the system 
that can cause instability in an im-
properly tuned servo.

 *oc+#!n,#-!c+%!$*
/acklash refers to play in cou-

plings and is essentially motion that 
is lost. /acklash interrupts or uncou-

ples the transfer of power between the motor or other 
driver and the load. /acklash is not acceptable in motion-
control applications where it diminishes positioning accu-
racy and makes tuning the system difficult.

"n a motion-centric application such as a servo, back-
lash introduces timing problems that make the coupling 
move forward and backward more than necessary. "t also 
introduces stresses that contribute to premature failure. 
For these reasons, 0ero-backlash couplings are ideally 
suited to servo applications.

Engineers my also want to minimi0e the transfer of 
shock and vibration across a coupling by damping. Damp-
ing is particularly important in motion-control and pow-
er-transmission applications where undesirable vibration 
wastes energy and stresses system components.

1hock damping helps reduce the effects of impulse 
loads and minimi0es shock to the motor and other sensi-
tive equipment. Engineers should select couplings that 
don't contribute to system vibrations and have the desired 
dampening effects.

#ne type of coupling that dampens well is a 0ero-back-
lash jaw coupling composed of an elastomeric 2spider3 and 
two hubs. 1piders come in various durometers so engi-
neers can choose the right level of damping for the mag-

shaft mounting, environment, space 
limitations, service factors, and cost. 
Engineers selecting couplings must 
address all these criteria in the selec-
tion process.

"n addition to thinking about de-
sign factors up front, engineers should 
be aware that subsequent changes to 
the application may make their cou-
pling choice less suitable over time.

A%ignmen"#error$
1haft misalignment is one of the 

most common coupling conditions. 
1uch misalignment may be angu-
lar, parallel, axial, or any combina-
tion of these 4 a case called complex 
misalignment.

Misalignment creates loads that 
can exceed coupling specifications. All 
flexible-shaft couplings are designed 
to allow some misalignment and vary-
ing degrees of flex. Understanding the 
allowable flex for the coupling under consideration is 
paramount.

For instance, #ldham couplings are designed to handle 
relatively large parallel misalignments, but don't do much 
to compensate for angular misalignment or axial motion. 
A single-beam coupling, in contrast, easily accommodates 
angular misalignment and axial motion with less success 
in compensating for parallel misalignment.

Even with the right couplings, excessive misalignment 
between joined shafts is one of the most common reasons 
for coupling failure. Misalignment that produces loads ex-
ceeding coupling specifications can accelerate wear.

Also keep in mind that any coupling that bends during 
misalignment generates bearing loads. !herefore, exces-
sive misalignment can cause premature failure in other 
system components, such as bearings.

Engineers should rectify misalignment beyond cou-
pling specifications by first attempting to realign the shafts. 
!he right coupling is secondary to a well aligned system.

T!%+ing#"or./e
Engineers who underspecify couplings often have not 

considered torque. Design selection must take into ac-
count not only steady-state torque but also maximum 

Choosing the right coupling 
for an application's torque, 
speed, shock, misalignment, 
and en!ironmental realities 
pre!ents premature failure" 
These couplings (from top to 
#ottom: #ellows coupling, 
#eam coupling, Oldham 
coupling) are working 
properly"
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CONSIDER THIS: 
A(( lication concern$ 
and o(tion$
-e$ol.in"  )otion %control or (o/er %tran$)i$$ion (rob le)$  
re&uire$ a thorou"h  under$tandin" o% the a(( lication, 
$ $te),  and the (rob le)  it$el%' ' elo/  are e#a)( le$ o% 
(rob le)$  en"ineer$ ha.e re(orted  and the alternati.e$ 
cou( lin"  e#(ert$ a$1ed the)  to con$ider'

Concern: A bello/$  cou( lin"  /a$  incorrectl  cho$en %or 
an a(( lication re&uirin"  da)(enin"  and $hoc1%ab$orbin" 
ca(abilitie$' The bello/$  cou( lin"  %ailed $oon a%ter 
in$tallation'
Consider: (a/ %t (e  cou( lin"$ /or1  /e ll in a(( lication$ 
re&uirin"  da)(enin"  and $hoc1 ab$or(tion'

Concern: A $)a ll $te((er  )otor  /a$  in$talled u$in" a lar"e%
dia)eter,  ri"id %$teel cou( lin"'  Per%or)ance i$ $lu""i$h  
and (o$itionin"  accurac  i$ di%%icult to control becau$e the 
hea.  cou( lin"  add$ too )uch  inertia to the $ $te)'
Consider: An a((ro(riate l  $i3ed alu)inu)  cou( lin"  
reduce$ $ $te)  )a$$ and, hence, it$ inertia'

Concern: A (ac1a"in"  )achine  cannot be 1e(t  in clo$e 
(arallel ali"n)ent  and the t/o  $ha%t$ are tran$%errin" 
e#ce$$i.e %orce$ to other $ $te)  co)(onent$'  A ri"id  
cou( lin"  connect$ the $ha%t$, and the )otor  and "earbo# 
bearin"$ are da)a"ed  be%ore the cou( lin"  brea1$' 
-e( lacin" the )otor  and "earbo# i$ co$tl ,  not to )ention  
lo$t (roduction  ti)e'   
Consider: An 5 ldha)  de$i"n handle$ (arallel )i$a li"n)ent  
in $ha%t$ and ( lace$ litt le load on bearin"$' 6t al$o act$ a$ 
a )echanica l %u$e' A ri"id  cou( lin"  can cau$e (re)ature  
bearin" %ailure$ in a(( lication$ /ith  )i$a li"n)ent'

Concern: The encoder%%eedbac1 $ $te)  on a )achine  
/ith  a bea)  cou( lin"  recei.e$ electrical i)(u l$e$ %ro) 
other )achine  co)(onent$'  The$e i)(u l$e$ a%%ect encoder 
accurac  and cau$e (roce$$ error$'
Consider: &lectricall  i$olatin"  cou( lin"$ (rotect  encoder$ 
%ro) un/anted  electrical i)(u l$e$'

Concern: A cur.ed%!a/  cou( lin"  /a$  $elected %or an 
a(( lication re&uirin"  hi"h  tor$ional $ti%%ne$$ %or accurac ' 
The $ $te)  i$ not (er%or)in"  a$ accuratel  a$ it $hould'
Consider: ' ello/$  and di$c cou( lin"$ )a  ha.e hi"her  
tor$ional $ti%%ne$$'

Concern: A hi"h %$(eed a(( lication ha$ the correct cou( lin"  
 et  ha$ had t/o  $ucce$$i.e cou( lin"  %ailure$' Anal $i$ $ho/$  
%ati"ue to be a %actor in each in$tance o% %ailure'
Consider: *ati"ue  )a  indicate $i"ni%icant d na)ic  
)i$a li"n)ent  /hich  e#(o$e$ the cou( lin"  to le.el$ o% 
$tre$$ /e ll be ond  it$ $(eci%ication$' 6denti% in" the $ource$ 
o% )i$a li"n)ent  and %indin" /a $  to )iti"ate  the),  or 
choo$in" an alternati.e  cou( lin"  )a  e#tend cou( lin"  li%e'

nitude of impulse load in their applications. !he wrong 
coupling type or the wrong spider material can accelerate 
coupling failure.

(ner"i!#!n,#$*!:"#$5ee,
"nertia is a body's resistance to change its angular ve-

locity. "t governs the tendency of the coupling to remain 
at a constant speed in response to applied external forces 
like torque. "n a power-transmission system, inertia de-
termined by mass and its distribution about the axis is an 
important part of drive-torque specifications.

Engineers selecting couplings for servodrive systems 
with intermittent starts and stops must consider inertia 
in addition to backlash and torsional stiffness. !hey must 
also understand the driven-system inertia and its effect on 
the coupling.

High coupling inertia can degrade system performance 
by introducing resonance and adding to the natural fre-
quency of the system, possibly with unintended conse-
quences. 5ow-inertia couplings let engineers tune systems 
for higher performance and are good choices for precision 
applications.

1haft speed is another important factor. 5eav-
ing couplings' safe operating speeds out of design crite-
ria can quickly result in failure, sometimes with tragic 
consequences.

Engineers must pay attention to manufacturers' speed 
ratings, but should also remember that any shaft misalign-
ment detracts from a coupling's safe operating speed. Cou-
pling stiffness is another consideration because speed also 
causes deflection that lowers the maximum safe speed.

Especially in high-speed applications, coupling balance 
is essential to prevent excessive system vibrations. Engi-
neers should be careful not to alter the dynamic balance of 
a coupling before or after installation.

($o%!"ion#o5er!"ion
Electrical isolation prevents the movement of electrical 

currents between functional components of mechanical 
systems while maintaining mechanical-energy transfer. 
Extraneous electrical currents can cause serious control 
problems when they pass between servodrives and driven 
components.

#ldham and jaw couplings with nonmetallic or poly-
mer inserts are electrically isolating. #ther coupling 
types can also be manufactured with electrically isolating 
materials.

Engineers may also want the option to mechanically 
isolate parts of a system. A fuse coupling keeps energy 
from transferring between parts when a failure occurs. "n 
contrast, a fail-safe coupling is designed to stay engaged.

1ome applications require a fail-safe coupling to protect 
personnel or equipment. For example, a fail-safe coupling 
in a material-handling application could prevent safety or 
process issues if the coupling failed when material flow 
was interrupted.

6aw couplings are considered fail-safe because, even if 
the spider fails, the jaws of the two hubs interlock, allowing 
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shafts is within the coupling's ratings7 and 
tightening fasteners in the right order and 
to the specified torque.

"n addition, installers should be sure 
to center any misalignment along the 
length of the coupling and avoid install-
ing the coupling too far left or right of 
the center line. Couplings should be in-
stalled in a stress-free state, not com-
pressed or stretched.

Finally, installers should position 
shafts at the right depth within the cou-
pling hubs. 1ome couplings require a 
minimum gap between shafts. "n most 
cases, the shaft depth within the hub is 
specified by the manufacturer based on 
the coupling design. "nstalling shafts 
too deeply or too shallowly in the hubs 
can lead to premature failure.

M!gni:7ing#m!in"en!nce
Motion-control couplings are, with 

specific exceptions, essentially mainte-
nance-free. 8egular and diligent system 
maintenance is important, however, for 
the entire system in which the coupling 
is an integral component. 1ystem-main-
tenance requirements and schedules 
are generally a function of the applica-
tion, duty cycles, operating parameters, 
environment, and other factors.

Any maintenance or service plan for the system as a 
whole is intended to avoid component failure anywhere 
within the system, including shafts, couplings, motors, 
and bearings. !he coupling may be adversely affected if 
other component operating characteristics force opera-
tion outside of design specifications.

/asic system-maintenance requirements might 
include checking for abnormal operating character-
istics such as unusual noise or excessive component 
temperatures. Maintenance personnel may also look 
for excessive vibration or other indicators of a change 
in alignment within the system. Any signs of fastener 
wear should be noted and loose fasteners should be 

retorqued.
When using #ldham or jaw-type couplings, engineers 

should consider the duty cycle of the center discs or spi-
ders. Wear on these components may result in backlash 
and performance issues.

A maintenance plan should include replacing center 
discs and spiders with vendor-specified parts when the 
duty cycle has been exceeded or when excessive wear is 
noted. !he discs are low-cost, easily replaced items that 
will restore the coupling's original capabilities.

"f a coupling fails, engineers should document the system 
conditions at failure. !his allows for appropriate corrective 
action, up to and including specifying a different coupling 
that better meets the needs of the application.#M;

continued power transmission. "n contrast, an #ldham 
coupling with a center disc that fails in a similar way will 
disengage and interrupt power transmission.

(n$"!%%!"ion#im5or"!nce
!he best design effort and attention when selecting a shaft 

coupling is wasted if the coupling is installed improperly or 
if the actual application parameters are outside of original 
design criteria. Far too often a coupling is installed hastily or 
without regard for the manufacturer specifications, leading to 
premature failure.

"nstallation steps might include preparing the coupling 
and shafts prior to installation by cleaning mating parts and 
oiling shafts lightly7 checking that any misalignment between 

Torque o!erload was the cause 
of this #eam coupling's failure" 
%eam couplings can also fail 
from parallel misalignment" The 
misalignment forces the single 
#eam to #end in two different 
directions simultaneously, 
creating large stresses"

Specifying the wrong coupling 
for a gi!en misalignment or 
failing to distri#ute an in&spec 
misalignment e!enly across a 
coupling can cause or accelerate 
failure" This #ellows coupling 
failed in a deep con!olution 
closer to one hu# than the 
other due to nonuniform 
misalignment distri#ution"

Torque exceed&
ing coupling 
design limits 
can shorten 
component life" 
This Oldham 
coupling's cen&
ter disc failed 
from torque 
o!erload"
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