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Some of the newer belt designs
WIt require greater initial tension
to achieve their performance
claims. But these higher
tensions may produce
unwanted effects, such as
o tension excursion. Here’s a
closer look at what you can
e r I Ve do to minimize these effects.

By Jim Sweeney
Product Development
Custom Machine & Tool Co., Inc

f you select the proper pitch, tooth profile, and component
materials based on an application’s torque capacity, drive
speed, and positioning accuracy, you will probably have a
reliable drive system that will yield millions of trouble free
operational cycles. Selection, however, is only one step.
Proper installation is necessary to avoid premature failure of
the drive system or its components. Part of proper installation
involves runout control. How you attach sprockets to the shaft | First generation synchronous belts featured trapezoidal tooth forms

radius

Sprocket

can play a key role in reducing tension excursion and runout. and delivered positive drive and greater efficiency than v-belt
. drives. Under load, the teeth mesh with the mating pulley teeth at
Itsinthe teeth the pulley’s tooth root radius and the upper flank of the pulley tooth

Synchronous belt drives with teeth arranged perpendicular to on the tight side of the belt.
the belt’s pitch line were first developed in the 1940’s as a more
efficient alternative to v-belt drives, which had a tendency to
slip in operation due to several factors, including the fact that
they stretch after initial installation and tensioning.

The first-generation synchronous-belt tooth profile had a
trapezoidal tooth form, which is still a popular choice to this
day, and provides positive drive and greater efficiency than v-
belt drives. When under load, the belt’s teeth mesh with the mat-
ing pulley teeth at two points, the pulley’s tooth root radius and
the upper flank of the pulley tooth on the tight side of the belt.

Clearances were designed into the mesh to ease entry and
exit of belt tooth to pulley groove thus reducing noise, vibration, Contact
and wear. Some of the compromises of this design, though, T
include limited load-carrying capability due to the low flank load
angle; a tendency to ratchet or jump teeth when the tension is ey
too low or the load is too high; and accelerated belt wear at the i
stress risers generated at the contact points between belt and Second generation synchronous belt drives are dubbed ‘high torque
pulley teeth. drive’ and use a curvilinear profile for the belt and sprocket teeth.
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The second generation of synchronous belt
drives is currently marketed by Gates
Corporation, and dubbed HTD®, an
acronym for ‘high torque drive.” This
belt design uses a curvilinear profile for
the belt and sprocket teeth. Variations
on this theme are now offered by many
of the belt drive manufacturers.

The designs have the advantage of a
deeper tooth form, which allows sub-
stantially higher torque transmission and
a larger area of contact between the tooth
and belt under load. It also mitigates the
high stress areas inherent in the trapezoidal
designs. The compromise for the greater
torque is that larger clearances are required for
smooth tooth entry and exit into the mesh, which
leads to greater backlash between the mating sur-
faces. The backlash may eliminate this tooth profile from
consideration in applications that need accurate positioning.

In the early 1980’s a modified version of the curvilinear
design emerged, which modeled its tooth shape on the involute
and trochoid curves found in gear teeth. As a result, the clear-
ances required for smooth entry and exit into the mesh were
greatly reduced and a larger contact area distributes stresses
more evenly, allowing greater loading capacity.

Modified curvilinear profile

Modified curvilinear belt tooth

/ Clearance \

Contact ek
under angle
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A modified version of the curvilinear design modeled its tooth shape
on the involute and trochoid curves found in gear teeth. This design
reduced the clearances required for smooth entry and exit into the
mesh. The larger contact area distributes stresses more evenly,
allowing greater loading capacity.

The current state of the art improves on the positioning
accuracy available with trapezoidal designs—up to 40% more
torque capacity than the original curvilinear designs. Plus, trape-
zoidal and original curvilinear designs max out at 10,000 rpm.
The modified curvilinear designs max out a 14,000 rpm —a 40%
increase in speed. The newer curvilinear designs also feature
lower noise, greater ratcheting resistance, and increased power
density. Current debate within the development community
centers around whether the improvements deserve a designation
of third generation, which some engineers argue should be
reserved for an order of magnitude advance in technology,
rather than a incremental upgrade.
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Several methods exist
that support the motor
shaft to prevent internal
bearing damage when
press fitting a compo-
nent. However, these
methods all have
drawbacks. A newer
method uses a single
screw to attach the
component to the shaft.
It can be phased
repeatedly without
damage or loss of torque
capacity and well suits
applications requiring
precise runout control.

Setscrew

Component being
mounted

Concentric maxi
torque bushing

So, what's the catch?
The newer designs require a higher initial
tension to achieve some of the performance
claims due to the higher modulus tensile cord mate-
rials and more rigid elastomeric compounds used in their
construction. While some original designs used polyester cord,
more recent versions use fiberglass or aramid (Kevlar®) fiber
tensile cords, which exhibit significantly less stretch or give

under load.
The higher initial tension is well tolerated on a static basis
but may produce undesirable, even intolerable forces when the
system is put into motion. The dynamic forces at issue here are
defined as tension excursion (TE) and occur when component
eccentricity during assembly is not carefully controlled.
Engineering standards define requirements for runout control
for components but fail to address the dynamic aspect of
systems in motion. To quantify tension excursion you can use
the equation:
TE =2TI (ACD)/PL

Where:
TE = tension excursion, 1b.
TI = initial belt tension, 1b. (static)
A CD = chage in center distance, in.
PL = belt pitch length, in.

Note that the magnitude of TE is inversely proportional to
belt pitch length, and that shorter drive-center distances will
exhibit higher tension excursions when expressed as a percent-
age of initial tension. The formulas also assume worst case with
the center distance change or total runout multiplied by two.

Best case, the TE phenomenon will be random when using
equal diameter pulleys, and luck may run with you when a drive
is assembled and the eccentricities are in synch and cancel each
other out. But Murphy’s law will often prevail, and a conserva-
tive approach will assume that the eccentricities will run
opposed and max out the tension. The TE will surely appear
and be a cyclical phenomenon when using integral or hunting
ratios in a drive train.

The effects of excessive TE

Depending on the magnitude of the TE, and how conserva-
tive or aggressive the initial drive design, problems can range
from belt damage, to premature bearing failure, to reverse bend-
ing fatigue failure of the shaft, to motor rotor clearance issues,
as well as other problems that may or may not be readily appar-
ent or attributable to TE. The bottom line is that if you lessen
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—al—— Maximum belt tension

ance exists between the shaft and bore is going
to be shoved to one side of the assembly when
the setscrews are tightened, so that the entire
clearance will be added to radial runout.
Again, Murphy may not show up and the two
setscrews might exactly oppose the static
runout and cancel out the assembly
eccentricity. In either case, the desired result is
left to chance. A trial fit and adjustment might
be in order, but then again, there’s those pesky
setscrew burrs on the shaft to deal with.

Putting it all together
A press fit between components is econom-
ical, but often not practical. You must use a

Clearances required when a pulley is attached to a shaft tend to be
shoved to one side of an assembly when setscrews are tightened.
Thus, the entire clearance is added to radial runout.

tension excursion, all of the components in the drive will last
longer, have less vibration, be more accurate, and will be able
to run faster if desired.

Removing runout

Runout exists in all the drive components, including shafts,
bearings, motors and sprockets or pulleys. The most practical
component to address is the pulley or sprocket, since it is often
the largest contributor to total runout as assembled.

Improvements in machine accuracy and manufacturing meth-
ods allow component suppliers to provide product that is held
to a closer static runout accuracy than the Rubber Manufac-
turer’s Association (RMA) and Mechanical Power Transmis-
sion Association (MPTA) engineering standards dictate, and this
is a good start.

However, machine and drive designers must also consider
the method used to attach the sprockets to the shaft, as this is
where good intentions can often go off course. The most com-
mon method of shaft to hub attachment is two set screws at 90°.
To quote Dr. Woodie Flowers, Professor Emeritus and Director
of the New Products Program at MIT’s Mechanical Engineering
Department, “Setscrews suck.”

Consider the nature of a pulley attached to a shaft using two
setscrews at 90°. The design is driven by the requirement to
easily fit the pulley to the shaft, so typically a clearance of 0.001
in. to 0.003 in. is specified between the shaft at maximum
material condition and the bore at minimum. Whatever clear-
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method to support the motor shaft to prevent
internal bearing damage when press fitting a component.
Adjustment after assembly is impractical. A pinned assembly
with a specification callout of close tolerance is often imprac-
tical due to the additional cost and uncertainty of assembled fit.
Again, adjustment is not practical.

The usual answer is to use rotary hub-to-shaft connections,
the best of which use opposing tapers to evenly apply pressure
to both the hub and shaft and accomplish a mechanical shrink
fit as assembled. But not all of these tapered connection devices
are created equal. Many require extra tools, multiple screws,
and additional space. The devices are often separate from the
component being attached and therefore require additional
assembly.

A newer connection system uses a single screw, which never
touches the shaft, to force a tapered bushing into place, creating
a mechanically shrink fit between the component and the shaft.
Such a design can be phased repeatedly without damage or loss
of torque capacity and better suits applications requiring precise
run out control. DW

Custom Machine & Tool Co., Inc.
www.cmtco.com

Share This Online

EMAIL, POST, OR SHARE ON YOUR
FAVORITE SOCIAL NETWORK

EX

Discuss This

AND OTHER ENGINEERING TOPICS
AT WWW.ENGINEERINGEXCHANGE.COM £

Engineering
Exchange™





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 80
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 80
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 80
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


