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1
INTRODUCTION

A wide range of industrial plants, water treatment
industries, food manufacturing, pharmaceutical
plants use a variety of belt driven air handling
equipment. These systems can range from
fractional power to several hundred kWs.
The diversity of drive sizes is matched only by
the different types of units and their uses. The
majority of units provided by the Original Equipment
Manufacturer (OEM) use V-belt drives for power
transmission, mainly based on cost considerations.
However, synchronous belt drives offer a number of
advantages which this publication will explain.
We will also discuss some of the critical issues that
can arise from conversions and how they may be
avoided.
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SYNCHRONOUS BELT DRIVE ADVANTAGES

1. Energy efficiency
One major advantage of synchronous belt drives
is their high efficiency.
Efficiency of any power transmission system is
a measure of the power loss associated with the
motor, the bearings and the belt drive. Any loss
of power is a loss of money. By minimising
the losses in the system, the cost of operating the
drive is significantly reduced.
In line with the Kyoto, higher efficiency motors
are being used more often by OEMs to reduce
power loss.
However, even a high efficiency motor’s advantages
can be underutilised if the most efficient belt drive
alternative is not chosen. It is often found that
the gains made by optimised belt selection are
significantly greater than those achievable by the
switching to high efficiency motors.

As these equations show, energy losses in belt
drives can be separated into two categories, torque
and speed loss. Torque loss results from the energy
required to bend the belt around the pulley or sheave.
Energy lost as heat (due to friction) also causes
torque loss.
Speed losses are the result of belt slip and creep.
Synchronous belts cannot slip because of the positive
tooth/groove engagement.
V-belt slip occurs when installation tension is
insufficient to transmit a load.
Slip can also occur if sheaves are worn, allowing
improper fit of the belt in the sheave groove.
Belt slip is the difference in rotational movement
of the belt compared to the rotational movement of
the sheave.

Synchronous belt drives are more energy efficient
than V-belt drives, providing a cost effective method
of improving the overall system efficiency.
Energy costs continue to rise. Synchronous belts
can provide significant energy savings.
Efficiency can be defined by the following formulas:

Efficiency =

2

kW out
kW in

or

Efficiency =

Torque out. RPM out
Torque in. RPM in
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Belt creep is the slight incremental elongation of the
belt due to increasing belt tension as the belt travels
from the entry point on the slack side of the driveN
sheave to the tight side exit point on the driveN
sheave.
Belt creep is typically responsible for approximately
0.5% losses in driveN sheave speed (RPM).

Also, V-belts operate through a wedging action
with the sheave, thus generating heat caused by
friction between the belt sidewall and the groove
surface. There is more heat lost through this
wedging action than from the minimal rolling friction
generated as a synchronous belt tooth enters
and exits the pulley grooves.

Since V-belts generally have a much thicker cross
section than synchronous belts, more energy is
used to bend the belt around the sheave. Figure 1
shows the dimensions of belts having similar power
capacities.

V-belt drives, especially if poorly maintained,
will slip.
Synchronous belts operate with positive tooth/groove
engagement and do not slip.

Figure 1
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The V-belt drive, therefore, will show a decrease in
driveN speed (RPM) and the synchronous belt drive
will not. This loss of driveN fan speed will result in
a drop in the volume of air being moved by the fan.
This air volume reduction can result in low airflow
issues and production losses.
For example, rehabilitation facilities or infection
control units in hospitals are required to meet a
minimum of air changes per hour.
Poorly maintained V-belt drives may not consistently
meet such minimum air change requirements.
Even though properly maintained V-belts drives
can run as high as 95-98% efficient at the time of
installation, this will typically deteriorate by 5% during
operation.

8MGT Poly Chain® GT Carbon™

Based on 200 mm dia @ 1,450 RPM
(the non-standard Poly Chain® GT Carbon™ width shown was selected for closer comparaison)

Figure 2
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Poorly maintained V-belt drives may be up to 10%
less efficient.
Synchronous belt drives remain at energy
efficiencies of 98% or better over the life of the belt.
Synchronous belt efficiency is maintained over a
wide power range, so less sensitive to overdesign.
The example below is typical of the energy savings
to be made when these conversions are made.
Further examples of actual energy savings are
available from Gates PT.
Annualised these savings will be a significant
contribution to the balance sheet.

Synchronous belts require minimal retensioning
because of their high modulus, low stretch tensile
cords. As an example, a 2.5 metre long V-belt would
require approximately 40 to 65 mm of centre distance
take up over the life of the belt. By comparison, a
synchronous belt would only require 1 mm of centre
distance take up over its life.

kW

Hospital energy savings study AH-3

Total maintenance costs include the time charged for
installing new belt drive components, as well as costs
incurred for belt retensioning and replacement.

7.9% energy savings
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Whilst synchronous drives are more efficient than
V-belt drives, the potential savings in maintenance
costs can also be very significant.
The minimal elongation characteristics of
synchronous belts virtually eliminate maintenance
time and costs.
Less attention from maintenance personnel translates
to additional savings in productivity for the end-user.
As discussed, proper V-belt tension maintenance
is essential to minimise slip and maximise V-belt
efficiency. However, few drives are maintained at
a level that keeps the optimum tension in the belt.
Over time, the tension in a V-belt decays. If not
properly retensioned, a V-belt will slip and the belt
drive efficiency will be reduced.

Figure 3
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2. Maintenance savings
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Downtime costs can be incurred if a facility’s
manufacturing process is impacted by maintenance
downtime. Synchronous belt drives require virtually
no maintenance once properly installed.
For optimum performance, V-belt drives should be
run in for 24 hours and then retensioned. V-belt
tension checks and retensioning procedures at 3
month intervals are not unusual for well maintained
drives.
This additional maintenance adds costs that are
eliminated by using synchronous belt drives.
The Gates energy saving calculation includes
an adjustment for the effect that the level of
maintenance has on actual energy savings.

Maintenance savings example
For 30 kW air handling unit example, consider
the different maintenance costs incurred in 1 year
comparing synchronous belts to V-belts.
For these calculations, maintenance costs
are approximated at € 40 per hour per skilled
maintenance technician.
Most jobs typically use 2 maintenance technicians
working in teams.
Both synchronous and V-belt drives will require
approximately the same amount of time to install.
A typical drive takes approximately 2 hours to install.
At € 40 per hour per maintenance technician, the cost
to install both types of drives is € 160 (€ 40 per hour
x 2 technicians x 2 hours).
Once the synchronous belt drive is installed, no
further maintenance is usually required until the belt
is replaced. No further maintenance means that no
additional cost is incurred (€ 0).
The 24 hour run in/retension procedure for the V-belt
drive uses the same 2 maintenance technicians for
another hour. At € 40 per hour per maintenance
technician, the cost to retension the drive is € 80
(€ 40 per hour x 2 technicians x 1 hour).
Assume the drives are well maintained, 4 times per
year. At € 40 per hour per maintenance technician,
the cost to retension the drive is € 80 (€ 40 per hour
x 2 technicians x 1 hour).
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Over the course of 1 year, the tension check/
retensioning procedure will be performed 4 times.
The annual cost will then be 4 x € 80, or € 320.
Totalling the first year maintenance costs
for both system types:
Synchronous belt
drives

Competitive V-belt
drives

First year maintenance costs:

€ 160

€ 560
(initial installation labour (initial installation labour
cost)
cost plus maintenance
costs =
€ 160 + € 80 + € 320)
These values can be easily calculated with the aid of
the Gates energy saving programme.

Totalling the two year maintenance costs
for both system types:
PowerGrip® GT3
belt drives


Competitive
V-belt drives

Two year maintenance costs:
€ 160
(initial installation labour
cost)

€ 1,120
(initial installation labour
cost plus maintenance
costs for 2 years =
€ 160 + € 80 + € 320
+ € 160 + € 80 + € 320)

The two year maintenance cost comparison is
shown in figure 6.

Note that these maintenance costs assume that both
belt drives are replaced once per year.
Actual customer experience has shown that
the premium PowerGrip® GT3 and
Poly Chain® GT Carbon™ belt drives typically
outperform competitive V-belt drives.
This means that the actual maintenance cost for
V-belt drives is going to be even greater over the
lives of both types of belt drives, as the V-belts will
have to be replaced more frequently.
For example, if the belt drive ran for 2 years on the
fan drive, and the competitive V-belt drive ran for
1 year, the cost comparison over the length of the
synchronous drives operation would be (see figure 5).
Figure 5

Figure 6
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3. Total drive cost

The V-belt drive’s total cost for the first year is:
€ 30,115.99 (€ 265.85 + € 29,290.14 + € 560)

The previous sections have discussed the energy
and maintenance savings that are possible when
using synchronous belt drives.

The PowerGrip® GT3 belt drive’s total cost for the
first year is:
€ 28,328.46 (€ 342.83 + € 27,825.63 + € 160)

While energy and maintenance savings are
significant, the total cost of a belt drive system is the
most important factor for an end-user.

If both drives are replaced once per year, the
PowerGrip® GT3 belt drive saves € 1,787.53
compared to the V-belt drive.

Total cost includes the initial drive cost, energy costs
and maintenance costs.

The difference in initial component costs is
an additional € 76.98 for the PowerGrip® GT3
belt drive.
The difference in maintenance costs is an additional
€ 400 for the V-belt drive. The difference in energy
costs is an additional € 1,464.51 for the V-belt drive.
The sum of these additional costs is shown in
figure 8.
The difference in the additional costs is the savings
provided by the PowerGrip® GT3 belt drive. For this
example, the savings amount to € 1,787.53.

The initial drive cost is easily obtained for both
V-belt and synchronous drives.
Maintenance costs can be approximated as
discussed in the maintenance section above. The
30 kW drive conversion example is continued below.
This example follows through the energy and
maintenance costs calculated so far, and adds initial
drive cost to arrive at the total first year drive cost.
The initial drive component cost is € 265.85 for the
V-belt drive and € 342.83 for the PowerGrip® GT3
belt drive.

Figure 7 graphically shows the first year total drive
costs.

As calculated in the energy savings portion of this
example, the total annual energy cost for the V-belt
drive is € 29,290.14.
The total annual energy cost for the PowerGrip® GT3
belt drive is € 27,825.63.
As approximated in the maintenance savings portion
of this example, the total first year maintenance cost
for the V-belt drive is € 560.
The total first year maintenance cost for the
PowerGrip® GT3 belt drive is € 160.

Figure 7
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Total drive cost example
The example drives being considered are shown
below.
Existing V-belt drive
dR: 2/C 224 mm
dN: 2/C 315 mm
Belt: 2 each, 5CX1180
CD: 1,069 mm
dN RPM: 1,256 RPM

This means that the actual maintenance cost for
V-belt drives is going to be even higher over the lives
of both types of belt drives, as they will have to be
installed more frequently.

PowerGrip® GT3 belt drive
dR: P80-8MGT-30
dN: P112-8MGT-30
Belt: 3048-8MGT-30
CD: 1,140 mm
dN RPM: 1,250 RPM

In this instance, the drive cost would be higher for the
competitive V-belt drive.
For example, if the synchronous belt drive ran for
2 years on the fan drive, and the competitive V-belt
drive ran for 1 year, the cost comparison over the
length of the synchronous belt drives operation
would be:

Figure 8
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Note that these total additional cost comparisons
assume that both belt drives are replaced once per
year.
Actual customer experience has shown that
PowerGrip® GT3 and Poly Chain® GT Carbon™ belt
drives typically outperform competitive V-belt drives
on most applications.

PowerGrip® GT3

Additional
maintenance cost

Additional
energy cost
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Totalling the two year costs for both system types:
PowerGrip® GT3 belt drive
Two year component costs:

Two year maintenance costs:

Two year energy costs:

€ 342.83

€ 160
(initial installation labour cost)

€ 55,651.26

Competitive V-belt drives
Two year component costs:

Two year maintenance costs:

Two year energy costs:

€ 337.81
(1 set sheaves, 2 sets belts)

€ 1,120
(initial installation labour cost)

€ 58,580.28

€ 5.01 less

€ 960 more

€ 2,929.02 more

Total 2 year saving - 5.01 + 960 + 2,929.02 =
€ 3,884.01.
The two year additional cost comparison is shown
in figure 9.
Note that costs incurred due to additional
maintenance or downtime has not been shown in
any of the cost comparisons. Any additional costs
(lost productivity) should be added to the competitive
V-belt cost for a total cost comparison.

Figure 9
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DRIVE DESIGN CONSIDERATIONS

1. Belt pull
PowerGrip® GT3 and Poly Chain® GT Carbon™
belts are high capacity power transmission products.
It is very easy to reduce the overall size of a belt
drive when converting from V-belts. If shaft length is
limited, a width reduction can be an advantage.
However, care must be taken when selecting pulley
diameters: belt pull (and the resulting bearing
load) is directly proportional to the diameter of the
sheaves or pulley in the drive, so the larger the
diameter, the lower the belt pull. It should also be
noted that in some cases the driveN V-pulley acts
as a flywheel, reducing system vibration. Fitting
a smaller synchronous pulley could significantly
reduce this effect.
Since pulley diameters can be reduced when using
PowerGrip® GT3 or Poly Chain® GT Carbon™, it is
important to consider the sheave diameters of the
existing V-belt drive.
If there is any concern about the rigidity of the
structure or bearing capacity, it is important that
the pulleys which are chosen be of approximately
the same size (or larger) than the V-belt sheave
diameters. This will keep the belt pull roughly equal
to the existing V-belt drive and will minimise the
possibility of structural problems.
Because timing belts generally operate at higher
tension ratios i.e. 10:1 compared to 5:1, the bearing
loads should be lower for similar diameter pulleys.
So a small reduction in pulley diameters will have
little or no effect.
Whilst many applications are an excellent choice for
conversion to synchronous belt drives, care must be
taken to insure that the unit is a good candidate for
conversion.

10

Remember that the equipment was designed by the
OEM to accommodate V-belt drives.
Some easy to follow guidelines are listed below to aid
in recognising good (or bad) conversion candidates.

3
2. Equipment inspection
Many air handling units have structures that are
not particularly rigid. With V-belt drives, this is
not a major concern. Synchronous belt drives are
sensitive to fluctuations in the centre distance that
can be caused by an inadequate structure.
This lack of rigidity is critical under start up
conditions, when an AC motor can be required to
provide 200% to 400% of its rated capacity. V-belts
would tend to slip, acting like a clutch under these
conditions effectively “clipping” the peak torque at
start up. However, synchronous belts cannot slip,
and must transmit the higher start up torque, under
these conditions the drive centre distance may
collapse if the structure is not sufficiently rigid.
With the drive shut off and safely locked out,
a simple method to use when inspecting potential
drive conversions is to grab the two belt spans
and push them together while observing the motor.
If any relative movement of the motor or centre
distance is noticed, the drive will most likely have
a structure that is insufficient for a simple
conversion. The structure would need to be
reinforced to obtain the maximum performance from
a synchronous belt drive.

The best conversion candidates have motors that are
mounted solidly on brackets that are an integral part
of the fan’s mounting system.
Figure 11 shows an example of a good candidate for
conversion. Note that the motor and fan are both
solidly mounted to the concrete pad.

Figure 11

Figure 10
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Figure 13

The air handler, shown in figure 12, has the total
system (including both the motor and fan) mounted
on vibration isolation springs. It is important to note
that the entire unit is mounted on the same vibration
isolation springs.
If the motor and fan were mounted independently
on their own vibration isolation springs, the centre
distance would vary under operation.
The varying centre distance would result in
premature belt wear and failure.
If a unit has the motor and fan mounted
independently on vibration isolation springs, it
should not be converted to a synchronous belt drive.
Systems using this type of motor mount cannot
be reinforced. If the motor and fan were mounted
independently on separate vibration isolation
springs, the entire structural system would need to
be redesigned in order to use a synchronous belt
drive.

Figure 12

Figure 13 shows a drive that has the motor mounted
on a cantilevered motor mount. This can sometimes
be a poor choice for an unreinforced conversion.
Cantilevered mounting systems may not be rigid
enough to prevent centre distance collapse. It is
important that cantilevered systems be checked for
system rigidity before converting to a synchronous
belt drive.
Reinforcement will usually be sufficient to strengthen
the structure for conversion to synchronous belt
drives.

12

A frequently used configuration has the motor and fan
mounted vertically relative to each other. Figure 13
shows a system that has the motor mounted directly
to the structural members for the fan mounting
system. This is a good conversion candidate.
This type of mounting system is typically rigid enough
that reinforcement is not necessary.

3
Figure 14

Double screw motor bases are ideal for use with
synchronous belt drives because adjustment and
alignment are easier and more positive.
Single screw motor bases can result in misalignment
at the motor that can reduce the overall belt drive
performance. Figure 16 illustrates a typical double
screw motor base.

On the other hand, note that in figures 14 and 15
the motor is mounted externally on the sheet metal
box enclosing the fan unit. This type of mounting
system is typically not very rigid.
Check the system’s structural integrity by
performing the system rigidity test shown in figure
10. Carefully inspect the inside of the sheet
metal case for any internal reinforcing structural
members. If no structural members are present,
reinforcement is usually required to convert this
type of drive to synchronous belts.
Reinforcement can be as simple as angle iron
placed in a location that will support the motor
mounts more rigidly.
Figure 15

Figure 16
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3. Motor start up load
characteristics

The structure should be carefully inspected to insure
that it is robust enough to prevent centre distance
collapse upon start up.

A variety of methods are used to start electric motors.
These will produce very different peak torques and
therefore must be considered prior to conversion.

With the drive shut off and safely locked out, the
structural rigidity can be checked by pushing the two
belt spans inward toward each other and looking for
any relative movement in the structure (see figure 10).

Figure 17 shows the three most widely used starting
parameters for electric motors.
Figure 17
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As shown in figure 17, the start up loads can be a
significant concern when evaluating potential drives
for conversion to synchronous belts.
Synchronous belt drives will transmit all of the
start up torque, where V-belts will slip if the load
is excessive.
Due to the driveN inertia, start up loads can
potentially be 200% to 400% of the normal
operating load.
This is obviously much more of a concern when the
drive will be operating on a system that frequently
cycles on and off.
Drives that run continuously will only see the start
up load intermittently, so are not as sensitive to
the combination of high start up loads and weak
structures.
It is important that the effect of the start up load be
considered when evaluating a drive. If the structure
is weak, a high start up load will further adversely
affect the synchronous belt drive’s performance
by allowing centre distance collapse. This reduction
in centre distance results in an undertensioned
belt which may wear prematurely from being
undertensioned, or even worse, premature failure
from ratcheting (tooth jump).

14

Softstart

Softstart

58%

Speed

Speed

3
4. Calculation of start up torque

Transposing the formula gives the starting torque
of the motor.

If an electrician or suitably trained technician is
available, an ammeter can be used to compare
the start up amperage to the steady operation
amperage. If the amperage is 1 1/2 to 7 times the
steady state amperage, the structure should be
carefully inspected to insure that it is robust enough
to prevent center distance collapse upon start up.

To give the peak starting torque of the motor

[ ]

2

Ms = Mfl . I .Sfl
Ifl
S

Note that start torque is not linear with motor current
but a square of the ratio.

Figure 18 shows a typical relationship between
current and torque.

Calculated as follows:
The relationship between torque and current is
given by

[ ]

Ratio = M = I
Ifl
Mfl
S

2

.Sfl

= starting torque
= full load torque
= starting current
= full load current
= full load slip
Figure 18
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5. Controlled start up
If the motor unit has a soft start or variable
frequency (AC inverter) control, the start up
condition is generally ideal for any belt drive,
if it is correctly set.
It is important to realise that such units can
be programmed for rapid acceleration and or
retardations. We have experienced issues with
inverter drives where excessively rapid stop times
were programmed so that the motor acted as a
brake, imposing excessive loads on the belt. This is
often done to meet legal requirements on minimum
stopping times of rotating machinery and must be
considered at the design stage.
Normally the motor will be ramped up to speed
slowly, with a corresponding increase in load as
the speed increases. Units with a soft start or
AC inverter are ideal candidates for conversion to
synchronous belt drives.
Since the start up loads are low and gradually
applied, a structure that might otherwise be too
weak for a synchronous belt drive if unreinforced is
now very likely a good candidate for conversion.
A thorough visual inspection of the current belt
drive on the unit at start up is recommended.
If no unusual belt span vibration is observed,
a synchronous belt drive can usually be used
without reinforcing the unit’s structure.
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Adding a soft start to the system is often a cost
effective method of reducing start up loads and
centre distance collapse. Adding a variable
frequency control (AC inverter) not only reduces start
up loads, but also allows for fine tuning of the final
driveN fan speed. This fine tuning capability makes
balancing the system much easier and accurate, as
well as eliminating the need for expensive variable
pitch V-belt sheaves.

3
6. Service factors
Service factors are designed to ensure the true
requirements of a drive are fully accounted for.
They are not to be confused with safety factors
which determine the extra security of a component,
for instance a vertical lifting device may be specified
as needing to be overdesigned by a factor of 15.
The service factors are selected on three basic
criteria, severity of the driving and driven machines
and the running time.
Drivers are generally classed as normal and high
torque.
Driven machines are classed with regard to the level
of peak torque expected.
Hence a DOL starting machine having frequent
starts, running continuously would be given a factor
of 2.1.
Driven machine

Hours per day

Class

% Peak
overload

<10

10 to 16

>16

1

0

1

1.4

1.5

2

0 to 149

1.4

1.6

1.7

3

150 to 249

1.6

1.7

1.9

4

250 to 400

1.7

1.9

2.0

5

frequently >250

1.9

2.0

2.1

A more extensive listing based on this concept is
supplied in Gates design manuals.
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DRIVE SYSTEM NOISE

1. Noise generation

2. Noise reduction

Drive system noise can come from many
components. Nearly all moving parts in a system
are capable of making noise - including bearings,
motors and belts. Potential noise from other
components should be considered when trying
to solve a noise problem. Bearings that are
undersized, poorly lubricated, worn or misaligned
may cause noise. Rotating components can create
air movement that can generate noise.
A weak structural design could flex under load and
cause belt misalignment which will increase belt
flap and tooth interference possibly creating noise.
Synchronous belt drives, like any other power
transmission drive system, are capable of high noise
levels.
All synchronous belts generate noise at the meshing
frequency and subsequent harmonics as the belt
teeth enter and exit the pulley grooves. Since the
belt noise will tend to increase with tension and
interference, the more accurate the tensioning and
alignment, the less tendency the drive will have to
make noise.
Testing has shown that the GT tooth profile
has minimal interference and excellent noise
characteristics.

Many different factors affect belt drive noise. The
guidelines shown below have been developed and
will aid in the design and selection of quieter drives.
Belt speed
Noise generally increases with belt speed. Reduce
belt speed by designing with smaller pulley
diameters.
Be careful to ensure that pulleys are not significantly
smaller than the original V-sheave diameters as this
will increase bearing and shaft loads.
Pulley size
Very small pulleys tend to produce more noise due
to increased chordal effects, easily demonstrated by
rolling different size pulleys across a table top, so
avoid minimum numbers of grooves when noise is
an issue.
Belt tension
Noise tends to increase with increasing dynamic belt
tension. Reduce dynamic belt tensions by designing
with larger pulley diameters. A balance must be
achieved between reducing belt speeds and reduced
working tensions.
Belt width
Belt noise tends to increase with belt width. Due to
their high power capacities, both PowerGrip® GT3
and Poly Chain® GT Carbon™ are good choices for
synchronous belt drive conversions when noise is
a concern. Belt widths can be reduced as much as
50% to 75% when compared to more conventional
synchronous belts.
Do not overdesign and use a wider belt than
necessary.

18
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Analysis of noise issues
If noise issues arise, the use of the flow chart is
recommended as an aid to identify sources and
potential solutions.
Flow chart
This is straightforward and should allow an
inexperienced engineer to identify the noise type and
likely causes and potential solutions. The noises are
subdivided into “whine”, “resonant”, “cyclic” etc. The
endpoints of the chart should then lead the user to a
relevant report summary, which would offer options
and likely improvements achievable.
Noise barriers and absorbers
Sometimes, even properly aligned and tensioned
belt drives may be too noisy for a work environment.
When this occurs, steps can be taken to modify the
drive guard to reduce the noise level. Noise barriers
are used to block and reflect noise. Noise barriers do
not absorb or deaden the noise, they block the noise
and generally reflect most of the noise back towards
its point of origin. Good noise barriers are dense,
and should not vibrate. A sheet metal belt guard is
a noise barrier. The more complete the enclosure
is, the more effective it is as a noise barrier. Noise
barrier belt guards can be as sophisticated as a
completely enclosed case, or as simple as sheet
metal covering the front of the guard to prevent direct
sound transmission.
Noise absorbers are used to reduce noise reflections
and to dissipate noise energy. Noise absorbers
should be used in combination with a noise barrier.
Noise absorbers are commonly referred to as
acoustic insulation.
Acoustic insulation (the noise absorber) is used
inside of belt guards (the noise barrier) where
necessary. A large variety of acoustic insulation
manufacturers are available to provide different
products for the appropriate situation.
A combination of noise barrier (solid belt guard) and
noise absorber (acoustic insulation) will provide the
largest reduction in belt drive noise. While the noise
reduction cannot be predicted, field experience has
shown that noise levels have been reduced by 10
to 20 dBA when using complete belt guards with
acoustic insulation.
When designing a totally enclosed guard, a means
of removing any heat generated by the drive must
be considered as excessive temperatures will
damage belts.

3. Split belts
Wide belts can be split into 2 or 3 sections.
Preferably unequally this will often give a significant
noise reduction (see figure 19).

Figure 19
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FAN SPEED CONSIDERATIONS

Air handling units are unique in industry in that a
small change in the RPM at the driveN shaft can
dramatically affect the application. The volume of
air being transmitted is sensitive to changes in the
driveN fan speed. The amount of power required
is also related to the driveN fan speed. In order to
utilise the synchronous belt drive energy efficiency
advantages, it is very important that the belt drive be
designed to achieve the desired driveN speed.

The power requirement for fans varies with the cube
of the RPM.
Hence a small change in the fan RPM makes a much
larger difference in the actual power required.

All conversions to synchronous belt drives from
existing V-belt drives should have the design speed
ratio based on a measured (attached) driveN shaft
RPM, and not calculated from the V-belt speed ratio
(using the sheave diameters). Typical use of a
non-contact method is shown in figure 20.

Figure 20 – Always measure driven units speed

Figure 21
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1. Fan laws

This is due to slippage of the V-belt drive, whenever
possible the RPM of the fan shaft should be
measured. This can be done by either using a
mechanical or strobe tachometer.

This relationship is shown in the following fan law
equations:

airflow final = airflow initial.

RPM final
RPM initial

[

PRESSURE final = PRESSURE initial.

[

If using a strobe tachometer, be aware that false
speeds can be indicated. This is particularly the case
when measuring through a mesh guard. It is safer to
remove the guard to ensure light reflected from it is
avoided.

RPM final
RPM initial

RPM final
POWER final = POWER initial.
RPM initial

]

2

]

3

Fan speed power requirement example
As an example, consider a drive that has the driveN
fan speed increased from 1,100 RPM to 1,125 RPM.
The fan load at 1,100 RPM is 25 kW. To calculate
the new power requirement, use the third fan law.

KW  2 = 25

[ ]
1125
1100

3

= 26.7 kW

Note that the fan speed has only increased 2.3%, but
the power requirement has been increased by 7%.
Obviously, great care must be taken when selecting
drive components to insure that the proper fan
speed is selected.
A belt drive design that increases the fan speed
will result in higher operating energy costs. When
replacing a V-belt drive, a synchronous belt drive
should not be designed based on the V-belt sheave
diameters. This is because the actual driveN fan
speed will likely be slower than the theoretical V-belt
sheave speed ratio would indicate.

Generally, experience has shown that typically there
is a 5% difference between the assumed and actual
speed of the V-belt drive. This value can be used as
a good design guide if detailed data is unavailable.
As an example, consider the following example
where V-belt slippage was not considered by the
designer.
This example illustrates how poor design procedures
can result in an increase in power usage.

Power usage example
A 37 kW, 1,750 RPM motor is driving a fan.
The existing drive has the following components:
Motor: 3/C 200 mm
Fan: 3/C 355 mm
Theoretical fan RPM: 986 RPM
Belts: 3/CX1180
Centre distance: 1,057 mm
A Poly Chain® GT2 drive is chosen that replaces the
V-belt drive with the ratio based on the theoretical
V-belt speed ratio. In this example, it is assumed that
the driveN fan shaft speed was not measured.
The Poly Chain® GT2 drive that was chosen is shown
below:
Motor: 1
 4 mm pitch, 36 grooves (160.42 mm pitch dia.)
Fan: 14 mm pitch, 63 grooves (280.74 mm pitch dia.)
Belt: 14 mm pitch, 2,800 mm pitch length,
37 mm wide
Centre distance: 1,051.8 mm
Fan speed: 1,000 RPM
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From a power transmission standpoint, the
replacement drive is acceptable. However, by not
physically measuring the fan shaft speed, the motor
power requirement will be substantially increased
since the Poly Chain® GT2 belt drive was designed to
run at a faster driveN RPM and will always operate at
that speed since it is a positive, no slip drive.
For this example, assume that the V-belt drives
measured fan shaft RPM was 950 RPM (due to
slippage).
The actual power requirement can be calculated.

[ ]

986
KW 2 = 37
950

3

= 41.4 kW

Due to the failure to measure the actual fan
shaft speed, the power absorbed has increased
to 41.4 kW.
The power and energy requirement has
increased 12%.
It is very important that any replacement synchronous
belt drive be designed for the true, measured fan
RPM (using a contact or strobe tachometer), not
a theoretical fan RPM that is calculated using a
nameplate motor RPM and the existing V-belt sheave
diameters.
In this example, instead of saving money by
converting to a synchronous belt drive, the operating
energy cost was increased due to the replacement
drive being improperly designed.
Increasing the driveN fan speed will also increase air
flow. This increased flow can sometimes produce
unexpected and undesirable results in a facility or
environment.
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INSTALLATION

1. Fitting the belt onto the pulleys

2. Alignment

The belt must NEVER be prised or walked over the
pulley flange as this can severely damage the internal
tensile cords leading to premature tensile failure.

Proper drive alignment is critical for optimum belt
performance. Synchronous belts are more sensitive
to misalignment than V-belts, and should not be

Figure 22

The drive centres should be reduced so the belt can
be laid easily over the pulleys.
The tension should then be increased and the drive
rotated to ensure the teeth correctly enter the pulley
grooves. Once this is done, the full recommended
installation tension can be applied.

used on drives where misalignment is inherent in the
system. Misalignment leads to inconsistent belt wear
and premature tensile failure due to unequal tensile
member loading (see figure 23).
Figure 23

Safety warning
When rotating drives by hand, care must be taken
not to trap fingers between the belt and pulley.
Rotation of large synchronous drives by pulling on
the belt is particularly hazardous where entrapment
of fingers between belt and the pulley flanges has
resulted in immediate amputation of the finger(s).
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Synchronous belts are generally made with high
modulus tensile members that provide length
stability over the belt life. Because of this low
stretch characteristic, misalignment does not allow
equal load distribution across all of the belt’s tensile
cords. In a misaligned drive, the load is being
carried by only a small portion of the belt’s tensile
cords, resulting in reduced belt longevity.
Parallel misalignment occurs when the driveR and
driveN shafts are parallel, but the pulleys lie in
different planes. When the shafts are not parallel,
the drive is angularly misaligned. A fleeting angle
is the angle at which the belt enters and exits the
pulley, and equals the sum of the parallel and
angular misalignments.
Pulley misalignment will result in reduced belt life.
The total misalignment of synchronous belt drives
should not exceed 1/4° or 5 mm per metre of centre
distance as shown in the design manuals.
Misalignment should be checked with a good
straight-edge tool. The tool should be applied from
driveR to driveN and from driveN to driveR so that
the effect of parallel and angular misalignment is
taken into account.
Alignment can be checked with tools as simple as a
piece of string or straight-edge, or as sophisticated
as the Gates AT-1 laser alignment device shown in
figure 24.
Figure 24

There are two types of misalignment: parallel and
angular (figure 25). Also see Gates design manuals.

PARALLEL MISALIGNMENT

C
L

FLEETING ANGLE
ANGULAR MISALIGNMENT

C
L

Drive misalignment can also cause belt tracking
problems. However, some degree of belt tracking
is normal and won’t affect performance. Optimum
operation of the drive will be with the belt only
contacting one flange in the system. The worst case
is the contacting of flanges on opposite sides of the
pulleys in the system. This traps the belt between
the flanges and can force the belt into undesirable
parallel misalignment.
Improper installation of the bushing can result in the
bushing/pulley assembly being “cocked” on the shaft.
This leads to angular misalignment. It is important
to follow the installation instructions that are included
with the bushing.
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3. Belt installation tension

Figure 27

Proper belt installation tension is important to the
optimum performance and longevity of the belt.
The two extremes of improper tensioning are
under- and overtensioning.
Undertension
When a belt is undertensioned, it will prematurely
wear the belt teeth, and possibly even ratchet (jump
teeth) under heavy start up loads, shock loads, or
structural flexing (see figure 26).
Figure 26

Overtension
If a belt is over tensioned, the belt will wear in the
land area (area between the belt teeth). This can
result in premature belt failure. Overtensioning
can also damage bearings, shafts, and other drive
components (see figure 28).
Both undertensioning and overtensioning can result
in shortened belt life. It is important that the proper
initial static tension values be used when installing
the belt.

Figure 28

Gates tension recommendations are sufficient for
most drives, but where very large pulleys (<112
grooves) are used it is advisable to double check
with a strobe light that the belt is meshing correctly
on entry into the driven pulley. The quality of
meshing will take precedence over the theoretically
calculated installation tensions.
Figure 27 shows an extreme example of poor
meshing that caused wear as shown in figure 26.

These values can be calculated using the proper
Gates design manual, Gates DesignFlex® Pro™
design software, or by consulting your local Gates
representative.
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4. Tension measurement

Figure 30

Belt static installation tension can be accurately
measured using a variety of tools available from
Gates.
A common method is to use the force deflection
method, measuring the recommended deflection
force using the Gates pencil type tension tester
(product number 7401-0076), or for larger drives
with higher static tensions may require the use of
the Gates double barrel tension tester (product
number 7401-0075) (see figure 29).

The 507C sonic tension meter measures belt static
tension by measuring the sound pulses generated at
the span vibration frequency. This provides an easy
measurement method for large drives which would
require deflection forces larger than can be measured
with either the pencil type tension tester or double
barrel tension tester. The 507C sonic tension meter
is shown in figure 30.
An inductive head is supplied for use in areas
where ambient noise levels may prevent consistent
readings. In this case, a light metal target is attached
to the belt at centre span (paperclip) and the reading
taken as normal.

Figure 29
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Read just underneath the rings. Before using the tension
tester again, slide the rings downwards again.
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SUMMARY

Synchronous belt drives can offer several significant
advantages compared to competitive V-belt drives,
when designed with proper design procedures and
verification of the driveN unit’s structural integrity.
These advantages will be greatly enhanced if the
Gates Premium products, PowerGrip® GT3 and
Poly Chain® GT Carbon™ belts are used thereby
minimising drive width, bending losses and rotating
masses.
These advantages will result in:
• a
 n average of 5% energy savings
compared to V-belt drives
• maintenance costs virtually eliminated
• d
 ramatically reduced total belt drive costs
over the life of the belt drives
Note that by necessity some of the results quoted
are for belts that have been running for some time.
These will be replaced by later generations and may
no longer be available in the standard programme.

27

8
SUPPORT

Behind our leading industrial products is an entire company of professionals, armed with solutions. Whether
driven by people, equipment or technology, Gates provides a wide range of services to optimise belt drive
performance and deliver the best value to customers in return for their investment in Gates’ products.

G
 ates drive design software
Gates puts forward two fast and easy resources for selecting
and maintaining belt drive systems. DesignFlex® Pro™ and
Design IQ™, online drive design and engineering tools,
assist designers in quickly selecting optimum drive solutions.
With the Gates multilingual DesignFlex® Pro™ programme,
you can design a drive in minutes, and get every possible
drive solution that fits your design parameters. Plus, you can
print, e-mail and create a PDF of the design specifications.
Design IQ™ provides a blank slate for designing multipoint
and complex serpentine belt drives. Utilising a specific
Gates product that you have identified, as well as your drive
specifications, the software will calculate belt tension, shaft
load, belt length and more.
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G
 ates cost saving programme
Gates’ technical and commercial teams are available to
perform plant surveys on customers’ premises: Gates’
distributors and application engineers conduct performance
evaluations and develop a maintenance recommendation
plan for energy cost savings. They evaluate current belt
drive efficiencies using DesignFlex® Pro™ and Gates Cost
Saving Calculation Tool and can develop a preventive
maintenance programme to maximise the life of all belt
drives in your facility. The energy saving calculations are
based on the best information available and represent the
typical saving that can be expected from correctly installed
drive systems.

Gates e-commerce website
By going online registered Gates distributors can find the
most current product information, enter orders 24 hours/
day and track orders at any time. Gates electronic price
lists both in EXCEL and PDF formats can be consulted from
the e-commerce website www.gates-online.com. You can
download the price list relevant to you: base price list, net
price list or market price list. Find out how to draw up your
own price list by selecting product categories and entering
figures. To obtain a price list with your own company logo,
send the logo over to us and we will provide you with
a customised copy.

G
 ates literature and website
Please consult our website at www.gates.com/europe/pti
for specific and updated information on all Gates industrial
belt products and our list of available literature. Industrial
Power Transmission brochures and leaflets can be
downloaded there. Distributors may link up with the
Gates European site thus supplying visitors with updated
information on the European Gates organisation.
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APPENDIX

DRIVE SURVEY AND ENERGY SAVINGS WORKSHEET
Date:

Location:

Customer:

V-belts

Number of drives:

Multi-ribbed belts

�
�

DRIVER

E2/20093

�
�

Synchr. belts
Couplings

DRIVEN

Type and description:

Machine designation:

Name of the drive:
Rated:
Torque:

kW
Nm

Rated constant speed:

rpm chk

If variable speed,
give min.
rpm, max.
Shaft diameter

mm

Keyway width:
Keyway depth:

�

mm

mm
mm

Rated constant speed:

rpm chk

�

rpm

Shaft diameter:

mm

Keyway width:
Keyway depth:

Set screw

mm
mm

Set screw

Max. O.D.
(include flange)

mm

Max. width
(include hub)

mm

CENTRE DISTANCE REQUIRED
Min ........................mm Max ........................mm
If idler is used, give location:
Inside � Outside � Slack side �
Tight side �

SPECIAL LOAD AND SERVICE CONDITIONS
Temperature (abnormal):
Hours in operation per year (approx.):
Starting:
Direct on line

kW
Nm

If variable speed,
give min.
rpm, max.

rpm
Length

Peak:
Max. torque:

�

Soft Start

°C

Max. O.D.
(include flange)

Max. width
(include hub)

Type CD adjustment:
Adjustable base or slide rails

Excess:
Oil

Vsd

�
�

Dust
Static

�

�
�

Star/Delta

ENERGY SAVINGS INFORMATION

Hours of Operation
Hours per Day
Days per Week
Weeks per Year

Energy Cost per KW-Hour
Cost of Manpower Maintenance/Hour
Frequency of Maintenance/Year
Production Downtime Cost/Hour

Motor Mount: Double Screw Base? Yes/No
Adequate Structure? Yes/No
Motor Mounted on Sheet Metal? Yes/No
Floating/Pivot Motor Base? Yes/No

�

Water

ENERGY SAVINGS INFORMATION

MACHINE STATUS

mm

�
�

None

Abrasives

�

mm

�

Duty Cycle: Number of Start/Stops
Times per hour/day/week

SPECIAL INSPECTION REQUIRED
The manufacturers reserve the right to amend details where necessary.
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