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Foreword

Synchronous belts are being used more extensively than ever before in the industry where synchronization of one shaft speed to another is
of primary importance. Gates Corporation has prepared this complete Poly Chain GT Carbon Belt Drive Design Manual to handle these ex-
acting applications. Poly Chain drives also eliminate maintenance and noise problems associated with chain drives and reduce maintenance

required on other problem power transmission drives.

Stock Belt Drives are presented in this manual for your convenience. If your drive requirements (Speed, Ratio, Center Distance, Space,

Horsepower) are not met, contact your local Gates representative.
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Poly Chain® GT® ™ Belt

Nothing Tougher

Gates new Poly Chain® GT® Carbon™  Gates is the first to apply these pre-
belt is part of a powerful synchronous ~ mium grade carbon fibers in a pat-

belt drive system that outperforms ented dynamic application, providing
roller chain in even the most demand-  the Poly Chain GT Carbon belt with
ing high-torque applications. exceptionally high power transmis-
Gates Poly Chain GT Carbon belt leon li:)<'.a|.paC|ty, strength, flexibility and
offers enhancements that exceed the ureility.

current market-leading Poly Chain Poly Chain GT Carbon drives pack
GT®2 belt, including: a lot of power into a small space,

matching the capacity of roller
chain drives width-for-width in
more flexibility for use with back-  most pitch sizes.

side idlers

better performance

greater resistance to moisture

maintenance-free drive

In today’s high-performance driven outlasts roller chain 3-to-1
world, parts'that nged to be incredibly accommodates the use of
strong and lightweight aren’t made of backside idlers

steel. They're made of premium grade

compact drive components
provide versatility to drive
designers

carbon fiber.

Gates new Poly Chain® GT® Carbon™ belt offers performance enhancements

that exceed the current market-leading Poly Chain® GT®2 belt.




Online Drive Design and Engineering
Tools at

Fast and easy resources for selecting and maintaining Gates belt drive systems.
quickly find the product information you need
get answers, solve problems and develop solutions
create drive designs in minutes
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If you currently design 2-point drives
using manuals, then you know how
long it can take and that you only

get one solution. With Gates Design
Flex® Pro™ program, you can design
a drive in minutes, and get every pos-
sible drive solution that fits your de-
sign parameters. Plus, you can print,
email and create a PDF of the design

specifications. Use Design Flex Pro to:

convert rollerchain drives to
Poly Chain® GT® Carbon™
belt drive systems

quickly and correctly design
2-point drives

get multiple design solutions
see both V-belt and
synchronous options

design using different languages
for customers outside the US
save time and money

View and download PDF versions of
Gates Power Transmission Systems
Catalog, Belt Number & Identification
Chart and Drive Design Manuals.

This software program offers a faster,
easier way to obtain complete dimen-
sions, CAD drawings and 3D solid
models of Gates synchronous belt
hardware. 2-D sprocket drawings can
be downloaded in AutoCAD, Word,
Generic or Web formats, and 3-D
solid models can be saved as native
Pro/e files. You can also generate
detailed information sheets for belts
in a PDF format.

Design /’@

RSO

This program provides a blank slate for
designing multi-point and complex ser-
pentine belt drives. Utilizing 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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SAFETY POLICY

WARNING! Be Safe! Gates belt drive systems are very reliable when used
safely and within Gates application recommendations. However, there are
specific USES THAT MUST BE AVOIDED due to the risk of serious
injury or death. These prohibited misuses include:

Primary In-Flight Aircraft Systems

Do not use Gates belts, pulleys or sprockets on aircraft, propeller or rotor
drive systems or in-flight accessory drives. Gates belt drive systems are
not intended for aircraft use.

Lift Systems

Do not use Gates belts, pulleys or sprockets in applications that depend
solely upon the belt to raise/lower, support or sustain a mass without an
independent safety backup system. Gates belt drive systems are not
intended for use in applications requiring special “Lift” or “Proof” type
chains with minimum tensile strength or certified/test tensile strength
requirements.

Braking Systems

Do not use Gates belts, pulleys or sprockets in applications that depend
solely upon the belt to slow or stop a mass, or to act as a brake without
an independent safety backup system. Gates belt drive systems are not
intended to function as a braking device in “emergency stop” systems.

Drive design software can be found at
www.gates.com/drivedesign.

This software assists designers in quickly
selecting optimum drive solutions. j

%‘,,‘ . The Driving Force in Power Transmission.



Poly Chain® GT® Carbon™ Low-Speed Design Load Calculations
For use when designing Poly Chain GT Carbon belt drives for gear
reducer output shafts and general roller chain conversions.

When designing Poly Chain GT Carbon belt drives to be used in low-speed
applications (generally 500 rpm and less), traditional drive design procedures
may vYield drives with greater-than-needed capacity. These design load cal-
culations are intended primarily for applications on the output side of gear
reducers, and will yield Poly Chain GT Carbon belt drives competitive in both
cost and performance with roller chain and superior to other belt drives.

A recent power transmission industry publication estimated that half of all
U.S. motors operate at less than 60 percent of their rated load and one third

operate at below 50 percent of their rated load. Significant power losses can
also occur in speed reducers, further reducing the actual torque loads car-
ried by belt drives.

In order to prevent over sizing belt drives for these low speed applications,
the design should be based upon the actual system running load. Because
the actual running load may or may not be known, the following three
approaches are recommended to assist the designer in determining the
appropriate design load:

I. Actual Operating Loads Known

In those cases where the actual operating load is known, design the belt
drive for the actual operating load rather than for a load based upon the
motor name plate. Use Formula 1 to calculate the proper drive design load
based upon motor load (name plate or measured) when the belt drive will
be installed on the reducer output shaft.

Design Load
Formula 1
DesignlLoad = (Motorload) x ServiceFactor x (% Reducer Efficiency/100)
Motor Load: From user/OEM
Service Factor: From Table 1
% Efficiency: From Speed Reducer Catalog (also refer to
the Reference Data Section)

Table 1—Service Factors for Low-Speed Roller Chain Drive Conversions
For Drive Selections With Shaft Speeds Less Than 500 rpm

DriveN Machine

Typical driveRs are electric motors, hydraulic motors, or internal
combustion engines with hydraulic couplings/torque converters.

Select a driveN load category whose characteristics most closely represent
those of the actual equipment

Intermittent Normal Continuous
Service Service Service
3-5 Hours Daily 8-10 Hours Daily 16-24 Hours Daily

Uniform Load:

Agitators & Mixers: liquid and semi-liquid

Conveyors: light package, oven, ore, sand, salt

Food Equipment: bottling machinery, kettles, cookers, food handling machinery
Line shafts: light or normal service

Paper Industry: agitators, bleachers, calendars, dryer machinery

Printing Machinery: cutters, rotary, embossing & flatbed presses, linotype, folders

1.0 12 1.3

Moderate Shock Load:

Agitator Mixers: dough, heavy syrups

Brick & Clay Machinery: auger, brick machines

Conveyors: apron, bucket, pan, elevator

Cranes & Hoists: hoists, elevators

Line Shafts: moderate, heavy service

Paper Industry: yankee dryer, winder drums

Printing Machinery: magazine & newspaper printing presses
Rubber & Plastics Machinery: calendars, rolls, tubers, extruders

13 14 15

Heavy Shock Loads:

Brick & Clay Machinery: mixers, pug mills, rolls
Conveyors: screw, flight

Crushing Machinery: ball mills, jaw crushers, roll crushers
Mills: rotary, ball, pebble, rod, tube

Mixers: concrete

Rubber & Plastics Machinery: mixers, sheeters

15 16 17

Additional Guidelines

There are many driveN machines using, or potentially designed to use, roller chain drive systems.
When converting these to Poly Chain® GT® Carbon™ drives, consider the following additional guidelines.

e Do not overlook the torque multiplying effect of belt drives and speed reducers when calculating with torque loads.
e Engineering judgment should be used in determining a design load for non-standard motors with high starting loads (NEMA C, NEMA D,

Direct Current, etc.).

e See the Reference Data Section for guidance in calculating speed reducer efficiency.
e For guidance in calculating speed reducer efficiency, refer to Speed Reducer Efficiency on Page 10.

2 % Gates Corporation
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Poly Chain® GT® Carbon™ Low-Speed Design Load Calculations — continued

Il. Actual Operating Loads Unknown — With Measurements

When the actual system running load is unknown, it must be estimated.
This can be done with reasonable accuracy by measuring the average
electrical amperage draw from the motor while under load, and calculating
a motor horsepower output. Speed reducer efficiency can also be calcu-
lated and applied as well.

Use Formulas 2-4 for the most accurate results if all of the needed formu-
la values are available.

Because values for motor efficiency and power factor may not be readily
available, a common industry accepted practice is to proportion the motor
name plate horsepower rating with the motor name plate amperage rating
and actual measured amperage value. Use Formula 5 for a reasonable
estimate of actual motor horsepower load.

D.C. Motors
Formula 2
Horsepower* = (Amps) x %6”8) x (Ef)

Amps: as measured
Volts: as measured
Eff: % Eff/100 (from Motor Catalog or Motor Nameplate)

Single Phase A.C. Motor

Formula 3

Horsepower* = (Amps) x (Volts) x (Eff) x (PF)

746

Amps: as measured

Volts: as measured

Eff: % Eff/100 (from Motor Catalog or Motor Nameplate)
Power Factor: as measured or from Motor Catalog

Three Phase A.C. Motors

Formula 4

Horsepower* = 1-/3 X (Amps) x (Volts) x (Ef) x (PF)

746

Amps: as measured (average of 3 phases)

Volts: as measured

Eff: % Eff/100 (from Motor Catalog or Motor Nameplate)
Power Factor: as measured or from Motor Catalog

(Note: Refer to Power Factor on page 4 for general
power factor and efficiency values.)

Alternative Approach

Formula 5
Horsepowe

o (Nameplate hp)(Measured Amps)
(Nameplate Amps)

Nameplate hp: maximum rated motor horsepower
(Motor Nameplate or Motor Catalog)

Measured Amps: as measured
(if 3 phase; average of 3 phases)

Nameplate Amps: maximum rated motor amps
(Motor Nameplate or Motor Catalog)

Now with a good estimate of the actual motor horsepower load, use
Formula 6 to calculate the proper drive design load (when the belt drive will
be installed on the reducer output shaft).

Formula 6
Design Load = (Estimated Motor Load) x (Service Factor)

% Reducer Efficiency
100

Estimated Motor Load: From Formulas 2-5
Service Factor: From Table 1

% Efficiency: from Speed Reducer Catalog

(also refer to Speed Reducer Efficiency on page 4.

*With an estimate of actual motor load, and the belt drive connected directly to a speed reducer output shaft, use Formula 1 to calculate the drive design load.

lll. Actual Operating Loads Unknown — Without Measurements

It is not always possible to determine actual motor operating loads, as it may
not be possible to take amperage draw measurements from the motor. In
those cases, the following guidelines should be used with caution, as they may
not yield successful results in every case. They should, however, yield at least
comparable, if not improved, service compared to the old roller chain drive.

The procedures which follow in Table 2 should yield at least comparable, if
not improved, service compared to the old roller chain drive.

Table 2

Situation

Conclusion

Recommendation

Properly lubricated. Provides more than four months
of continuous service

System is either properly designed or lightly loaded.

Base belt drive design load on the roller chain drive horse-
power rating.

Properly lubricated. Provides less than four months
of continuous service.

System may have less than adequate load capacity.

Belt drive design load based on roller chain drive horsepower
rating may result in a poorly performing system. Exercise
good engineering judgment.

Unlubricated. Provides more than four months

confinuous Service. System is lightly loaded.

Base belt drive design load on roller chain drive horsepower
rating.

Unlubricated. Provides less than four months
continuous service.

It is difficult to conclude whether the system has been
designed with adequate load capacity.*

Base belt drive design load on roller chain power rating but
exercise good engineering judgment.

“*Unlubricated roller chain drives do not typically provide more than three to four months of service regardiess of design capacity.

www.gates.com/pt
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Poly Chain® GT® Carbon™ Low-Speed Design Load Calculations — continued

In those cases where the belt drive design load is based upon the power
rating of the existing roller chain drive, use Formula 7 along with good engi-
neering judgment to calculate the proper drive design load.

Formula 7
Design Load = (Roller Chain Power Rating) x Service Factor

Roller Chain Power Rating: from Roller Chain Manufacturer’s
Catalog
Service Factor: from Table 1

Drive Selection Procedure

Having used one of the previous three approaches to determine a belt
drive design horsepower load, proceed to step 2 of the Belt Drive Selection
Procedure on page 16.

Reference Information
Speed Reducer Efficiency

If the efficiency of a speed reducer is not published, it can be calculated
indirectly from the catalog data. Speed reducer manufacturers generally
publish rated input horsepower and rated output torque for each speed
reducer unit in their product line. In order to calculate speed reducer effi-
ciency, either the rated output torque must be converted to output horse-
power or the rated input horsepower must be converted to input torque.
The torque/horsepower conversion formulas are as follows:

_ Qx (pm)

hp) = XX P

) 63025

hp = horsepower

Q = torque (Ib-in)

rom = shaft revolutions/min

Q- hp x 63025
om
Q = torque (Ib-in)
hp = horsepower
rom = shaft revolutions/min.

Reducer efficiency is then calculated as follows:

Output hp or Q

Reducer Efficiency =
Input hp or Q

A general comparison of speed reducer efficiency is included in Table 3.
Motor Data

Motor efficiency and power factor data may not be readily available, Actual
values vary and are motor dependent. If catalog data are not available, typ-
ical values are as follows:

Power Factor

Standard Motor: 0.80 typical (range from 0.55 to 0.90)

High Efficiency Motor: 0.85 typical (range from 0.73 to 0.88)
Efficiency

Standard Motor: 80% typical (range from 70% to 87 %)

High Efficiency Motor: 88% typical (range from 84% to 93%)

Belt Tensioning

Adequate belt installation tension is critical in preventing belt ratcheting
under peak motor starting loads. To calculate proper belt installation ten-
sion values for Poly Chain GT Carbon belts, follow the procedures starting
on page 108.

Table 3
Reducer Type Ratio Range Reduction Approx. Efficiency, (%)

Straight Bevel Reducer 1:1-41 Single 97.0%
Spiral Bevel Reducer 1:1-5:1 Single 97.0%
1.2:1-6:1 Single 97.0%
Helical Reducer to 30:1 Double 94.1%
to 200:1 Triple 91.3%
3.511-6:1 Single 97.5%
Planetary Reducer to 30:1 Double 95.1%
to 200:1 Triple 92.7%
to 1800:1 Quadruple 90.4%
6:1-119:1 Single 92.5%
Cycloidal Reducer to 7,500:1 Double 85.6%
to 658,000:1 Triple 79.1%

Worm Gear Reducer 5:1-751 Single 45%-94%

to0 6,000:1 Double 28%-65%

Note: Speed ratio ranges and efficiency values are approximate and vary with each manufacturer.

4 % Gates Corporation
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Poly Chain® GT® Carbon™ Low-Speed Design Load Calculations — continued

Copy and use this worksheet to estimate actual belt drive operating loads
based upon the Low-Speed Drive Design Procedure

Drive Design Load Worksheet for Low-Speed Poly Chain GT Carbon Drives

Known Values Alternating Current
To
Find Direct Current
v Motor | Power Motor | Reducer | Reducer | Motor )
Amps | Volts %EH/100 | Factor hp Load oM Ratio | %Eff/100| Torque Single Phase Three Phase

Motor (hp) (746) (hp) (746) (hp) (746)

Amps (V) (Eff) (V) (Eff) (PF) 173 Eff) (PF,
Motor p (Amp) (V) (ER) | (Amp) (V) (EF) (PF) | (173) (Amp) (V) (EF]) (PF)

746 746 746

Motor (hpLoad) (63025)

Torque (Motor rpm)

(Ib-in)
Reducer

Output (Motor Torque) (Reducer Speed Ratio) (Reducer Efficiency)
Torque

Reducer ) -

(hp Load) (Reducer Speed Ratio) (Reducer Efficiency) (63025)
Output
(Motor rpm)

Torque

Notes:

1. Amperage measurements should be made under normal operating conditions, or recorded continuously as a function of time.
2. In three phase systems, the formula amperage value is determined by averaging the three individual phase measurements together.

See Low-Speed Drive Design Information Sheet on page 11
for assistance in collecting drive design information.

www.gates.com/pt %‘,«; . The Driving Force in Power Transmission.




Low-Speed Poly Chain® GT® Carbon™ Belt Drive Selection Procedure

For drive selections with shaft speeds less than 500 rpm

Selection of a Stock Poly Chain GT Carbon belt drive system involves
these eight steps:

. Calculate the Design Horsepower

. Select the Belt Pitch

. Select the Sprockets and Belt Length

. Select the Proper Belt Width

. Check and Specify Stock Drive Components
. Installation and Take-up

. Calculate Belt Tensioning Requirements

. Verify Speed Reducer Overhung Load

@ N O O~ W NN =

Sample Drive Selection Problem

A blank Low-Speed Drive Design Information Sheet can be found on page
11. This form provides a convenient method for collecting data to proper-
ly design or convert to a Poly Chain GT Carbon belt drive.

In this example, an ore conveyor is powered by an electric motor directly
connected to a speed reducer. A Poly Chain GT Carbon belt drive is need-
ed to transmit power from the speed reducer output shaft to the convey-
or shaft. The motor is a 5 horsepower, 1750 rpm normal torque AC motor.
The speed reducer is a worm gear type unit with a 50 to 1 speed ratio. The
ore conveyor is to be driven at 17.5 + 5% rpm and operates 24 hours per
day 7 days a week. The center distance between shafts is 50.0 inches, but
can be altered + 3.0 inches, if necessary. The speed reducer output shaft
has a 1.500 inch diameter and the conveyor shaft has a 2.000 inch diam-
eter.

Step 1 Calculate The Design Horsepower

The Design Horsepower should be calculated as follows:

Design Horsepower =
(Motor Load) x (Low-Speed Service Factor) x (Reducer Efficiency)

Procedure

A. The motor load can be determined by several methods as explained in
the Low-Speed Drive Load Calculations section on pages 8-10. The
method used for determining motor load will depend on how much
information is available on the application. A worksheet is provided on
page 11 to help choose which method is most appropriate given the
information known.

Example
This example demonstrates the Proportioned Amperage
Rating approach described in Formula 5 on page 3.
Motor = 6.00 hp (nameplate rating)
Nameplate Amps= 70.
Measured Amps: Phase 1 = 4.1

Phase 2 = 4.4

Phase 3 = 4.2

Phase 1 + Phase 2 + Phase 3
3

_4.1 amps + 4.4 amps + 4.2 amps
3

Average Measured Amps =

Average Measured Amps = 4.2 amps

Gates Corporation

Motor Load — (Nameplate hp) (Average Measured Amps)
(Nameplate Amps)

_5hpx4.2 amps
7.0 amps

Motor Load= 3.00 hp

Procedure

B. The proper Low-Speed Service Factor is selected from Table 1 —
Service Factors For Low-Speed Roller Chain Drive Conversions. The
selection is based on the category of machinery being driven and the
number of service hours per day.

Example

An Ore Conveyor is found in the Uniform Load drive group. Reading
across to the right, the column heading for 16-24 hours daily service
shows that a 1.3 Service Factor is recommended.

Procedure

C. The Reducer Efficiency is available from the speed reducer name plate
or manufacturers’ catalogs. Often the speed reducer efficiency is not
provided directly in manufacturer’s catalog. In such cases the reducer
efficiency must be calculated as described on page 10.

Example - Speed Reducer Efficiency Calculation
Speed Reducer Rated Input Load hp = .65

Speed Reducer Rated Output Torque = Ib-in. 6210
Speed Reducer Rated Output Speed rpm = 35

RatedOutput hp
_ (Rated Output Torque) x (Output Speed)

63025
(6210 Ib -in) x (35 rom)
63025

Rated Output hp = 3.4
Rated Output Power
Rated Input Power
_34hp

6.5 hp

Reducer Efficiency = 0.53 or 53%

Reducer Efficiency =

Procedure

D. The Design Horsepower can now be determined by multiplying these
three values together.
Example - Design Horsepower Calculation
Motor Load = 3.00 hp
Low-Speed Service Factor =1.3
Reducer Efficiency = 53%
Horsepower = (Motorload)(Reducer Eff)
Horsepower = (3.00)(0.53) = 1.59
Design Horsepower = (HP)(Low Speed Service Factor)
Design Horsepower = (1.59)(1.3)
Design Horsepower = 2.07

www.gates.com/pt



Low-Speed Poly Chain® GT® Carbon™ Belt Drive Selection Procedure — Continued

Step 2 Select The Belt Pitch
Procedure

Using the Design Horsepower and the output speed of the speed
reducer, select the belt pitch from the Belt Pitch Selection Guide Chart on
page 19.

Example

Design Horsepower = 2.07 hp

Reducer Output Speed = 35 rpm

Locate 35 rpm on the “RPM of Faster Shaft” scale on the left side of
the chart and move over to where the 2.07 Design Horsepower line
intersects. The intersection falls within the 8mm pitch section, but a
14mm pitch belt could also be used.

Step 3 Select The Sprockets and Belt Length

Procedure

A. Determine the belt drive speed ratio: The speed ratio can be calcu-
lated by dividing the speed (rpm) of the faster shaft by the speed (rpm)
of the slower shaft.

Example

Reducer Output Speed = 35 rpm

Ore Conveyor Speed = 17.5 rpm

rpm of faster shaft _ 35 _ 200

Speed Ratio = =
rom of slower shaft 17.5

B. Select the sprocket combination and belt length: Referring to the
Stock Drive Selection Tables, find the proper set of tables for the belt
pitch (8mm or 14mm) found in Step 2. Looking down the speed ratio
column, find the value which most closely matches the belt drive speed
ratio required. Reading across the selected speed ratio line, find the
stock DriveR and DriveN sprocket combination available. Reading fur-
ther across, locate the belt drive center distance which most closely
matches the target center distance specified. The belt sizes are listed
across the top of the table for each corresponding center distance.

Multiple sprocket combinations will often be available for a given speed
ratio. In such cases, selection of the proper drive combination will depend
on the center distance required, minimum or maximum required sprocket
diameters and speed reducer overhung load requirements. After selecting
possible sprocket combinations and center distances, record the belt
length (top of column) and the length factor (bottom of column).

Example

Belt pitch = 14mm

Belt Drive Speed Ratio = 2.000

Center Distance = 50.00 + 3.00 in. (from the problem statement)

Refer to the 14mm Pitch Stock Drive Selection Tables on pages 38-51.
Reading down the Speed Ratio Column locate 2.000. In this case, there
are five different drive combinations available for a 2.000 Speed Ratio.
Checking the center distance values for each combination, the 50.10
inch value is the closest to the 50.00 inch target. So, the 28 groove
DriveR sprocket, 56 groove DriveN sprocket, and 14MGT-3136 (224
teeth) belt combination is selected. Also note that the Belt Length
Correction Factor is 1.12 with a center distance of 50.10 inches.

www.gates.com/pt
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Step 4 Select The Proper Belt Width
Procedure

Horsepower Rating Tables are located on pages 52-64 for standard
belt pitches and stock belt widths. The base horsepower rating is given
in the upper table as a function of the speed (rpm) of the faster shaft and
diameter of the small sprocket. The speed of the faster shaft is located in the
left hand column. Across the top are various stock sprocket sizes. The base
horsepower rating of a given sprocket, at a specific speed, is the point at
which the “rpm” row and the “sprocket size” column intersect.

This basic horsepower rating must be corrected for speed down speed
ratios, and for the belt length selected. The following formula should be used
to calculate the total drive horsepower rating:

Rated Drive Horsepower = [Rated Base Horsepower
+ Added Horsepower for Speed Ratio]
x (Belt Length Correction Factor)

Referring to the Speed Ratio Add-On Factor Table, select a value based upon
the drive operating speed and the speed ratio. This value should be added to
the basic horsepower rating. Multiply the corrected rating by the applicable
Belt Length Correction Factor determined in Step 3B or from the Belt Length
Correction Factor Table. The corrected horsepower rating must equal or
exceed design horsepower.

Where there are several choices, space limitations may control the selection.
In addition, the following guidelines should be considered:

1. Larger sprockets result in reduced belt width.
2. Larger sprockets yield longer drive service life.

3. Avoid drives where the belt width exceeds the smaller
sprocket diameter.

4. Avoid drives where center distance is greater than 8 times
the diameter of the smaller sprocket. Refer to Engineering
Section I-10 on page 103 for additional details.

Example

Referring to the 14mm pitch Horsepower Rating Table for 20mm Wide
belts on page 60. Read down the left hand column for “RPM of Faster
Shaft” and locate 35 rpm. Read the sprocket sizes listed across the top
of the table and locate the 28 groove, 4.912 inch PD. column. Read
across the “RPM” row and down the sprocket size column until the two
intersect at a Rated Base Horsepower of 2.53 HP.

Next, referencing the Speed Ratio Add-On Correction Table, find the list-
ing for a 2.000 speed ratio. An add-on factor of 0.11 hp is listed. Then,
referencing the Belt Length Correction Factor Table, find the listing for a
14MGT-3136 belt. A correction factor of 1.12 is listed.



Low-Speed Poly Chain® GT® Carbon™ Belt Drive Selection Procedure — Continued

Calculate the Corrected Horsepower Rating:

Rated Drive Horsepower =

[Rated Base Horsepower + Added HP for Speed Ratio] x
(Belt Length Correction Factor) = [2.53 hp+ 0.11 hp] x (1.12)

Rated Drive Horsepower 2.96 hp

The Corrected Horsepower Rating of 2.96 hp exceeds

the Design Horsepower target of 2.07 hp. So, a belt width
of 20mm is acceptable.

Step 5 Check and Specify Stock Drive Components
Procedure

A. Check the sprockets selected against any special design
requirements using the dimensions provided in the Sprocket
Specifications Tables on pages 66-75. Use flange diameters when
checking against maximum diameter requirements.

B. Determine the bushing size required for each sprocket and
check bore sizes by using the Sprocket Specification Tables. From
the Stock Bushing tables on page 79, check the bore range and key-
way dimensions against the design requirements.

Example

Also from the sprocket data on page 70 we note that the 14MX-28S-
20 sprocket requires a 2012 bushing and the 14MX-56S-20
sprocket requires a 3525 bushing. On page 79 in the bushing data
table, a 2012 bushing has a bore range of 1/2 to 2-1/8 inches,
which includes the 1-1/2 inch bore required for the driveR shaft. The
3525 bushing has a bore range from 1-3/16 to 3-15/16 inches,
which includes the 2 inch bore required for the driveN shaft.

C. Specify stock drive components using proper designations.

Example
Stock drive components are as follows:

1 ea. — 14MGT-3136-20 Poly Chain GT Carbon belt
1 ea. — 14MX-28S-20 driveR sprocket

1 ea. — 2012 Bushing with a 1-1/2 in. bore

1 ea. — 14MX-56S-20 driveN sprocket

1 ea. — 3525 Bushing with a 2 in. bore

Step 6 Installation and Take-up
Procedure

Because of its high resistance to elongation (stretch), there is no need to
re-tension and take-up a Poly Chain GT Carbon belt drive. However, some
adjustment must be provided when installing synchronous belt drives, as
with nearly all power transmission systems, due to manufacturing and
assembly tolerances and initial tensioning requirements. Table 11 on page
110 lists the standard installation and take-up requirements for a given belt
length. Additional center distance adjustment is needed when installing the
belt over flanged sprockets (see Table 11 on page 110.)
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Example

As can be seen in the Sprocket Specifications Table on page 70, both
of the sprockets are flanged. Therefore, an additional allowance will
be needed for installation over flanged sprockets. The total installa-
tion and tensioning allowances, are shown below.

Installation Allowance = 0.16 in. + 1.97 in. =2.13 in.
Tensioning Allowance = 0.05 in.

Subtracting this from the nominal center distance value gives a mini-
mum center distance necessary for belt installation of (50.10 inch -
2.13 inch) = 47.97 inches. From the problem statement, the center
distance can be reduced down to 47.0 in. if needed. So, there is suf-
ficient center distance adjustment to easily install the belt.

Step 7 Calculate Belt Tensioning Requirements
Procedure

A. Calculate base static tension using Formula 14 on page 108.

The m value is listed in Table 10 on page 108.

Example

Belt Pitch = 14mm

Belt Size = 14MGT-3136, 224 teeth (123.46 in. P.L.)
Belt Width = 20mm

DriveR Sprocket = 28 grooves (4.912 in. P.D.)
DriveR Shaft Speed = 35 rpm

DriveN Sprocket = 56 grooves (9.825 in. P.D.)

Actual Center Distance = 50.10 in.

Design Horsepower = 2.07 hp

Horsepower = 1.59 hp

.- 20 DHP

+ m&?, pounds
where:
DHP = Design Horsepower = 1.59 hp
m = 0.92, constant for 14mm pitch, 20mm wide belt
from Table 10 on page 116.
S = (Sprocket Diameter) x (Shaft Speed) / 3820
=(4.912in.) x (35 rpm) / 3820
S=0.05

Tu= 20059 0 90)(0.05
0.05

Tst= 636.00 + 0.002 /b.

Tst= 636.00 Ib.

www.gates.com/pt



Low-Speed Poly Chain® GT® Carbon™ Belt Drive Selection Procedure — Continued

Step 7 Galculate Belt Tensioning Requirements
Procedure — continued

B. Calculate minimum and maximum deflection forces using
Formulas 15 and 16 on page 109. The Y value is listed in Table 10.

Example
a. Calculate the belt span length

where:

t = Span Length, inches

C = Center Distance = 50.10 in.

D = diameter of larger sprocket = 9.825 in. P.D.
d = diameter of smaller sprocket = 4.912 in. P.D.

e %0102_ (9.825 - 4.912)2
2

t = 50.04 in.
b. Calculate Minimum and Maximum belt deflection forces
referring to Formulas 15 and 16 on page 109:

X i T Asr+ ( ) Y
Min Deflection Force = TL pounds

where:

Tsr = 636.0 pounds static tension as calculated above
t = 50.04 inches span length as calculated above

L = 123.46 inches belt length

Y = 230 (constant for Y, Table 10 on page 108)

50.04
1.1(636.0)+ \123.46 /(230)
16

Min Deflection Force =

Min. Deflection Force = 49.5 Ib.

t
X 1.2Tsr+ (T) Y
Max Deflection Force = \L7 + pounds

16
1.2(636.0 930
Max Defiection Force = ( )+ \123.46 ) (230)
16

Max. Deflection Force = 53.5 Ib.
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C. Determine the deflection distance using 1/64" per inch of span
length.

NOTE: Deflection forces must be applied evenly across
the entire belt width.

Example
DeflectionDistance = 6L4 inches

DeflectionDistance = %

Deflection Distance = 0.78

D. Applying The Tension:

At the center of span (t), apply a force perpendicular to the belt span
large enough to deflect the belt 0.78 inch from its normal free position.
Be sure that the force is applied evenly across the entire belt width. Note
that one sprocket should be free to rotate during the belt tensioning
process.

Compare the measured deflection force with the range of minimum to
maximum deflection forces calculated previously.

1. If the measured deflection force is less than the minimum recom-
mended deflection force, the belt should be tightened.

2. If the measured deflection force is greater than the maximum recom-
mended deflection force, the belt should be loosened.

Example

When the Ore Conveyer belt drive is properly tensioned, a belt span
deflection of 0.78 in. should require a deflection force within the range
of 49.5 to 53.5 Ib.

Step 8 Verify Speed Reducer Overhung Load
Procedure

An Overhung Load calculation verifies that the belt drive system will not
overload the speed reducer shaft and bearings. The Overhung Load cal-
culation for speed reducers varies from manufacturer to manufacturer.
Please refer to speed reducer catalogs or contact the speed reducer man-
ufacturer for further assistance.

%‘,,‘ . The Driving Force in Power Transmission. 9



Low-Speed Poly Chain® GT® Carbon™ Belt Drive Selection Procedure — Continued

Advantages of the Low-Speed Drive Design Procedure

Having read through the Low-Speed Drive Design Procedure and exam-
ple, some may wonder if the extra steps required are really worth the effort.
Absolutely! Using the low-speed drive design techniques for drives operat-
ing at speeds less than 500 rpm can result in a much smaller drive pack-
age at a lower cost. Outlined below is a comparison of the Low-Speed
Drive Design Procedure with the traditional drive design procedure. The
benefits of designing with a Low Speed Service Factor, Actual Horsepower
Load, and Speed Reducer Efficiency are demonstrated. Combining these
techniques can result in a substantially narrower belt drive width which
saves space and reduces cost.

Comparison 1 — Traditional Drive Design Procedure

The traditional drive design procedure is outlined on pages 16-19 and
should still be used for belt drives operating at speeds greater than 500
rom. In the past this procedure was used to select all Poly Chain belt
drives. The new “Low-Speed Drive Design Procedure” results in belt drive
systems better sized for low speed power transmission system that typi-
cally utilize speed reducers and roller chain.

Using the traditional design procedure to select the belt drive system for
the Ore Conveyor example would result in a much wider belt. The tradition-
al design procedure does not account for a low-speed service factor, the
actual operating load of the motor, or speed reducer efficiency. Rather, the
belt selection is based purely on the name plate horsepower rating of the
motor with a standard service factor. For the Ore Conveyor example this
would mean a 5 hp name plate rating and a 1.7 service factor resulting in
a Design Horsepower for the belt drive of (5.00 hp) x (1.7) = 8.50 hp. This
is over 4 times the Design Horsepower of 2.07 hp determined using the
Low-Speed Drive Design Procedure. Referring to the Horsepower Rating
Tables on pages 54-64, a belt width of 68mm is required for this high-
er 8.50 Design Horsepower Load using the Traditional Design
Method compared to a belt width of only 20mm for the 2.07 Design
Horsepower Load using the Low-Speed Design Method.

Comparison 2 — Benefit of Low-Speed Service Factor

Using a low-speed service factor can reduce the required belt width com-
pared to a standard service factor value. The reason for this is directly relat-
ed to belt drive operating speeds. Detrimental effects such as belt tensile
cord fatigue and belt wear both occur during belt drive operation, but
accumulate in direct proportion to the operating speed. Lower operating
speeds result in less belt damage over time allowing the use of less severe
service factors in the belt drive selection process. Service factors especial-
ly for belt drives operating at low speeds (500 rpm and less; includes many
roller chain applications) are provided in Table 1—Service Factors For Low-
Speed Roller Chain Drive Conversions on page 2.

Referring to the Ore Conveyor Example, a low-speed service factor of 1.3
is recommended for this application. Substituting the reduced 1.3 low-
speed service factor: Design Horsepower = (5.00 hp) x (1.3) = 6.50 hp.
Referring to the Horsepower Rating Tables on pages 52-64, the belt
width required for 6.50 Design Horsepower is 68mm.
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Comparison 3—Benefit of Designing with Actual Motor Load

Typical belt drive selections are based upon motor nameplate horsepower
ratings. However, industry surveys estimate that half of all U.S. motors
operate at less than 60 percent of their rated load, and one third operate
at below 50 percent of their rated load. So, sizing belt drives based on true
operating loads can result in a more compact sized belt drive system.

Continuing with the Ore Conveyor Example, the Proportioned Amperage
Rating approach was used to calculate a Motor Load of 3.00 hp.
Substituting the reduced 3.00 hp motor load: Design Horsepower = (3.00
hp) x (1.8) = 3.90 hp. Referring to the Horsepower Rating Tables on pages
52-64, the belt width required for 3.90 Design Horsepower is only
37mm compared to the 68mm belt width required in Comparison 2.

Comparison 4—Benefit of Adjusting for Speed Reducer Efficiency

Due to gear meshing, bearing friction, oil viscosity, etc. power losses with-
in speed reducers result in heat generation. So, not all the power applied
to the input shaft of a speed reducer is transmitted through to the output
shaft. A speed reducer’s efficiency rating defines how much power loss
occurs from within. Typical speed reducer efficiencies can range as high as
97% for well designed helical gear type reducers to as low as 28% for
some worm gear type units (see Table 3 on page 4.) When a belt drive sys-
tem is powered by the output shaft of a speed reducer, the actual horse-
power load carried by the belt is less due to the reducer power losses.
Accounting for this reduced horsepower load when selecting a belt drive
system can result in a narrower belt width.

For the Ore Conveyor Example, the speed reducer efficiency was calculat-
ed to be 53%. Accounting for this 53% efficiency: Design Horsepower =
(8.00 hp) x (1.3) x (63/100) = 2.07 hp. Referring to the Horsepower Rating
Tables on pages 52-64, the belt width required for 2.07 Design
Horsepower is only 20mm compared to the 37mm belt width
required in Comparison 3.

Summary

Belt width using the Traditional Drive Design Procedure = 68mm.

Belt width using the Low-Speed Drive Design Procedure = 20mm.
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Low-Speed Drive Design information Sheet

For Drive Selections with Shaft Speeds Less Than 500 rpm

Distributor

Customer:

Drive Identification (location, number, etc.)

DriveR Information:
Motor Nameplate Data

Rated Horsepower =

Rated Voltage =

Actual Motor Load =

Motor Type: AC

Output Speed:

Rated RPM = Efficiency =
Rated Amps = Rated Torque =
Q DC a Gear Motor a

Constant a Variable d

Drive Layout
(check one)

Motor Reducer Belt
Drive Driven

Motor 5| Reducer

Reducer Information:

Reducer Efficiency =

Rated Input HP/Torque =

Reducer Type (worm, right angle helical, cycloidal, etc):

Output RPM = Reducer Ratio =

Rated Output HP/Torque =

Existing Drive Information:
Drive Type:
If chain, type; 2/#60. #80, etc.

Current Drive Service Life =

DriveN

Belt Drive on Reducer
Output Shaft

DriveR Sprocket/Sheave =

DriveN Sprocket/Sheave =

Center Distance =

Chain d V-Belt a Synchronous Belt (]
Lubed U Unlubed
(teeth/OD) DriveR Shaft Diameter =

(teeth/OD) DriveN Shaft Diameter =

+ -

Type of Center Distance Adjustment:

Idler used: Yes U No U Inside 1 Backside U
DriveN Information:
Type of Equipment: Actual Horsepower Required =
DriveN RPM =
Hours/Day = Days/Week = Weeks/Year =
Special Requirements:
Space Limitations:
Maximum DriveR Dia. = Maximim DriveN Dia =
Maximum DriveR Width = Maximum DriveN Width =
Environmental Conditions:
Temperature Range = Belt Conductivity Required a
oilmist 1 Qil Splash a Moisture Abrasives

Motor Belt Drive
Reducer Driven

Belt Drive on Reducer
Input Shaft

www.gates.com/pt

%‘w; . The Driving Force in Power Transmission.

11




High-Speed Drive Survey and Energy Savings Worksheet

Customer Information

Company: Distributor:
Address: Phone: Fax:
E-mail:

Drive Information

I.D. of Drive (location, number, etc.)

Description of DriveN Equipment

Manufacturer of DriveN Equipment

Horsepower rating of Motor DriveN HP Load (Peak)

(Normal)
Motor Frame Size Motor Shaft Dia. DriveN Shaft Dia,

Speed:
DriveR RPM RPM Measured with Contact or Strobe Tachometer O Yes U No
DriveN RPM RPM Measured with Contact or Strobe Tachometer O Yes U No
Speed Ratio Speed Up or Speed Down

Center Distance: Minimum Normal Maximum

Existing Drive Components: DriveR DriveN
Belts Belt Manufacturer

Ambient Conditions:

Temperature Moisture Qill, etc.
Abrasives Shock Load
Static Conductivity Required? 1 Yes U No

Maximum Sprocket Diameter (OD) and Width Limitations (for guard clearance):

DriveR: Max. OD Max. Width DriveN: Max. OD Max Width

Guard Description

Motor Mount:
Double Screw Base? 1 VYes U No Motor Mounted on Sheet Metal? U Yes U No
Adequate Structure? L VYes U No Floating/Pivot Motor Base? U Yes U No

Start Up Load:

% Motor Rating at Start Up AC Inverter [ Yes O No Soft Start? [ Yes O No
Duty Cycle:
Number of Starts/Stops times per (hour, day, week, etc.)

Energy Savings Information

Energy Cost per KW-Hour

Hours of Operation Hours per Day Days per Week Weeks per Year.
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Gates Design 1Q Data Worksheet
Customer Information

Company: Distributor:
Address: Phone: Fax:
E-mail:

Application Summary

General Description:

Product Type: Production Volume:
DriveR:
Motor Type & Description: (Servo, Stepper, DC, AC, etc.) Reversing: (Y/N)
Nominal Motor Torque/Power Output: RPM:
Max/Peak Motor Torque/Power Output: RPM:
Motor Stall Torque (If applicable): Driver Rotation: (CW / CCW / Rev)
DriveN's/ldlers: (Specify appropriate units for each field; in, mm / hp, kw / lb-ft, Ib-in, N-m, etc.)
Pulley Sprocket | Inside/ Load Conditions Shaft
Description X Y | Diameter Pitch Grooves Outside rpm (driveN) Units # % Time | Diameter
DriveR

Note: For complex drive layouts use additional pages as needed

Drive Sketch Idler Details
Min Position
Slot Movement: X Y Max Position
X Y
- Pivot Point
Pivoting Movement: X Y Movement Angle
Min De Max De
Spring: I:l g g
Pivot Arm Radius: (in/mmy:
Special Requirements
Product Design Life: Belt Life: Hours/Day: Hours/Year:
Pulley Materials:
Prototype Production
Ambient Conditions:
Temperature: Moisture: Qil: Static Dissipation: Abrasives:

Special Requirements:

Note: This worksheet may be used to survey multipoint drives. For more information on specifying shaft locations in multipoint
drive layouts, see Engineering Section 1-13 on page 104

Page Of
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Gates Poly Chain® GT® Carbon™ Belt System Specifications

To satisfy a wide range of loads, speeds and applications, Poly Chain GT
Carbon Belts and Sprockets are made in a selection of sizes, capacities TR ; " 3
and dimensions. 3 . Ll A

The three principal dimensions of a belt are:
pitch pitch length width

Belt pitch is the distance in millimeters between two adjacent tooth centers
as measured on the pitch line of the belt. Belt pitch length is the total length
(circumference) in millimeters as measured along the pitch line. The theoret-
ical pitch line of a Poly Chain GT Carbon Belt lies within the tensile member.

The three principal dimensions of a sprocket are:
pitch number of sprocket grooves width

On the sprocket, pitch is the distance between groove centers and is meas-
ured on the sprocket’s pitch circle. See illustration at right. The pitch circle
of the sprocket coincides with the pitch line of the belt mating with it. The
sprocket’s pitch diameter is always greater than its outside diameter.

Any Poly Chain GT Carbon Belt must be run with Poly Chain GT2 sprock-
ets of the same pitch.

Gates Poly Chain GT Carbon belts are made in 8mm and 14mm pitches.
Standard belt sizes are listed in the stock Poly Chain GT Carbon Belt
Tables on page 15. Specifications for the 8mm and 14mm pitch belts list
the belt pitch lengths, number of teeth, stock widths and appropriate
weights. Using the information from these tables, a code for ordering a
specific belt can be determined as shown in the following examples:

Belt Belt Belt
Pitch Pitch Length Width
(mm) (mm) (mm) Bmm Pitch — Reference Dimensions
8MGT 640 12
14MGT 1190 37 Taals
{.315in)
-

Sprockets for Poly Chain GT Carbon belts are also made in 8mm and

14mm pitches. Standard sprocket sizes are listed in the Sprocket
Specification Tables on Pages 66 through 75. For each Poly Chain GT
Carbon Belt width, there is a table listing the sprocket code symbol, the
applicable bushing style and pertinent dimensional information. The
sprocket code symbol components are determined by using the following

examples: {134 in) {EﬁEir‘l}

Pitch Sprocket Designation Width
(mm) & No. of Grooves (mm)
8MX 48S* 12
14MX 365* 37
idmm Pitch — Reference Dimenslons

*The “S” is used after the number of grooves to help identify it is a sprock- -
et and avoid any confusion with the belt code. !

" (551in)
The Bushing style to be used with a specific sprocket is listed in the 5
Sprocket Specifications Tables. Reference to the Stock Bushings for Poly
Chain GT2 plus Bore and Keyseat information will give you the data need-
ed to order the proper bushing. For example,

Style 2517 Bushing with a 2-inch bore

(236 in) (401 in)
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Gates Poly Chain® GT® Carbon™ Belt Standard Line

Stock Sizes
8mm Pitch Lengths 14mm Pitch Lengths
Description No. of Teeth Length Description No. of Teeth Length
mm in mm in
8MGT-640 80 640 25.20 14MGT-994 7 994 39.13
8MGT-720 90 720 28.35 14MGT-1120 80 1120 44.09
8MGT-800 100 800 31.50 14MGT-1190 85 1190 46.85
8MGT-896 112 896 35.28 14MGT-1260 90 1260 49.61
8MGT-960 120 960 37.80 14MGT-1400 100 1400 55.12
8MGT-1000 125 1000 39.37 14MGT-1568 112 1568 61.73
8MGT-1040 130 1040 40.95 14MGT-1610 115 1610 63.84
8MGT-1120 140 1120 44,09 14MGT-1750 125 1750 68.90
8MGT-1200 150 1200 47.24 14MGT-1890 135 1890 74.41
8MGT-1224 153 1224 48.19 14MGT-1960 140 1960 7717
8MGT-1280 160 1280 50.39 14MGT-2100 150 2100 82.68
8MGT-1440 180 1440 56.69 14MGT-2240 160 2240 88.19
8MGT-1600 200 1600 62.99 14MGT-2310 165 2310 90.95
8MGT-1760 220 1760 69.29 14MGT-2380 170 2380 93.70
8MGT-1792 224 1792 70.55 14MGT-2450 175 2450 96.46
8MGT-2000 250 2000 78.74 14MGT-2520 180 2520 99.21
8MGT-2200 275 2200 86.61 14MGT-2590 185 2590 101.97
8MGT-2240 280 2240 88.19 14MGT-2660 190 2660 104.72
8MGT-2400 300 2400 94.49 14MGT-2800 200 2800 110.24
8MGT-2520 315 2520 99.21 14MGT-3136 224 3136 123.46
8MGT-2600 325 2600 102.36 14MGT-3304 236 3304 130.08
8MGT-2800 350 2800 110.24 14MGT-3360 240 3360 132.28
8MGT-2840 355 2840 111.81 14MGT-3500 250 3500 137.80
8MGT-3048 381 3048 120.00 14MGT-3850 275 3850 151.58
8MGT-3200 400 3200 125.98 14MGT-3920 280 3920 154.33
8MGT-3280 410 3280 129.13 14MGT-4326 309 4326 170.32
8MGT-3600 450 3600 141.73 14MGT-4410 315 4410 173.62
8MGT-4000 500 4000 157.48
8MGT-4400 550 4400 173.23
8MGT-4480 560 4480 176.38
8mm Widths 14mm Widths
12mm 21mm 36mm 62mm 20mm 37mm 68mm 90mm 125mm
(47 in) (83in) (1.421n) 2.441n) (79in) (1.46 i) (2.68in.) 3.541n.) (4.921in)

Long Length Poly Chain GT2 Belting Stock Widths

8mm Pitch Widths

14mm Pitch Widths

12mm ‘ 21mm ‘

36mm

20mm ‘ 37mm

Special widths available upon request.

Dimensions are given in inches and millimeters. Inches are shown in black type. Milimeters are shown in blue type.
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Poly Chain® GT® Carbon™ Belt Drive Selection Procedure

Selection of a stock Poly Chain GT Carbon Belt Drive System involves
these seven steps:

. Calculate the Design Horsepower

. Select the Belt Pitch

. Select the Sprockets And Belt Length

. Select the Proper Belt Width

. Check and Specify Stock Drive Component
. Installation and Take-up

. Calculate Belt Tensioning Requirements

No Ok, N2

Sample Drive Selection Problem

A gear pump is to be driven by a 30 hp normal torque electric motor
with an output speed of 1160 rpm. The gear pump is to be driven at 580
rom +5%. The center distance is to be approximately 30 inches, but can
be altered +3 inches, if necessary. The motor shaft has a 2 1/8 inch
0.D. and the pump shaft has a 3 inch O.D. The pump will operate 16
hours a day, five days a week. The pump sprocket is limited to a maxi-
mum of 18 inches O.D. There are no unusual drive conditions. Design
using Poly Chain GT Carbon.

Step 1 Calculate The Design Horsepower
Procedure

To calculate the design horsepower, first determine the relative severity,
then select a service factor for the drive. Average hours per day of service
also should be considered. Locate the power source and the driveN unit
in the Service Factor Table on page 21. The design hp then is determined
by multiplying the rated hp (usually the nameplate rating) by the service
factor determined above.

Example

Using the Service Factor Table, the driveR can be found in the first
group. Since the pump will run 16 hours per day, follow the continu-
ous service column down to the driveN machines group for gear
pumps. The recommended Service Factor is 1.7.

Design Horsepower = (Motor Load) x (Service Factor)
=(30)x (1.7)
Design Horsepower = 51 hp

Step 2 Select The Belt Pitch
Procedure

Using the design hp and the rpm of the smaller sprocket, select the belt
pitch from the Belt Pitch Selection Guide on page 19.

Example

Design Horsepower = 51 hp
Motor Speed = 1160 rpm

Locate 1160 rpm on the “RPM of Faster Shaft” scale on the left side
of the chart and move over to where the 51 Design Horsepower line
intersects. The intersection falls within the 8mm pitch range, but near
the 14mm pitch area. Both 8mm and 14mm pitch drives should be
considered.
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Step 3 Select The Sprockets and Belt Length

Procedure

A. Determine the speed ratio: The speed ratio can be calculated by

dividing the rpm of the faster shaft by the rpm of the slower shaft.

Example
Motor Speed = 1160 rpm
Gear Pump Speed = 580 rpm

rpm of faster shaft _ 1160 _ 200
rom of slower shaft 580

Speed Ratio =

B. Select the sprocket combination and belt length: Referring to the

Stock Drive Selection Tables on pages 22-51, find the proper set of
tables for the belt pitch (8mm or 14mm) found in Step 2. Looking
down the speed ratio column, find the value which most closely
matches the belt drive speed ratio required. Reading across the
selected speed ratio line, find the stock DriveR and DriveN sprocket
combination available. Reading further across, locate the belt drive
center distance which most closely matches the target center dis-
tance specified. The belt sizes are listed across the top of the table for
each corresponding center distance.

Multiple sprocket combinations will often be available for a given speed
ratio. In such cases, selection of the proper drive combination will
depend on the center distance required, minimum or maximum required
sprocket diameters and the recommended minimum sprocket diameter
for electric motors (see Table 4 on page 20).

After selecting possible sprocket combinations and center distances,
record the belt length (top of column) and the length factor (bottom of
column).

Example

Belt pitch = 8mm and 14mm
Belt Drive Speed Ratio = 2.00
Center Distance = 30.00 +3.00 in.

First, refer to the 8mm Pitch Stock Drive Selection Tables on pages 22-
37. Reading down the Speed Ratio column locate 2.00 on page 32.
There are six various sprocket combinations within the allowable center
distance range. Of these, two are closest to the desired 30 inches.
These are 25 to 50 groove, and 40 to 80 groove sprocket combinations.
The minimum sprocket diameter of 6.1 inches for a 30 hp motor at 1160
rom (See Table 4 on page 20) eliminates the 25 to 50 and 40 to 80
groove sprocket combinations. Therefore, an 8mm pitch drive will not
be utilized for this drive system.

Now refer to the 14mm Pitch Stock Drive Selection Tables on pages 38-
51. Reading down the Speed Ratio Column locate 2.00 on page 46 and
47. Several combinations are shown which will meet the 30 + 3 inch
center distance requirement. The maximum O.D. limit of 18 inches on
the driveN sprocket eliminates the 56 to 112 groove combination. The
preference for a center distance close to 30 inches would favor the 40
to 80 and 28 to 56 groove combinations. However, the 4.912 inch pitch
diameter of the 28 groove sprocket is less than the recommended min-
imum diameter of 6.1 inches for the electric motor. So the 40 groove
DriveR sprocket, 80 groove DriveN sprocket, and 14MGT-2380
(170 Tooth) belt combination is selected. Also note that the Belt
Length Correction Factor is 1.01 with a center distance of 30.11
inches.
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Poly Chain® GT® Carbon™ Belt Drive Selection Procedure (continued)

C. Check the belt speed. Do not exceed 6500 fpm (feet per minute)
with stock sprockets. Belt Speed can be calculated using the follow-
ing formula:

V (fom) = PD (inches) x-5P€€d (rpm)
3.82

Example
14mm Pitch Drive with 40 groove driveR:

v = 7018 X 1160 _ a1 1 o
3.82

Calculating the belt speed for the drive system being considered
shows that the belt speed does not exceed 6500 fom and can be
considered further.

Step 4 Select The Proper Belt Width
Procedure

Horsepower Rating Tables are located on Pages 52-64 for standard
belt pitches and stock belt widths. The base horsepower rating is given
in the upper table as a function of the speed (rpm) of the faster shaft and
diameter of the small sprocket. The speed of the faster shaft is located in
the left hand column. Across the top are various stock sprocket sizes. The
base horsepower rating of a given sprocket, at a specific speed, is the
point at which the “rpm” row and the “sprocket size” column intersect.

This base horsepower rating must be corrected for speed down speed
ratios, and for the belt length selected. The following formula should be
used to calculate the total drive horsepower rating:

Rated Drive Horsepower = [Rated Base Horsepower
+ Additional Horsepower for Speed Ratio]
X (Belt Length Correction Factor)

Referring to the Additional Horsepower for Speed Ratio Factor Table,
select a value based upon the drive operating speed and the speed ratio.
This value should be added to the base horsepower rating. Multiply the
corrected rating by the applicable Belt Length Correction Factor deter-
mined in Step 3B or from the Belt Length Correction Factor Table. The
drive horsepower rating must equal or exceed design horsepower.

Where there are several choices, space limitations may control the selec-
tion. In addition, the following guidelines should be considered:

1. Larger sprockets result in reduced belt width.

2. Larger sprockets yield longer drive service life.

3. Avoid drives where the belt width exceeds the smaller
sprocket diameter.

4. Avoid drives where center distance is greater than
8 times the diameter of the smaller sprocket. Refer to
Engineering Section I-10 on page 103 for additional details.

Example

Refer to the 14mm pitch Horsepower Rating Table for 20mm Wide
belts on page 60. Read down the left hand column for “RPM of
Faster Shaft” and locate 1160 rpm. Read the sprocket sizes listed
across the top of the table and locate the 40 groove, 5.614 inch
P.D. column. Read across the “RPM” row and down the sprocket
size column until the two intersect at a Rated Base Horsepower
of 67.0 hp.
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Next, referencing the Additional Horsepower for Speed Ratio Factor
Table, find the listing for a 2.00 speed ratio. An add-on factor of
3.53 hp is listed. Then, referencing the Belt Length Correction Factor
Table, find the listing for a 14MGT-2380 belt. A correction factor of
1.01 is listed.

Calculate the Corrected Horsepower Rating:

Rated Drive Horsepower =

[Rated Base Horsepower + Added HP for Speed Ratio] x
(Belt Length Correction Factor) = [67.0 hp + 3.53 hp] x
(1.01)

Rated Drive Horsepower = 71.24 hp

The Drive Horsepower Rating of 71.24 hp exceeds the Design
Horsepower target of 51 hp. So, a belt width of 20mm is acceptable.

Step 5 Check and Specify Stock Drive Components
Procedure

A. Check the sprockets selected in Steps 3 and 4 against the
design requirements using the dimensions provided in the Sprocket
Specification Tables on pages 66 through 75. Use flange diameters
when checking against maximum diameter requirements.

Example

From the table on page 70, we find the 14MX-80S-20 driveN
Sprocket has an overall flange diameter of 14.620 inches, which is
less than the 18 inch maximum diameter specified.

B. Determine the bushing size required for each sprocket and
check bore sizes by using the Sprocket Specification Tables. From
the Stock Bushing tables on page 80, check the bore range and key-
way dimensions against the design requirements.

Example

Also from the sprocket data on page 70 we note that the 14MX-40S-
20 sprocket requires a 2517 bushing and the 14MX-80S-20
sprocket requires a 3525 bushing. In the bushing table on page
80, a 2517 bushing has a bore range of 'z to 2" inches, which
includes the 2'% inch bore required for the driveR shaft. The 3525
bushing has a bore range from 1%s to 3'%s inches, which
includes the 3 inch bore required for the driveN shaft.

C. Specify stock drive components using proper designations.

Example

Stock drive components are as follows:

1 ea. 14MGT-2380-20 Poly Chain GT Carbon belt
1 ea. 14MX-40S-20 driveR sprocket

1 ea. 2517 Bushing with a 2-1/8 in. bore

1 ea. 14MX-80S-20 driveN sprocket

1 ea. 3525 Bushing with a 3 in. bore
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Poly Chain® GT® Carbon™ Belt Drive Selection Procedure (continued)

Step 6 Installation and Takeup

Procedure

Because of its high resistance to elongation (stretch), there is no need to
re-tension and take up a Poly Chain GT Carbon belt drive. However, some
adjustment must be provided when installing synchronous belt drives, as
with nearly all power transmission systems, to account for manufacturing
and assembly tolerances and initial tensioning requirements. Table 11 on
page 110 lists the standard installation and take-up requirements for a
given belt length. Additional center distance adjustment is needed when
installing the belt over flanged sprockets (see Table 11 on page 110.)

Example

As can be seen in the Sprocket Specifications Table on page 70, both
of the sprockets are flanged. Therefore, an additional allowance will
be needed for installation over flanged sprockets. The total installa-
tion and tensioning allowances, are shown below.

Installation Allowance = 0.13 in. + 1.97 in. = 2.10 in.
Tensioning Allowance = 0.04 in.

Subtracting this from the nominal center distance value gives a mini-
mum center distance necessary for belt installation of (30.11 inch —
2.10 inch) = 28.10 inches. From the problem statement, the center
distance can be reduced down to 27.0 in. if necessary. So, there is
sufficient center distance adjustment to easily install the belt.

Step 7 Calculate Belt Tensioning Requirements

Procedure

A. Calculate base static tension using appropriate Formula 14 on page

18

108. The m value is listed in Table 10 on page 108.

Example

Belt Pitch = 14mm

Belt Size = 14MGT-2380, 170 teeth (93.70 in. P.L.)
Belt Width = 20mm

DriveR Sprocket = 40 grooves (7.018 in. P.D.)
DriveR Shaft Speed = 1160 rpm

DriveN Sprocket = 80 grooves (14.036 in. P.D.)
Actual Center Distance = 30.11 in.

Design Horsepower = 51 hp

7. 20HP

+ m&?, pounds

Where:
HP = Horsepower = 30 hp
m = 0.92, constant for 14mm pitch, 20mm wide belt from
Table 10 on page 108
S = (Sprocket Diameter) x (Shaft Speed) / 3822.76
=(7.018in.) x (1160 rpm) / 3822.76
S=213

Tor= 2069, (0.92)2.13y
213

Tsr=281.69 + 4.17 Ib.

Tsr=285.86 Ib.

Gates Corporation

B. Calculate minimum and maximum deflection forces using

Formulas 15 and 16 on page 117. The Y value is listed in Table 10.

Example
a. Calculate the belt span length

o] o (D—d)2
2

where:

t = Span Length, inches

C = Center Distance = 30.11 in.

D = diameter of larger sprocket = 14.036 in. P.D.
d = diameter of smaller sprocket = 7.018 in. P.D.

i \/30_112_ (14.036 - 7.018)2
2

t=29.90in.
b. Calculate Minimum and Maximum belt deflection forces
referring to Formulas 15 and 16 on page 117:

t
. . 11 Tsr+ (7) Y
Min Deflection Force = TL

where:

Tsr = 285.86 pounds static tension as calculated before
t=29.90 inches span length as calculated before

L = 93.70 inches belt length

Y = 230 (constant for Table 10 on page 108)

29.90
1.1(285.86)+ \ 93.70 /(230)

16

Min Deflection Force =

Min. Deflection Force = 24.24 Ib.

t
., 1.2Tsr+ (7) Y
Max Deflection Force =~~~ \LJ "

16
( 29.90 )
1.2(285.86 "93.70 /(230
Max Deflection Force = ( )+ \ 9370 /(230)
16

Max. Deflection Force = 26.03 Ib.
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Poly Chain® GT® Carbon™ Belt Drive Selection Procedure (continued)

D. Applying The Tension:
Step 7 Calculate Belt Tensioning Requirements pRing
At the center of span (t), apply a measured force perpendicular to the
belt span large enough to deflect the belt 0.47 inch from its normal free
position. Be sure that the force is applied evenly across the entire belt
width. Note that one sprocket should be free to rotate during the belt

Procedure - continued

C. Determine the deflection distance using Vs per inch of span

length. tensioning process.
NOTE: Deflection forces must be applied evenly across the Compare the measured deflection force with the range of minimum to
entire belt width. maximum deflection forces calculated before.
Example 1. If the measured deflection force is less than the minimum
Deflection Distance =-t- . inches recommended deflection force, the belt should be tightened.
64
2. If the measured deflection force is greater than the maximum

) ) 29.9 recommended deflection force, the belt should be loosened.

Deflection Distance = 64
Example

Deflection Distance = 0.47 in. When the Gear Pump belt drive is properly tensioned,

a belt span deflection of 0.47 in. should require a deflection
force within the range of 22.34 to 24.12 Ib.

Belt Pitch Selection Guide
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Table No. 4

Minimum Recommended Sprocket Pitch Diameters
for General Purpose Electric Motors

Synchronous Belt Drives

For a given motor horsepower and speed, the total belt pull is related to the motor sprocket size. As this size decreases, the
total belt pull increases. Therefore, to limit the resultant load on motor shaft and bearings, NEMA lists minimum sprocket
sizes for the various motors. The sprocket on the motor (DriveR sheave) should be at least as large as the diameter speci-
fied in Table No. 4.

Motor RPM (60 Cycle and 50 Cycle Electric Motors)

Motor 575 690 870 1160 1750 3450 Motor
Horsepower 485* 575* 725* 950* 1425* 2850* Horsepower
' — — 2.0 — — — e
% — — 2.2 2.0 — — e
1 2.7 2.3 2.2 2.2 2.0 — 1
1% 2.7 2.7 2.2 2.2 2.2 2.0 1%
2 34 2.7 2.7 2.2 2.2 2.2 2
3 4.1 3.4 2.7 2.7 2.2 2.2 3
5 4.1 4.1 34 2.7 2.7 2.2 5
7' 4.7 44 4.0 34 2.7 2.7 7'
10 5.4 4.7 4.0 4.0 34 2.7 10
15 6.1 54 47 4.0 4.0 4.0 15
20 7.4 6.1 5.4 4.7 4.0 2.2 20
25 8.1 74 6.1 5.4 4.0 4.0 25
30 9.0 8.1 6.1 6.1 4.7 — 30
40 9.0 9.0 74 6.1 54 — 40
50 9.9 9.0 7.6 7.4 6.1 — 50
60 10.8 9.9 9.0 7.2 6.7 — 60
75 12.6 11.7 8.6 9.0 7.7 — 75
100 16.2 13.5 10.8 9.0 7.7 — 100
125 18.0 16.2 13.5 10.8 9.54 — 125
150 19.8 18.0 16.2 11.7 9.5 — 150
200 19.8 19.8 19.8 — 1.9 — 200
250 19.8 19.8 — — — — 250
300 24.3 24.3 — — — — 300

* These RPM are for 50 cycle electric motors.

# Use 8.6 for Frame Number 444 T only.

Data in the white area of Table No. 4 are from NEMA Standard MG-1-14-42, June, 1972. Data in the gray area are from MG-
1-14-43, January, 1968. The blue area is a composite of electric motor manufacturers data. They are generally conserva-
tive, and specific motors and bearings may permit the use of a smaller motor sprocket. Consult the motor manufacturer. See
Engineering Section I-3 page 109.
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Poly Chain® GT® Carbon™ Service Factors

DriveN Machine

DriveR

The driveN machines listed below are
representative samples only. Select a
driveN machine whose load characteristics
most closely approximate those of the
machine being considered.

AC Motors: Normal Torque, Squirrel Cage,
Synchronous, Split Phase, Inverter
Controlled

DC Motors: Shunt Wound, Stepper Motors

Engines: Multiple Cylinder Internal
Combustion.

AC Motors: High Torque, High Slip,
Repulsion-Induction, Single Phase, Series
Wound, Slip Ring.

DC Motors: Series Wound, Compound
Wound, Servo Motors.

Engines: Single Cylinder Internal
Combustion. Line shafts Clutches

Continuous
Service

Normal
Service

Intermittent
Service

Intermittent Normal Continuous
Service Service Service

8-16 Hours
Daily

16-24 Hours
Daily

Up to 8 Hours
Daily or
Seasonal

Up to 8 Hours| 8-16 Hours | 16-24 Hours
Daily or Daily Daily
Seasonal

Display, Dispensing Equipment
Instrumentation

Measuring Equipment

Medical Equipment

Office, Projection Equipment

12 1.4

Appliances, Sweepers, Sewing Machines
Screens, Oven Screens, Drum, Conical
Woodworking Equipment: (Light)

Band Saws, Drills, Lathes

1.3 15

Agitators for Liquids

Conveyors: Belt, Light Package
Drill Press, Lathes, Saws
Laundry Machinery
Woodworking Equipment: (Heavy)
Circular Saws, Joiners, Planers

16 1.8 2.0

Agitators: Semi-liquid
Compressors: Centrifugal
Conveyor Belt: Coal, Ore, Sand
Dough Mixers

Line Shafts

Machine Tools: Grinder, Shaper
Boring Mill, Milling Machines
Paper Machinery (except Pulpers)
Presses, Punches, Shears
Printing Machinery

Pumps: Centrifugal, Gear
Screens: Revolving, Vibratory

1.6 1.8 2.0

Brick Machinery (except Pug Mills)
Conveyor: Apron, Pan, Bucket, Elevator
Extractors, Washers

Fans, Centrifugal Blowers

Generators & Exciters

Hoists

Rubber Calendar, Mills, Extruders

1.8 2.0 2.2

Centrifuges
Screw Conveyors
Hammer Mills
Paper Pulpers
Textile Machinery

19 2.1 2.3

Blowers: Positive Displacement
Mine Fans
Pulverizers

2.0

2.0 2.2 2.4

Compressors, Reciprocating
Crushers: Gyratory, Jaw, Roll
Mills: Ball, Rod, Pebble, etc.
Pumps, Reciprocating

Saw Mill Equipment

2.1 2.3 2.5
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8mm Pitch Poly Chain® GT® Carbon™ Belts

on

Table

Sprocket Combinations Center Distance, Inches
DriveR DriveN

She = e e $8c | R8s |$3% 835 (88§ |85 | 835 | Bag | 835 | Nzf | 835 | ¥35 | B33 | Bas
Bu5 | BEZ | Bws |BEZ | s |En | B |BhG|Eon |05 B0k |Bo |Boe |Eog |Bom |Baz | B | Bat |Eag
S 8 |ES2 278 | 2352 | i | 358 | 358 |32 | 3dF |3&Y | 2@9 | 24¢€ | 323 | 2@f | ZER | 22¢ | 24€ | 328 | 2@
22 2.206 22 2.206 1.000 9.13 10.71 12.28 1417 15.43 16.22 17.00 18.58 20.15 20.63 21.73 24.88 28.03 31.18
25 2.506 25 2.506 1.000 8.66 10.24 11.81 13.70 14.96 16.75 16.53 18.11 19.68 20.16 21.26 244 27.56 30.71
26 2.607 26 2.607 1.000 8.50 10.08 11.65 13.54 14.80 15.59 16.37 17.95 19.52 20.00 21.10 24.25 27.40 30.55
27 2.707 27 2.707 1.000 8.35 9.92 11.50 13.39 14.65 15.43 16.22 17.79 19.37 19.84 20.94 24.09 27.24 30.39
28 2.807 28 2.807 1.000 8.19 9.77 11.34 13.23 14.49 15.28 16.06 17.64 19.21 19.69 20.79 23.94 27.09 30.24
29 2.907 29 2.907 1.000 8.03 9.61 1118 13.07 14.33 1612 15.90 17.48 19.05 19.53 20.63 23.78 26.93 30.08
30 3.008 30 3.008 1.000 7.88 9.45 11.03 12.92 14.18 14.96 15.75 17.32 18.90 19.37 20.47 23.62 26.77 29.92
31 3.108 31 3.108 1.000 7.72 9.29 10.87 12.76 14.02 14.80 15.59 17.16 18.74 19.21 20.31 23.46 26.61 29.76
32 3.208 32 3.208 1.000 7.56 9.14 10.71 12.60 13.86 14.65 15.43 17.01 18.58 19.06 20.16 2331 26.46 29.61
33 3.308 33 3.308 1.000 7.40 8.98 10.55 12.44 13.70 14.49 16.27 16.85 18.42 18.90 20.00 23.15 26.30 29.45
34 3.409 34 3.409 1.000 7.25 8.82 10.40 12.29 13.55 14.33 15.12 16.69 18.27 18.74 19.84 22.99 26.14 29.29
35 3.509 35 3.509 1.000 7.09 8.66 10.24 1213 13.39 1417 14.96 16.53 18.11 18.58 19.68 22.83 25.98 2