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Outline of Presentation Topics REXN@RD

A What is a Gear Reducer and what does it do?

A What are the different styles of gear reducers
and the advantages and disadvantages of each.

A Best Maintenance Practices for Gear Reducers

A Some Case Histories of Reducer Failure modes.
Most reducer and bearing failures can be traced
back to lubrication and load.

A What upgrades and technology enhancements
are available that can help extend gear and
bearing life.
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Reactive - run to failure
Preventative- Replace parts often times before useful life is reached.
Predictive - Work on equipment based on predictive analysis tools. Data driven decisions.



Power Density Evolution
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200 HP Drive Comparison

Year Drive Weight
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1930 5,500 Ibs 2,495 kg
_ 1951 3,500 Ibs 1,588 kg
O 1959 3.4001bs 1,542 kg

S 1964 2,000 Ibs 907 kg

s 1985 1,500 Ibs 680 kg

2011 1,300 lbs 605 kg
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Gear Reducers i High Expectations REXNORD

A Gear reducers are critical to plant production and tend to
have lower service factors than in the past. Both
mechanically and thermally! Consequences of failure
can be very costly.

ADondt wait until an alarm trip
parts, plan the outage. Alarms are generally an
emergency point.

A May have to run a lower loads or speeds to prevent
severe equipment damage or unsafe condition. Short
failure mode or long failure mode

A What level of resources are dedicated to monitor
machinery? Maintenance budgets are limited.



Industry and Specification Changes REXNDO)RD

A Shaft Mounted Reducers and C Face Connections
A Disc Couplings

A Cooling more critical than in the past. More torque for
less money.

A Inline Reducers versus Parallel

A Long Life Expectation - Breathers, Oil Sampling,
Temperature and Vibration Instrumentation - Remote
Monitoring

A Sealing is More Critical

A Long Term Storage

A Warranty

A Worm Reducers Less Popular

A System Torsional Calculationsi Gr owt h of VFL



Shaft Mounted Reducer n:xu@'):p

Stacker Drive
Reducer with
Solid Shaft and
Rigid Coupling.

Shaft Mounted
Design. No
misalignment

at low speed shaft
and no baseplate

or foundation costs.




Falk Magnum Seal Design

AVITON SEALS
ANON-CONTACT
BUSH SEAL
AGREASE CAVITY
ADRAINBACK
SYSTEM

Leaks are
unacceptable in
plants today. Zero
leaks allowed from
reducers due to safety
and environmental
concerns.
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Power Transmission Terminology REXN’@)‘D

ATorque: Product of the applied force times the perpendicular
distance to the center line of rotation. Reducer multiplies motor torque

A Mechanical Rating : This is the maximum HP or Torque that
a reducer can transmit over a continuous period with damage or
failure. A Reducers rating is based on Gearing Strength & Durability,
the Housing and Shafting strength and Bearing Life. Capable of 100% overload.

AThermal HP Rating: HP that a reducer can transmit continuously
without overheating. The AGMA sump temperature limit is 200 F.

AService Factor: A service factor is a number that is applied to the mechanical
rating based on the application, hours of operation, impact loading, experience,
and unknown variables. Motor HP x Service Factor = Design HP.

ARatio: A fixed proportion between two like objects. Ratio is
calculated by dividing the larger number by the smaller number.
Ratios are multiplied or divided.

AEfficiency: The loss of mechanical energy due to friction. Energy
output is always less than energy input.



Gear Reducers and Torque Multiplication REXNO)RD

HP = Torque (in Lbs) X Speed (rpm) Torque (inlbs)= HP x 63025 (conv. Factor)

63025 (conv. factor) Speed (rpm)

A gear reducer does not produce HP, it simply multiplies the
motor torque by the gear reduction ratio.

A gear reducer that decreases speed creates a proportional
Increase in torque.



Gear Reducers and Torque Multiplication REXN@!D

A 1 HP motor at 1750 rpm produces 36 in Ibs of torque

A conveyor needs to turn at 17.5 rpm. A reducer with a 100:1 ratio is required.
How much torque from the 1HP motor does the reducer deliver at the output
shaft?

One way to calculate is by using the formula: Torque = HP x 63025
Torque = 1 HP x 63025 Speed (rpm)
-------------------- = 3,600 in Ibs
17.5 rpm

Or simply take the motor torque and multiply by the reducer ratio:
36 in Ibs (1 HP motor at 1750 rpm) x 100:1 ratio = 3,600 in Ibs at 17.5 rpm.

Torque is inversely related to speed.



Gear Reducer
Design Basics



Gear Reducer Design Basics

Three design ratings that gear reducers are
designed around. Lowest of the three rates the
gear reducer.

Murability Rating i Continuous HP that can be
transmitted without showing evidence of pitting on
gearing.

AStrength rating i How much HP can be
transmitted before a shaft or gear fails due to
(bending) fatigue or sudden failure. Strength
rating is derated.

MBearing Rating i HP that can be continuously
transmitted without showing evidence of spalling
or pitting. This is a fatigue rating.

REXNDO)RD

DRIVE MECHANICAL

RATING:

Reducers are designed
to accommodate
momentary startup
overloads of 100%
over nameplate rating.

Gear reducers are ideally
designed with prime
number of teeth to ensure
all teeth share the wear
evenly. Bad 15T and 25T,
better is 16T and 25T.
GCD s 1.



Life Equation - ISO REXN@)!D

Basic Life L10 = 1,000,000/(60*n)*(C/P)p
Where

« L10 = number of hours that 90% of the
bearings will survive without major pits

n = Shaft speed (rpm)

C = Dynamic Load rating

P = Equivalent dynamic load

p = Exponent (3.33 for roller 3.0 for ball)
* 1 million revolution basis

Basic Life Equation does not take into account rREXND)RD

environmental influences on bearing life.



Gear Reducer Requirements REXNDO)RD

AExtreme Pressure Oils now required in most new
reducers. Do not use EP Oil with bronze gearing.

ASynthetic oil is often recommended for better performance.
Oil integrity more critical than ever.

ACooling systems are more critical than ever and are more
complex. Some customers require redundant systems.

AQil leaks are scrutinized more than ever before. Seals must
prevent oil leakage over long term.

Alnstrumentation Packages are more common and are more sophisticated
than in the past. Reducer housings are now predesigned for
Instrumentation packages.

ALong Term storage is recommended for all reducers.



Gear Reducer Design Basics REXNORD
ISO vs AGMA Rating Comparisons

Each Standard drives toward an optimal design for
that standard

AGMA favors larger teeth but fewer teeth on the
pinion. ISO favors slightly smaller teeth and
pushes toward a 22T minimum.

AGMA design standard is based on a nominal
speed of 1800rpm versus 1500rpm for ISO.

Generally within 10% of each other but as you get
away from the sweet spot of the respective design
standard you will get larger differences

Rulers are slightly different. Not good or bad. Use
different calculation methods.



CARBURIZING i Also
Known as Case Hardening

Carbon
iInfused at
_ ‘ \ 1700 F for
Higher Surface Hardness | | v 4 hours
(58-62 Rc). ‘ "
Smaller Speed Reducers
for Same HP.

Lower Vibration Levels

Higher temperatures
of Operation.

Higher Sensibility

to Lubricant Condition.




Through Hardened Gear Reducer on Y Unit vs REXN@’)‘D
Surface Hardened Gear Reducer on A Unit




Y Unit Reducer at Renew REXNORD

2195Y3 weighs
20,000 Ibs and
rates for

2.5 million in Ibs




Service Factors n:xu@'):p

Duty Cycle

Conveyor Less Than Greater Than

Nature of Loading 10 10
Application Hours/Day Hours/Day
Standard Uniform 1.25 1.25
Heavy Duty 1.25 1.50
Severe 1.75 2.00
Critical Uniform 1.50 1.50
Heavy Duty 1.50 1.75
Severe 2.00 2.25

Selecting the correct service factor for the application is critical. If you
dondét get this rifglptematdredy. r educer wi | |



Matching Reducer Rating to Motor HP REXNORD

Mechanical Horsepower Reguirement

ACTUAL HP x SERVICE FACTOR = MECHANICAL HP

Application
requires
1.5 service factor

<= 10 hp

1.5SF x 10HP = 15 MHP
Rated reducer required



Pump Drive Running Hot T Motor
Size Increased Above Design Limit REXN@RD

Air hose pointed at 2100FC high speed
bearing for cooling. Motor was
Increased from 400 to 500 HP without
telling Falk. Shaft Fan was not ordered
by customer on replacement reducer.

2100FC
reducer

“THis can'T Go o,

. WE WERENT mADE /
FOR EACH OTHER/”




Types of Gears REXNORD

A Spur Gears i Planetary Reducers
A Helical Gears i Parallel and Inline
A Double Helical / Herringbone Gears
A Bevel Gears i Right Angle

A Worm Gears i Right Angle

Spur Helical  Double Helical
(Right Hand)



