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Mechanical Transmission Components – Selection and Application 

 
Mechanical transmission components are most often COTS (commercial off the shelf), hence an 
engineering responsibility is a component selection which prevents failure.  The engineer first 
determines loads transmitted through the component, required life and environmental factors, all of 
which can be the root cause of failure.  For COTS parts the manufacturer’s catalogs are the best source 
of design guidelines for component selection, which may often be based on an existing standard. 
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I. Fatigue (Progressive Growth of a Fracture) 

See page of figures below.   Fatigue failures have several defining characteristics:  
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II. Threaded Fasteners 

 
 

   

 

        
 
Some important equations: 
     
III. Ball and Acme Screws  
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IV. Springs 

 
Source: www.centuryspring.com  

 

 
 
Formula for a helical spring:     

http://www.centuryspring.com/
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V. Bearings 
A. Plain Bearings (aka Sleeve bearings, bushings) 

 

  
 
Source: www.buntingbearings.com    
Bearing Catalog Selection is based on load.  PV is a means of measuring the performance capabilities of 
bearings. P is expressed as pressure or pounds per square inch on the projected area of the bearing. V is 
velocity in feet per minute of the wear surface (surface feet per minute).  
Examples: cast bronze (sleeve and flanged, can lubricate via grooves), powdered metal (bronze + oil, 
controlled porosity for self lubrication, press fit into housing, clearance fit .001”), nylon, PTFE (Teflon), 
composite braided bearings, etc.   
 

 
 
 
Sintered metal (e.g. bronze/oil impregnated):  advantages- inexpensive, handle moderate to high 
speeds, moderate temperatures, easy to use, machinable, readily available from many vendors. They do 
not require hardened shafting, although its a good idea to use it anyway. Disadvantages- they require a 
press fit, and must be reamed to size after installation. They don't handle shock/vibration well, and will 
wear out eventually (contaminants and eventual loss of oil usually cause this, although overloading 
doesn't help!), and field replacement is a problem due to the press fit and reaming required. 
Plastics (e.g. Teflon): advantages: inexpensive, are easily installed with a light press fit (no need to ream 
them after installation!), run well with soft shafting, handle vibration and shock extremely well, do not 
lose their lubricating ability over time, and can be readily replaced in the field with a minimum of tools 
because of the light fit. They can handle corrosive atmospheres if properly selected, and are also 
electrical insulators. Disadvantages- they won't handle high speeds and/or pressures (defined as PV 
factor, pressure-velocity), because they're usually thermoplasics- and poor thermal conductors; a bad 
combination for some uses, although there are high temperature types for slow speeds. 
Shafts for these bearings: The shafts must be round.   Cold rolled steel may need to be turned down to 
size,consider drill rod, or rods intended for used in linear bearings.  

http://www.buntingbearings.com/
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B. Journal Bearings 

Journal bearings depend on a layer of lubricant to “float” the shaft, so must have a continuous source of 
lubricant (oil or grease), by being submerge in an oil bath or the oil is pumped into the bearing/shaft 
annular space. Often these are specially designed for the application, and not COTS.   Usually bearing 
material is a softer metal than the shaft.   Used in engines and large machinery. 
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Journal bearing design is based on charts based on the solution of a partial differential equation from 
fluid mechanics (see Machine Design textbook for charts). 
 

   
C. Rolling-Element Bearings – Ball Type and Roller Type 

 
 
Source Manufacturer: SKF catalog,   http://www.skf.com/binary/168-121486/SKF-rolling-bearings-
catalogue.pdf     

1. Ball Type (see SKF table on last page) 

Deep groove ball bearing- most common- moderate thrust and radial loads 
Angular contact ball bearing- higher thrust loads, reduced radial, often intended to pre-load in thrust 
direction to remove axial clearance in pumps, ball screws, etc.  Used singularly for one directional thrust, 
or in matched pairs. They are machined so that when their races are clamped flat, they pre load for 
thrust in one direction. Require axial clamping. 

http://www.skf.com/binary/168-121486/SKF-rolling-bearings-catalogue.pdf
http://www.skf.com/binary/168-121486/SKF-rolling-bearings-catalogue.pdf
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Self aligning ball bearing – for shaft misalignment and shaft bending 
Ball thrust bearing - handle thrust and nothing else. 
Double row- two deep groove bearings in one housing- simplified arrangement for handling some 
torque perpendicular to the axis, or a little more radial load. 

2. Roller Type 

Cylindrical roller bearings- What you use when the heaviest duty ball bearing of  the same physical 
dimensions won't meet your load/life requirements- these devices can handle several times the load of 
a comparably sized ball bearing- but they cost more. They come in pure cylindrical or spherical roller 
styles- the former for higher load with no angular compensation, the latter, which has a spherical 
housing, allows generous angular error. 
Needle bearings- a roller bearing lacking one or both races.  Low cost and minimal size, but you must 
provide whatever is lacking, a hardened and ground shaft (the inner race) and a machined housing. 
Tapered roller bearings- handle large thrust and radial loads. Must be axially clamped. 
Spherical roller bearings - large thrust and radial loads. 
Roller thrust bearing- same as ball thrust, with higher loads. Straight rollers are cheap, but have some 
problems with the velocity differences (may gall at higher speeds), tapered rollers are better because 
velocities match. 
Cam followers- essentially ball or roller bearings with thick inner and outer races designed to be used as 
wheels or to follow cam surfaces (a regular bearing might serve the same purpose if the forces are low, 
but higher forces would crack the outer race). 

3. Lubrication 

Many of the previous units are available with metal shields or plastic seals, and are pre packed with 
grease, and if used properly, will need no additional lubrication. Open units should have some external 
sealing provided and either oil or grease lubrication provided. 

4. Shaft and Housing Fits 

The previous examples require you to provide precision housing and shaft fits to evenly distribute the 
race loads and get good life- If the housing is too big (or not round), the outer race can crack or spin. The 
same for the shaft fit. If the housing is too small or the shaft too large, the balls are overloaded and 
deformed too far out of round, which causes them to rapidly fatigue.  These housing/shaft fits are costly 
because they have to be more accurate than a lot of other things you'll be doing. The correct fit is also 
application specific and takes some practice. 

5. Housed Units (e.g. pillow block bearings, flanged pillow block bearings) 

Many of the previously mentioned bearings are available in housings, and most have thicker inner races 
with some sort of shaft locking device. This means you can simply bolt these bearings to any mounting 
surface, and your shaft can be a little undersized (.001-.002" max, to use the full bearing load capability) 
which means easy installation.  These housings are available in several materials/coatings for harsh 
environments, and many have spherical bores to allow the bearing inserts to accommodate angular 
misalignments. One additional bonus- most come with grease fittings to allow re-lubrication in 
demanding applications. 
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6. Important Equations 

 

 
 

7. Bearing Selection Guidelines, Mounting Methods,  Examples  

Bearings are chosen based on load, life and environment.   A bearing may need to support a radial load 
(perpendicular to shaft), thrust load (along shaft), or combination.  Model bearings as simply supported 
end condition (e.g. a pinned end condition) in most situations, two bearings side-by-side are required to 
handle a moment load.  Bearings can be selected that can handle shaft misalignment from bending,  
Generally ball bearings can handle small radial load, with the wider bearing for larger load (why?).    
 From http://www.agstech.net/web-storage/webstorage2/Engineering_Guide_for_Bearing_Selection-AGS-TECH%20Inc.pdf  : 

http://www.agstech.net/web-storage/webstorage2/Engineering_Guide_for_Bearing_Selection-AGS-TECH%20Inc.pdf
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Left: Locating/Nonlocating  System – for thermal expansion and contraction of the shaft.  Left bearing 
“locates”, right bearing is “nonlocating”. 
Middle: Cross-Locating System - the shaft is located axially in one direction by one bearing arrangement 
and in the opposite direction by the other. This system is referred to as “crosslocated”.  
Right: Floating bearing system -  for applications where axial stability of the shaft is less demanding or 
where other components on the shaft locate it axially. Although hard to see, there is a small gap 
between the outer race and the endcaps. 
 
Car Wheel Bearing Arrangement – Wheel hub (pink) is accurately located between the two bearings 
with small clearance in the bearings.  When the nut is tightened, the bearing is positioned through the 
inner race.  Notice the “O” arrangement.  In this situation, the wheel hub is free to spin, blue spindle is 
stationary, the outer rings are press fit into the hub, inner rings sliding fit onto the blue shaft (spindle), 
nut is hand tightened and with a jam nut behind to lock into place.   NOTE: Human Exploration Rover is 
similar, except the shaft is rotating inside the knuckle (pink).  

 
Electric Motor Bearing Arrangement – Required to be simple and quiet, and operate at high speed.  The 
left hand bearing is a deep groove ball bearing and axially locates the shaft.  The right hand bearing is 
the output torque end and notice that the bearing floats in the housing.    

 
8. Three Summarizing Charts for the Bearing Designer 
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   https://www.qbcbearings.com/TechInfo/PDF/TechT5_6.pdf 

 
 
  

https://www.qbcbearings.com/TechInfo/PDF/TechT5_6.pdf
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9. Linear Bearing Systems 
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VI. Gears 

   
Gears can be imaged as two rolling without slipping cylinders or cones; the imagined circle is call the 
pitch circle, with it associated pitch diameter/radius for kinematic calculations.  Tooth Size Measures - 
The module ‘m’ is the ratio of the pitch diameter to the number of teeth on the gear. The unit of 
module in SI system is mm, and is commonly used for metric gears.  For English units, the diametral 
pitch ‘P’ is the ratio of the number of teeth on the gear to its pitch circle diameter.  It is the reciprocal of 
module. The diametral pitch is usually expressed as ‘teeth per inch’.  Both meshing gears must have 
same diametrical pitch or module.     
The addendum circle is the largest circle on the gear. The addendum ‘a’ is the radial distance between 
the pitch circle and the addendum circle. The dedendum circle is usually the smallest circle on the gear. 
The dedendum ‘b’ is the radial distance between the pitch circle and the dedendum circle. The 
dedendum is larger than the addendum; i.e., b > a. The depth of tooth ‘h’ is the sum of the addendum 
and dedendum; i.e., h = (a + b). The base circle or clearance circle of a gear is tangent to the base circle 
of its meshing gear.  The angle of this line with respect a perpendicular to the centerline between the 
two gears is called the pressure angle.   
Gears and Gear Reducers, P = Diametral pitch, z = Number of teeth, d = Pitch circle diameter, 
m = Module (mm), p = Circular pitch (mm), a = Addendum, b = Dedendum, c = Clearance = b – a, do = 
Diameter of addendum circle or Outside diameter =(d + a) 
Failure mode that are the basis of a gear design: surface fatigue and root bending fatigue failure.  
Smaller gear in a mesh is the “pinion”, the larger gear is the “gear”.    
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http://www.martinsprocket.com/docs/default-source/brochures---gears/martin-gear-manual.pdf 
 

http://www.martinsprocket.com/docs/default-source/brochures---gears/martin-gear-manual.pdf
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http://www.khkgears.co.jp/en/gear_technology/guide_info.html  
http://www.khkgears.co.jp/en/gear_technology/pdf/455-461.pdf  
 
 

http://www.khkgears.co.jp/en/gear_technology/guide_info.html
http://www.khkgears.co.jp/en/gear_technology/pdf/455-461.pdf
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http://www.martinsprocket.com/docs/default-source/brochures---gears/martin-gear-manual.pdf 
  

http://www.martinsprocket.com/docs/default-source/brochures---gears/martin-gear-manual.pdf
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VII. Shafts Parts 
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VIII. Brakes and Clutches 
 
IX. Belts and Chains 
 
X. Shock Absorbers and Shock Mounts 
 
XI. Gearboxes and Gear Reducers 
XII. Motors 
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XIII. Homework Problems 
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