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POWER TRANSMISSION UNITS WITH MANY ELEMENTS 
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A REAR AXLE ASSEMBLY 
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Traditional nomenclature includes 
Å Axle : A rotating member in rear axle assembly of the vehicles. 
Å Shaft : A rotating member supporting attached elements. 
Å Spindle : A short shaft or axle. 
Å Head or stud shaft : A shaft integral with a motor or prime mover. 
Å Line shaft : A shaft used to distribute power from one prime mover to many 

machines. 
Å Jack shaft : A short shaft used for power transmission as an auxiliary shaft between 

two other shafts (counter shaft, back shaft). 
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Introduction 
In machinery,   the general term άǎƘŀŦǘέ refers to  

Ç a rotating member,  

Ç usually of circular cross-section,  

Ç which supports gears, sprockets, wheels, rotors, etc., 

and  

Ç is subjected to torsion and to transverse or axial loads 

acting singly or in combination. 

A shaft is a rotating part used to transmit power and motion.  
It often carries rotating machine elements (like gears, pulleys, 
cams, etc.) which assist in the transmission.  
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A shaft: 
 is a basic member of the most power transmission units and  
is usually assembled with other machine elements such as 
bearings, gears, pulleys, sprockets, keys, couplings etc. 
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Ç The geometry of a shaft isusually that of a 
stepped cylinder. 

Ç Gears, bearings, and pulleys must always be 
accurately positioned (usually by the help of 
stepped configuration) 

 

ï Common Torque Transfer Elements used on 
shafts are 
 

Ç Keys 

Ç Splines 

Ç Setscrews 

Ç Pins 

Ç Press or shrink fits 

Ç Tapered fits 
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Keys and Keyways 
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Common Types of Shaft Keys.  
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Common Types of Shaft Keys.  
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Splines 

 

17 Nihat YILDIRIM 



18 Nihat YILDIRIM 



Common Types of Splines.  
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Set Screws 
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Shaft Pins 
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Common Types of Shaft Pins.  
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Press or Shrink fit  (Interference fit) 
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Taper fit  
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Snap Rings  (Retaining Ring) 
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Common Types of Retaining or Snap Rings.  
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Considerations for Shaft Design 
 

1. Deflection and Rigidity 
ï(a) Bending deflection 

ï(b) Torsional deflection 

ï(c) Slope at bearings and shaft supported elements 

ï(d) Shear deflection due to transverse loading of shorter shafts 

2. Stress and Strength 
ï(a) Static Strength 

ï(b) Fatigue Strength 

ï(c) Reliability 

 

3. Critical Speed-vibration 
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Shaft Materials 
 

ÅMost shafts are made of steels,  
ïeither low-carbon or 
ï medium-carbon.  

ÅHowever, high quality alloy steel, usually heat treated, 
may be chosen for critical applications. 
 
ÅOther metals, e.g. brass, stainless steel or aluminium, 

may be used where corrosion is a problem or lightness 
is required. 
 
ÅSmall, light-duty shafts, e.g. in household appliances, 

may be injection moulded in a plastic material such as 
nylon or delrin 
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Shaft Materials 
ÅMost shaft materials are usually made of different versions of steels. 

ÅMost steels have similar moduli of elasticity,  so that the rigidity 
requirement can be met mainly by geometric decisions, independent 
of the material choice among steels. 

ÅStrength to resist loading stresses, however, affects the choice of 
material.  

ÅANSI 1020-1050 steels and 11XX free-machining steels are common 
choices.  

ÅHeat treating steels like 1340-50, 3140-50, 4140, 4340, 5140, and 
8650 produces greater strength.  

ÅHardness is a function of size and different methods are important to 
quantitatively relate strength to size and heat treatment regimen.  

ÅCarburizing grades 1020, 4320, 4820, and 8620 are chosen for 
surface-hardening purposes. 
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Shaft Design 
General Considerations 
Å 1. To minimize both deflections and stresses, the 

shaft length should be kept as short as possible 
and overhangs minimized. 

Å 2. A cantilever beam will have a larger deflection 
than a simply supported (straddle mounted) one 
for the same length, load, and cross section, so 
straddle mounting should be used unless a 
cantilever shaft is dictated by design constraints.  

Å 3. A hollow shaft has a better stiffness/mass ratio 
(specific stiffness) and higher natural frequencies 
than a comparably stiff or strong solid shaft, but 
will be more expensive and larger in diameter. 

Å 4. Try to locate stress-raisers away from regions of 
large bending moment if possible and minimize 
their effects with generous radii and relief. 
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Å 5. General low carbon steel is just as good as higher strength steels (since 
deflection is typical the design limiting issue).  

Å 6. Deflections at gears carried on the shaft should not exceed about 0.005 inches 
(125micron) and the relative slope between the gears axes should be less than 
about 0.03 degrees 

 

Å 7. If plain (sleeve) bearings are to be used, the shaft deflection across the bearing 
length should be less than the oil-film thickness in the bearing. 

 

Å 8. If non-self-ŀƭƛƎƴƛƴƎ ǊƻƭƭƛƴƎ ŜƭŜƳŜƴǘ ōŜŀǊƛƴƎǎ ŀǊŜ ǳǎŜŘΣ ǘƘŜ ǎƘŀŦǘΩǎ ǎƭƻǇŜ ŀǘ ǘƘŜ 
bearings should be kept to less than about 0.04 degrees. 

 

Å 9. If axial thrust loads are present, they should be taken to ground through a 
single thrust bearing per load direction. Do not split axial loads between thrust 
bearings as thermal expansion of the shaft can overload the bearings. 

 

Å 10. The first natural frequency of the shaft should be at least three times the 
highest forcing frequency expected in service, and preferably much more. (A 
factor of ten times or more is preferred, but this is often difficult to achieve). 
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1. Shaft Deflections  and rigidity 

ï(a) Bending deflection 

ï(b) Torsional deflection 

ï(c) Slope at bearings and shaft supported elements 

ï(d) Shear deflection due to transverse loading of shorter shafts 

 

ÅBending deflection of shafts are sometimes the dictating 
criterion for shaft sizing. 

 

Å4 different methods of shaft bending deflection calculations are: 

ÅStandart tables for specific loadings 

ÅMethod of integration (by singularity functions), 

ÅMethod of Area-moment 

ÅEnergy method 
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Standart tables for specific loadings 
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Method of 
integration  

(by singularity 
functions) 
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Singularity 
functions 
q(x)=é 
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Method of  
Area-moment 
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Energy 

Methods for 

elastic 

deflection 

determination 
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2. Stress and Strength 
Structural metal behavior is typically classified as being ductile or brittle, 

although under special situations, a material normally considered ductile 
can fail in a brittle manner. 

 
Ductile materials ŀǊŜ ƴƻǊƳŀƭƭȅ ŎƭŀǎǎƛŦƛŜŘ ǎǳŎƘ ǘƘŀǘ ʶf (fracture strain) җ лΦлр 
 and have an identifiable yield strength that is often the same in compression 

as in tension (Syt = Syc = Sy ).  
 
.ǊƛǘǘƭŜ ƳŀǘŜǊƛŀƭǎΣ ʶŦ ғ лΦлрΣ Řƻ ƴƻǘ ŜȄƘƛōƛǘ ŀƴ ƛŘŜƴǘƛŦƛŀōƭŜ ȅƛŜƭŘ 
 strength, and are typically classified by ultimate tensile and compressive 

strengths, Sut and Suc, respectively (where Suc is given as a positive 
quantity, and usually Suc > Sut) . 

 
Most materials are designed for: 
ï(a) Static Strength 
ï(b) Fatigue Strength 
ï(c) Reliability 
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2. Stress and Strength 
  

a) Static strength design theories vary depending on the type of 
material behaviour: 

 

For ductile materials: 

Å1. Maximum shear stress (MSS), 

2. Distortion energy (DE), 

3. Ductile Coulomb-Mohr (DCM) 

 

For brittle materials: 

1. Maximum normal stress (MNS), 

2. Brittle Coulomb-Mohr (BCM) 

3. Modified Mohr (MM) 
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Å Plane stress problems are very common where one of the principal stresses is zero, 
and the other two, ̀A and ̀ ., are determined from aƻƘǊΩǎ circle.  

Å Assuming that ̀ ! җ ̀., there are three cases to consider for plane stress: 
Case 1:  
Å À җ ̀. җ лΦ CƻǊ ǘƘƛǎ ŎŀǎŜΣ ˋм Ґ ˋ! ŀƴŘ ˋо Ґ лΦ 9ǉǳŀǘƛƻƴ όрς1) reduces to a yield 

condition of  ̀ ! җ Sy 
Case 2:  
Å À җ л җ ˋ. Φ IŜǊŜΣ ˋм Ґ ˋ! ŀƴŘ ˋо Ґ ˋ. , and Eq. (5ς1) becomes ̀ ! ҍ .̀ җ Sy  
Case 3:  
Å л җ À җ ̀. Φ CƻǊ ǘƘƛǎ ŎŀǎŜΣ ˋм Ґ л ŀƴŘ ˋо Ґ ˋ. , and Eq. (5ς1) gives ̀ . Җ ҍSy  

Failure of Ductile Materials 

 Maximum Shear Stress (MSS) Theory, 

Maximum Shear Stress 
(MSS) Theory  
 
Ssy = 0.5*Sy 
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Å CƻǊ ǇƭŀƴŜ ǎǘǊŜǎǎΣ ƭŜǘ ˋ! ŀƴŘ ˋ. ōŜ ǘƘŜ ǘǿƻ ƴƻƴȊŜǊƻ ǇǊƛƴŎƛǇŀƭ ǎǘǊŜǎǎŜǎΦ  
Å Then, we get 

 
 
Å This effective stress is usually called the Ǿƻƴ aƛǎŜǎ ǎǘǊŜǎǎΣ ˋ Σ named after Dr. 

R. von Mises, who contributed to the theory. Thus  failure, for yield, can be 
written as  ̀  җ Sy 

Distortion Energy (DE) Theory  

Failure of Ductile Materials 
 Distortion Energy (DE) Theory 
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Failure of Ductile Materials 

Coulomb Mohr (CM) Theory 
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Failure of Brittle Materials 

For brittle materials (Suc>>Sut) failure theories are: 

1. Maximum normal stress (MNS) theory, 

2. Brittle Coulomb-Mohr (BCM) theory 

3. Modified Mohr (MM) theory 
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2. Stress and Strength 

b) Fatique strength design theories  
also vary depending on the type of material behaviour: 
 
For ductile materials: 
1. 
2. 
3. 
For brittle materials: 
1. 
2. 
3. 

Å?????????????????? 
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2. Stress and Strength 

b) Fatique strength design theories  

vary depending on whether a finite life or an infinite life is required 
(and are not dependent on the type/behaviour of material): 

Infinite Life Theories: 

1. 

2. 

3. 

Finite Life Theories : 

1. 

2. 

3. 
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Infinite life theories ÅYield Theory/Line (Sy-Sy) 

ÅSoderberg (Se-Sy) 

ÅASME Eliptic (Se-Sy) 

ÅGerber theory/Line (Se-Sut) 

ÅModified Goodman (Se-Sut) 

ůa 

ům 

Sm=n*ům        Sa= n*ůa  70 Nihat YILDIRIM 



71 Nihat YILDIRIM 



 

72 Nihat YILDIRIM 



 

73 Nihat YILDIRIM 



 

74 Nihat YILDIRIM 



 

75 Nihat YILDIRIM 



S-N Curve for varying load condition 

 

Finite life theories 
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