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Surface Hardening 



Induction Hardening 
Purpose Ensure : 

Hard wear and fatigue resistant case 
Tough core 
There are major savings in power and also in  material movement during process. 

Components • Crankshaft 
• Camshaft 
• Stub axle 
• Axle shaft 
• Gears and gear box shafts 
• Propeller shaft spline yoke/ shaft 

 

Common steels medium ( 0.3% to 0.5%) Carbon steel  
Alloy additions depend on the core properties required. Sulphur content has  to be 
low. 

Process Core: desirable  core structure to meet strength  requirements can be achieved by 
either normalizing or by hardening and tempering 
Case : Case depth and hardening is achieved by induction heating and followed by 
quenching of the surface only. After this  tempering is carried out. 

Properties achieved Case Hardness  :45- 58 HRc 
Case Depth : 1.5-12.0 mm ( typical) 
Core hardness : 150 - 360 HV10 



Induction hardening process (Typical) 

  Temperature˚C Time Hrs Details 

Degreasing 80-100 0.25 

Harden OQ from AC3 810-840 1 to 2 

Degrease 80-100 0.25 

Temper 

 550- 600 2 hrs 

Clean if required 

Induction harden Only power is set 

For 30 seconds 

 Water/ polymer quench 

Temper 180 - 200 2 hrs 



Induction Heating 



Induction Hardening ( Frequency effect) 

Figure 3(a) presents plots of  
• Penetration depth at various frequencies as a function of electrical 

resistivity.  
• Illustrates different frequency requirements for a given penetration 

depth during various steel processing methods.  
These variations occur for any given material, because the resistivity of 
conductors varies with temperature. Furthermore, for ferromagnetic 
metals, the relative permeability varies with temperature, decreasing to a 
low value at the so-called Curie temperature.  



Induction Hardening ( Frequency effect) 



Induction Hardening ( Frequency effect) 



Induction Heating Generator 



Coils for Induction Heating 



Coil Designs 



Induction Heating ( Heating Patterns) 



Induction Hardening Quench Styles 



Effect of Core Structure 



Heating time and Power density 



Effect of Induction Hardening on Fatigue strength 



Effect of Induction Hardening on Fatigue strength 



Induction Tempering 



Stub Axle 





Ferritic Nitrocarburizing 

Purpose Ensure : 
Hard wear and fatigue resistant case 
Soft core 

Components • Crankshaft 
• Thin  and slender components 
• Valve tappets 

 

Common steels medium carbon ( 0.3% to 0.5%) Carbon steel  
Alloy additions depend on the core properties required 

Process Core: desirable core structure to meet strength requirements can be achieved by 
either normalizing or by hardening and tempering 
Case : Case depth and hardening is achieved by induction heating and followed by 
quenching of the surface only. 

Properties achieved Case Hardness  :approx. 650 VPN 0,5 
Case Depth :  0.3 mm ( typical) 



Ferritic Nitrocarburizing (Typical) 

  Temperature˚C Time Hrs Details 

Degreasing 80-100 0.25 

Harden OQ from AC3 810-840 1 to 2 

Degrease 80-100 0.25 

Temper 

 550- 600 2 hrs 

Clean if required 

Nitrocarburizing 570 

2 to 6  

 

Carburizing + ammonia 

atmosphere. Water/ 

polymer quench 



Ferritic Nitrocarburizing 

FERRITIC NITROCARBURIZING processes are those thermochemical 
treatments which involve the diffusional addition of both nitrogen 
and carbon to the surface of ferrous materials at temperatures 
completely within the ferrite phase 
The primary object of such treatments is usually to improve the 
anti-scuffing characteristics of ferrous engineering components by 
producing a "compound layer" on the surface which has good 
tribological properties (Fig. 1). 
In addition, the fatigue characteristics of the material can be 
considerably improved, particularly when nitrogen is retained 
in solid solution in the "diffusion zone" beneath the compound 
layer. This is normally achieved by quenching into oil or 
water from the treatment temperature, usually 570 °C (1060 °F). 



Ferritic Nitrocarburizing 



RESIDUAL STRESSES AND THEIR EFFECTS ON 
FATIGUE RESISTANCE 

 
•To improve fatigue resistance we should try to avoid tensile 
mean stress and have compressive mean stress. This can 
often be achieved by using residual stresses. 
 
•Residual stresses are in equilibrium within a part, without 
any external load. 
•They are called residual stresses because they remain from 
a previous operation. 
•Residual stresses exist in most manufactured parts and 
their potential to improve or ruin components subjected to 
millions of load cycles can hardly be overestimated. 

S-N behavior of a Ni-Cr alloy steel subjected to rotating 
bending with three different surface conditions involving  

smooth (solid circles), 
notched (x’s), and  
notched shot-peened (open squares) specimens. 

With the notched shot-peened specimens, the fatigue 
resistance is essentially the same as the smooth specimens. 
Thus, the notch became perfectly harmless after it was shot-
peened due to the desirable residual compressive stresses. 
 



PRODUCTION OF RESIDUAL STRESSES 
& FATIGUE RESISTANCE 

The many methodsof inducing residual stresses in parts 
can be divided into four main groups: 
 

Mechanical Methods 
 

Thermal Methods 
 

Plating 
 

Machining 



MECHANICAL METHODS 

Mechanical methods of inducing residual stresses: 
 

Rely on applying external loads that produce 
localized inelastic deformation. 
 

Upon removing the external loading, elastic 
“springback” occurs that produces both tensile 
and compressive residual stresses. 
 

Both tensile and compressive residual stresses 
must be present in order to satisfy all equations of 
internal force & moment equilibrium, F =M =0. 



MECHANICAL METHODS 

Figure 8.2 shows this process for 
inelastic bending of a beam behaving 
in an elastic-perfectly plastic manner. 
The beam in Fig. 8.2c will have better 

fatigue resistance at the bottom fibers than 
at the top fibers. 
Thus, straightening of parts by bending is 

usually detrimental due to the undesirable 
tensile residual stresses that form in 
regions overloaded in compression.  
If the material were not elastic-perfectly 

plastic, the residual stress distribution in 
Fig. 8.2c would be non-linear. 



MECHANICAL METHODS 
Stretching(tensile overload) of 
the notched specimen shown. 
Again, the material is assumed to be 

elastic-perfectly plastic. 
Nonuniform tensile stress distribution 

during the inelastic loading. 
The summation of the inelastic 

loading stresses and the elastic 
unloading stresses result in the residual 
stress distribution shown in Fig. 8.3c. 
Note that tensile overloads with 

notches result in desirable residual 
compressive stresses at the notch, 
while compressive overloads with 
notches result in undesirable residual 
tensile stresses at the notch 



MECHANICAL METHODS 
The most widely used mechanical processes for producing 
beneficial compressive surface residual stresses for enhancing 
long and intermediate fatigue life are: (1)shot-peeningand 
(2)surface rolling. 
 
Both methods use local plastic deformation, one by the 

pressure of the impact of small balls, the other by the 
pressure of narrow rolls. 
 
Surface rolling is widely used in the production of threads. 

It is very economical as a forming operation for bolts and 
screws, as well as beneficial for fatigue resistance.  



MECHANICAL METHODS 

Rollingis also used 
for producing desired 
compressive residual 
stresses in fillets for 
components such as 
crankshafts, axles, 
gear teeth, turbine 
blades, and between 
the shank and head 
of bolts. 



MECHANICAL METHODS 

Shot-peening has been used successfully with steels, 
ductile iron and aluminum, titanium, and nickel base 
alloys. 
 

 Small balls (shot) that range from 0.18 to 3.35 mm 
with different size specifications are thrown or shot at 
high velocities against the work piece. 
 

They produce surface dimples and would produce 
considerable plastic stretching of the skin of the part if 
this were not restrained by the elastic core. 



MECHANICAL METHODS 

• Compressive stresses are thus produced in the 
skin. The depth of the compressive layer and the 
dimpled surface roughness are determined by 

• the material of the work piece 
• the intensity of peening, which depends on 

– size of shot,  
– Material of shot, 
– velocity or flow rate of the shot, 
– time of exposure.  

 

• The magnitude of the compressive residual 
stress depends mainly on the material of the work 
piece. 
 



MECHANICAL METHODS 

Typical stress distribution 
produced by shot-
peening. 
The depth of the residual 

compressive stress, distance 
d, ranges from about 0.025 
to 0.5 mm (0.002 to 0.02 
in). 
The relation of the stress 

peak to material hardness is 
shown in Fig. 8.6 



MECHANICAL METHODS 



MECHANICAL METHODS 



MECHANICAL METHODS 


