
11. ENGINEERING RECOMMENDATIONS BASED ON THE DESIGN OF ALL 
THE MODELS PREVIOUSLY DESCRIBED IN ORDER TO DIMINISH THE 

STRESS CONCENTRATIONS 
 
 With basis on the results, many recommendations can be done for the designer to 

use in the design of shafts with stress concentrators in order to reduce the stress 

concentration and to increase the service life of the element.  It must be first understood 

that the recommendations are for a specific arrangement, and they can not be generalized, 

because each arrangement generates a different stress distribution, and as a consequence, 

different Kt. What may be taken as constant and not influent in the results is the force 

applied. The type of force does have an influence on Kt, because a torque does not act the 

same way as a compression force, or as a fatigue force (tension/compression). 

 Also, as general information, before realizing all the analyses some things must be 

taken into account. The first one is that the depth of the complementary notches has to be 

the same as the depth of the central notch. By doing this, the analyzer is assuring that no 

matter the shape or arrangement of notch he uses, the notches are going to have a direct 

effect on the lowest point of the central notch, and that is the zone that interests the most, 

because there is the higher stress concentration. Another important thing is that the shape 

of the complementary notches has to be as smooth as possible. Maybe using a sharp 

notch shape would diminish the stress concentration in the central notch, but it would 

surely increase a lot the stress concentration in the complementary notches, having now 

two weak points instead of only one (and this is worst because the stress concentration 

there caused by the shape is going to be bigger). 

 The analyses performed in this thesis are going to be divided in three sections: 

those for which the distance of analysis is taken from the highest point of the central 



notch, those for which the distance is taken from the highest point of the central notch 

and besides include a combination of notches (fourth case), and those for which the 

distance is taken from the lowest point of the central notch.  

 For the first group, the following recommendations can be done. First of all, try to 

specify the distance at which the complementary notches stop having a direct effect on 

the central notch. As seen in the first analysis performed, there is a point where the 

complementary notches become “independent”. This means that they are acting as 

separate notches, and they have the same Kt as the central notch. So this, instead of 

helping, has a negative effect on the service life, because instead of having only one high 

stress concentration, now there are three. To identify the point where additional notches 

become independent, analysis at some certain distance can be performed. For example, in 

this case the first analyses were from 0 mm to 10 mm, increasing by 1 mm. From the data 

obtained, a chart was built. In this chart, at the point where the line L/r overpasses the 

Stress Concentration Factor, it is said that complementary notches become independent. 

So now, knowing the maximum limit, analyses can be done with a lower increasing 

distance, for example, from 0.25 mm in 0.25 mm. 

 For the first group, increasing the radius of the complementary notches has a 

negative effect. At least that was seen on the three analyses performed. By increasing the 

radius, the Kt is also being increased, and this will decrease the service life. Maybe the 

only advantage is that the stress concentrations at the complementary notches are not too 

high. They stay all the time below the line of L/r. so if the application requires one of 

these arrangements, an equilibrium could be found. Any way, at the last point of analysis 

(when L = 4 mm), the three options reach the same point (approximately 2.08). 



 For the second group, the behavior that it presents from 0 mm to 1.5 mm is 

interesting. There is a good decrease in the Stress Concentration Factor. The 

recommendation here is to use this type of arrangement inside that range, if possible at 

the closest point to the highest point of the central notch. The closer it is, the smaller the 

Kt will be. This arrangement would be recommended only if necessary. Instead of this, 

any of the last three arrangements used would be better, because it represents a lower 

Stress Concentration Factor, and also the shape is easier to achieve. 

 For the third group, using any of them will have good results. Of course, the best 

option is the third arrangement. When using the first arrangement of this group, the 

optimum distance to use would be between 0.8 mm and 0.9 mm, because there is where 

the lowest stress concentration presents. But if that distance is not enough, the 

recommended range to use is from 0.5 mm to 1.2 mm. That is the lowest part of the 

Chart, and using it will assure the engineer working with a maximum Kt of 1.4.  

 For the second arrangement of this group, the recommended optimum point to use 

would be between 1.5 mm and 1.6 mm, and also at 2.5 mm. At these two points the stress 

concentrations are lower, and working there will increase the service life. If a wider range 

would like to be used, it could be from 1.5 to 1.8 mm, and then from 2.45 to 2.6 mm. 

working there will assure the engineer working also with a maximum Kt of 1.4. 

 Finally, for the last arrangement analyzed, the whole range of analyses will be 

recommended. This is because the maximum stress concentration achieved is at 2 mm, 

and the value of Kt there is of 1.4, which is the maximum Kt used for the other 

arrangements. So working in that range will assure the engineer working below 1.4, and 



as a consequence increasing the service life of the element. The optimum point for this 

arrangement would be when L = 1 mm. 

  

 

 


