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Mechanical Engineering Design (Design I) 

 

Content: 

1. Simple stresses and material selection. 

2. Combined stresses. 

3. Dynamic loading design. 

4. Shafts and Forces on belts and Gears. 

5. Keys, splines & couplings. 

6. Rolling bearings selection. 

7. Clutches and brakes. 

8. Power screws, bolts and welding. 

9. Pressure vessels. 

10. Gears and belts 

 

References: 

1. Machine Elements in Mechanical Design by Robert L. Mott, P.E. 

2. Mechanical Engineering Design by Shigley. 

3. Machine Elements by Gustav Niemann. 

4. Machine Design by Gupta. 

5. Machine Design by Black and Adams. 
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The Nature of Mechanical Design and Materials in  

Mechanical Design  
(Note: See chapter 1 & 2 of Reference No.1) 

There are many fields where mechanical products are designed and 

produced. For examples see figures (1-1 to 1-10).  

 



Third Class-All Branches Machine Design I (Lecture 1&2)  Mechanical Eng. Dept. 

Page 3 of 17 
 

 

 

 

 

 

 

 



Third Class-All Branches Machine Design I (Lecture 1&2)  Mechanical Eng. Dept. 

Page 4 of 17 
 

 

 



Third Class-All Branches Machine Design I (Lecture 1&2)  Mechanical Eng. Dept. 

Page 5 of 17 
 

 

 

 

 

 

 

 



Third Class-All Branches Machine Design I (Lecture 1&2)  Mechanical Eng. Dept. 

Page 6 of 17 
 

 

Machine elements must be compatible, must fit well together and must 

perform safely and efficiently. Figure (1-12) shows and example for the primary 

elements of the speed reducer, which consists: Gear, Shafts, Bearings, Keys, 

Housing and you can add many other items.    
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Steel structural shapes 

Table (1-1 Page 21) shows standard angle (L-shapes) channels (C-shapes), etc. 

See Appendix 16; page (A-31 to A-38). 
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Unit systems: 

Table (A18-1) and (18-2) page A-39 shows conversation of U.S customary units 

to SI units. 

Note: you should work with SI unit always. 
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Example 1 (page 26), Ref.1: 

Express the diameter of a shaft in (mm) if it is measured to be 2.755 in. 

Sol:  

Table A18 gives the conversation factor for length to be (1 in = 25.4 mm) then  

Diameter = 2.755 in * 
       

    
              

Note: see also example 1-2 page 26 (Solve problems on page 28 Prob. 15-16-17-

18-19-20-22-23-25-26-28) 

Materials in Mechanical Design:  

 Tensile Strength, Su  

The peak of the stress-strain curve is considered the ultimate tensile 

strength (SU) sometimes called the ultimate strength or simply the tensile 

strength. At this point during the test, the highest apparent stress on a test bar of 

the material is measured. As shown in Figures 2-1 and 2-2. The curve appears to 

drop off after the peak. However, notice that the instrumentation used to create 

the diagrams is actually plotting load versus deflection rather than true stress 

versus strain. The apparent stress is computed by dividing the load by the 

original cross-sectional area of the test bar. After the peak of the curve is 

reached, there is a pro­nounced decrease in the bar's diameter, referred to as 

necking down. Thus, the load acts over a smaller area, and the actual stress 

continues to increase until failure. It is very difficult to follow the reduction in 

diameter during the necking-down process, so it has become cus­tomary to use 

the peak of the curve as the tensile strength, although it is a more conservative 

value. 

 Yield Strength, SY  

That portion of the stress-strain diagram where there is a large increase in 

strain with little or no increase in stress is called the yield strength (SY). This 

property indicates that the material has, in fact, yielded or elongated plastically, 

permanently, and to a large degree. If the point of yielding is quite noticeable, as 

it is in Figure 2-1, the property is called the yield point rather than the yield 

strength. This is typical of plain carbon hot rolled steel. Figure 2-2 shows the 

stress-strain diagram form that is typical of a nonferrous metal such as 

aluminum or titanium or of certain high-strength steels. Notice that there is no 

pro­nounced yield point, but the material has actually yielded at or near the 
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stress level indicated as SY. That point is determined by the offset method, in 

which a line is drawn parallel to the straight-line portion of the curve and is 

offset to the right by a set amount, usually 0.20% strain (0.002 in/in). The 

intersection of this line and the stress-strain curve defines the material's yield 

strength. In this book, the term yield strength will be used for SY regardless of 

whether the material exhibits a true yield point or whether the offset method is 

used. 

 

Where:      Su = ultimate tensile strength 

SY = yield strength 

E = modulus of Elasticity = 
 

 
 

  = stress 

  = strain 

For shear strength 

SYS = yield strength in shear = SY/2 = 0.5 SY 

SUS = ultimate strength in shear = 0.75 SU 
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Classification of metals and alloys 

UNS : The Unified Numbering systems. 

ASTM : The American Society for Testing and Materials 

AA : The Aluminum Association. 

AISI : The American Iron and Steel Institute. 

CDA : The Copper Development Association. 

SAE : The Society of Automotive Engineers. 

Steel Designation System: 

 

Importance of Carbon: 

As carbon content increase, strength and hardness also increased under the 

same conditions of processing and heat treatment. Since the ductility decreases 

with the increasing of carbon content, selecting suitable steel involves some 

compromise between strength and ductility. 

As a rough classification scheme:  

Low-carbon steel    0.3% carbon   (low strength + good formability) 

Medium-carbon steel    (0.3% - 0.5%)   (Moderate to high strength + fairly 

good ductility) 

High-carbon steel    (0.5% - 0.95%)   (suitable for durable cutting edges) 
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Properties of carburized steel, stainless steel, structural steel… 
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Problems: 

Solve problems No. 20, 21, 22, 23, 25, and 26. 


