
Third Class-All Branches Machine Design I (Lecture 25&26)  Mechanical Eng. Dept. 

1 
 

 
 

University of Technology 

Mechanical Engineering Department 

 

Machine Design I 

Third Class for All Branches 

 

 

Reference: "Machine Elements in Mechanical Design" 4th Edition, by: Robert L. 

Mott. 

  



Third Class-All Branches Machine Design I (Lecture 25&26)  Mechanical Eng. Dept. 

2 
 

 Many kinds of mechanical devices produce linear motion for machines such as 

automation equipment, packaging systems and machine tools. 

 Power screws, jacks and ball screws are designed to convert rotary motion to 
linear motion or to convert linear motion to rotary motion to exert the 
necessary force to move a machine element a long a desired path. They use the 
principle of screw thread and it's mating nut. 

 The linear motion also can be achieved by using the pressure vessels. 
 Some examples of components and systems that facilitate linear motion are: 

Power screws, Ball screws, Jacks, Fluid power cylinders,  Linear actuators, 
linear slides, Screw vice, Lead screw, Screw drills,…….. 

Form Fig. 17-1 as an example. 
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Forms of power screw threads: (see Fig. 17-2   P.697) 
 

 

 

 

 

 

 

FIGURE 17-2 Forms of power screw threads 

See Fig. 17-4    P.698   to see an example for using an ACME (Trapezoidal 

thread) screw-driven system for rasing a hatch. 

 

Square thread  Acme thread 

(a) Square thread (b) Acme thread 

p=pitch 
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Requirements:  

(a) Study the design carefully. 

(b) Draw complete construction for the system showing all details for 

trapezoidal screw, nut, bearings, chain, worm gears, supports…  

2. See section 17-1 (objective of this chapter)   p.698. 
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17-2   Power Screw   p.699: 

 

(a) Force exerted up the plane 
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(b) Force exerted down the plane 
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Dr= Minor or Root dia. 

D= Nominal major dia. 

β= Friction angle. 
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Note:  

1- The condition that must be met for self-locking is:  

f > tan λ    …. (17-5) 

2- The above equations for square thread, but the adjustment for Acme 

threads is. 

 

So from fig. above  
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3- Lead =L = pitch for single start. 

                      = 2*pitch for double start. 

                = 3*pitch for triple start. 

Ff=fF 

Ff=fRN 
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4- f =0.1 - 0.15   for running coefficient of friction. 

f =0.14 - 0.21   for staring coefficient of friction. 

5- Use table 17-1   P.699 for standard proportion of preferred Acme screw 

thread. 

 
 

6- Use Tc = Torque to overcome collar friction: 
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7- f1= coefficient of friction when thrust collar are used =0.06-0.12 for     

running coefficient of friction.  

         =0.08-0.17 for staring coefficient of friction. 

8- Efficiency of a power screw:  

               
                       

                    
 
 ̀

    
 
    ⁄

    
 

 

Example Problem 17-1: 

 Two Acme-threaded power screws are to be used to raise a heavy access hatch, 

as sketched in Figure 17-4. The total weight of the hatch is 111.2 kN, divided 

equally between the two screws. Select a satisfactory screw from table 17-1 on 

the basis of tensile strength, limiting the tensile stress to 68.95 MPa. Then 

determine the required thickness of the yoke that acts as the nut on the screw to 

limit the shear stress in the threads to 34.475 MPa. For the screw thus designed, 

compute the lead angle, the torque required to raise the load, the efficiency of 

the screw, and the torque required to lower the load. Use a coefficient of friction 

of 0.15. 

Solution: 

 The load to be lifted places each screw in direct tension. Therefore, the required 

tensile stress area is: 

   
 

  
 

       

             
            

From Table 17-1, a 38.1 mm-diameter Acme thread screw with four threads per 

25.4 mm would provide a tensile stress area of 816.8 mm2 

For this screw, each inch of length of a nut would provide 1510.4 mm2 of 

shear stress area in the threads. The required shear area is then 

   
 

  
 

       

              
          

Then the required length of the yoke would be 
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For convenience, let's specify            

The lead angle is (remember that L = p = 1/n = 1/4 = 6.35 mm) 
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The torque required to raise the load can be computed from equation (17-10): 

   
   

 
(
(             )

(            )
) 

Using: cos ϕ = cos ( 14.5°) = 0.968, and tan λ = tan (3.39°) = 0.0592, we have 
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The efficiency can be computed from Equation (17-7): 
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The torque required to lower the load can be computed from Equation (17-11): 
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Example Problem 17-2: 

It is desired to raise the hatch in Figure 17-4 a total of (381 mm) in no more 

than (12.0 s). Compute the required rotational speed for the screws and the 

power required. 

Solution: 

 The screw selected in the solution for Example Problem 17-1 was a (38.1) mm 

Acme-threaded. Screw with four threads per 25.4 mm. Thus, the load would be 

moved (6.35 mm) with each revolution. The linear speed required is: 

 

  
      

      
            

The required rotational speed would be 

  
        

  
 

     

        
 
  

      
                

Then the power required to drive each screw would be 
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