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 مهندسی مکانیک  زبان تخصصی

 دهمیاز  قسمت

At this point, an important property of circular shafts should be noted: When a circular shaft is 

subjected to torsion, every cross section remains plane and undistorted. In other words, while the 

various cross sections along the shaft rotate through different amounts, each cross section rotates as 

a solid rigid slab. This is illustrated in Figure, which shows the deformations in a rubber model 

subjected to torsion. The property we are discussing is characteristic of circular shafts, whether solid 

or hollow; it is not enjoyed by members of noncircular cross section. For example, when a bar of 

square cross section is subjected to torsion, its various cross sections warp and do not remain plane  

 

 

 

 

 

Figure3 14 :  Comparison of deformations in circular and square shafts. 

 

The cross sections of a circular shaft remain plane and undistorted because a circular shaft is 

axisymmetric, i.e., its appearance remains the same when it is viewed from a fixed position and 

rotated about its axis through an arbitrary angle. (Square bars, on the other hand, retain the same 

appearance only if they are rotated through) As we will see presently, the axisymmetry of circular 

shafts may be used to prove theoretically that their cross sections remain plane and undistorted. 

 معنی کلمه معنی کلمه

rubber لاستیکی illustrate  دادن )باشکل(نشان دادن،توضیح  

enjoy  بودندارا  discuss  کردنبحث  

  warp  داشتن، تاب برداشتناعواج  
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Consider the points C and D located on the circumference of a given cross section of the shaft, and 

let Cand D be the positions they will occupy after the shaft has been twisted. The axisymmetry 

of the shaft and of the loading requires that the rotation which would have brought D into Dshould 

now bring C intoC . 

Thus Cand Dmust lie on the circumference of a circle, and the arc C D must be equal to the arc 

CD .  

 

 

 

 

 

   

Figure3 15 :  Shaft subject to twisting 

 معنی کلمه معنی کلمه

appearance ظاهر symmetric متقارن 

arbitrary دلخواه axisymmetric  محوریمتقارن  

prove  کردنثابت  retain  داشتننگه  

  theoretically  صورت تئوریبه  

 معنی کلمه معنی کلمه

circumference محیط locate  دادن یا داشتنقرار  

arc کمان occupy  کردن، جا گرفتناشغال  

  Brought(bring) آوردن 
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We will now examine whether the circle on which Cand Dlie is different from the original circle. 

Let us assume that Cand Ddo lie on a different circle and that the new circle is located to the left 

of the original circle, as shown in Figure. The same situation will prevail for any other cross section, 

since all the cross sections of the shaft are subjected to the same internal torque T, and an observer 

looking at the shaft from its end A will conclude that the loading causes any given circle drawn on 

the shaft to move away. But an observer located at B, to whom the given loading looks the same (a 

clockwise couple in the foreground and a counter clockwise couple in the background) will reach 

the opposite conclusion, i.e., that the circle moves toward him. This contradiction proves that our 

assumption is wrong and thatC  and Dlie on the same circle as C and D. Thus, as the shaft is 

twisted, the original circle just rotates in its own plane. Since the same reasoning may be applied to 

any smaller, concentric circle located in the cross section under consideration, we conclude that the 

entire cross section remains plane. 

 

 

 

 

 

 

   

Figure3 16 : Concentric circles 

The above argument does not preclude the possibility for the various concentric circles of Figure to 

rotate by different amounts when the shaft is twisted. But if that were so, a given diameter of the 

cross section would be distorted into a curve which might look as shown in Figure. An observer 

looking at this curve from A would conclude that the outer layers of the shaft get more twisted than 

the inner ones, while an observer looking from B would reach  the opposite conclusion. 

This inconsistency leads us to conclude that any diameter of a given cross section remains straight 

and, therefore, that any given cross section of a circular shaft remains plane and undistorted. 

 

 معنی کلمه معنی کلمه

original اصلی examine  کردنبررسی  

prevail بودنب غال  situation ،موقعیت مکان  

Drawn(Draw) کشیدن observer ناظر 

contradiction تناقض foreground  زمینهپیش  

concentric  کزمرهم  assumption فرضیه 

  entire کامل ،تمام  
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Figure3 17 : Concentric circles 

 

 

 معنی کلمه معنی کلمه

preclude  شدن، جلوگیری کردنمانع  argument بحث 

inconsistency تناقض layer لایه 

  straight مستقیم 


