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Keys  

Rectangular sunk key. A rectangular sunk key is shown in Figure. The usual proportions 
of this key are: 

Width of key, w = d / 4 ; and thickness of key, t = 2w / 3 = d / 6 

Where             d = Diameter of the shaft or diameter of the hole in the hub. 

The key has taper 1 in 100 on the top side only. 
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Strength of a Sunk Key 

A key connecting the shaft and hub is shown in Figure. 

Let                T = Torque transmitted by the shaft, 

                     F = Tangential force acting at the circumference of the shaft, 

                     d = Diameter of shaft, 

                     l = Length of key, 

                   w = Width of key. 

                     t = Thickness of key, and 

         τ and σc = Shear and crushing stresses for the material of key. 

A little consideration will show that due to the power transmitted by the shaft, the key may 
fail due to shearing or crushing. 

Considering shearing of the key, the tangential shearing force acting at the circumference 
of the shaft, 

                   F = Area resisting shearing × Shear stress = l × w × τ 

∴ Torque transmitted by the shaft, 

                                                                    (i) 

Considering crushing of the key, the tangential crushing force acting at the circumference 
of the shaft, 
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The permissible crushing stress for the usual key material is atleast twice the permissible 
shearing stress. Therefore from equation (iii), we have w = t. In other words, a square key 
is equally strong in shearing and crushing 

In order to find the length of the key to transmit full power of the shaft, the shearing 
strength of the key is equal to the torsional shear strength of the shaft. 

We know that the shearing strength of key, 
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Problem 1  

Design the rectangular key for a shaft of 50 mm diameter. The shearing and crushing 
stresses for the key material are 42 MPa and 70 MPa. 

Solution 

d = 50 mm ; τ = 42 MPa = 42 N/mm2 ; σc = 70 MPa = 70 N/mm2 The rectangular key is 
designed as discussed below: 

From Table 1, we find that for a shaft of 50 mm diameter, 

Width of key,            w = 16 mm Ans. 

and thickness of key,  t = 10 mm Ans. 

The length of key is obtained by considering the key in shearing and crushing. Let l = 
Length of key. Considering shearing of the key. We know that shearing strength (or torque 
transmitted) of the key, 
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Effect of Keyways 

A little consideration will show that the keyway cut into the shaft reduces the load 
carrying capacity of the shaft. 

 

e = Shaft strength factor. It is the ratio of the strength of the shaft with keyway to the 
strength of the same shaft without keyway, 

                      w = Width of keyway, 

                      d = Diameter of shaft, and 

 

In case the keyway is too long and the key is of sliding type, then the angle of twist is 
increased in the ratio kθ as given by the following relation : 

 

kθ = Reduction factor for angular twist. 
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Problem 2  

A 15 kW, 960 r.p.m. motor has a mild steel shaft of 40 mm diameter and the extension 
being 75 mm. The permissible shear and crushing stresses for the mild steel key are 56 
MPa and 112 MPa. Design the keyway in the motor shaft extension. Check the shear 
strength of the key against the normal strength of the shaft. 

Solution  

P = 15 kW = 15 × 103 W ; N = 960 r.p.m. ; d = 40 mm ; l = 75 mm ; τ = 56 MPa = 56 
N/mm2 ; σc = 112 MPa = 112 N/mm2 

We know that the torque transmitted by the motor, 

 

Let                       w = Width of keyway or key. 

Considering the key in shearing. We know that the torque transmitted (T),  

 

This width of keyway is too small. The width of keyway should be at least d / 4. 

 

Since σc = 2τ, therefore a square key of w = 10 mm and t = 10 mm is adopted. 

According to H.F. Moore, the shaft strength factor, 
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∴ Strength of the shaft with keyway, 

 

and shear strength of the key 
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