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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.

/— Taper 1 : 100

Table 1. Proportions of standard parallel, tapered and gib head keys.

Shaft diameter Key cross-section Shaft diameter Key cross-section

{mm) upto and {mm) upto and
including Width (mm) Thickness (mm) including Width (mm) | Thickness (mm)

6 2 2 85 25 14

8 3 3 95 28 16

10 4 - 110 32 18

12 5 5 130 36 20

17 6 6 150 40 22

22 8 7 170 45 25

30 10 8 200 50 28

38 12 8 230 56 32

-2 14 9 260 63 32

50 16 10 290 70 36

58 18 11 330 80 40

65 20 12 380 20 45

75 22 14 440 100 50
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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,
| = Length of key,

w = Width of key.
t = Thickness of key, and
T and o, = 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 x Shear stress =1 x w x 1

=~ Torque transmitted by the shaft,

d
=Ixwx1x = _

- (1)
Considering crushing of the key, the tangential crushing force acting at the circumference

of the shaft,

t
F = Area resisting crushing x Crushing stress = [ X 3 * G

*. Torque transmitted by the shaft,

d t d
T=FX—=]X=—X0,%X— .(i7)

2 2 2

The key 1s equally strong in shearing and crushing, if
I xwxTx i =[x r X g, X i ...[Equating equations () and (i7)]
C 2 2 .
: »_S (i)
o P2t
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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,

T=1I1xwx txg i)
and torsional shear strength of the shaft,
T = ixtl X d’ ()
16

..(Taking T, = Shear stress for the shaft material)
From equations (iv) and (v), we have

T
Exwxrxi :—xtlxd3
2 16

T Tldz _nd

= —X% % El —1571d % kY ... (Taking w=d/4) ..(vi)
8 wxt 2 T T
When the key material i1s same as that of the shaft, then T=1,.
: [ =1571d ... [From equation (vi)]
Shd['t—I;
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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 ; T =42 MPa =42 N/mm2 ; oc = 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 | =
Length of key. Considering shearing of the key. We know that shearing strength (or torque
transmitted) of the key,

d 50
T=EXWX’L‘XE:IXIGXEIEXE=168{)DIN-nm1 ]
and torsional shearing strength (or torque transmutted) of the shaft,
n T
T = X Txd’ == 42(50)° =103  10°N-mm (i)

From equations (7) and (77), we have
I =1.03x10°/ 16 800=61.31 mm
Now considering crushing of the key. We know that shearing strength (or torque transmutted) of
the key,
d 10

t 50
T=1X—X0,Xx—=]IXx—xT70x—= =8750/N-mm . (iif)
2 2 2 2

From equations (i7) and (iii) , we have
] =1.03x105/8750=117.7 mm
Taking larger of the two values, we have length of key;,
[ =117.7 say 120 mm Ans.
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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 shatft.
. w h)
—1-02 —]—1_1 —
€ [d, [dJ

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

.Thir:kness of key (1)

h = Depth of keyway = 5

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

"w Fi']
=1+04|—|+07]|—
kﬂ' [d} (r:f,

ke = 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=15kW=15x10°W ;N =960 rp.m.;d =40 mm ;| =75 mm ;1= 56 MPa = 56
N/mm?; o, = 112 MPa = 112 N/mm?2

We know that the torque transmitted by the motor,

_ PX60 15%10° X 60

= = = 149 N-m = 149 % 10° N-mm
2N 2 Tt X 960

Let w = Width of keyway or key.

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

149 x 10° = Exwx*rx%:?ﬁxwxﬁﬁx? =84 x 10°w
w =149 x 10°/ 84 x 10° = 1.8 mm
This width of keyway is too small. The width of keyway should be at least d / 4.

d 40
w = —=— =10mm
4 4

Since o, = 21, therefore a square key of w = 10 mm and t = 10 mm is adopted.

According to H.F. Moore, the shaft strength factor,

e=1-02 [%) “11 (;l] —1-02 [%} “11 (%J (e h=t)

10 10
1—02 [—] - =0.8125
20 2% 40
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=~ Strength of the shaft with keyway,

T T
- medf’ X e=—X56 (40)° 0.8125 =571 844 N

and shear strength of the key

d 40
S f)(w:-(TXE:?SXl'DXSlﬁX? =840 000 N

Shear strength of the key _ 840 000 a7
Normal strength of the shaft 571844
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