35 (Keys)
o Key

(torque)
Shafts and hubs are usually fastened together by means of keys.

o Key
(sunk key, )
(gib-head driving key, . ):
(flat key)
(saddle key)
(tangential key)

(Woodruff key)
(feather key)

(Barth key)

(round or pin key)
(Lewis key)
(Kennedy key)

&

(a) 4 z7lo)(ZE7l0]) (b) vielgo] 7le] (c) M€ 7le] (d) F71e]
(e) BI#g7lel % 1 7] 0]

() A7 G) 7ol
(f=8x 7lo])
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<Example 3-8>

1 7 ’”
(03 ) shase = H8000PSi , d = 16
H 7 144 7 14
(aY)key = 48000ps' y g X g key
2 , key
» Ty = 0.50y
7/8" =0.875"

78" = 0.875"
™~

e Shaft (allowable stress)
- (0y ) hasr = 58000psi  —  allowable normal stress, (o)., = 58000,/2 = 29000psi

* (Ty ) ghase = 29000psi - allowable shear stress, (7,),,; = 29000,2 = 14500psi

o Key

- (0y )4, = 48000psi - allowable normal stress, (o, )., = 58000,/2 = 24000psi

* (Ty )gey = 24000psi  — allowable shear stress, (7,),,, = 24000,/2 = 14000psi

key

4
2 CJ=Td _ 43 !
J 32 13.708 in
T in shaft, 77— ) _ (14500)(13.708) _ o
orque in shaft, 7 - 3.4375 2 115650 in —1b
T 115650
: F t h ft f y = — = —_—— =
orce at shaft surface, F . 3.4375 2 67280 b
F

T\ ,
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e Length of key:

area, A = 0.438l

0.875” s o
/- $ : U N

0.438"

3.4375)

I
qd =
I

< key7} HF=3) >

shaft
(Based on bearing on shaft)

= 0.4381

area, A,

F 67280
= = — =
(%)shaft 29000 = A, 0.4381
- 67280 _ 530"

(0.438)(29000)

Key
(Based on bearing on key)
F 67280
e 2 _— =
(0 )y = 24000 = == = 759
> 67280 — 6.40"

(0.438)(24000)
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Key
(Based on shear in key)

A, = 0.875]
Sl s
. F—p»— >
(T(L)key
L~
0.875
F 67280
= > 4 _ Doy
(T Jiey = 12000 = 2 = G 5750
67280 "
"= To875)(12000) ~ 0!
key l=6.41"
3.6 (Stress Concentration)
(fatigue stress concentration factor)
_ endurance limit for plain specimen
™ enurance limit with keyway or hole
- ( ) < ( )

sled-runner keyway profile keyway
The sled-runner keyway is preferable to the profile.

Sled-Runner keyway/( )
Profile keyway ( )
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= R R

Sled — Runner keyway
(Arel= 2" AR 7hE)

Profile keyway
(A= 2y AHZ 71E)

/Fah‘gue cracks sl

arted here

-

N - -

fo/“/
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3.7 Couplings( )

Devices for connecting the ends of two shafts together.

(sleeve coupling)

(muff coupling),

(clamp coupling),
(flange coupling),
(flexible coupling)
(Oldham coupling)
(chain coupling)
(gear coupling)

(universal coupling or Hook's joint)
(slip coupling)

sleeve coupling

= coupling

N

B

clamp coupling
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gear coupling

e
lut

L..i.JJ\

NI

J

universal coupling or Hook's joint
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<Example 3-9> Solid coupling -----------—--- - - - - - -\ - - - i \. n i i i i i i i i i
, key 1,2x12"
150rpm 50hp
, 0y = 60000psi Ty = 30000psi

N

(a) Shear and bearing in key
(b) Shear in bolts

(c) Bearing on bolts in flange
(d) Shear in flange at hub

torque
T (63000)(hp) _ (63000)(50) — 91000 in-Ib
n 150
- Tangential force at shaft surface
_ 7" _ 21000 _ 21000 _
= r 218752  1.094 = 19200 B
(a) Shear and bearing in key (key )
3.25 Z—A, = (3.25)(0.5) = 1.625 (Area in shear for key)
il A, = (3.25)(0.25) = 0.8125

0.25
0.25

d
[

7=i21000 i/ — b

<« F'=192000b

F=1920000—>]
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- key F=192000b

2
F = 19200/6— A,
_ F _ 19200 _ .
Tc= T T 0aizs - 23030psi
_ Oy _ 60000 _
Ngp= o = 23630 =254
key
<«— F=19200Ib
<—
9
F = 19200/6—»
F 19200 .
=4, T 1625 = 11820psi
_ Ty _ 30000 _
Nor=— =180 — 2%

(b) Shear in bolts (

/////////
J2

- 5/8" = 0.625"
- (6
- (bolt circle ,
_ Ty _ 30000 _
Ngg = 73800 7.89

Fb
, )
=6 x % (0.625)% = 1.841in?
6 )
= p =L = 21000 _ 7000y,
4 3
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(c) Bearing on bolts in flange ( )

A, = 0.625 < 0.625
s bolt, 5,8 = 0.625”

I R 6//
5/8" = 0.625"
- ( )= 64, =6 X (0.625)* = 2.344in’
_ B 7000 .
o, = 4, 2.344 = 2990psi
. _ Oy _ 60000 _
. Npg = o = 2990 =20.1
(d) Shear in flange at hub ( )
web hub
495" —— b 6" 4957
5/8" = 0.625" 58" = 0.625"

- (Area in shear at edge of hub)=4.257 x 0.625 = 8.345in>

. (force at edge of hub) = F, — 4.2€ = 2L — 98800
- (shear stress in web) = 7= by _ 9880 = 1180pst

(Area) — 8.345

. _ Ty _ 30000 _
. Npg =1 =T =254
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3.8 Bending Loads in Two Planes

Shafts are sometimes subjected to loads applied at different angles.

<Example 3-10>

Find the value of maximum bending moment.

z

1 8”

20001b
<— 2000sin45°

S~ 2000c0s45°

3000005600/

3000sin60°

30000b
45°

e Loading in x —y plane

)
15001b (R,);, = 1310b

|

T 1 8//

I
(R,), = 13961b 14141b
- Bending Moment Diagram
25128 in.lb 22624 in.1b

M,

\
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e Loading in x—z plane

yA
25981b (R,), = 840Ib

!

T 1 8”

(R,), = 2024b

14141b

- Bending Moment Diagram

M, 36432 in.lb
22627 in.lb
T
e BMD M,

36432n.0b ...

25128in.lb

= /(25128 )% + (36432 ) = 44290in.lb

My
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3.9 Shaft on Three Supports

- Shafts are sometimes supported on three bearings.

Such problems is statically indeterminate with three unknowns R,, R,.and R;.
- It is possible to write only two independent equations from statics,

- one for the summation of the vertical forces and

- one for the summation of the moments.
- The additional equation required for a solution to the problem can be obtained by

taking into account the deformation of the body.

(This can be done in a variety of ways).

<Example 3-11>--——-———— -

The shaft is supported by three bearings all at the same elevation.
Find the value of reaction 7.

10001b 100016
EI= 120 < 10%b.in?
re T e
R, R, =
a = 36" a =236
l=120"
D
10001b 10001b

100016 100016

_ PCL 2 2\ __ ”
6, = o7 (B = da?) = 04752

(Formula No.13 @p.41)
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_ B
0, = 47 = 0-0003R,

R,
(Formula No.6 @Qp.39)
0.4752 = 0.0003 £z,
R, = 1584lb
<Example 3-12>—————————
(1) 0.05 inch R
10001b 10001b 10001b 1000
O _ @) Q Q4 ) Q
R/ Ry R
< >
L8, = 0.4752"
10001b 10001b
Q Q
Ry . 8, = 0.0003R, + 0.05

%4 A % , , _ .
0.0003R, (R,/?] <& 7lske] A== Zo])

,,,,,,,
;
%%

0.05" (3& 7Fshx ehol A= Qo)

0.05 inch
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0.4752 = 0.0003 R, + 0.05

R, = 1417.30b
2 0.05 inch R,
100006 10007b 100005 100016
%
R, R, R

, 6, = 0.4752" 4 0.05”

10001b 10001b

0.05” (3& W= orol A= Zo])

0.4752” (20000b2] 3& Wro} A3 Zo])

R, , 0, = 0.0003R,
8, = 0.0003 R,
, 0.05 inch
6, =6,
0.4752 4 0.05 = 0.0003 R,
R, = 17511b
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<Example 3-13>-—--—-—\ - - -

Suppose the center bearing is resisting on an elastic support which will deflect
under load. Suppose the flexibility can be represented by a spring of rate

k = 20000lb/in. Find the value of reaction f2,.

10001b 100026
EI=120 x 10%1b.in’
ry ry
R, R
a = 36" a=36"
60" 60”
1 =120"
*( )] spring
- Center bearing , 9, = 0.4572"
l 10001b l 10001b
W \i/\/ A
R, 0y R,
- Center bearing R, ; dy, = 0.0003 R,
J.
/ 2
R,
- Spring ; 0, — 0, =0.4572—0.0003R, ——————=———————=

R, = (spring?] Wk=])
R, = k(5,—6,)
R, = 20000 (0.4572 — 0.0003 R, )

Ry =1357.7lb ——mmmmmmmmmm e

(check) (1) - 6,=0.003R, = (0.003)(1357.7) = 0.4073"
(2 - Ry=k(6,—d,) =20000(0.4572 — 0.4073 ) = 1357.71b;
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