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Shaft Loading
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Shaft Design I ssues

Shaft: Rotating machine element

Parallel Shaft Gear Box
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- Shaft design spans most topics taught
in a Machine Design Course.

i Loads
Material that transmits power. St
tationary
S, Su Rotating
K¢ S .
ic yt Belt drive. Interfaces
Re ¢ Press Fits
Environment Pt Keyways
Temperature Splines
Corrosion Bearings
Magnetic A bly
Tolerances Stiffness
Shafts are one of the most commonly
encounter ed machine components.
Mott, Fig. 5-1
Design Detail Needed to
Specify a Shaft
Significant detail is
required to completely
specify the geometry

needed to fabricate a
shaft.
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Mott, Fig. 15-5

Mott, Fig. 15-7
Common Shaft
L oading M echanisms
Spur Gears Chain Drives Unbalanced M ass

Helical Gears

Spiral Bevel Gears Belt Drives
o -//

Spur Gear Loads
T = 63,000 E%

W,

n

_ T
(Pressure angle) W, = D
% 2

~

~ W, =W, [fang

P = transmitted power [hp]
| n = rotational speed [rpm]
X T = shaft torque [in EI]b]

D = pitch diameter [in]

¢ = pressure angle
Moatt, Fig. 12-3




Helical Gear Loads

Left

hand

helix Tooth elements
on the pitch N
surface

pl
Tangential
lanc

Mott Fig's 10-3& 10-4(a)

Helical Gear Loads
(Continued)

2, Transverse _ N 1 1
Normal /S/plan: ¢, = Normal pressure angle
Tangentiah o ¢, = Transverse pressure angle
lanc, _ .
Tooth elements ‘V = Hehx angle

on the pitch
e W, =Resultant normal force
W, = Transmitted force

W, =Radial force

W, = Axial force

tang, = tang, Ldosy

Mott Fig's 10-4(a)

Helical Gear Loads

(Continued)
W,
o, Transverse | pigch line " o = Helix angle
! /\7/ lane Vg 3 tan =W,/ W,
\ - v W, = W, tan y
Ab Top land ™\ W,
7 of tooth Y

(by Detail of forces in
tungential planc

w, @, = Transverse
Transverse %, pressure angle
tooth form tan 0, = W,/ W,

Y W, W, =W, tan g,
(c) Detail of forces in
transverse plane
W, afos 9, = Normal
Normal o002 pressure angle
el '
tooth form 1 Wy 8
W,/cos = T eos v
W, tan g,
(d) Detail of forces in W= oy
normal plane
Mott Fig 10-4

Helical Gear Loads
(Continued)

¢ T = 63,000 E%

=L

%

W, =W, Han ¢, /cos y

play
Tooth elements
an the pitch
~
surface

W, =W, Hany

Mott Fig 10-4

Chain Drive L oads

Rotation

Driving' Driven
sprocket sprocket

Rotation,

T4 = Torque exerted Tg = Reaction torque
on sprocket A exerted on sprocket B
by the shafl by the shaft

Mot Fig 12-4

Belt Drive Loads

\Roxzn.on
Net Driving Force
Driven F" = F] - F2

sheave

Rotation

Driving \ 4 B
sheave

Stack sige

£
RolanoV‘ F -1
/ﬁ h 7
T8 AT

N

AN

Rotation

Total Bending Force

£ F, =F +F,
Rotation
Net torque on A Net torque on 8
Rmauor\/— Ty = (A - F(Da/2) Tg = (Fy - F3) (Dg/2)
(g Fp=F+F
Tals
A
F = Bending force
Mott, Fig. 12-5




Net Driving Force

Belt Drive Loads
(Bending Force)

— C:FiB:Fl-‘-F2
F.=E R W B-FK
_T
F, —y
2 C_5F2+Fz
Total Bending Force SE, -F,

Fb =F1+F2

Tension Ratio

F/ _
/Fz-s.o
E/ _
/1:2-3.0

=1.5 (V-belts)

C =22 =7 ( (Flat-belts)
3F,-F

3F, +F,

2 2

(V-belts)

F,=15F,  (V-belts)

F,=2.0F, (Flatbelts)

(Flat-belts)

Stationary Loads
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Bending Stresses Dueto

I22 :ISS :I
¢, =rcos@
c, =rsinf

Stationary L oads

- M,¢e; _Mge,
I

b

IZZ 33

_M,rsin® M,rcos0
T T

00 1 1

tan 0 =M
M

3

%_Mztcose_'_MJsinO _

Eq. 1

0

Eq.2

_M,rsin® _M,rcos® Eq. 1

Bending Stresses Dueto
Stationary L oads

M =M +M? Eq.3

Combining with Eq. 2,

_Mz )
M _ sin6

M/ cos 0
M

1 _
sin 6 = M%A Eq. 4
q-.

Eq.2 cos = M%A

tan 0 =

3 Bending Stresses Dueto

o = M,rsin® _ Mr cos 0

’ I

M= IM§+M§ Eq.3 i i
— JMI+M: @
sin@ = M%/l o, =—+—2——

cos 0 :M%/l

Stationary Loads

Oy

Eq. 1 =-2 _
I q G, 1 1

Combining Eq’3 1,3, and 4

_M,rsin® _M;rcos6

I

Eq’s 4 [

v, =0

Stress, o

Bending Stresses Due to
Stationary L oads

A A A

\VARVARVER

Stress ratio R = - 1.0

Gb,ma\x -

Ofmin —
I b,min I

Mott, Fig. 5-3(€)




Torsional Stresses Dueto
Stationary L oads

Mr
=L
J

time

The torsional stress at a point will be
constant under steady state conditions.

Axial Stresses Dueto
Stationary L oads

o, Transverse
Normal /\/ plene Helical, worm, and spiral
b 4 gears will generate axial
loads in the shaft. Under
steady state conditions,
the axial stress from
these loads will be
constant.

Tooth elements
the pitch
on the pitch

surfage

—_— WX

c, =
A

Mott Fig 10-4

Unbalanced M ass L oads

Bending stresses in a shaft due to in-balance loads are
complicated by whether the rotational speed is lower or
higher than the critical speeds of the shaft. In practice, the
in-balance loads are minimized by balancing the shaft and
attached components as a system. Rotordynamics theory is
required if the magnitudes of the stresses at a particular
operating speed is required.

Synchronous Whir

(Dueto Unbalanced M ass)
m=unbalanced mass

6 .~
eG(p s .
S S
0 o o

w>> Wy

W << Wy
- meo'cos(at-g) _ mea'sin(ot-g)
(k -mo’ )z +(co) » (k -mo’ )2 +(co)
_ 2 2 _ mew’ tan O= &
OS=yx; +y, = k — mo>
(k - mmz) + (cco)2

s

Thomson, Fig. 3.4-2

Assignment
(Problem 1)
A B T D
The shaft rotating at 550 rpm o— 3_
carries a spur gear B having o]
96 teeth and a diametral pitch 1
of 6. The teeth are of the -
200, full-depth, involute [Té-in dia. LE‘E‘I:’ -
form. The gear receives 30 et sheave
hp from a pinion directly 0 Qarives B
above it. T
)

Compute the torque delivered ‘/f\ ?é\
to the shaft and the tangential g & N
and radial forces exerted on \ )

the shaft by the gear.
Mott, Fig. 12-20

Assignment
(Problem 2)
The shaft rotating at 200 rpm i {
carries a 20-in-diameter flat-
belt pulley at A that receives I 14
10 hp from below. (0in di.

in dia.
[t belc «  chain sprocker

Compute the torque delivered

by the pulley to the shaft and

the force exerted on the shaft 3

by the pulley. N % QE o) ¥
C drives Q

Mott, Fig. 12-21




Assignment
(Problem 3)
The shaft is rotating at 650 rpm and

coupling. The power is delivered to 5

N

35—

receives 7.5 hp through a flexible W,

Weg

Spacer

Flexible
coupling
|

an adjacent shaft through a single d

—t=—

helical gear B having a normal

pressure angle of 20° and a helix
angle of 15°.

(a) draw free-body diagrams for the
shaft in both the vertical and
horizontal planes, (b) find the
magnitude of the forces shown, (c)
draw the shearing force and bending
moment diagrams for the shaft in
both planes.

=5

Mott, Fig. 12-29

A 4

i Assignment
(Problem 4)
The shaft rotating at 480 rpm *‘ ¢ b £
carriesa 10-in-diameter chain H
sprocket at C that receives 11 hp R W mm
from a mating sprocket below i it
and to the left as shown. r

Computethetorque delivered to  3-india. " 10-in dia
the shaft by the sprocket and the

s A D e
°FD  sprockey < 3

total force exerted on the shaft B
by the sprocket. Resolvethe 7™
forceinto its horizontal and Q

vertical components, and show ~ Bdrives @

the net forces acting on the shaft 150 fomr

at C in the vertical and
horizontal directions.

¢ u—k"/ )ﬁy’
7 I:‘-india.

V-belt sheaves

Mott, Fig. 12-22




