
ME 305: Mechanical Engineering 
Design (2)Design (2)

Fl ibl M h i lFlexible Mechanical
Elements



• Belts, ropes, chains are used to 
convey power over a long distanceconvey power over a long distance

They are often used as a replacement for gears. 
They are less noisy, and absorb shocks and 
vibration

In contrast to other systems that friction is no 
d h l h f i i igood, here we rely on the friction to transmit 

power
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Belts
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• They may be used for long center distances. 

• Except for timing belts, there is some slip and 
creep, and so the angular-velocity ratio betweencreep, and so the angular velocity ratio between 
the driving and driven shafts is neither constant 

nor exactly equal to the ratio of the pulley 
diameters. 

I idl t i ll b• In some cases an idler or tension pulley can be 
used to avoid adjustments in center distance 
that are ordinarily necessitated by age or thethat are ordinarily necessitated by age or the 

installation of new belts.
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Belts are made from fiber reinforce 
urethane or rubber-impregnated 

fabric reinforced with steel or Nylonfabric reinforced with steel or Nylon
• Flat belts has to operate at higher tension 

th th V b ltthan the V belt
• Flat belt drive has an efficiency of about 

98% hi h i b t th f98% which is about the same as for a 
gear drive.

• V belt speed should be in the range of• V belt speed should be in the range of 
2300 m/min.

• V belts are slightly less efficient than flat• V belts are slightly less efficient than flat 
belts, but it can transmit more power.5



Timing BeltTiming Belt

Timing belts transmit power at the constant angular 
velocity ratio, application when precise speed ratio is 

important6
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Belts
Belt drive is specially suited for applications where the 

center distance between rotating shafts are large.
AdvantagesAdvantages

• Eliminates the need for a more complicated 
arrangement of gears, bearings, and shafts.g g , g ,

• Runs relatively quiet.

• Reduce transmission of shock and vibration between shafts.

• Simple to install.
• It has high reliability and warning to failure.

• Requires minimum maintenance.

• Belt drives are adaptable to variety of applicationsp y pp
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Belts

Disadvantages

• The torque capacity is limited by the coefficient 
of friction and interfacial pressure between belt 
and pulley.p y

• Because of slip and/or creep, the angular 
velocity ratio will vary between the rotating y y g
shafts and may be inexact.

L d d ti ti t 3 1

•Belt tension needs to be adjusted periodically.

• Low speed reduction ratio, up to 3:1.

• Belt tension needs to be adjusted periodically.j p y
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Non Reversing 
Open Beltp

R i C dReversing Crossed  
Belt

( Crossed belts must 
be separated to p
prevent rubbing)

Reversing 
Open Belt
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Quarter twist belt 
drive Flat belt can be 

hift d l ft

Variable speed 
belt drives
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shifted left or 
right using a fork 

belt drives



d: dip , m
L: center to center distance, m  

i ht f t f th b lt N/
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w: weight per foot of the belt, N/m 
Fi: initial tension, N.
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15 The angle of contact is made up of the effective arc, through which 
power is transmitted  and the idle arc.
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Fc is found as follows: with n being the rotational speed, in rpm, of c
the pulley of diameter d, the belt speed is 

V= π d n/60   m/s
The weight w of a meter of belt is given in terms of the weight 
density γ in N/m3 as w = γ bt N/m where b and t in meters F isdensity γ in N/m as w =  γ bt N/m where b and t in meters. Fc is 
written as 

Fc = w V2 / g18
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Design of Flat BeltsDesign of Flat Belts

Transmitted power is given byTransmitted power is given by 
H = (F1 - F2 ) V

D i H H KDesign power                 Hd =  Hnom Ks nd

Ks is the service factor and nd is the design 
factor

24



(F1)a = b Fa Cp Cv

Where  (F1)a = allowable largest tension, N
b= belt width, mm
F = manufacture's allowed tension N/mmFa  manufacture s allowed tension, N/mm
Cp = pulley correction factor (Cp = 1 for          

urethane belts)
C l it ti f tCv = velocity correction factor

(for polyamide and urethane belts use  Cv =1)   
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Analysis of Flat-Belt Drivesy
• The transmitted horsepower is 

given by
– From belt geometry and speed 

find Fc

– From T = HnomKsnd /(2πn) find 
• Corrections on allowable tension 

give
necessary torque

– From torque T find the 
necessary (F1)a − F2 = 2T /D

where (F1)a = allowable largest 
tension, N

b = belt width, mm
F f t ’

– Determine 
– Find F2 from (F1)a − [(F1)a − F2]
– From Eq. (i) find the necessary 

initial tension FiFa = manufacturer’s 
allowed tension, N/mm
Cp = pulley correction 
factor (Table 17–4)

initial tension Fi
– Check the friction development, 

f ′ < f . Use Eq. (17–7) solved for 
f ′:factor (Table 17 4)

Cv = velocity correction 
factor

• The steps in analyzing a flat-belt

f :

– Find the factor of safety from
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The steps in analyzing a flat belt 
drive can include
– Find exp(f φ) from belt-drive 

geometry and friction

Find the factor of safety from 
nf s = Ha /(HnomKs)



F T H K / (2 /60)From T = Hnom Ks nd / (2 π n/60)
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E l 1Example 1
A 150 mm-wide polyamide F-1 flat belt is used to 
connect a 50 mm- diameter pulley to drive a largerconnect a 50 mm- diameter pulley to drive a larger 
pulley with an angular velocity ratio of 0.5. The 
center-to-center distance is 2.7 m. The angular speed g p
of the small pulley is 1750 rpm as it delivers 1500 W. 
The service is such that a service factor K  of 1.25 is 

iappropriate.
a) Find Fc , Fi , F1a , and F2
b) Find n and belt lengthb) Find nfs and belt length
c) Find the dip 
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V BeltsV Belts





To specify a V belt, give the belt-section letter, followed by the inside p y g y
circumference in mm (standard circumferences are listed in Table 17–
10). For example, B875 is a B-section belt having an inside 
circumference of 875 mm.
Calculations involving the belt length are usually based on the pitch 
length. For any given belt section, the pitch length is obtained by 
adding a quantity to the inside circumference (Tables 17–10 and 17–
11) For e ample a B875 belt has a pitch length of (875+45) 920 mm11). For example, a B875 belt has a pitch length of (875+45) 920 mm.



• The cross-sectional dimensions of V belts have been standardized by y
manufacturers, with each section designated by a letter of the alphabet for 
sizes in inch dimensions.

• To specify a V belt, give the belt-section letter, followed by the inside 
circumference in inches.

• The pitch length is obtained by adding a quantity to the inside circumference.
• For best results, a V belt should be run quite fast: 20 m/s is a good speed. 

Trouble may be encountered if the belt runs much faster than 25 m/s or 
much slower than 5 m/s .
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Nb > Hd/ Ha      Nb = 1, 2, 3, ..

The centrifugal tension, Fc is given by
Fc = Kc (V/2.4)2

c c ( )
The power transmitted per belt is based on ∆F = F1 – F2

∆F = (H /N )/ π nd∆F = (Hd/Nb)/ π nd
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t N L / (3600V)t =  Np Lp/ (3600V)

If  Np > 109 take Np = 109







Example 1

Two B2125 V belts are used in a drive composed of a 135 
mm driving sheave, rotating at 1200 rpm, and a 400 mm g g
driven sheave. Find the power capacity of the drive based 
on a service factor of 1.25, and the center-to-center 
distancedistance.
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V-belt Drive Design Process
• Need rated power of the driving motor/prime mover.  BASE 

sizing on this.
• Service factor based on type of driver and driven load.
• Center distance (adjustment for center distance must be 

provided or use idler pulley) nominal range D < C < 3(D + d)
• Power rating for one belt as a function of size and speed of the 

ll hsmaller sheave
• Belt length (then choose standard size)
• Sizing of sheaves (use standard size).  Most commercially 

available sheaves should be limited to 30 m/s belt speedavailable sheaves should be limited to 30 m/s belt speed.
• Belt length correction factor
• Angle of wrap correction factor.  Angle of wrap on smaller 

sheave should be greater than 120 degsheave should be greater than 120 deg.
• Number of belts
• Initial tension in belts
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ExampleExample
A 1.5 kW electric motor running at 1760 rev/min is to
drive a blower of 220 rev/min. Select a V-belt drive for
this application and specify standard V belts, sheave
sizes, and the resulting center-to-center distance. The
motor size limits the center distance to at least 0.8 m.
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Timing Beltsg
• A timing belt does not stretch appreciably or slip and 

consequently transmits power at a constant angular-
velocity ratio.

• Timing belts can operate over a very wide range of 
speeds, have efficiencies in the range of 97 to 99 
percent, require no lubrication, and are quieter than 
chain drives.

• The five standard inch-series pitches available are 
listed in Table 17–18 with their letter designations.

• The design and selection process for timing belts is 
similar to that for V belts.similar to that for V belts.
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Roller Chain
• Basic features of chain drives include a 

constant ratio, since no slippage or 
creep is involved; long life; and the 

bilit t d i b f h ft f
p ; g ;

ability to drive a number of shafts from a 
single source of power.

• The pitch diameter of the sprocket by D 
can be writtencan be written

• The chain velocity V  is defined as the 
number of feet coming off the sprocket 

i i
u be o eet co g o t e sp oc et

per unit time.
where N = number of sprocket teeth, p = chain pitch, in ,n = sprocket speed, 

rev/min
• The maximum exit velocity of the chainThe maximum exit velocity of the chain 

is
and the minimum exit velocity is
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Analysis of Roller Chainsy
• The chordal speed variation is 

• For smooth operation at moderate and high speeds it is 
id d d ti t d i i k t ithconsidered good practice to use a driving sprocket with 

at least 17 teeth and no less than 12 teeth.
• The maximum speed (rev/min) for a chain drive is limited p ( )

by galling between the pin and the bushing.

where F  is the chain tension in pounds.
• Lubrication of roller chains is essential in order to obtain 
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a long and trouble-free life.
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