ME 305: Mechanical Engineering
Design (2)

Flexible Mechanical
Elements



» Belts, ropes, chains are used to
convey 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
good, here we rely on the friction to transmit
power



Belts

Table 17-1 Belt Type Figure Joint  SizeRange  Center Distance
Characterisfics of Some Flat Yes . l 003100.20in  No upper limil
Common Belt Types. Cizl 0.73 10 5 mm
Figures are Cross !
Sections except for the Round 5 Yes  d= 5 o ;3 in No upper limit
Timing Belt, which is @ O_'+‘_ S
Side View
V & B None b 03116091 in limited
U b ~ | 810 19 mm
1

Timing L\_/_\_/J None p=2mmandup Limited

_—




* They may be used for long center distances.

« Except for timing belts, there is some slip and
creep, 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.

* In some cases an idler or tension pulley can be
used to avoid adjustments in center distance
that are ordinarily necessitated by age or the

installation of new belts.



Belts are made from fiber reinforce
urethane or rubber-impregnated
fabric reinforced with steel or Nylon

* Flat belts has to operate at higher tension
than the V belt

 Flat belt drive has an efficiency of about
98% which is about the same as for a
gear drive.

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

* V belts are slightly less efficient than flat
s belts, but it can transmit more power.
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Timing belts transmit power at the constant angular
velocity ratio, application when precise speed ratio is
Important



Tensioner

Pulley Water Pump

Crankshaft

Typical V6 Timing Belt



Belts

Belt drive is specially suited for applications where the
center distance between rotating shafts are large

Advantages

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

* 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 applications



Belts

Disadvantage

* The torque capacity is limited by the coefficient

of friction and interfacial pressure between belt
and pulley.

« Because of slip and/or creep, the angular

velocity ratio will vary between the rotating
shafts and may

 Low speed reduction ratio, up to 3:1.

« Belt tension needs to be adjusted periodically.



Figure 17-1

Flat-belt geometry. (a) Open
belt. (b) Crossed belt.
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Quarter twist belt
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(e)

Slack side
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d: dip, m
L: center to center distance, m
L2w w: weight per foot of the belt, N/m
Fi: initial tension, N.
13 8F;




) Flat- and Round-Belt Drives

Modern flat-belt drives consist of a strong elastic core surrounded by an elastomer;
these dnves have distinct advantages over gear drives or V-belt drives. A flat-belt drive
has an efficiency of about 98 percent, which 1s about the same as for a gear drive. On the

other hand, the efficiency of a V-belt drive ranges from about 70 to 96 percent.' Flat-bels
drives produce very little noise and absorb more torsional vibration from the system than

either V-belt or gear drives.

L=+4c*-(D- d)2+'(D9D+d9d)

Figure 17-1

Flat-belt geometry. (a) Open
belt. (b) Crossed belt.
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When an open-belt drive (Fig. 17-1a) 1s used, the contact angles are found to be

D—d
fy=m —2sin”! ch

D—d =l
On = 2 5 I;‘
p =N+ ZsIn 3C

where D = diameter of large pulley
d = diameter of small pulley
C = center distance

# = angle of contact

The length of the belt is found by summing the two arc lengths with twice the distance
between the beginning and end of contact. The result 1s

3 Y417 I
L={4£"-{D-sn-l”-+§:Dr#u +d6y) (17-2)
A similar set of equations can be derived for the crossed belt of Fig. 17-2b. For this

belt, the angle of wrap is the same for both pulleys and is

D4d
H=H+Esin_|% (17-3)

The belt length for crossed belts is found to be
b ) I
L=[4C*— (D +d)’]'"* + (D + d)6 (17-4)

The angle of contact is made up of the effective arc, through which
power is transmitted and the idle arc.
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F+dF / '

free body of a small segment of the belt. The differential force d§ is due to centrifugal
force, d N is the normal force between the belt and pulley, and f dN is the shearing
traction due to friction at the point of slip. The belt width is b and the thickness is . The
belt mass per unit length is m. The centrifugal force d§ can be expressed as

16



through which power is transmitted, and the idle arc. For the driving pulley the belt first
contacts the pulley with_a tight-side tension F, and a velocity V,, which is the same as
the surface velocity of the pulley. The belt then passes through the idle arc with no
change in F} or V|. Then creep or sliding contact begins, and the belt tension changes
in accordance with the friction forces. At the end of the effective arc the belt leaves the
pulley with a loose-side tension F> and a reduced speed V5.

The centi‘ifuga] force d § can be expressed as o
dS = (mr df)re* = mr’w*dd =mvV?>do = F. do (a)

F. = hoop tension due to centrifugal force

where Vis the belt speed. Summing forces radially gives

do _do
D_Fr=—(F+dF)— — F— +dN +dS =0

Ignoring the higher-order term, we have
dN = Fdo —dS (b)
Summing forces tangentially gives
Y Fi=—fdN—F+(F+dF)=0
from which, incorporating Egs. (a) and (b), we obtain
dF = fdN = fFdé — fdS = fFd6 — fmr’e’ do

or

dF f,
-0~ fF = —fmrzm“ (c)

The 191}>]utiu::-n to this nonhomogeneous first-order linear differential equation is

F = Aexp(f0) + mriw’ (d)

Copyright © The McGraw-Hill
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where A is an arbitrary constant. Assuming @ starts at the loose side, the boundary con-
dition that F at & = 0 equals F> gives A = F» — mrZw®. The solution is

F = (F —mrie)exp(f6) + mriw’ (17-5)
At the end of the angle of wrap ¢, the tight side,

Flo—p = F1 = (F> — mrlw’) exp(f @) + mriw? (17-6)

Now we can write
5
Fy — mriw? F, —F.
F, —mrlew? F,—F.

— exp(f9) (17-7)

where, from Eq. (a), F. = mrw?, It is also useful that Eq. (17-7) can be written as

exp(f) — 1
17-8
xp(f$) 178

Fi —F=(F —F)

F. is found as follows: with n being the rotational speed, in rpm, of
the pulley of diameter d, the belt speed is

V=1 dn/60 m/s
The weight w of a meter of belt is given in terms of the weight
density y in N/m3 as w = y bt N/m where b and tin meters. F_ is

written as
18 F.=wV2/g
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F,=F,+F. +AF'

. . !
D =F+F.+ 5
\d—
T
N
Fy=F,+F. -AF'

=Fa+fF T

=F.+F, D
Fi=F,+F.4+AF =F +F.4+T/D (f)
Fh=F+F —-AF=F+F.—-T/D (g)

where F; = initial tension

F: = hoop tension due to centrifugal force
AF'" = tension due to the transmitted torque T
D = diameter of the pulley

The difference between F; and F» is related to the pulley torque. Subtracting Eq. (g)
from Eq. (f) gives

2T T
F|—F1:—:—
D

()
Adding Egs. (f) and (g) gives

Fi+ F,=2F +2F,
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Fi+F
F=-—1""°_F (i)

P T exp(f¢)+1

= 17-9
D exp(f¢) —1 | !

Equation (17-9) give us a fundamental insight into flat belting. If F; equals zero, then
I equals zero: no initial tension, no torque transmitted. The torque 1s in proportion to the
initial tension. This means that if there is to be a satisfactory flat-belt drive, the inital
tension must be (1) provided, (2) sustained, (3) in the proper amount, and (4) maintained

by routine inspection. exp(fé) — 1
exp(f¢) +1

T
Flzﬁ—l—Fc-l-E:Fc"‘FE_"Fi

N Filexp(f¢) + 11+ Filexp(f¢) — 1]

:FC
exp(f¢) + 1
2exp(f¢)
Fir=F-+F 17-10
L= e () + 1 l17-10
F,=F.+F 2 (17-11)
P T axp(f) + 1
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1

i 2F, exp( fd)
< exp(fd)+ 1

Belt tension F, or F,

Initial tension F;

Equation (17-7) is called the belting equation, but Egs. (17-9), (17-10), and (17-11)
reveal how belting works. We plot Egs. (17-10) and (17-11) as shown in Fig. 17-8
against F; as abscissa. The initial tension needs to be sufficient so that the difference
between the F, and F5 curve is 2T /D. With no torque transmitted, the least possible
belt tensionis F) = F> = F..



Table 17-2

Properties of Some Flat- and Round-Belt Materials. (Diameter = d, thickness = ¢, width = w)

Minimum Allowable Tension

Pulley per Unit Width Specific

Diameter, at 3 m/s, Weight, Coefficient

Material Specification mm (10°) N/m kN/m? of Friction
Leather 1 ply t=4.5 75 5 0.5-12.2 0.4
t=5 90 6 0.5-12.2 0.4
2 ply t=17 115 7 9.5-12.2 0.4
t=38 150 9 9.5-12.2 0.4
=9 230 10 0.5-12.2 0.4
Polyamide”  F-0° t=0.8 15 1.8 9.5 0.5
F-1°¢ r=1.3 25 6 9.5 0.5
F-2°¢ r=1.8 60 10 13.8 0.5
A-2° =28 60 10 10.0 0.8
A-3° t=33 110 18 114 0.8
A—4° t=5.0 240 30 10.6 0.8
A-5¢ t=64 340 48 10.6 0.8
Urethane? w=12.7 r=1.6 See 1.0¢ 10.3-12.2 0.7
w=19 1=2.0 Table 1.7¢ 10.3-12.2 01
w=32 b=2.3 17-3 3.3 10.3-12.2 0.7
Round d=06 See 1.4¢ 10.3-12.2 0.7
d=10 Table 3.3 10.3-12.2 0.7
d=12 17-3 5.8¢ 10.3-12.2 0.7
d=20 13¢ 10.3-12.2 0.7

“Add 2 in to pulley size for belts 8 in wide or more. . .
52 The values given in Table 17-2 for the allowable belt tension are based on a belt

speed of 600 ft/min. For higher speeds, use Fig. 17-9 to obtain C,, values for leather
belts. For polyamide and urethane belts, use C, = 1.0.



Table 17-3

Ratio of Pulley Speed to Belt Length,

Minimum Pulley Sizes for BEI: Belt - rev/(m « s)

b T e Style Size, mm Upto 14 14 to 27 28 —
HUf and Round Urethane 4 i P ° 35
Belts. (Listed are the Flat 127 % 1.6 97 11.2 127
;._Pulle‘y Diameters in mm) 19% 2.0 ]Z-i 16 19
;‘SOUrCE_' nge Behiﬁg CO., QQ X ZS ] 2/ ] 'é' -| Q
s s, I, Round 6 381 44.5 50.8
10 57.1 66.5 76.2
E 12 76.2 88.9 101.6
| 20 127 152 177.8
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Design of Flat Belts

Transmitted power is given by
H=(F, -F, )V
Design power Hy = Hom Ks N4
K¢ Is the service factor and ng is the design
factor

Table 17-15 Source of Power
Suggested Service Normal Torque  High or Nonuniform
Faclors 1 for ViBel Driven Machinery Characteristic Torque
Drives Uniform ]1.0to 1.2 1.110 1.3
Light shock .l o:1.3 1.2101.4
Medium shock 1.2t0 1.4 1410 1.6
24

Heavy shock 1. 310 1.5 1.510 1.8
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(F),=bF,C, C,

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

urethane belts)
C, = velocity correction factor

(for polyamide and urethane belts use C, =1)
Figure 17-9 1.0

Velocity correction factor C,
for leather belts for various
thicknesses. (Data source:
Machinery’s Handbook,
20th ed., Industrial Press,
New York, 1976, p. 1047.)

0.9

Velocity factor C,

o
oo

0.7
0 5 10 15 20 25 30

Belt velocity 107V, m/s



Minimum pulley sizes for the varnious belts are listed in Tables 17-2 and 17-3. The
pulley correction factor accounts for the amount of bending or flexing of the belt and

how this affects the life of the belt. For this reason it is dependent on the size and mate-
rial of the belt used. See Table 17-4. Use C, = 1.0 for urethane belts.

| Pulley Correction Factor Cp for Flat Belts*

Small-Pulley Diameter, mm

Material 40— 100 115-200 220-310 355-405 460 - 800 Over 800
Leather 0.5 0.6 0.7 0.8 0.9 1.0
Polyamide, F—0 0.95 1.0 1.0 1.0 1.0 1.0

F-1 0.70 0.92 095 1.0 1.0 1.0

F-2 0.73 0.86 0.96 1.0 1.0 1.0

A-2D 0.73 0.86 0.96 1.0 1.0 1.0

A-3 — 0.70 0.87 0.94 0.96 1.0

A4 — — 0.71 0.80 0.85 092

A-5 — — — 0.72 0.77 0.91

*Average values of Cp for the given ranges were approximated from curves in the Habasit Engineering Manual, Habasit Belting, Inc.,
Chamblee (Atlanta), Ga.
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Flat-belt pulleys should be crowned to keep belts from running off the pulleys. If
only one pulley is crowned. it should be the larger one. Both pulleys must be crowned
whenever the pulley axes are not in a horizontal position. Use Table 17-5 for the crown

height.
Table 17-5 ISOCrown ISO I
. row, ight, |

Gl gt ane IS Dialr::::‘ltzr, mm H?\:?rli“, DianI:::Ieerz’mm w = 250 mm \: > 250 mm

Pulley Diameters for Flat

Belts* 40, 50, 62 0.3 315, 355 0.75 0.75
70, 80 0.3 315, 355 1.0 1.0
90, 100, 115 0.3 570, 635,710 1.3 1.3
125, 142 0.4 800, 900 1:3 1.5
160, 180 0.5 1015 8| 1.5
200, 230 0.6 1140, 1270, 1420 1.5 2.0
250, 285 0.75 1600, 1800, 2030 1.8 2.5

*Crown should be rounded, not angled; maximum roughness is R, = AA 1500 xmm.

27
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Analysis of Flat Belt Drives

The transmitted horsepower is

given by
H(F| — F))V

Corrections on allowable tension
give
(Fl)u — bFanCU

where (F,), = allowable largest
tension, N

b = belt width, mm

F, = manufacturer’s
allowed tension, N/mm

C, = pulley correction
factor (Table 17—4)

C, = velocity correction
factor

The steps in analyzing a flat-belt
drive can include

— Find exp(f ¢) from belt-drive
geometry and friction

From belt geometry and speed
find F,

From T = H_,,Kng/(21N) find
necessary torque

From torque T find the
necessary (F,), - F, =2T /D
Determine (Fi). =bF,C,C,

Find F, from (F,), — [(F4), — F.]
From Eq. (i) find the necessary
initial tension Fi

Check the friction development,
f'<f.Use Eq. (17-7) solved for

r | (F)a—F

.r:_l
/ ¢'n F, - F,

Find the factor of safety from
= Ha/(HpomKs)



The steps in analyzing a flat-belt drive can include

Find exp( f¢) from belt-drive geometry and friction
From belt geometry and speed find F;

From T = 63 025Hom K14/ n find necessary torque
From torque T find the necessary (Fy), — F» = 2T /D
Find F> from (Fy), — [(Fi)a — F2]

From Eq. (i) find the necessary initial tension F;
Check the friction development, f* < f. Use Eq. (17-7) solved for f":

=0 2 i e e el

8  Find the factor of safety from nsy, = H, /( Hpom K5)

FromT=H__ K n,/ (27 n/60)

29



Example 1

A 150 mm-wide polyamide F-1 flat belt 1s used to
connect a 50 mm- diameter pulley to drive a larger
pulley with an angular velocity ratio of 0.5. The
center-to-center distance 1s 2.7 m. The angular speed
of the small pulley 1s 1750 rpm as 1t delivers 1500 W.
The service 1s such that a service factor K of 1.25 1s
appropriate.

a)FindF_,F.,F, ,andF,

b) Find n., and belt length

c¢) Find the dip

30



EXAMPLE 17-2

Solution

31

Design a flat-belt drive to connect horizontal shafts on 4.8 m centers. The velocity ratio
is to be 2.25:1. The angular speed of the small driving pulley is 860 rev/min, and the
nominal power transmission is to be 44 760 W under very light shock.

* Function: H,, = 44 760 W, 860 rev/min, 2.25:1 ratio, K.=1.15C=48m
* Design factor: n; = 1.05

* Initial tension maintenance: catenary

* Belt material: polyamide
* Drive geomeiry, a. L)

* Belt thickness; ¢

* Belt width: b

The last four could be design variables. Let’s make a few more a priori decisions.
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EXAMPLE 17-1

Figure 17-10

The flat-belt drive of Ex. 17-1.

Solution

Answer

Answer

A polyamide A-3 [lat belt 1530 mm wide is used to transmit 11 kW under light shock
condilions where K; = 1.25, and a [acior of salely equal lo or grealer than 1.1 is appro-
priate. The pulley rotational axes are parallel and in the horizontal plane. The shafts are
2.4 m apart. The 150-mm driving pulley rotates at 1750 rev/min in such a way that the
loose side is on top. The driven pulley is 430 mm in diameter. See Fig, 17-10. The fac-
tor of safety is for unquantifiable exigencies.

(a) Estimate the centrifugal tension F. and the torque T.

() Estimate the allowable F|. F3. F; and allowable power H,.

(¢) Estimate the factor of satety. Is it satistactory?

1750
L Belt 150 mim % 3.3 mm
s L

11 kW
150 mln@ e 45(h mm o
y= 11 kN/m?

!

—t d = 150 mm, i} = 4530 mm

24 m

450 — 150

(@) BEq. (17-1): — ;=7 — 2sin”!
a) Eq. ( ) ¢ =03 =n — 2sin [2(2400]

:| = 3.0165 rad

exp(fo) = exp[0.8(3.0165)] = 11.17
V = 7(0.15)1750/60 = 13.7 m/s

Table 17-2: w = ybt = 11 000(0.15)0.0033 = 5.4 N/m
il e
Eq. (e): F.=—V>’=_—_(13.7°= 103N
* g XTI )
g Hoom Koy 1.25(1.1)11000
2w 271750760
=82 N-m



Answer

Answer

Answer

Answer

Answer

(b) The necessary (F1), — £ to transmit the torque 7, from Eq. (&), is

2T 2(82)

s O I < = 1093 N
(£1) 2= 74 T 015

From Table 17-2 F, = 18 kN/m. For polyamidc belts €, = 1, and from Table 17—4
C, = 0.70. From Eq. (17-12) the allowable largest belt tension (Fj), is
(F1)g = bF,C,C, = 0.13(18000)0.70(1) = 1890 N

then

iy = () — i)y =] = 1890 = 1093 =F9F N
and from Eq. (i)

_(Fa+F 18904 797

Fi .
o L

— 103 =1240N
The combination (F,),. F>, and F; will transmit the design power of 11(1.25)(1.1) =
15.125 kW and protect the belt. We check the friction development by solving Eq. (17-7)

for f:

n

f=-1

= In — .314
¢ B F. 3.0165 797 — 103

From Table 17-2, f = 0.8. Since f' < f, that is, 0.314 <= 0.80, there is no danger of
slipping.
(c)

H 15. 125

e = l ] 0% ul .I
Hioeiie B [T 25) (as expected)

.".E_Jr.\. =

The belt is satisfactory and the maximum allowable belt tension exists. If the initial
tension is maintained, the capacity is the design power of 15.125 KW,



EXAMPLE 17-2
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Solution

Decision

Decision

Design a flat-belt drive to connect horizontal shafts on 4.8 m centers, The velocity ratio
15 to be 2.25:1. The angular specd of the small dreiving pulley is 860 rev/min, and the
nominal powcer transmission 18 o be 44 760 W under very hight shock.

Function: H,y = 44 760 W, 860 revimin, 2.25:1 ratio, K, = 1,15, C=4.8m
Design factor: iy = 1.05

Initial tension maintenance: calenary

Bell material: polvamide

Drive seomelry, o, £

Bell thickness:

Belt width: b

The last Lour could be design variables. Let’s make a few more a priort decisions.

ef = 400 mm, D= 2.254 = 900 mm.

Usc polvamide A-3 belt; therefore f = 3.3 mm and C, = 1.
Now there 1s one design decision remaining o be made, the belt width 5.

Table 17 20 g = 11.4 kN/m" =108 Fo = 18 KN/m at 600 rev/min
Table 17-4: ', = 0.94
Eg. (17-12): Fy. = B(18 00009471 = 16 9206 N (1)

My = By Keng = 44 76001.15) 105 = 534 04T W

H, 54 047

i =
2mn 2 860,60

= 60N - m




Lstimate expi f¢) tor tull friction development:

_, 900 — 400
2(4800)

expl fep) = expl(LBO(3.037)] = 11.35

|ire i o=t =g = 3.037 rad

Estimate centrifugal tension £ m terms of belt width &
w o=y = (11 200)06(0.0033) = 37.60 N/m
V = mdin = m((0A)R60/60 = 18 mfy
W, (3T.6MB(IR)

Eq. {ek o= 7 i 98] = 1241 8h N (2)
For design conditions, that is. at f; power level, using Eq. (/) gives
(Fl)y — Fa=2T/d = 2{6000 /0.4 = 3000 N (3)
o = (R, — 10F))e — F2] = 169206 — 3000 N {4)

Using Eg. {f) gives

B b 16 9206 + 169206 — 3000 - )
:%—E.: dis . — 1241.8b = 15 678.26 — 1500 N

B 15)
Place mction development at its highest level, using Eq. (17-7):
(Fy}, — Fh 169206 — 1241 .85 15 678.20
fop=In — — =In ——— = In :
F—F. 16 9200 — 3000 — 124185 15 678.2H — 3000

E

Solving the preceding cquation for belt width & at which friction is fully developed gives

3000 expi fqr) 3000 11.38
= — = 0.210m = 210
e S e " i
35 A belt width greater than 210 mm will develop friction less than £ = 0.80. The manu-

facturer’s data indicate that the next available larger width is 250 mm.
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Decision

Use 250 mm-wide bell.
It Tollows that [or a 230-mm-wide bhell

2 e — ] Bl — i LT

Eq. (1): o = A A S = e B

Eqy. (4 T == A — ] DS

Eq. (5): F; = 156078.2(0.25) — 1500 = 2420 N

The transmitted power, from Eq. (3), is
H = [(Fl),— RV = 3000(18) = 54 000 W

aind the level of friction development [, from Eq. (17-7) is
: I ., — F. 1 4230 — 310

j"=—1n|: L = In _
g fa—F, 3.037 1230 — 310

which is less than £ = (L8, and thus is satisfactory. Had a 225-mm belt width heen
available, the analysis would show (F), = 3807 N, £5 = B11 N, £ = 2260 N, and
fT=10.63, With a figure of merit available reflecting cost, thicker belts {A-4 or A-5)
could be cxamined to ascertain which of the satistactory alternatives (s best, I'rom
Eq. (17-13) the catenary dip 1s

2w 4.8%(37.6)0.25

dip = 3F = R(2420) — WAL =] i

— 0.477




V Belts

Table 17-9 Belt Width a, Thickness b, Minimum Sheave kW Range,
_ _silsaies o Section mm mm Diameter, mm  One or More Belts
Standard V-Bell Sections
A 12 8.5 73 0.2-7.5
= B 16 ] 185 0./-18.5
3 U C )7 13 230 11-75
4 . né il e
A0 D 30 1G 325 =185

rm
%
0
N
LN
Ln
I~
=
~
()
g
Q.




Table 17-10

Section Circumference, mm

Inside Circumferences of A 650 775 825 875 950, 1050, 1150, 1200, 1275, 1325, 1375, 1425,
Saricard V. Belis 1500, 1550, 1600, 1650, 1700, 1775, 1875, 1950, 2000, 2125, 2250,
2400, 2625, 2800, 3000, 3200

B 875 950. 1050, 1150, 1200, 1275, 1325, 1375, 1425, 1500, 1550,

1600, 1650, 1700, 1775, 1873, 19““ QOUO 2125, /?“Q 21Ob 2025
2800;3000,34Jﬁ,3275 3400, 3450, 3950, 4325, 4500, 4875, 5250,
6000, 6750, 7500

C 1275, 1500, 1700, 1875, 2025, 2125, 2250, 2400, 2625, 2800, 3000,
3200, 3400, 3600, 3950, 4050, 4350, 4500, 4875, 5250, 6000, 6730,
7500, 8250, 9000, 9750, 10 500

D 3000, 3200, 3600, 3950, 4050, 4350, 4500, 4875, 5250, 6000, 6750,
7500, 8250, 9000, 9750, 10 500, 12 000, 13 500, 15000, 16 500

E 4500, 4875, 5250, 6000, 6750, 7500, 8250, 9000, 9750, 10 500,

12 000, 13 500, 15000, 16 500




Table 17-11

length Conversion Dimensions [Add the Listed Quantity o the Inside Circumference

to Obtain the Pitch Llength in mm)

B s D E

T

Belt section

Quantity to be added 32 45 /2 82 172

To specify a V belt, give the belt-section letter, followed by the inside
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 example, a B875 belt has a pitch length of (875+45) 920 mm.



« The cross-sectional dimensions of V belts have been standardized by
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

5mi/s.

The pitch length L, and the center-to-center distance C are

L, =2C+m(D+d)/24+ (D —d)*/(4C)

2| =

C =025 [LF—’

(D + d}} + \ [LF - %{D +d1}

7

—2(D -d)’

[17-1éaq]

- (17-16b)

where D = pitch diameter of the large sheave and d = pitch diameter of the small sheave.



The groove angle of a sheave is made somewhat smaller than the belt-section
angle. This causes the belt to wedge itself into the groove, thus increasing friction. The
exact value of this angle depends on the belt section, the sheave diameter, and the angle
of contact. If it is made too much smaller than the belt, the force required to pull the belt
out of the groove as the belt leaves the pulley will be excessive. Optimum values are
given in the commercial literature.
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Table 17-12

Belt Sheave Pitch Belt Speed, ft/min
Harsepower Rafings of Section Diameter, in 1000 2000 3000 4000
Standard V Belts A 2.6 0.47  0.62 0.53 0.15
3.0 .66 1.01 | 0.93 0.38
3.4 0.81 1.31 1.57 1.53 1.12
3.8 0.93 1.55 1.92 2.00 1.71
4.2 1.03 1.74 2.20 2.38 2.19
4.6 1.11 1.89 2.44 2.69 2.58
5.0 and up 1.7 2.03 2.64 2.96 2.89
B 4.2 1.07 1.58 1.68 1.26 0.22
4.6 1.27 1.99 2.29 2.08 1,24
5.0 1.44 2.33 2.80 2.74 2.10
5.4 1.5 2.62 3.24 3.34 2.82
3.8 .72 2.87 .41 3.85 3.45
&.2 1.82 3.09 3.94 4,28 4,00
6.6 1.92 3.29 4,23 4.67 4.48
7.0 ond up 2.01 3.46 4.49 5.01 4.90
C &.0 1.84 2.65 2.72 1.87
7.0 2.48 3.94 4.64 4.44 3.12
B.O 2.96 4.60 6.09 &.38 5.52
F.0 3.34 5.65 721 7.8 739
10.0 3.64 6.25 8.1 .08 B.89
11.0 J.88 6.74 8.84 10.0 10.1
12.0 and up 4.09 715 Gdas 109 11.1
¥ 10.0 4.14 6.13 .55 5.09 1.38
11.0 5.00 7.83 2.1 8.50 5.62
12.0 bl Q.26 11.2 11.4 Q.18
13.0 6.31 10.5 13.0 13.8 12.2
14.0 6.82 11.5 14,6 158 14,8
15.0 ’27 12.4 159 17.6 17.0
16.0 £.00 13.2 17.1 19.2 19.0
17.0 and up B.01 13.9 18.1 20.6 20.7
E 16.0 8.68 14.0 17.5 18.1 15.3
18.0 A"V 16.7 21.2 230 21.5
200 10.9 18.7 242 269 26.4
220 1.7 20.3 26.6 30.2 30.5
24.0 12.4 21.6 28.0 329 33.8
26.0 13.0 22.8 30.3 351 35.7

28.0 ond up 13.4 23.7 3.8 37.1 a9




Table 17-12

Belt Sheave Pitch Belt Speed, m/s
Power (kW) Ratings of Section Diameter, mm 10 15

Standard V Belts A 65 0.35 0.46 0.40 0.11
75 0.49 0.75 0.84 0.69 0.28
85 0.60 0.98 1.17 1.64 0.84
95 0.69 1.16 1.43 1.49 1.28
105 0.77 1.30 1.64 1.78 1.63
115 0.83 1.41 1.82 2.01 1.93
125 and up 0.87 1.51 1.97 2.21 2.16
B 105 0.80 1.18 1.25 0.94 0.16
115 0.95 1.48 1.71 1.55 0.92
125 1.07 1.74 2.09 2.06 1.57
135 1.19 1.95 2.42 2.49 2.10
145 1.28 2.14 2.69 2.87 2.57
155 1.36 2.31 2.94 3.19 2.98
165 1.43 2.45 3.16 3.48 3.34
175 and up 1.50 2.58 3.35 3.74 3.66

C 150 1.37 1.98 2.03 1.40
175 1.85 2.94 3.46 3.31 2.33
200 221 3.66 4.54 4.74 4.12
225 2.49 421 5.38 5.86 5.51
250 2:12 4.66 6.05 7.16 6.63
275 2.89 5.03 6.59 7.46 7.53
300 and up 3.05 5.33 7.06 8.13 8.28
D 250 3.09 4.57 4.89 3.80 1.01
275 373 5.84 6.80 6.34 4.19
300 4.26 6.91 8.36 8.50 6.85
325 4.71 7.83 9.70 10.30 9.10
350 5.09 8.58 10.89 11.79 11.04
375 5.42 9.25 11.86 13.13 12.68
400 5:71 9.85 12.76 14.32 14.17
425 and up 5.98 10.37 13.50 15.37 15.44
E 400 6.48 10.44 13.06 13.50 11.41
450 7.40 12.46 15.82 17.16 16.04
500 8.13 13.95 18.05 20.07 19.69
550 8.73 15.14 19.84 22.53 22.75
600 9.25 16.11 21.34 24.54 2322
650 9.70 17.01 22.60 26.19 27.38

700 and up 10.00 17.68 23.72 27.68 29.17




The rating, whether n terms of hours or belt passes, 15 for a belt rnning on equal-
diameter sheaves (180" of wrap), of modera length, and transmittng a steady load.

H; = K1 Ky Hyp

where H, = allowable power, per belt, Table 17-12
K| = angle-of-wrap correction factor, Table 17-13
K5 = belt length correction factor, Table 17-14



Table 17-13

D-d 2

Angle of Contact BiF 2 0, deg vv

Correction Factor K, for 0.00 180 1 00 0.75

VV* and V-Flat Drives 0.10 174.3 0.99 0.76
0.20 166.5 0.97 0.78
0.30 162.7 0.96 0.79
0.40 156.9 0.94 0.80
0.50 15150 0.93 0.81
0.60 145.1 0.91 0.83
0.70 132.0 0.89 0.84
0.80 132.8 0.8/ 0.85
0.90 126.5 0.85 0.85
1.00 120.0 0.82 0.82
1.10 F1&.3 0.80 0.80
1.20 106.3 0.77 Q.77
J2a362 @8.9 0.73 0.73
1.40 Q1.1 0.70 0.70
1.50 82.8 0.65 0.65

*A curvefit for the W column in terms of & is
K, = 0.143 543 + 0.007 46 8 & — 0.000 015 052 7
in the range 90° < 6 < 180°.



Table 17-14

Bel-length Correction
Factor K

Table 17-14

Belt-Length Correction
Factor K5

Nominal Belt Length, in

Length Factor A Belts

0.85
0.90
0.95
1.00
1.05
1.10
1.15
.20

Upto 35
38-46
48-55
60-75
78-90
06-112

120 and up

B Belts

Up 1o 46
48-60
62-75
/8-97
105-120
|28~144
158-180
195 and up

C Belts

Upto 75
81-96
105-120
128-158
162-195
210-240
2/70-300
330 and up

D Belts

Upto 128
144-162
173-210
240
270-330
360-420
480

540 and vp

E Belts

Upfo 195
210-240
2/70-300
330-390
420-480
540-600
660

*Muliply the rated horsepower per belt by this foctor to obtain the comected harsepower,

Length Factor

0.85
0.90
0.95
1.00
1.05
1.10
1.15
1.20

A Belts

Up to 0.88
0.95-1.15
1.2-1.38
1.5-1.88
1.95-2.25
24-28
3.0 and up

Nominal Belt Length, m

B Belts

Upto1.15
1.2-1.5
1.55-1.88
1.95-2.43
2.63-3.0
3.2-3.6
3.954.5
4.88 and up

C Belts

Up to 1.88
2.03-2.4
2.63-3.0
3.2-3.95
4.05-4.88
5.25-6.0
6.75-17.5
8.25 and up

D Belts

Up ta:3.2
3.6-4.05
4.33-5.25
6.0
6.75-8.25
9.0-10.5
12.0

13.5 and up

E Belts

Up to 4.88
5.25-6.0
6.75-17.5
8.25-9.75
10.5-12.0
13.5-15.0
16:5

*Multiply the rated power per belt by this factor to obtain the corrected power.



InaV belt the effective coefficient of friction f' 1s f/sin(¢/2), which amounts to
an augmentation by a factor of about 3 due to the grooves. The effective coefficient of
friction f’ is sometimes tabulated against sheave groove angles of 30°, 34°, and 38",
the tabulated values being 0.50, 0.43, and 0.40, respectively, revealing a belt material-
on-metal coefficient of friction of 0.13 for each case. The Gates Rubber Company

declares its effective coefficient of friction to be 0.5123 for grooves. Thus
F] - Ff
= exp(0.5123 17-18
F_f - op031230) (17-18)
The design power is given by
Hy = Hyon Ky (17-19)

where Hyop 18 the nominal power, K, s the service factor given in Table 17-15, and n,1s
the design factor. The number of belts, N,, is usually the next higher integer to H;/H,.

Table 17-15 Source of Power
Suggested Service Normal Torque  High or Nonuniform
Factors K for V-Belt Driven Machinery Characteristic
Drives Uniform 1.010 1.2 1.1t0 1.3
light shock 1.110 1.3 1.2101.4
Medium shock 1.210 1.4 1410 1.6
Heavy shock 1.3t0 1.5 1.5t 1.8




N,>H/H, N.=1,2,3,.
The centrifugal tension, F_ 1s given by

F_=K_(V/2.4)
The power transmitted per belt is based on AF = F, — F,

AF = (H/N,)/ 7 nd

Table 17-16 Belt Section K, K.

Some V-Belt Parameters * A 220 0.561
B 576 0.965
C 1 600 1.716
D 5 680 3.498
E 10 850 5.041
3V 230 0.425
5V 1098 .21/
8V 4830 3.288

*Data courtesy of Gates Rubber Co., Denver, Colo.



AFexp(f¢)

Fi = F.+
CT T exp(f) —
From the definition of A F', the least tension F> 1s
Fr =F —AF
L+ F
po— 2 _ R
2
HﬂNb
Hf&- =

HJ'IDITJ K.&'



e

(a)

(b)
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Durability (life) correlations are complicated by the fact that the bending induces
flexural stresses in the belt; the corresponding belt tension that induces the same maxi-
mum tensile stress is Fp at the driving sheave and Fj,; at the driven pulley. These equiv-
alent tensions are added to F; as

K
T1=F1+{Fb)1=F1+?b

K
T2=F1+{Fb)2=F1+Fb

where K}, is given in Table 17-16. The equation for the tension versus pass trade-off
used by the Gates Rubber Company is of the form

T°Np = K?

where Np is the number of passes and b 1s approximately 11. See Table 17-17. The
Miner rule 1s used to sum damage incurred by the two tension peaks:

()8’
BT e

The lifetime ¢ in hours 1s given by

t= N, L,/ (3600V)

ar

If N,>10° take N, =10°



Table 17-17

10° to 10° 10° to 10° Minlmuris

Durability Parameters for Force Peaks Force Peaks Sheave
Some V-Belt Sections K b K b Diameter, in
Source: M. E. Spatts, Design A 674 11.089 3.0
of Machine Elements, &th ed B 1193 10926 5.0
Prentice Hall, Englewood ~
Cliffs, N.J., 1985, C 2038 11.173 8.5

P, 4208 11.105 13.0

E 6061 11.100 21.6

3v 728 12.464 1062 10.153 2.65

SV 1654 12.593 2394 10.283 7.1

8y 3638 12.629 5253 10.319 12.5

Table 17-17

8 9 9 10 . .
10°to 10 10°to 10 Minimum

Durability Parameters Belt Force Peaks Force Peaks Sheave
B VRl Seatons Section K b K b Diameter, mm
Source: M. E. Spotts, Design A 2999 11.089 75
of Machine Elements, 6th ed. B 5309 10.926 125
Prentice Hall, Englewood '
Cliffs, N.J., 1985. C 9069 11.173 215

D 18 726 11.105 325

E 26 791 11.100 540

3V 3240 12.464 4726 10.153 66

5V 7360 12.593 10 653 10.283 177

8V 16 189 12.629 23376 10.319 312




The analysis of a V-belt drive can consist of the following steps:

Find V, L,, C, ¢, and exp(0.5123¢)

Find Hy, H,. and N from H;/H,; and round up

Find F., AF, F|, F5, and F;, and ng,

Find belt life in number of passes, or hours, if possible



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
driven sheave. Find the power capacity of the drive based
on a service factor of 1.25, and the center-to-center
distance.
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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
smaller 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 speed.

Belt length correction factor

Angle of wrap correction factor. Angle of wrap on smaller
sheave should be greater than 120 deg.

Number of belts
Initial tension in belts



EXAMPLE 17-4 A 7.46-kW split-phase motor running at 1750 rev/min is used to drive a rotary pump,
which operates 24 hours per day. An engineer has specified a 188-mm small sheave, a
280-mm large sheave, and three B2800 belts. The service factor of 1.2 was augmented
by 0.1 because of the continuous-duty requirement. Analyze the drive and estimate the
belt life in passes and hours.

Solution The peripheral speed V of the belt is
V=mndn=mn(0.188)1750/60 = 17 m/s
Table 17-11: L, = L + L, = 2800 + 45 = 2845 mm

Eq. (17-16b): C = 0.25{ [2845 - %(280 + 188)}

2
+\/ [2845 — %(280 + 188):| — 2(280 — 188)2}

= 1054 mm
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Eq. (17-1): ¢ =6, =7 — 2sin” ' (280 — 188)/[2(1054)] = 3.054 rad
exp[0.5123(3.054)] = 4.781

Interpolating in Table 17-12 for V = 17 m/s gives H,, = 3.5 kW. The wrap angle ir
degrees is 3.054(180)/7 = 175°. From Table 17-13, K; = 0.99. From Table 17-14
K> = 1.05. Thus, from Eq. (17-17),

H, = K1 K>Hyp, = 0.99(1.05)3.5 = 3.64 kW
Eq. (17-19): Hy = HpomKsng = 7.46(1.2 4+ 0.1)(1) = 9.7 kW
Eq. (17-20): N, > H;/H, = 9.7/3.64 = 2.67 - 3
From Table 17-16, K. = 0.965. Thus, from Eq. (17-21),
F, =0.965(17/2.4)>= 484N

Eq.(17-22): - JT00/3  _ 1eg N
4 ' = 7(1750/60)0.188
188(4.781)
Eq. (17-23): F, = 48.4 — 286N
q- (17-23) = ABA e 20
Eq. (17-24): Fy=F — AF =286 — 188 =98N
286 + 98
Eq. (17-25): F = —;r _ 484 = 143N
H,N 3.64(3
Eq. (17-26): npy = —t = ©) _ 113

HonK,  746(13)



Life: From Table 17-16, K; = 576.

K, 65
d  0.188

Iy = = 346 N

Fyp = 65/0.28 = 232N

T, = F|, + Fp; = 286 + 346 = 632 N
T, =F + Fpp =286 + 232 =518 N
From Table 17-17, K = 5309 and b = 10.926.

—
5309 \ 10926 5309 \ ~10:926
Eq. (17-27): Np = (W) + (W) = 11(10”) passes

Answer Since Np is out of the validity range of Eq. (17-27), life is reported as greater than 10°
passes. Then

9
Answer  Eq. (17-28): f 5 il ) = 46 500 h
3600(17)
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Example

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 Belts

« A timing belt does not stretch appreciably or slip and
CO seq%en,tly transmits power ftpa const}ént angu?ar-
velocity ratio.

* Timing belts can operate ove{]a ver wi?%rangg of
speeds, have, effic engles In the range of 97 1099
percent,. reguwe no lubrication, and are quieter than

chain drive
 The five standard inch-series pitches available are
ITstedlYn Tc'aableq 9—‘ 3 W|Sth theiP \etter es?gnat?ons.

 The design and selectjon process for timing belts is
similartogthat fccj)r \)%e'ts. P J

pi

line

=/
Extra light XL 3
Light L 10
Heavy H 12
Extra heavy XH 22

Double extra heavy XXH 30
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Roller Chain

. Basu: features of chain drlves Include a
constant ratio, since nols |pga8e or
ife

creep Is involved: s
abl|l‘% to drive num er of shafts ?rom a IDIEIDIE .
single source of power.

 The gItCh diameter of the sprocket by D -
can be written p

sin(180°/N)

« The chain eIOC|t I/ is defined as the
number of eetc mlng o(%?the sprocket
per Unl |me V=Npn

Whngv//\r/n Innumber of sprocket teeth, p = chain pitch, in ,n = sprocket speed, 9

« The maximum exit velocity of the chain "

IS Uy = TDR = i d = D cos - \ 2
sin(y/2) 2

and the minimum exit velocity is | _ . con

Umin = Tdn = mwnp — V/2)
sin(y

HPE
%

61
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Table 17-19 Minimum Average Multiple-

Dimensions of American ANSI Tensile  Weight, Roller Strand
Chain Pitch, Width, Strength, Ibf/ft Diameter, Spacing,
Standard Roller Number in (mm) in (mm) Ibf (N) (N/m) in (mm) in (mm)
Chains—Single Strand
RAEE R Sl 25 0250 0125 780 0.09 0.130 0.252
g‘;“gffle-‘lgjjmi’”ed B (6.35) (3.18) (3 470) (1.31) (3.30) (6.40)
' ‘ 35 0.375 0.188 1760 0.21 0.200 0.399
(9.52) (4.76) (7 830) (3.06) (5.08) (10.13)
41 0.500 0.25 1 500 0.25 0.306 -
(12.70) (6.35) (6 670) (3.65) (7.77) -
40 0.500 0.312 3130 0.42 0.312 0.566
(12.70) (7.94) (13 920) (6.13) (7.92) (14.38)
50 0.625 0.375 4 880 0.69 0.400 0.713
(15.88) (9.52) (21 700) (10.1) (10.16) (18.11)
60 0.750 0.500 7030 1.00 0.469 0.897
(19.05) (127 (31 300) (14.6) (11.91) (22.78)
80 1.000 0.625 12 500 1.71 0.625 1.153
(25.40)  (15.88) (55 600) (25.0) (15.87) (29.29)
100 1.250 0.750 19 500 2.58 0.750 1.409
(31.75)  (19.05) (86 700) (37.7) (19.05) (35.76)
120 1.500 1.000 28 000 3.87 0.875 1.789
(38.10)  (25.40) (124 500) (56.5) (22.22) (45.44)
140 1.750 1.000 38 000 4.95 1.000 1.924
(44.45)  (2540) (169 000) (72.2) (25.40) (48.87)
160 2.000 1.250 50 000 6.61 1.125 2.305
(50.80)  (31.75)  (222000) (96.5) (28.57) (58.55)
180 2.250 1.406 63 000 9.06 1.406 2.592
(57.15)  (35.71)  (280000)  (132.2) (35.71) (65.84)
200 2.500 1.500 78 000 10.96 1.562 2.817
(63.50)  (38.10)  (347000)  (159.9) (39.67) (71.55)
240 3.00 1.875 112 000 16.4 1.875 3.458

(76.70)  (47.63)  (498000)  (239) (47.62) (87.83)




Roller chains seldom fail because they lack tensile strength; they more often fail
because they have been subjected to a great many hours of service. Actual failure may
be due either to wear of the rollers on the pins or to fatigue of the surfaces of the rollers.
Roller-chain manufacturers have compiled tables that give the horsepower capacity cor-
responding to a life expectancy of 15 kh for various sprocket speeds. These capacities
are tabulated in Table 17-20 for 17—-tooth sprockets. Table 17-21 displays available
tooth counts on sprockets of one supplier. Table 17-22 lists the tooth correction factors
for other than 17 teeth. Table 17-23 shows the multiple-strand factors K.

The capacities of chains are based on the following:

* 15000 h at full load

» Single strand

* ANSI proportions

* Service factor of unity

* 100 pitches in length

* Recommended lubrication

* Elongation maximum of 3 percent
« Horzontal shafts

« Two 17-tooth sprockets



Table 17-20 Sprocket
Speed, ANSI Chain Number

Rated Capacity of
Single-Strand Single-

rev/min 40 41

Pk Reillpr Chatm fora 50 0.037 0.12 0.28 0.15 0.54 0.93
17-Tooth Sprocket 100 0.067 0.21 051 0.28 0.99 1.72
Source: Compiled from 150 0.097* 0.30% 0.74% 0.42* 1.43% 248
ANSI B29.1-1975 200 0.12% 0.40% 0.96 0.53 1.87 3.20
Information only section, 300 0.17 0.58 138 075 | 269 463
AHCk oM. B2d 91208 400 0.22% 0.75% | 1.80 0.98 3.50 6.00
500 0.28 093 | 220 1.20 425 732

600 0.33* L10* | 2,60 1.42+ 5.01% 8.65

700 037 | 125 2.96 1.63 5.77 9.92

800 0.42% 1.40% 3.34% 1.84% 6.5+ 11.20

900 0.46 1.56 572 2.04 7.23 12.50

1000 0.51% 1.72% 4.1 2.25 7.98 13.65

1200 0.60 2.04 481 2.45 9.40 16.11

1400 0.69% 233+ 553 1.95 10.74 13.50

1600 0.78% | 263 6.24 1.60 9.55 11.00

1800 | 086 293 6.68 1.33 798 | 925

2000 | 095 3.20 5.76% 1.13# 689 | 790

2500 | 1.16 3.94 4.11% 0.82¢ 1 490% 5.64

3000 | 137 42 3.11 062 | 37m 430

Type A Type B Type C

*Estimated from ANSI tables by linear interpolation.

Note: Type A—manual or drip lubrication; type B—bath or disk lubrication; type C—oil-stream lubrication.



Table 17-20

Sprocket X
) Speed, ANSI Chain Number
Rated Capacity of rev/min 100 120 140 160 180
Single-Strand Single- :
piteh Reiller Clistin Fats 50 TypeA 215 41l 7§ 107 156 216 286 46l
17-Tooth Sprocket 0o 401 77 13 20 292 403 534 858
s 150 578 11 187 29 42 58 768 1238
200 746 143 242 375 544 753 100} 1604
300 10.82 207 35 544 783 {108 | 144 2313
400 14 268 452 70 {1015 140.2 1858 268.0
so0 17 327 553 | 858 1238 | 1521 1656 O
00 & 201 386 | 651 947 1052 | 1156 126
700 3.1 43 | 664 753 836 918 0
800 2.1 |47 543 6151 684 753
900 298 {394 455 515 573 63
1000 281 {336 388 44 | 49 538
1200 214 256 295 | 335 372 0
1400 169 203 235 § 265 0
1600 139 186 | 193 0
1800 16 {14 161
2000 992 i 11.9 0
2500 713§ 03
3000 P54 0

Type C Type C’

Note: Type A—manual or drip lubrication; type B—bath or disk lubrication; type C—aoil-stream lubrication;
type C'—type C, but this is a galling region; submit design to manufacturer for evaluation.



Table 17-22 Number of K K

: Teeth on Pre-extreme Post-extreme
Tooth Correction s
Driving Sprocket Power Power
Factors, K

11 0.62 0.52

12 0.69 0.59

13 0.75 0.67

14 0.81 0.75

15 0.87 0.83

16 0.94 0.91

17 1.00 1.00

18 1.06 1.09

19 1.13 1.18

20 1.19 1.28

N (NI/17)I.()8 (N]/17)|5

Table 17-23 Number of Strands K>
Multiple-Strand 1 1.0
Factors, K> 2 1.7
3 2>
4 3.3
5 3.9
6 4.6
8 6.0
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Analysis of Roller Chains

* The chordal speed variation is

AV __ Umax — Umin T 1 1
sin(180°/N)  tan(180°/N)

V V N

* For smooth operation at moderate and high speeds it is
considered 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
by galling between the pin and the bushing.

rev/min

o 1/(1.59 log p4+-1.873)
82.5 ] °f

m = 1000 {?.ﬁ}ﬁf’(],ﬂﬁ?fé}ﬁ’l(l.32;‘5}*".="“m
where F is the chain tension in pounds.

 Lubrication of roller chains is essential in order to obtain
a long and trouble-free life.
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The fatigue strength of link plates governs capacity at lower speeds. The American
Chain Association (ACA) publication Chains for Power Transmission and Materials

Handling (1982) gives, for single-strand chain, the nominal power H;, link-plate
limited, as

H, = 0.004N %2 p@-097m  hp (17-32)
and the nominal power H,, roller-limited, as

1000K NLS 0.8
Hy = — hp (17-33)

n

where N| = number of teeth in the smaller sprocket
n; = sprocket speed, rev/min
p = pitch of the chain, in
K, = 29 for chain numbers 25, 35; 3.4 for chain 41; and 17 for chains 40-240
The constant 0.004 becomes 0.0022 for no. 41 lightweight chain. The nominal horse-

power in Table 17-20 is H,,, = min(H,, H>). For example, for Ny = 17, ny = 1000
rev/min, no. 40 chain with p = 0.5 in, from Eq. (17-32),

H, = 0.004(17)"%%1000%°0.53 09701 — 5 48 hp
From Eq. (17-33),

_1000(17)17"(0.5%%)
N 1000!-5
The tabulated value in Table 17-20 is Hizp = min(5.48, 21.64) = 5.48 hp.

H,

— 21.64 hp



Table 17-21

Single-Strand Sprocket Tooth Counts Available from One Supplier*

Neo.

25
35
4]
40
50
60
80
100
120
140
160
180
200
240

8-30,
4-45,
660,
860,
860,

8-60,

8-60,
8-60,
945,
0-28,
8-30,

48,
64,
64,
64,
62,
64,
64,
46,
30,

32, 54,
65, 68,
65, 68,
65, 68,
63, 64,
65, 68,
65, 67,
48, 50,
a1, 32,

60,
/0,
/0,
/0,
63,
/0,
68,
92,
33,

64, 65,
72,76,
72,76,
72,76,
66, 67,
72,76,
70,72,
55,
34,35,

68,
80,
80,
80,
68,
/8,
/4,
57,
36,

Available Sprocket Tooth Counts
32, 34, 35, 36, 40, 42, 45, 48, 54, 60, 64, 65, 70, 72, 76, 80, 84, 90, 95, 96, 102, 112, 120

/0,
84,
84,
84,
/0,
80,
76,
60,
37,

72,
Q0,
Q0,
Q0,
72,
84,
80,
64,
39,

/6,
5,
Q5,
Q5,
/6,
Q0,
84,
63,
40,

80,
Q6,
Q6,
Q6,
80,
Q5,
Q0,
67,
42,

84, 90, 95, 96, 102, 112, 120
102, 112, 120
102, 112, 120
102, 112, 120

84, 90, 95, 96, 102, 112, 120

06, 102, 112, 120

@5, 96,102, 112, 120

68, 70, 72, 76, 80, 84, 90, 96, 102, 112, 120

43, 45, 48, 54, 60, 64, 65, 68, 70, 72, 76, 80, 84, 96

32-36, 38, 40, 45, 46, 50, 52, 53, 54, 56, 57, 60, 62, 63, 64, 65, 66, 68, 70, 72, 73, 80, 84, 96
13-25, 28, 35, 39,40, 45, 54, 60
9-30, 32, 33, 35, 36, 39, 40, 42, 44, 45, 48, 50, 51, 54, 56, 58, 59, 60, 63, 64, 65, 68, 70, 72
9-30, 32, 35, 36, 40, 44, 45, 48, 52, 54, 60

*Morse Chain Company, Ithaca, NY, Type B hub sprockets.
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It is preferable to have an odd number of teeth on the driving sprocket (17, 19, .. .)
and an even number of pitches in the chain to avoid a special link. The approximate
length of the chain L in pitches is

L .2C Ni+Ny (Na=Np)?

— = 7—
» » + 3 + 172 p (17-34)

The center-to-center distance C is given by

N> — Ni\*
C=£—A+JM—SCL—J) (17-35)
4 2n
where
N1+ N L
A= M+ha L (17-36)
2 P
The allowable power H, is given by
H, = K1 K2 Hub (17-37)
where K, = correction factor for tooth number other than 17 (Table 17-22)
K> = strand correction (Table 17-23)
The horsepower that must be transmitted Hy is given by
Hy = HyomKsny (17-38)

Equation (17-32) is the basis of the pre-extreme power entries (vertical entries) of
Table 17-20, and the chain power is limited by link-plate fatigue. Equation (17-33) is
the basis for the post-extreme power entries of these tables, and the chain power per-
formance is limited by impact fatigue. The entries are for chains of 100 pitch length and
17-tooth sprocket. For a deviation from this
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H,=1000|K,(—) p** (=L (17-39)
n 100 h

where L is the chain length in pitches and /4 1s the chain life in hours. Viewed from a devi-
ation viewpoint, Eq. (17-39) can be written as a trade-off equation in the following form:
H#>h

— < = constant 17-40
Nli’r.?ﬁ Lp { ]

If tooth-correction factor Ky is used, then omit the term NE‘TS. Note that (J".f']"ﬁ)z‘5 =
N3TS.
1
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