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RUBBER BELTIRG

Rubber belting is one of the major products
manufactured by the rubber companies and a wide varlety
of applications is found among many industries. These
applications require belts which will meet the needs of
the purchasing party both from a cost and a maintenance
viewpoint, Belts are installed and operated for two basic
purposes, namely, transmission of power and conveyance
of material. A well designed instsllation requires the
proper type and size of belting to produce the most
economical results for either service: There are many
factors to be considered when selecting a belt for a
definite service and for that reason a belt generally
hae gpeeizal properties which must be recognized.

Transmiscsion and conveyor belting are fundamen-
tally the same for one important factor; this factor is
power transmission. Other data are necessary tc make and

select a belt of the proper type, construction and size.

The subject of rubber belting to be complete-
ly descriptive and anazlyzed to & certeain extent must

include:

1. Belting materfals
Ca Processing and manufacture of belting



Sa Belt design theories

4. S8election and application of transmission
belts.

Se felection and application of conveyor belts

BELTING MATERIALS.

Belt duck is one of the two basic materials
forming the foundation of rubtier belts; the second
material is properly vulcanized and compounded rubdber.

Duck in some instances is 60% of the total
weight of a belt, This is especilally true of trans—
mission belting where no rubber cover is manufactured on
the top and bottom sides of a belt as is the case with
conveyor belting,

The duck for trans:zission belting must be of a
definite quzlity in order that the elasticity in a
stretched belt when it is in onercstion will be correct
and yet have 2 very small amount of permanent stretech.
Transcission belt duck must have strength lengthwise to
transmit the power load snd be sufficlently flexible to
pass over the pulleys. The type of weaving must permit
perfect impregnation with rubber friction, and the
transverse strength and stiffness must be of a definite
character to properly hold belt fasteners and give body
to the belt, Besides these characteristics already men—
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tioned, conveyor belt duck requires gre-ter transverse
flexibility to insure proper troughing over idlers,

The elasticity in a belt duck must be sufficiently
great so that 1t will withstand the impset shocks or
stresses when heavy lump material falls upon a belt
a8 it is being loaded.

A bresker fabric or cider cloth of very open
woave is sometimes recuired iIn a conveyor belt when
heavy large sized lumps of material are carried. A
bresker fabric is placed outside the belt carcass
(layers of frictioned duck) and undernesth the rubber
cover, one on each side of the belt, A rubber friction
compound which 18 soft and flexible fills the intere
stices in the breaker fabric and provides greater
resiliency and a stronger bond between the belt cover
and duck. Thus a bresker fabric should be used when
severe gouging or cutting action is encountered or
when operating conditions tend to actuslly strip the
cover from the belt carcass,



ARALYCIS OF BDELT DUCKS

larn_count ¥arp Fill

Ounces Warp Fill Tensile Fercent Tensile Percent
per pounds elonga- pounds elonga-
sguare per tion i;r tion
yard ch

width width
28 24 14 580 38 240 12
32 o2 13 500 38 300 12
35 24 15 700 30 310 10

This table is furnished to show the stsndard

sizes of belt ducks with their characteristics.

The

yarn count is Increased in the warp direction when a

harder finlsh duck is used to give greater longitudi-

nal strength as 1s the case in transmission belts., A

belt which operates under severe service conditions
should never be calculated to withstend more than 25

pounds per inch width per ply.

This means that the

tensile strength of the duck has at the breaking point

in the warp direction an ample safety factor.

Dueks for conveyor belts require s definite

amount of tensile strength in the warp direction but

there are also other factors for special services which

muast be considered,

Heavy lump material reguires

heavy duck in & belt which provides greater transverse

strength and slso lower percent elongation.

Thirty-
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five ounce duck 1s guelified for this service; lighter
weight ducks do not have sufficient body. Bridging
strength crosswise 1s recuired when handling materi-
&ls, such as wet sand which pscks closely, in order

to aveid belt creases between the idlers. Trans—
verse strength iz obtzined by incressing the yarn
count in the 111 (crosswise) direction or by ine
creasing the yarn size and number of plies in the yarn.
Twenty—-eight ounce duck is used for belts not over
thirty inches wide to convey smell size crushed ore,
wood pulp, fine coal, cement, light packages, bagged
materials, etc, Thirty-two ounce duck replaces
twenty-eight ounce duck in belts over thirty inches
wide and is termed & general purpose duck. It can

be used wherever lrenlj—eight ounce duck is used and
is suiteble for ore which 4s up to eight inches in
size., Thirty-five ounce duck fulfills the reguire-
ments demsnded of a duck for use when large heavy
lumps such es hard ores of large size, stone, slate,

slag and herd cosl zre conveyed.

The percentage of elongation in a duck is im-
portant beczuse a definite percentage of this elonga-
tion is removed when 2 belt 1s stretched during vulecan-
ization. This important operation produces a belt which
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has the correct arount of elacticity vwhen 2 stretched
belt is8 in service. An improperly stretched bdelt will
elongate excessively and cause power transmission or

naterial conveyance shut-—downs.

The proper selection of & belt duck for a belt
to meet definite service conditions plays an important
part in the operating 1life of a belt.

RUBBER COMPOURDE

Fubber compounds make possible the adaptability
of rubber belts for many verled working conditions. One
cannot feature a modern processing or manufacturing prlant

operating without rubber belts.

"Fubber compounds™ can be briafly described as
being composed of the rubber hydrocarbon (CgHg)y into which
is incorporated various organic and inorganic masterials
which alter its physicel and chemical characteristics
after vulecanization takes pleace., Rubber compounds pre-
sent a wide range of physical appearances; some are
softer than rubber bands while others are hard as
battery cases.

Vulcanigation, discovered in 1829, changes the
physical properties of a raw rubber compound from &
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rlastic ané essentizlly non—elustic material to one
which 1s non-plastic but elaustic. Vulcanization takes
slace when heat 1s applied to a rew rubbeor comsound to

cause sulphur to combine with the rubler molecule.

Previous to 1908, inorganic m-terials as litharge
and magnesium and calcium oxides were used in rubber
compounds to Increase the speed of reaction between raw

rubber and sulphur.

Since the discovery of the vulcanization of
Tubber, there have been two outstanding discoveries made
which have greatly improved rubber compounds. These
discoveries were made by cheuists who were employed by
The B, F. Goodrich Co, when I was enployed by them as

a rubber chemist,

The first discovery wce the use of organie accel=-
erators by G. Oenslager in 1206, Thiocarbanilide was the
organlc chemical, Organic cccelerators not only grestly
reduce the time required for vulcanization but also im-
prove the finished product,

The second discovery referred to 1s the dis-
covery of antioxidants (ageresistors) by Dr. Winkle-
men and i, Cray. Antioxidants retsrd the ageling or
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oxidation of rubber compounds to increase thelir useful

1ife 100% or more.

Rubber com.ounds as applied to belts are of two

classes, frictlon and cover compounds,

Friction com ounds are for the nurpose of hold-~
ing the various nlies of duck together., It is pressed
into the weave of the belt duck, filling the voids be-
tween the cotton fibres and amlso forming 2 costing
around each fibre. Thus & frictioned duck provides a
horogeneous structure which 1s capable of distortion
when passing over pulleys without mechanical deteriora-

tion.

Transmission belts have only a very thin coating
of rubver on the surfag®, which is a friction compound.
Conveyor belts require a rubber cover completely around
the carcass of & belt (frictioned plies of duck) to

protect the carcass against tearing and abrasion.

A rubber compound consists of raw rubber or
raw rubber and reclaim (devulcanized rubdber) into which
various ingredients are uniformly dispersed by milling.
Each ingredient serves a definite purpose. The recipe
of a first class friction compound for transrission and

conveyor belts is:
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Percent by weight

BRaw rubber a87.6
Organic accelerator 8
Sul phur 2.6
Antioxidants 1.2
Stearic acid «8
?ine tar 2.5
Zinc oxide 4,5

100,0

Two ingredients in this reecipe will be dis-

cussed due to their importance.

The organiec accelerator most widely used is
mercaptobenzothiasole, CgHqN:C(8)SH. It 1s obtained
by heating thioczrbanilide and sulphur. There are
several types of organic accelerators and of varied
chemical structure. Accelerators are guite Z4linitely

a2 study unto themsslves.

Antioxidants in belts not only increase the
ageing life but also the flexing life. The original
enitoxidant, sldol-alpha-nachthylamine, is used in
belt frictions to retsrd heat deterioration, In
combination with this antioxidant is used a similar
chemical, phenyl-beta-naphthylamine, which retards
flex crackinge.

Belt cover comnounds very in cuality in re-

lation to their ingredients cost. This staztement holds
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true when & rubber chenist uses the most a propriaste
materials znd properly balances the vulcanizing ingredi-
ents in a compcund. The standard method of evalusting

& belt cover 1s iIn terms of tensile strength because as
a rule the higher the tenslle strength, the betier is
the abrasive resistance and ageing quslities in a belt

cover.,

Belt covers ars of four standard gualities and
their ingredient breakdown is tabul-sted:

GRADE LUALITY 1 2 3 4
Tensile pounds/sq. inch 3500 £500 1800 1000
Crude rubber 674 9% 22% of
Reclalmed rubber - 36 37.8 67
Carbon black P35 17 10 6
Zine oxide S8 2e5 2 2
Clay - - 24.75 -
Calcium carbonate - - - 13.8
Pinﬁ tar 2.5 2.45 1.5 —
Paraffin wex «25 <25 +25 -
Accelerator «20 «680 aciY &80
Antioxidant «80 «80 «50 «40
Sulplm‘: 1,785 1l.60 1.20 1.30
Total percent 100. 100, 100, 100,

One feature of the above breakdown should be
noted. A= the quality iz reduced, denoted by lowering
of tensile strength, crudé rubber value has been re—
placed by the rubber value in the recleaim. The reclzim
used is obtzined by devulcecnizing or plssticizing old



v T
tires. This type of reclaim contains S0 percent rubber

value which is low priced in comparison to crude rubher.

Everyone 1s femiliar with the rubber compound
which is used as the tread on a first grade tire. The
first belt cover compound has correspondingly the same
compounding thought, skill and tests as its background to
give it the same wearing quality as a tire tread. The
composition of both are similar except that the belt
cover is softer because of smaller carbon black content.
It is purposely made softer to produce more resiliency
in order to better withstand the impact of materials

falling upon it.

RUBBER COMPQUND PROCESSING

After the various ingredients for a rubber com-
pound are weighed, they are ready for the mixing mill.
Mixing is the first mechanical operation. The crude
rubber and reclaimed rubber, if any, are placed be—
tween two hollow water cooled rolls where squeezing
and softening takes place, After the crude and re-
claimed rubber is passed several times between these
rolls they become soft and plastic, forming one con—-
tinuous sheet around one of the rolls. When the proper

degree of softness has been obtained, other ingredients
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are gradually added in the center between the two rolls.
The ingredients gradually are worked into the rubber and
after good dispersion 1s obtained, a mill man cuts the

mixed compound into slabs and tskes it from the mill,

Internal mixing machines have in recent years
replaced many two-roll mills previously mentioned, since
internal mixers cost on an everage only one-fourth as
much to operate. An internal mixer consists of two
specially shaped rolls rotating in opposite directions
within a closed chamber. The rubber is kneaded or
mixed in this chamber and the ingredients are thoroughly

dispersed as on an open mill,

On the following page is a picture of a two-
roll open type mill, and on the succeeding page is a

picture of an internal mixer.



20 2" x W CHILLED :_:__ ::-
S| _.._... ol _..i_.._.—__... et spur drive Evar gl ,,.::. M Lhe lgt
Urive g

tully fur *_*

clax npedd bes e shaft Safety Figy .



INTeErnAL Bansury Mixexr

./....;J_“//_:_:./__/_,,:
Desdisnisn] Tue constant aperntion doc and nighl i
nrg = wibh wodime Lo pheserhs s pmmpense onil

put, Mixer alone werghis nhiont 55 tons and 500 [ " pm;.ﬁ\n.-l*
Motor Dirive 21 tons acliditional. Nastiontes orike o

rithibwr to any desirmd degree of plastn il mixes J81 “-nh
: rracles of eomigeatidisd slivks.  Saves o= hgh ns

‘_.___ sl _ I H._. [ _ __ e . Lirache Z-Ezn

GO g pawaeer, on Lnbwor el o

< amonl on Hoor spaee, displo vight 1 CHAMBER
i dve Lor eigehites il” Mhlls

Fespinag Horrew

e —— ——

TRoLS _hr.b.zo
DiscrAnes Door



-13 -
FRICTIONING OF BELT DUCK

A calender is a machine required for impreg-—
nating duck with a rubber friction compound. The term
"friction®™ 1s used since the center roll of a three-
roll calender has a speed 50 percent greater than the
top and bottom rolls. In frictionirg duck, rubber
which has previously been softened by working on a mill,
is pleced between the top two rolls and is passed com~
pletely around the center roll, All three rolls are
maintained at a temperature of about 200 degrees
Fahrenheit, this temperature being necessary to keep
the rubber very plastie. The duck is inserted and
passed between the two bottom rolls and one side frie-
tioned as one operstion. The second side is frictioned
by pessing the duck through the calender a second time,
The rubber friction is forced and squeezed into the duck
by the friction action of the center roll. Duck must be
dried before frictioning by passing it over heated drums,
Ducks with excessive moisture do not friction uniformly,
and the result is & belt of short life, caused by ply
separastion. The customary most economical frictioning
method is to friction one or more rolls of dusk 1RO

yards long in production.
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CALENDERING OF BELT COVERS

Belt covers are sheeted or cclendered to the
required thickness on a celender. A sheeting calender
is identicel with a friction calender; however, the
speed of the two bottom rolls must be the same, the
top roll may be operated at the same sceed or a slower
speed. Previously mill warmed and softened rubber is fed
into the calender between the top two rolls which are ad-
justable as to the distance that they operate apart. By
this method, the belt cover may be calendered to a def-
inite ply thickness. #For example, a thin cover may be
celendered 1/32" or 1/16" as one ply. Thicker covers
are calendered by adding one ply on top of one or more
plies until the desired thickness is obtained. After
one ply is calendered a second ply 1s added by running
the first ply through the calender from the back side
and next to the bottom roll. This operation is repeated
until the desired belt cover thickness is obtained. In
calendering a good grade belt cover when all three
rolls are operating at the same speed, the roll temp-
eratures will be 150 degrees Fahrenheit for the top
roll, 160 degrees Fahrenheit for the center roll and
100 degrees Fahrenheit for the bottom roll. The top
roll is kept slightly cooler than the center roll in
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order that the rubber will cling to the center roll.
The cooler bottom roll serves the purvose of cooling
the rubber surface slightly but without cooling the
rubber sufficliently to cause sulphur to bloom to the

surface.

SKIM COATING OF FRICTIONED BELT DUCK

In a trsnsmission belt there must be & thin
layer of resilient rubber like & friction compound
between the duck plies to assist in absorbing the
punishment which a transmission belt receives in service.
This layer or rubber is termed a "skim coat®™ becsuse it
is only .010" thick. This skim coat is added to the
frictioned duck by using the sheeting calender. The
frictioned duck is passed through the c=2lender next to
the bottom roll and the skim coat pressed upon it with

the center roll of the calender.

BELT BUILDUP

The belt duck after frictioning, is built up
in the carcass of the belt. The carcass consists of
layers of frictioned duck. The processing of the car-
cass proceeds step by step. To one ply of duck on a

table 1s added another ply, these two plies are then
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squeezed between two heavy rolls to remove trapped air
and to produce a good bond between the plies of duck.
These two plies are returned to their original starting
position in order to add another ply of duck. This
operation is repeated until the required number of
plies have been added. Transmission belts require no
further labor before vulcanizing.

Conveyor belts have a thickness of rubber added
to the top and bottom sides of the carcass in a manner
gimilar to adding the plies of duck. Also narrow strips
of rubber thus making the belt carcass completely sur—
rounded with a protective rubber covering. The final
atep in belt buildup is to dust the belt with talcum,
which prevents the belt adhering to the wvulcanizing
press plates, and then winding the belt into roll form,

BELT VULCANIZING

Vulcanizing presses are twanty-five to thirty
feet long and four to six feet wide. They are hydrauli-
cally operated with a two hundred and fifty pound per
square inch low water pressure line and one thousand
pounds per square inch pressure on the high pressure
line. The presses are steam heated and are maintained
at the temperature designated by the chemist in charge.
This temperature should be close to 281° Fahrenheit
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(35 pound stear pressure), which is not high enough
to cause any deterlioration to the cotton duck fibres

from the heat effect taking place during vulcanizing,

The unvulcanized belt in roll form is plaeced
at the end of the press which has the belt stretching
apparatus as shown in the pirture on page 17a. Through
the opened press is drawn a sufficlient length of belt =o
that the end can be clamped in the hydraulically operated
clamping device (B) at the opposite end of the press
where it is tightly clamped in position by using water
pressure secured from the low water pressure line. The
belt without being too slack i1s likewise clamped tight
by the clamping device (A) on the press end where the
belt in roll form is stationed.

The next highly important operation of stretch-
ing the belt is accomplished by moving clamp (A) away
from clamp (B) with the hydraulically operated ram (C).
A transmission belt requires eight percent stretch in
order that the belt will remein tight when running in
driving position. Enough elasticity must remain in the
belt to protect the machinery from shocks and strains.
Conveyor belts are only stretched six percent. They

are not operated under the high tension demanded of
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transmission belts and are therefore not stretched

as much,

The lower platen 1is raised by applying hydraule
ic pressure from the low water pressure line. Thus the
belt ig pressed between the two pross ;lestans, and &t
this stuge the clomps which zare holding the belt ends
are relezsed, The low pressure water line i1z now
closed and more pressure is exerted upon the belt by
opening the high water pressure line., This is the
operation which has the effect of forecing the rubber
into and around the cotton duck fibres. The pressure
exerted upon each square inch of belt must be 120
pounds for transmission belts and is incressed to 140
pounds for the rubber covered conveyor belts. Higher
pressures than these cause the fibres in the duck to
become distorted. Laboratory and fleld flexing tests

have proved these pressures to be correct.

The time of vulcanizing is twenty-five nmin-
utes for belts one-fourth inch thick, heavier belts
require a longer wvulcanizing time to a2llow the center of
the belt to reach the tempersture impressed upon the
belt., The proper degree of vulcanization must be ob-
tained through the whole belt.
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Lfter one press length is vulcanized, the press
is onened and another presg length of unvulesznized belt
i1s pulled into the press and placed in vulcanizing posi-
tion, where iv is processed in the same manner as the
first préss length. This operation 1s repeated until
the belt 1s completely vulcanized.

Conveyor belts require irons placed along the
edges during wvulcanization, these serve as a framework
to prevent the rubber covers and edges flowing away from
the carcass during vulcanization. Were it not for the
irons holding the rubber in position during vulcaniza-
tion, the vulcanized belt would not have the desired
thickness. This is due to the fact that rubber becomes
a soft flowing mess in the first few minutes of the
vulcanizing period before vulcanizing begins to take
place. Transmission belting is not confined with irons

since it does not have rubbcr rcovers,

FINISHING

Transmission belts are cut to width and length
from large rolls prepared for thls purpose. If they are
ordered endless, the ends are step spliced and cemented
together, then this section of the belt is given a short

vyulcanization period to vulcanize the cement. A properly
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mede cstep g;lice uroluces a seclon in 2 belt which is
for all practicel purvoses as lasting =5 any other see-

tion in 2 belt.

Conveyor belts have = svwall amount »f vulcanized
overflow on the adges vhich mmst de trimmed off, This is
caused by & srall =mount »f rubber flowing between the
confining irons and the rruss platens. The finul opera=
tion 1g cutting to recuired length and splicing the

ends together 1if required.

THEORY OF BELT DESIGN

The theory of belt design in this section will
pertain to a discussion of the basic orineiples under-
lying power transmission by belting. Various factors
influence the guantity of power which will be trans—
mitted by a bhelt, the important factors are:

l. 4arc of contact

2. Coefficient of friction
Be Centrifugal force

Before going into these factors in detail 1t
is necessary to cite some horsepower formulas as re-

lated to belts.

On a driven pulley with 2 belt running, whether
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it i= a transmission or conveyor belt, a difference of
belt tension 1s necessery to transmit power, In 2 belt
there is a tight side tension and a slec side tension.
The tight side tension minus the slack side tension is
known as the effective force acting: or, Tl-Te s E

The horsepower transmitted will be:

He®?e = E (pounds) x speed (feet per minute) (I)

23,000 (foot rounds per minute)

A tranzmission belt constructed of plies of
duck is casier to evaluate for strength vhen T; and Tp
are calculated in pounds per inch width per ply thickness,
which may be expressed as pounds per ply inch, thus the
horse power formula (I) becomes:

HePa = (T;-Tp) WwHNES

33,000

where }%ci’ tight side tension in pounds per ply

i1s slack side tension in pounds per ply

T
1fich
W 1s width of belt in inches

N is number of plies
g€ is belt speed in feet per minute

A belt in order to transmit power must grip the
pulley, this grip depends upon three factors: the tight-
ness with which & belt grips the pulley due to the ten-
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sions exerted upon the belt, the coefficient of fric-
tion bdetween the belt and pulley surfaces, and the arc
of contact of the belt with the pulley. These three

factors are releted as follows:

T
where
e 1is Heperian log base (2.71828)
f 18 coefficlent of friction

8 1= arc of contact in radians

From this equation we observe that 12
(slack side tension) bears a definite relatiomship to
T; (tight side tension), this relationship or percent-
age depending upon the coefficient of friction and arc
of contzct. The effective pull E (T;-Tp), obtained
by rewriting egquation (3) with Tp becoming ecusl to
T,~(T,/¢9, 1s:

s='rl(1-—f?:) (4)

The importance of the coefficient of frietion
and are of contact in relation to power capacity 1s best

appreciated by the following comparisons:
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Considering first a drive with pulleys of equal

size, the arc of contact 1s 180 degrees (3.1418 radians)
end taking 0.25 mes a practical acceptnble coefficient

of friction value, we have:

T)/Tp = 2.71828 x 3.1416 x .25 = 2,19
To = T1/2.19 z45% of Ty.

Thus: The effective pull Tl—'l'2 equale 55% of Tl.

Consider secondly a drive with the coefficient
of friction reduced by oil or dust to .15 and the are of
contact reduced to 120 degrees, then T;/Tp is 1,27,
and T2 is 73% of Ti. Thus, T]_"‘Tg is 279 or Tl‘

Comparing the first and second drives it will
be noted that the belt in the second case will trans—
mit only 50% of the cower which the first belt will
transmit,

CENTRIFUGAL FORCE

Centrifugal forece is produced when = belt
travels around a pulley a&nd has the effect of reducing
the amount of belt tension available for transmitting
power. Thus Ty, which has been taken as the permissible
tension, is partislly rendered useless due to centrifugal

tension (Tc) and equation (4) becomes:
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1l
Effective tension = E = (T-T.) (1 - e ) (5)
2
2
Centrifugal tension T¢ 1s obtained from the ecuation:
v s®
T — (8)
.- 3800 g

vhere, w 1is welght of belt per linesl f{oot
8 1s speed of belt in feet per minute
g 1is 32.2

To observe the effect of equation (8), take the
exanple of a five inch wide four ply belt of £8 ounce
duck which weighs8 .50 pourds per foot, the following
calculated figures are given when the belt is running at
various speeds:

Speed (feet per minute) 2000 3000 4000 5000 6000 7000
T. in pounds 17 38 69 108 1568 218

It is to be noted that with 2 speed of 2000
feet per minute that the centrifugal force effect is
seall, but for high speeds this factor must bde given due
consideration to avoid overtightening & belt.

ARC OF CONTACT CALCULATION

On the following page is shown a2 sketch on
which 1s based the arec of contact calculations.



For all practical purnroses of belt acplicstion a
simple formuls can be developed from the above sketch to
caleulate the unrc of contact. Assuming thet an angle in
radisng 15 equul to its sine, we have:

D-d
ive of Contact g 180 ~ 57,3 ( -y ) {in degrees)

There 57.8 is the factor for converting radians to dezress.
SIONS IR DOCES FOR TRARSUISCION DELTS

The per:issible tensioms in transuission belt ducks
glven below show the tensions which muat be used for varlious
weights of ducks when calculating belt horsepower etrength,

Duel: =eight Fuximum tight side tension
28 ounce 20 pounds per inch width rer ply
22 ounce 24 L] n L " " w

35 ounce ;g ® 5 = ¥ ® 9



APPLICATION OF THEORY TO TRARCMISSION RELTS

The foregoing theory development has been given
as a prelude to its practical epplication.

Let us determine the maximum perzissible horse-
power rating of a one inch width of a four ply belt made
of 28 ounce duck with a2 speed of 5000 fent per minute,
arc of contact 180 degrees and coefficient of friction
«25,

Applying formula (5) to formuls(l), we have:

33000 of2
. 5000 x (uzo-al)x .88

5

Table A on the following page is furnished as a
base tadble for the selection of transmission belts, this
table shows the maximum permissible horsepower ratings of
various belt ducks., As in the example shown shove the
are of contact is 180 degrees and the normsl coefficient
of friction of .25 1s taken in calculating the tzble,
Also, the maximum permissible horsepower figure given has
been calculsated to take into azccount the effeect of cen—

trifugal force.



Belt Ply Minimum Pulley HAXINDY PERYISFTIBLE HORSEPOWER

Duck Diameter,Inchas PER INCH OF WIDTH
Bpeed in Feet
per minute
Under £000 Speed in feet per minute

2000 ¢to Over
4000 4000 1000 2000 2000 4000 5000 6000

28 3 & B & 1.0 2.0 2.8 35 3.8 ==
ounce 4 e 7 1.3 2.7 3.7 4.8 5,0 ==
5 7 a8 10 1a7 Jad 4.7 5.7 6.3 o=
8 10 i2 16 2,0 4.0 8,6 7,0 7.8 ==
32 3 5 € le2 2.3 3.3 4.1 4.7 5.0
ounce 4 e 10 1.6 3.0 4.4 5.5 6.8 6.7
S 8 10 12 2.0 3.8 B.d 6,9 7.9 8.4
1] 10 12 16 2ed d.5 6,5 8,3 9.4 10,1
7 14 1€ 20 2e8 543 T8 9.7 11,0 11,8
8 18 20 24 32 6.0 8.7 11,0 12,8 13.5
9 22 24 30 3.6 6.8 0.8 12,5 14.1 15,1
10 30 36 42 4.0 7.5 10,8 13.8 15.7 16.8
36 3 3 ¢ 5 1.2 £.4 3.5 4.3 4.9 E.3
ounce 4 8 2 1e7 Tu2 4.7 5.8 6,8 7.2
5 7 8 10 2.1 4.1 5.9 7.5 8.4 9,0
e 10 i2 14 ReT 5.2 Tu5 9.4 10.8 11.4
T 14 16 18 3.1 6.0 8,7 10,7 12.7 15,8
8 18 20 2 3.5 6.9 10,0 12.4 14.1 15.8
9 28 24 28 4.0 7.7 11,2 14.0 15.9 17.1
10 28 30 38 4,4 8.6 12.4 15,5 17.7 19.0

12 36 42 48 5.8 10.3 15.0 16,8 21,2 22,8
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Since the horsepower value of 2 belt is not con-
stent as 1its src of contact iz changed, Table B is furnished
as & supplement to be used with Table A. The horsepower
value obtained from Table A must be multiplied by one of
these factors in Table B when the arc of contact 1s changed
from 180 degrees.

TABLE B.

Arc of Contact Factor Arc of Contact Factor
120 degrees 74 180 degrees 1.00
130 » 79 180 » 1.08
140 L 83 200 o 1.07
150 " «58 210 » 1,11
180 . <92 220 » l.14¢
170 . «98

Tables A and B are based uvon a coefficient of
friction of 0.25. If the coefficient of frietion is
lowered or increased, the maximum permissible horse-
power 1s varied a2ccordingly, and the horsepower value from
Table A must be multiplied by & factor obtained from Table

C.
TABLE C.

Arec of Contact Coef. of Friction Arc of Contact Coef, of
0,15 Fric. .35

120 degrees «50 120 degrees «96
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Table C continued :

130 degrees «53 130 degrees 1,00
140 » «57 140 " 1.04
150 . .80 150 » 1.09
180 » .84 160 . 1.13
170 " .68 170 ¢ 1.18
180 . « 71 180 1l.22
180 » 73 190 » 1.27
200 " 75 200 " 1.31
210 » .78 210 ¢ 1.34
£20 » .81 220 ¥ 1.37

TRANSMISEION BELTING DATA APPLICATION

Let us consider and solve the belting problem
of a line shaft pulley of 368 inch diameter with an 8 inch
face and a speed of 1850 revolutions per minute. Take 22
horsepower as the estimated maximum peak load and the small
pulley with an 8 inch diameter and 6 inch face, and with
the center to center pulley distance of 13 feet 7 inches.

With & 68 inch face on the small pulley a 5 inch
belt should be used.

22 divided by 5 means 4.4 horsepower required
per inch of belt width.

3450 feet per minute is the approximate calcu—
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leted speed.

Table A shows that a belt speed of 3500 feet per
minute for a belt of four ply construction has 2 permissi-
ble horsepower rating of 5.1. There is no need to correct
for crror caused in using 3500 in place of 2450 feet per

ninute.

Eince Table A is based on an erc of contact of
180 degrees, 5.1 horsepower is too high a rating because
by applying the arc of contact formula, it i1s found in the
present case that the arc of contact is 170 degrees. From
Table B, the factor for 170 degrees is .96, 5.1 horse-
power times .96 is 4.9.

With a greatest applicable belt width of 5 inches,
the horsepower rating of the belt would be 4.9 times §

or B4.5 horsepower,

This horsepower value is entirely satisfactory

for a maximum peak load of 22 horsenower.

PULLEY BIZES

Table A has incorporated in it the minimum
pulley sizes which should be used for that particular
belt. The flexing life of a belt is materially reduced
if the pulley size is too small in relastion to the
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thickness of 2 belt. 0On any pulley 2 belt will conform
to the surface of the pulley. ¥W¥ith the recoumended
pulley =izes the stresses and strains sre taken care of
in the belt's comstruction to give z belt of good flex—
ing life, however, when the pulley 2ize 1s too small,
abnormel stresses and stroins are internelly created
in the belt which have the direct effect of deteriorat-
ing the life of the rubber compound which is in the
duck and between the plies of duck, The eventusl result
is ply separation and thus the flexing life of the belt
is reduced.

FULLEY FACES

Yhen a belt is applied to pulleys and shafts
which are in perfect alignment, the belt will function
properly to produce a true running belt. The belt of
course must be squarely Joined at the ends with fastemn-
ers or the splice in the belt must be perfect to uni-
formly distribute the stresses in the belt, The best
practice 19 to use a belt which is one inch narrower
than the pulley fsce for belts up to six inches wide,
for belts of greater width the belt should be two 1lnches
narrower than the pulley.
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CONVEYOR BELTE

Conveyor belts during the 1last thirty years
have performed an important pert in modernizing present
day processes and production methods. There are many
plants which use conveyor belts for either raw or fin-
ished products. We are all familiar with the fact that
conveyor belts greatly lessen handling costs for many
varied industries, in the mining industry, heavy sharp
ores are economically conveyed, DBetter knowledge of
application, better design and better materizls in belts
have been partly res;onsible for the incressed useful-

ness of conveyor belts.

Conveyor belt application may be classified:
) Bulk material handling
24 Package handling
Se Progressive assesbly and inspection operations
Bulk materials as ores are particularly adapted
for handling by troughed belts, where idlers like the
three pulley type with the two outside idler rolls in-
clined townrds the center, cause the belt %o form a
trough. Spilling is reduced to a minimum =nd a larger
volume of materlal is conveyed than with flazt belts,

Package handling, sssembly and inspection work
ere better handled with flat belts. The mechanical equip-
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ment for flnt belts 4is lower in cost but adeguate. Flat
belts hnave only 50 percent of the capacity of troughed
belts for bulk materials,

A truer picture of conveyor belts will be ob-
tained if we study them from the viewpoint of bulk moter—
ial handling where the belt i: troughed and not carrying
the load with a belt entirely in the horizontal plane as
is the case with package conveyors. £ troughed belt has
a number of plies of duck to meet three requirements:

Body
Tensile strength

The number of duck plies in the body or carcass
aust be of the correct number in order that the belt be
stiff enough to carry the load and not crease longl-
tudinally in the bend of the trough &nd not develop edge

weakness.

The flexibility of a belt for troughing does
not permit the use of an excessive number of duek plies,
It must conform to the carriers by its own welght to se-
cure the guiding action of the center horizontal idler

rollere.

Running a thick belt, which does not have the
flexibility of s thinner belt, over a small pulley plsaces
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a severe straln on the friction rubber between the plies
28 well as the outer plies themselves. The general
practice 1s to allow 4 inches of drive pulley diameter
ver ply of duck.

daximum and Minimum Number of Plies for a conveyor belt.

Belt Maximum Minimum Belt Haximum ¥intmum
¥idth, Plies Plies ¥idth, Plies Plies

Inches Inches

lo% 4 3 28" 8 5
1em 4 3 30% 8 5
14" 4 3 3en 8 8
1e¥ 5 z 34" 9 8
18" 5 3 zan 9 8
20" 8 3 429 10 8
gev 8 4 48" 11 8
P4" 7 4 54" 12 7
ogn 7 5 eo" 13 7

The tensile strength of the duck plies 1is
directly related to a2 safe working stress for the duck
in relation to the horsepowver regquired to operste & delt.
These factors are later discusced individually.

The capacity of troughed belts iz estimsted
wvhen the weight of materisl delivered at peak load 1is
unknown. Xnowing that & simple formula will not hold
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true for all widths of belts 2ince on wide belts materiel
can be placed relatively closer to the edges than on
narrow belts, it is nevertheless interesting to cite the
basic area formula,



Tho crose-sectionsl :ros of uverage peak lozd
ia econsidered egual to gquadrangle iBCD. AC 18 & of the
beltts width and BD .2 of the belt's width, The zrea is
thus equal to one~hall of .8 wldth x .7 width or .08
width squarede With the cross-sectlopal urec nown, the
weight of the m terizl ond belt speod, the o:pacity can
be ¢alculeted,

On the folilowing jpugs 12 & t:oble showing the
propor belt width snd speed for a definite capacity for
troughed belts, included are the cslculatioms for
naterlals of warlous weights per cubie foot. The woxi-
ron Twap size 19 alsc suown foy different bell widths,



Carrying Capacity of Troughed Belts

Width Tons (2000 1b.)of Mmteriasl per Hr. Yaximum size

of at 100 F. P. Y. Belt Epeed of

Belt _ Haterial in

in Weight of Material in 1bs. per Cu.ft. inches

Inches ¥ixed Uniform

with in

50 75 100 128 150 Finegs ©Size

192 12 18 24 30 28 2 13

14 17 28 54 42 51 S 2

18 PO 33 44 55 66 4 23

18 28 42 56 70 84 b 3

20 24 51 6: 85 102 8 33

24 50 7% 100 125 150 8 4%

30 70 118 158 198 227 12 3]

36 114 171 288 285 342 15 8

42 162 243 324 405 486 18 10

48 215 22 420 538 645 22 1

54 270 405 540 875 810 25 13

80 245 517 @90 862 1035 £8 15

The tonnage capacity of a belt is in proportion
to its speed, 1f it is desired to calculate the tonnage
capacity of a belt which 1s not opersting 2t a2 speed of
100 feet per minute, its tonnage capacity will be found
by taking its speed in relation to 100 and multiplying by
a tonnage value in the above table. There are free flow-

ing materials, for example grain, which give & belt 1§
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percent lower carrying capacity when they are conveyed in
troughed bdelts,

POWER TO DRIVE A CONVEYOR BEL?T

The power to drive a belt must be known to select
the proper belt on an installation. Vhen the actual horse-
power consumed is available this informetion should be
utiiized in preference to estimeting the horsepower.
Estimating cannot properly take into consideration operating
factors as equipment condition, lubrication, starting
strains and over or underloading. On new installations
the supplier of the conveyor eguipment should furnish the
horsepower required for his equipment,

The total or running horsepower used in a con-
veyor belt unit is dependent on:

A, The power required when the conveyor is running
enpty.
B. The additionzl power required to con the load

on the level for 2 distance equal to the center
to center distance.

Ce The power demanded to elevate the load or in the
case of some conveyors the power generated in
lowering the load.

TORSEPOWER = 4 4 B <+ C

¥ x F x 6§ x L
‘I 55.000

where:
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M = Welght of idlers and belt per foot of conveyor,
see toble M,

F = Priction factor, which varies according to
eguipment and is approximately:

«05 for ordinary bearings
.03 for antifriction idlers
Belt speed in feet per minute

)}
1

L = Length of conveyor in feet

E = T x F x L (Power to convey on level)
990
where: T < Tons per hour at peak capacity.

2000T = Pounds material per hour,
608 = PFeet of belt travel per hour,
2000T + 608 = Pounds material on each foot of the belt.

F x 2000T/608 x L = Fpiction force in pounds to convey
material on the level.

2000T x FxLx& = T x F x L =
608 x 33000 290

Horsepower to convey material on level.

C = Power required to raise or lower load

= H X f or .001 H T
990
vhere: H <= [Net change of elevation in feet.

2000T+60 Pounds material handled per minute as above.

Rate of work in foot pounds per minute in
raising or lowering the load.
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Thus: 2000 T H = T H
60 x 33000 990

TABLE M

The value of "¥" used in formula i on prge 38
is obtained by taking the nmversge carrier spacings on hoth
the carrying and return sides of the belt to obtain an
average weight per foot of the center to centor dist-nse
to which 1s added the weight of two feet of belting
2ecording to 1ts width; the following table rerresents

good average values,

Table ¥ for Values of ™u¥

Belt Belt Belt

Width N Wdith M Width M
12 15 20 21 42 49
14 16 24 25 48 59
16 17.5 30 32 54 69
18 19 38 40 60 81

Formulss A and B can be replaced by s formu-
la which has proved its merits in keeping with sverzge
practice for the ususl types and normasl ranges of installa-
tions, This formmla is worthy of consideration since

conveyor equipment is not standardized by manufacturers,
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differences in design, weight and spacings of equipment
will cause any calculated horsepower value to be an estima-

tion.

A 4 B may be termed level horsepower, and let
Level Horsepower = "N® percent times Tons per hour for
each 100 feet between nulley centers.
The value of "N" will change in relation
arproximately to the weight of the moterial being conveyed,
values are given for *N" in the following table.

Level Horsepower Factor "N" Table N.
Belt Material Weighing Material Weighing
Width in
Inches 50 lbs. per cu. ft. 100 1bs. per cu, ft.
Anti- Plain Anti- Plain
friction  Tbearing friction bearing
idlers idlers idlers idlers
Under 20 1.20% 2.40% .980% 2.00%
20-24 1.00% 2.00% .75% 1,50%
30-36 .80% 1.60% .80% 1.20%
42 and over .65¢% 1.30% .50% 1.00%

Thus & simplification of the running horse-—
power formula can be utilized and is:
RUNNING HORSEPOWER = ®N® x Tons per hour % formula C.

The estimcted horsepower derived from the
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the equation on page 41 1s that required at the drive
~ulley to pull the belt. The horsepover at the motor
must necessarily be 5-15 percent higher due to the power
losses in the head shaft and the driving mechanism,

The factor "N" values referred to in the
table are those used by the United Etates Rubber Company
in their technical department and are considered relisbie
to produce an easzy solution to conveyor belting problems
without solving A and B formulns separately.

TENEIONS

The ef ective pull in a belt is the horse-
power delivered to the belt times 33000 divided dy the
speed in feet per minute. The effective pull is known as

the "HORSE POWER TENSIONTW,
HORSEPOWER TEYSION = Horsevower x 88000

Speed in feet per minute.

A belt when running has a definite tension
on the slack side to keep the belt from slipping, this is
known as the *Slack Tension"., Its percentage to the
"Horsepower Tension®™ veries vith the type of drive. The
®8lack Tension®™ is found by multiplying the ®lorsepower

Tension® by a factor ®Z%,
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Values of the Drive Factor "0

Are of Contret Serew Tak%e-up Counter ¥eight Take-up
Bare Lagged Bare Lagged

Averzge °

For 180 1.00 34 .84 « 52

Single B

D!".l"res 210 081 «87 « 00 =40
£400° - B8 +« 5B +40 « 28
270° 5% .45 .39 .25
300° .46 37 .26 «20
320° a9 21 .22 .16
360° .24 .26 .18 .13

Average

for

Tanden 420° .25 .19 .13 08

Drives
‘soo - 22 - 16 - n L 0’?
480° 19 .14 .09 .08

These values of "2Z% are obtained by using form-
ula 3 page 22,

TENSION DUE TO WEIGHT OF BELT ON SLOPE

With all inclined conveyors the weight of the
belt on the slope causes tension at the top of the slope
which may be expres-ed a2s follows:

BEi = pounds tension due to weight of belt on
slope.

Where B = ygweight of belt in pounds per foot.

H = net change in elevation in feet.
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The effect of the belt slope tension on the

maximum tension may be neglected for head end drive con-

veyors which rise not over 100 feet, tail end drive con-

veyors which rise not over 25 feet and lowering conveyors

vhich drop not over 25 feet.
will suffice for most problems:

The following approximate table

Percentnge to add to "Total Tension™ for belt slope

tension.

Rise "H®
1-24
25-49
50-74
75-99
100-124
125-149
150-174
175-200

TABLE R

in feet With Drive at Head End

0
0
0
0
5
8

12
15

Drive at Tail End

0

5
10
15
20
28
&0
a8

4+The "Total Tension" is the sum of the "H.P.

Tension®" and the"slack tension®™ and gives the total ten—

sion put into the belt at the drive pulley.

This is the

maximum tension to be used against the safe working $ension.
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If table R must be used to secure the maximum tension, the
tension obteined by using this table must be added to the

®total tension®.

DUCK PLIES EEQUIRED

After the maximum operating tension in a bdelt is
determined, the next consideration is the number of plies
of duck required. The proper duck to use hss been dis—
cussed under belt ducks.

The number of plies required for withstanding the

required tension is determined as follows:

—aximum tension in ocounds
Numbe~ of plies » ¥, P, T, x Width of belt in inches.

where-~ M. P, T = Maximum permissible tension expressed as
pounds per ply inch.

The meximum permissible tension in ducks follows:
24 pounds per ply inch for 28 ounce duck
27 L] L LB | " x2 n "
30 v " w " ® 35 M "

These values are capsble of withstanding tempo-
rary excess strains due to starting under load if the rate
of acceleration is not too rapid.
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APPLICATION OF PRECEDING CONVEYOR BELT DATA

Take for example a conveyor required to handle
run of mine bituminous coal, which weighs 50 pounds per
cubic foot; BOO tons per hour required; speed 300 feet per
minute; center to center distance 450 feet; height of rise
or 1ift 100 feet; anti-friction idlers; tandem drive with
lagged pulleys; 420° arc of contact, located on return

slde near head end.

Determine: width of belt, approximate horse-
power required to drive the belt and number of duck plies
required in the belt.

From table H — Tons per hour for a2 54" belt with material
weighing 50 pounds per cubic foot = 270 x 300/100= Tons
Now to estimszte the horsepower required to drive a 54" belt
which when operated at capacity handles 810 tons per hour:
Horsepower = 810 x .0085 x 450/100 + 810 x .001 x 100

= 105 Horsepower
Horsepower tension = 105 x 33000/300 = 11550 pounds
8lack tension = 11550 x .09 = 1039 "

Total Tension 12589 "

Maximum Tension = 12589 4 5% (from table R) = 13119
pounds

Duck plies, 32 ounce duck 54 inches has a permissible usable
strength of 54 x 27 pounds or 1458 pounds per ply thickness.
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1589 & 1458 = 9.

In this example, the width of the belt required
is 54 inches, the belt to be constructed of 9 plies of
32 ounce duck =nd 105 horsepovwer !s to be delivered to
the drive pulley.

Factors previously considered have related to
horsepower tensions and the strength demanded in a belt
under belt operating conditions, Table "Y" that follows
is a correlation to show the rubber cover and duck guality
required for ordinary materials and under three classes of
operating conditions. The grade of rubber used for both
the friction and covers should be balanced in quality with
the grade of duck used to meet service conditions. Normal
service conditions do not justify the cost increase in-
curred when a 35 ounce duck 1s used in conjunction with a
third grade belt cover and a low priced friction rubber,
neither should & 28 ounce dnck be used in conjunetion with
the best rubber cover and friction obtainable.

Class A represents u favorable average of operating
conditions and indicates a well-operzted installation of
best design with no unfsvorable conditions,

Class B represents thzat which is considered aver-

age common practice.
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Cluss C reoresents all herd and severe service,

faulty conveyor design, or destructive sorvice conditions.

HUPTDO

moa=ra

Qe oE>= OueE ags

TABLE Y

Various Materials £cold) with Top Cover Thickness

Shown in Fractions of an Inch

Light or [ine Heavy Heavy Sharp Lumps
Fine and Crushed
¥oderately Abrasive or
Abrasive Moder=ztely
Heavy
Lumps
3" size Run Under 3"-8" Ovar
and of 3 an
Onder ¥ine
aw
Lump
p* B* rt ¢ xt v oxr
—_— 1/18 -—  1/8 1/8 z/16 /16
— 3/82 -—-- B3/16¢ 3/16 /16 1/4
—-— 1/8 -- 3/18 3/16 1/4 3/3

—— 1/18 /8 1/8 1/8 z/186 Z/16
—— 1/8 16 16 5/18
- e 5 VB WS UL W
1/18 e /8  3/18
— 1 1
e — e 1 |
1/16 —— 1/8 -}
—— 3/186
%ﬁés — 3516

Dueck
To Use

35 oz.
for
heavy
lumps,
other-
wise
32 0ze

a2

or
28 0%.

28 0z,

Dy materials are represented by wood chips, fine coal, cement,

pulp, sodz ash, grain and dbagged materlials,

E* moterisls are represented by sharp ssnd, clinker, sugar,
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fine coke, fine slag, selt ond sinter.
¥ matericls sre represented by conerete, crushed stone,
soft ores, sand and gravel,
G materials are represented by soft coal and ores and
coXe,
H', J* and X' materials are represented by hurd ores,

stone, hard coal, slate and slag,

IRCLINATION ANGLE FOR CONVEYOR BELTS

There is always s maximum angle of inclination
to consider when constructing a belt conveyor systeu.
Materials will slide down e belt if it is too steep.
There is also the tendency for materials to roll dback on
themselves and to bounce. The rolling back action
causes screened and lump materials to be conveyed at
lesser angles than the sliding tendency would reguire.
It 1= an expensive rebuilding operation to change &
conveyor belt system if it has been constructed with the
inclination angle too great. The maximum inclination
angle for various materials follows:

Wood chips and light, flat materials £7 degrees
Damp sand 24 .
Damp earth and damp slack coal 22 L
Crushed cosl, unscreened sand and gravel 20 "

Crushed rock, coke, run-of-mine coal 18 »
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Szall screened Anthracite coal 17 degrees
Dry sand 15 "
Round objects as pebbles 10-14 n

HOT MATERIAL HANDLING

The handling of hot mzterials on a rubber belt
is a special service which I find interesting. It has been
eight years since I mede the first successful hot materials
belt for a large company which sold it for handling hot
silica. Fot fine material as cement, salt, sand and fullers
earth can be successfully handled when the proper rubber
compounds are used in making a belt. Hot lump materisls as
rock, clinker, sinter and coke have been successfuily con-
veyed. Hot materials are generally classed as thoes> having
a temperature of 150-200°F, Above 200°F., hot material has
the effect of reducing the 1life of a dbelt. Lump material
ebove 200°F. can be successfully handled provided a heavy
rubber cover is used, Large hot lumps touch a belt in spots
and may scorch the belt at these contact spots without seri-
ous detrimental effect. Air pockets between the lump and
the belt serve to retard heat transfer. DBelt duck begins
to char at about 300°F., Factors effecting handling of hot
materials are belt speed and length, and also the manner
in which a2 belt is loaded. Belt speed and length deter-
mines the time of contact with the belt's surface. If a



- 5l -
material is st an excessive temperature, the hot material
may be loaded in the center of the belt., Thus the unhard-
ened edges of the belt serve to keep strength in the side
portions of the belt and take up the strains created by
the load in the center of the belt.
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