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1.0 INTRODUCTION

In principle, the belt drive is one of the simplest transéission
systems. Usually, it is also the least expensive, lightest and
quietest. and typically unaffected by most common solvents and
corrosive influences. Power transmission belts are basically
divided into three clear types: Modern slat Belts (MFB), V-=belts
and Timing Belts. Rectanguldr and round belts play only a minor
role. While, the first two transmit power solely by the fric-
tional grip between the belt and the pulley and are, therefore,
often referred to as ' genuine' belts- Timing belts transmit
power in a form-locking way and are, therefore, hybrid between a
chain and a belt.

4

1.1 CRITERIA FOR BELT SELECTION

Belt drives offer numerous advantages over other options : they
qffer good value for money, require no lubrication and little
expense for maintenance, can be used on large transmission ratios
and long centre distances, have favourable eléstic(dampening)
quality, low running noise lavels and low weight, Inspite of these
advantages, belt drives are all too rareiy used. One reason for
this may be the mostly unfounded bias of many users against fric-
tion drives. The main reason, however, is without doubt their
ignorance of the particular suitability of different belt types
for the various applications. As ever, there are no slick or clear
cut answers. And, before specifying a drive belt, there are always
neﬁ products to consider, numerous technical claims and counter
claims to investigate and fresh financial incentives to explore.
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1.2 THEORETICAL CONSIDERATIONS
1.2.1 Bytelwein Grashoff Equation

The transmission of power by a friction belt drive is defined by

the Zytelwein-Grashoff Equation. (Sece Figure—l). This equation shows
that the frictional force is related to the, coefficient of fric-
tion and the arc of contact. The above equation is basedon the vali-
dity of the Coulombs Law of Friction and the power ratio (FI/F )

may be applind within the border line before slippage occurs. The
Coulombs Law of Friction states that the coefiicient of friction

is the ratio of the tangential force to the normal reaction and is
independeqt of the area of contact. It is possible to increase the
area of contact and at the same time actually decrease the power
¢apacity. Itmay be pointed out that the coefficient of friction
cannot be used as a sole criterion for evaluating a belt drive,
since it does not remain constant. It is degendent upon the tempera-
ture, surface quality of the pulley, pulley diameter and belt

speed.

MFB develop friction tangentially. However, in V-belts the appro=-
priate position in the groove results in an arc of contact(effec-
tive pitch diameter) which is smaller by 10 to 20 dégrees in com-
parison .to flat belt drives with identical pulleys and centre dis-
tances.

In MFB the coefficient of friction between the friction surface
of chrome leather or ‘elastometer and the pulley rim reaches 0,7 to

. 0«.8. In Vebelts power transmission occurs via the V-belts flanks.

The contact pressure on every flank is'the normal component of
force "Z" which results from the groove angle, B and the traction
force "2" as follows @

1 z
2 ="3SinB/2

Thug, the total frictional force is :

Z.0 7

P = Z.Zl.u P= Sin 2



312

if o= ul_/sm p /2
Then for V-belts the wedge coefficient of friction v occurs which
must always be clearly greater thanlt P Moreover, in order to pre-
vent a braking action(jamming) between the V-belt and the groove, - ' ' e
the flank coefficient of frictionu
(See figure 2).

g Must not ‘exceed ca 0.15

A

1.2.2 The efficient utilization of belt

If one considers the full utilization of the belt as being expressed
by the eguation )

P \ uB

a e 'Fay . ‘
7 = " T with u and B as variables (See figure-3),
The trace of the curve is asymptotic and reaches the value of 1 at *
uB = oo. From the curve, we notice that increasing the coefficient

of friction beyond i = 0.6 leads tO no noticeable improvement in
the belts efficiency. With B = 180° and an increase of M from
0.4 to 0.6 the efficiency improves by 18.6%, but increasing u from
0.6 to 0.8 brings an improvement of only 8.2%. Under the circums~
tances, MFB with covers having coefficient of friction of 0.7 to
0.8 represent the ideal situation.

1.2.3 shaft load as a function of coefficient of friction.

Figure 4 shows how the shaft load £, depends on the coefficient of

g W
friction ( where C = £ 41 ) i.e. F, = C*F, Based on the mean
T .
e -1 ’
coefficient of friction = O.Q, the smallest shaft load developed
will be £, = 1.4 F (B = 180%)

F,= 1.8 F (B = 120°)

The figures quoted above to the fact that under the same operat- .
ing conditions the shaft load with MFB is usuaily lower but never

higher than that caused by V-belts, These findings have also been - s
confirmed by many practical tests and measurements. The claim made
by V-belt manufacturers that " In comparison to flat belt drives, 9
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the relation between the effective pull 7 and the corresponding
shaft load Fw is more f4vourable in V-belts because of the wedge
effect", is therefore untrue.

1.3 BELT CONSTRUCTION AND MATERIALS

In principle the construction of MFBs, V-belts and even Timing belts
is the sames: Tension strands which serve to absorb the tractional
forces operating in the belt are cover=d with an elastomer, The pur-

" pose of this elastometer is to hold the tension strands together:

with M7Bs and V-belts it serves a second function as the friction
surface for pdwer‘transmission: and for Timing belts it serves also
as the material for thebelt cogs which give rise to the form-lock.
Both rubber elastomers and polyurethanes are used here. Special
preparation of the tension member is required to ensure satisfac-
tory bonding between the elastometer and the tension member.

Polyester cord, polyamide cord or polyamide sheeting are the ma-
terials used for the tension members of flat belts while for V-belts
the main material is polyester cord. Sometimes rayon cord is used
and more recently Kevlar. With Timing belts steel or fibre glass
strands or Kevlar strands are used. The difference between the ten-
sion member material for M7Bs and Vebelts on the one hand and Timing
belts on the other is determined by the differing elongation pro-
perties of the belt types. Belts which transmit power by means of
friction grip require - as alresady shown - a certain amount of
creep which produces a shearing force in the tension member. If

the tension member cannot be elongated, the elastomer and tension
member separate. With Timing belts on the other hand, these shear-
ing forces are prevented from developing by the zffect of the form-
lock action. In this case, elongation is neither necessary nor
desirable, for which reason materials with a high elasticity modu-

le are used as tension members.
1.4 BEZLT STRESS

MFBs develop frictional forces tangentially. In Vv-belts, the trac-
tional forces in the flanks result in additional lateral forces.
Therefore, V-belts must be stiff laterally while being Zflexible
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longitudinally. The compression, elongation and flexing of the

belts over the pulleys reSults in heat generation. This depends .
on the power transmitted, bending frequency and radius and largely e
upon the thickness or height of the belt. Consequently, under the
same conditions V-belts, with their larger cross-section and in-
flexibility will heat much more than MFBs or Timing belts. In v
addition, frictional heat must be added coming from the flanks

due to the wedge effect. As rubber is a fairly bad conductor of

heat, this causes the rubber to harden and become brittle with

marked drop in its frictionmal grip and ultimately results in V-belts

failure due to 'HEAT DEATH®,

Belt wear depends to a great degree on the pulley material. Cast
iron is primarily used because of its wear resistance since with
too soft a pulley material fine, abraded particles settle on the

belt surface, with the result that the combination is no longer belt .

material/metal but rather belt material + metal/metal. Warnings

against the use of aluminlum pulleys are often given but the important : ~
factor is not the material but its hardness. If its Brinall hardness
is equal to that of cast iron then it is generally suitable for use
as pulley material. There are also aluminium alloys which meet these
requirements and, which can be successfully used. Caution is, however,
often advisable with synthetic pulleys,especially for MFBs and V-
belts. As a general rule synthetic materials are poor heat conductors
which,'if they are used, means that one important method for heat
dissipation is-no longer possible. ‘

2.0 MODERN FLAT BELTS ('MFBs)
2.1 DESIGN FEATURES

MFBs combine the outstanding properties of man-made and natural
materials - nylon ( super polyamide) and -chrome leather or elasto-
mer. The nylon tension member of extraordinary tensile strength
and very high medulus of elasticity is particularly valuable for
its ability to transmit very high loads without stretching and the
chrome leather for its high coefficient of friction -~ even when e
oily and for its resistance to abrasion. The elastomer driving sur=- ‘

®,
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and high speed tamgential belts in textile industry. {See figure 5).
These belts can be cut to the required length and width from the
parent roll. The two belt ends are then joined in a reliabls, end-
less splice in a heated press.

2.2 PERFORMANCE AND ADVANTAGES OF MODERN FLAT BELTS

MFB drives are of a simple and inexpensive . design. Several) shafts
may be driven in opposite or same directions; at one and the same
time, IFBs are noticeable for their favourable elastic(dampening)
quality, their low running noise lavels, their very high belt speeds
up to 100 m/s, their highly precise and uniform runhing perfosmance
and their high degree of transmission efficiency (98-93%). Up to

60 Xw/cm belt width can be transmitted.

As a rule of thumb it can be said that above a belt speed of ca.l0
m/s, MFBs are equivalent to V=belts and that above 30 m/é. they are
superior. However, above 40 m/s, they are a class of their own. By
contrast with V-belts they can tolesrate high bending frequencies and
very high load fluctuations. They permit considerably smaller pulley
diameters and in addition to this, allow contra~-rotating pulleys to
be driven without any problems. Their heat build-up is muach less
and thereforebtheir service ;ife is longer. Compared with Timing
belt drives, they are characterised by their ability to bridge
large centre distances and, because of their elastic properties,

by very uniform transmission of rotary motion which is put to good
use, for example, in machine tools, calenders etc, They are exce~
llently suited for multi-position drives, e.g. as tangential belts
bn textile machines. The production costs of belts capable of
transmitting the same power are approximately equal to MFBs and V-
belts if only the belt itself is taken into account. Thanks to
their simple shape, however, MFB pulleys are considerably cheaper
to manufacture than V-belt or Timing belt pulleys, so that of the
three belt types the cost of the total drive pacKage is cheapest
with MFBs., The required tensioning for MiBs(1,5«2.5 times the eff-
ective pull) and for V-belts (1.3-2 times) is about equal (see
figure 4). With Timing belts, of course, it is much lower.
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2.3 ENZRGY SAVTNARS WITH RODRRN FLAT BZLTS

Over the years, numerous technical claims and counter-clains have
been made by various belt manufacturers over the relative merits

. of one type of belt over another. Such debates have taken an added

dimension after the ensrgy crises, esvecially in the cause of
energy savings. The argumehts presented by the MFB manufacturers
are not based on theoretical assumptions but on carefully logged
data; obtained from real life field studies.

Scientific tests conducted by Bombay Taxtiles Research Association,

safatlal Zngineering Industries Ltd., 2igi Equiphants Ltd. have

shown impressive energy savings of 8 to 124 when V-belts were re-
placed by modern NTB ZIXTREIULTUS flat oriented belts.,

In figure 6, the relative efficiencies of the MFB and V-belt drives
are plotted against input power as based on actual reported cases,
The averace power transmission efficiency of the M7B is 98% as
comparsd to 864 for V-belt drives.

2.4 FIELD STUDIES OF MFB APPLICATIONS

2.4.1 B3TRA( 3ombay Textile Research Association) and the R & D
Centre of Mafatlal Engineering Industries Ltd., conducted
energy tests on 20 HP main motor drives in textile ring
spinning'frames. BTRA obtained power savings of 84 while
MEI R & D Centre obtained savings of 12%. These tests were
conducted with cnergy meters and the results were presented
at the 24th Joint Technolcgical Conference in Coimbatore
by br. Balasubramaniam of BTRA.

2.4.2 Aanother study was conductad at New Haven Industries, Bombay
manufacturers of Steel Ralls used in bearings and bicycle
wheels., Tests were conducted with different size balls on
their 50 HP 3all Grinding Machines. Savings were establish-
ed by using snecgy metres. Savings of 10~-154% were obtained
with the various sizes of steel balls from 5 mm to 20 mm
when all other parameters were kept constant.
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2.4.3'inndustan Lever, Bombay, have conducted energy tests on
seVeral refrigeration and air compressors ranging from
25 HP to 125 HP., Under identical conditions of output
(pressure and volume flow-rate) and temperatures,energy
savings of 8-104 were obtained. '

2.4.4 At Ballarpur Paper »lls, tests were conducted on vacuum
pumps and Blowers. Average savings of 12}% in the case of
Blowers and 8/4 in the case of vacuum pumps were observed.

2.4.5 Standard Alkaliss & Chemicals, Madras, have conducted tests
on compressor and blower drives and observed savings of 6
to 10%, Thése savings were presented by Mr. M.M. Bhandari,
Chief Zngineer, at a recent Energy Conference in Mdras.

2.4.6 Elgi Equipments, Coimbatore, tested these M<Bs on their 10
K4 Portable Compressors. During a 400 hour test they obtain-
ed impressive 7 to 84 power savings over V-belt. They have
also reported negligible elongation of these NFfBs.

In all these cases the pay-back period was less than 150
days even after including the additional cost of new flat belt
pulleys,

3.0 REASONS -?OR POWER SAVINGS

3.1 MFBs are much more flexible and substantially lighter than
the comparable V=belt needed for the drive. Thick rigid sections
of V-balts absorb a gr=at deal of useful power and add to running
costs. These power losses are typically dissipated in the form of
heat, which in turn has a deleterious effect on the belt life. The
explanation for the greater efficiency of MFBs over V-belts lies
in the method of achieving pulley grip. The wedging action of
V=belts involves an irreversible’enargy loss, askeach belt is
continuously wedged into the pulley groove and pulled out again.
(see Figure 7). This loss is aggravated by misalignment and un-
matched V=belts in a set. Eurtheruloss of enargy occurs in the
flexing of solid rubber and in the shuffling of power between
V=belts in a set. Force is required to bend the belt over the
pulleys. M#Bs being much more flexible than the V-belts regquire
less energy for this travel around the pulleys and thus overall
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energy savings occur,

3.2 Aanother favourable factor for M™Rs is the ligher weight of
the belt. Lightness helps to combat the arch enemy of all belt
drives, centrifugal force. Theoretically, the power transmitted
by any width of belt increases in direct proportion with its
speed. In practice, this does not happen because centrifugal force
increases in proportion with the belt's weight and the square of
its speed. Thus, it is possible to reach the situatich where all
the belt's strength is required to counteract centrifugal force
and very little is laft to transmit power, Typically, Miis are
one-third the weight of comparable V-belts. EZnergy reguired to move
a heavier cross=section to a given distance is greater than that
required for modern lighter weight flat belts, thus contributing
to further energy savings for MfBs.

3.3 Another disadvantage with the V-belt drive system is the
irregular wear of pulley grooves which causes a set of V-balts to
run on different pitch circle diameters. This is shown by a straight
chalk line drawn across the V-belt set which disintegrates imme-
diately when the drive is again started, thus proving the unbalanced
loads taken by individual V-belts,

3.4 In V=-belts misalignment is quite often ignored since the
affects of misalignment are not very visibla, Inlpwas, when pulleys
are misaligned, the belts tend to run towards one odge of the
pulley. also, PMi'Bs act like a fuse, under extreme overloads the
MMBs will tend to run-off the pulley face preventing costly damage
to the equlpment. ‘

The above are the theoretical and practical reasons why the MFBs
have repeatedly shown 5 to 15% energy savings over V-bezlts on
fractional HP to 2000 HP drives.

4,0 OTHSR ADVANTAGES OF MFB OVER V-BRELT

4.1 W.LR NOISE LzVELS

Typically, as speeds increase, so do the noise levels. Chrome lzather

has much better sound absorbing qualities as compared with the
patterned rubber driving surface of a V-belt. Tests run overseas

Y-

Aeg
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show that there is an absolute differcnce of about six decibals
between the chrome leather flat belts versus the V-belts (see
figure 8).

Since MFBs are able to withstand shock loads without permanently
stretching, they do not need to be retensioned or adjusted. In
case of V=-belts, shock loads cause elongation. This in turn causes
the V-belts to start slipping. Belt slippage is one of the major
causes of the noise vollution for drive systems. With the very high
tensile strength and the high modulus of elasticity( which make
[FBs virtually stretchless), 14¥3s do not slip and thus do not con-
tribute to noise pollution.

4.2 FIXsED CENTRES

One of the vital factors in satisfactory belt service is freedom
from frequent adjustment of tension. Since these MfBs do not have
any inelastic(permanent) elongation, no retensioning is required

after the initial installatich. This also allows their use on fixed
centre drivese.

4.3 ACCURATE TENSIONING

In V-belts tensioning is typically done by 'feel'. It is often
too much or too little, resulting in unnacessary loss of energy
due to hicher shaft loads or slippages.

In MFBs the desired contact pressure‘can bz accuratsly mcasured
very simply ( see figure 9).

4.4 READY AVAILABILITY

In India, these MFBs are especially cost effective due to lower
labour costs involved in customs designing and manufacturing of
these belts. Moreover, for high HP drives, delivery of matched
V-belt sets in ‘C', 'D’, '3' sections are typically 2-4 months
whereas these M?Bs- can be delivered in a day if needed. Lastly,
the M:Bs available in India represent the latest technolcgy, while
even the-recently introduced Polyester Cord Neoprone Jacketed
V=belts are obsolete as compared tc the wedge, polysV and banded
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reduced section belts available in developed countries. iven
when compared to these latest wedge belts, the MfBs show im-
pressive savings of 3.5 to 11%4. A recent article presented in
Bngineerings, Materials & Design, U.x., February 83, issue

. YSAVINGS IN BELT DRIVES' discussed several specific exémples and
comes to the same conclusion reached by our studies.

A recent study conducted by 3AlM(Bundesanstalt fur katerialprufung,)
shows the overall efficiency of IXTREIULTUS GT belts at 98.56% as
compared to SP multi-V-belts at 95.8%(see figure 10).

4.5 LOvWZR INITIAL COSTS

A comparison drive costs for V-belts and MFBs is given in figure-11.
Initial capital costs of drives with MBS are typically 204 lower
than the corresponding V-belt drives,

4.6 MAJOR DISIGN ADVANTAGES AND VERSATILITY

Due to the above advantages, in many applications, several machine
designers have been able to use higher belt velocities on short-
centred high ratio drives, allowing the use of high rpm motors and
in many cases designing their system without expensive gear boxes
direct couplings and jack shaft arrangements. This has resulted

in considerable savings in initial capital investment and recurring
-operating costs for =snergy and materials.

5.0 CaSz STUDY
5.1 UTKAL/HAZEMAG CRUSHER DRIVZ

The drive details of the UTXAL/HAZZlMAG Crusher ordered by Indian
Rayons (Rajashree Cement) new cement plant is shown in Table-I.
Indian Rayon wanted ISI section V-belts instead of having to use
imported spscial section V-bzlts on their UTKAL/HAZRMAG Crusher.
The face width regquired with ISI section V-belts was very high;-‘
resuiting in excessive shaft loads and bending stresses, To acco-
mmodate ISI section V-balté, Hazemag would have needed to redesign
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their crusher shaft and other machine detaifé which they were
unwilling to do due to the very high costs involved in such
changes.

5.2 HINDUSTAN DORR=-OLIVER

The drive details of the earlier V-belt drive and MFB recommenda-
tions are shown in Table II. The advantages are :

i) Use of lower cost and higher efficiency 1440 rpm motor.
11) Reduction in centre distance and pulley widths.
iii) Elimination of Jack-shafts and special guide rails for
’ tensioning.
iv) Minimum energy savings of Rs.50,000/- per annum at Rs.0.75/
XWH and 20 hrs/day, 300 days/year running.

v) Lower initial capital investment of Rs.1.25 lakhs.
vi) Recurring savings due to longer life and reduced maintecnance
costs,

6.0 APPLICATIONS
The various applications for MFBs are listed in Table-III.
7.0 MAINTENANCE/ INSTALLATION/OPE 2ATION INSTRUCTION

The instructions for installations, Operating tensions and maine-
tenance - for modern flat belts are.shown inthe attached ANNZXURE I.
'OPERATION MANUAL' Extreme care must be taken to ensure that align-
ment ( checked by rotating the belt by hand and ensuring that it
stays at the centre of the pulley face) and belt tensions are main-
tained as per recommendation.

8.0 CONCLUSION
8.1 SUMMARY Of ADVANTAGES

The outstanding characteristics which make MPBs the most efficient

belt for power transmission are :

a) Elastic power transmission at 98% efficiency. as compared
to 85/88% for V-belts.
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b) Narrower pulley widths of 25/50% less than those required
for V-beits. Jack-shaft arrangem=nts are eliminated in
some drives,

c) Higher belt velocities of 60 mtrs/sec. allow use of stan-
dard rpm motors. . '

4) Modern flat belts do not elongate and thus no shortening
or retensioning is required. Consequently, can be used on
FPixed Centre Drives. '

e) Very high frictional coefficizsnt, narrowar widths, light
weight and high elasticity result in lower shaft/loads
than V-belt drives. v

£) Permanent Antistatic property allow use in explcsion-proof
areas,

842 SUNMMATION

On the basis of theoretical and practical considerations, it is

evident that the MFBs are excellent alternatives to V-belts be-
cause of the technical, design, operational and sconomic advan-
tages. In the_inéerest of energy savings and other advantages, the
+FB manufacturers have been tryingjto'get across to engineers

gnd OEMs that rather than automatically turning to one type of
balt or indeed to one type of drive when selecting means of power
transmission, they should at least consider and £ind out about the
alternatiﬁes; they may be pleasantly surprised by the tremsndous
advantages offered by these MFBs. -

~

The continuous development of these M#8s has placed a neh, simple,
reliable, low cost, versatil=, effective and powerful medium in
the hands of those who are discerning enough to take advantage of
the. increased flexibility in design end the =conomic profits
available with their usage. '
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UTKAL TWO ROTOR COMPOUND (SIMILAR TO HAZEMAG-~GERMANY)
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' Primary -

Secondary
Motor Motor
‘Motor KW 385 485
RPM 1000 1000
Motor Pulley dia 585 mm 585 ‘mm
Motor Pulley width 400 mm 500 mm
Crown Height 1.2 mm 1.2 mm
Motor Pulley dia 1277 mm 1078 mm
Rotor Pulley width 400 mm 500 mm
Crown Height 2 mm © 2 mm
'Centre~ distance (App) 2700 3700
Driving Tension 3.1% 3.1%
Belt type
NTB EXTREMULTUS LT 54 LT 54
size | 8400x350 °  10000x450"
Shaft load static ' 5900 daN 7535 daN
Shaft load dynamic 5500 daN 7050 daN
FENNER 'V' BELTS 15 Nos.'E! 18 Nos.'E' type
: _ Type A
'V'! PULLEY WIDTH 650 mm 800 mm
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TABLE-II

HINDUSTAN DORR=-CLIVER LIMITED, BOMBAY

EXISTED V-BELT DESISN WITH JACK-SHAFT.

MOTOR , : 250 1K¥/960 RPM-210 mm shaft extension B
MOTOR PULLSY : D Sect] On 465 mm PCD, 11 Grooves, Face
v width 420 mm,
PUNMP PULLEY R | D Section 500 mm PCD, 11 Grooves, Face width ~
420 mm.
}
V-BEL™ USED :+ D 204 - 11 nos. _ ’ ]
CENTRE DISTANCE - ' . ' 3

REQUIRED $ 1775 mm. , ' 1

Ngg 's RECOMMENDATION

A. CENTRIFUGAL SLURRY
. 3

PUMP 250 XW/960 RPL.

MOTOR PULLEY ¢ Dia. 550 mm, Face width 200 mm, . .

PUMP PULLEY ¢ Dia. 605 mm, Face width 220 mm,
Crown Height 1.2 mm,

CENTRE DISTANCES Minimum 1500 mm, Maximam 1600 mm.
NTB EXTREMJLTUS: Type LT 541 4800 x 180 mm belt.
RADIAL SHAFT & 2235 daN.

' LOAD
B, CENTRIFUGAL SLURRY - :
PUMP :  25C KW/1450 RPN .

MOTOR PULLEY & Dia. 475 mm Face width 230 mm,
Crown Height 1.2 mm. :

. purP DULLEY 1 Dia. 790 mm, Pace width 230 mm,
Crown Height 1.5 mm. .

CENTRE DISTANCE: Mnimum 1500 mm, Maximum 1600 mm.
NTB EXTREMILTUSS Type LT 40: 5000 x 190 mm belt,

RADIAL SHAFT ] 1748 dQaN.
TOAD : ) . ®

g
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