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Belts
A. Introduction

All mechanical elements used in transmission can be divided into two categories: rigid elements,
like gears, and flexible elements, like belts and chains. Rigid elements require constant and exact
contact, cannot absorb shock and are limited in their ability to transmit power over long distances.
Flexible elements can be used as a replacement for gears. In many cases their use simplifies the
design of a machine and substantially reduces the cost. In addition, since these elements are elastic
and usually quite long, they play an important part in absorbing shock loads and in damping out

and isolating the effects of vibration.

B. Common characteristics of belts

e All belts are using some kind of driving and driven pulleys.

e  The pulley axes must be separated by a certain minimum distance.
e  Belts may be used for long center distances.

e  Except for timing belts, all other belts employ friction for transmitting power, so there is
some slip; hence the angular-velocity ratio between the driving and driven shafts is neither

constant nor exactly equal to the ratio of the pulley diameters.

e Insome 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.

There are many different types of belts. This article deals with the three main types: flat belts,
V-belts, and timing belts.
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C. Flat belts

Flat belts are made of urethane and also of rubber-impregnated fabric reinforced with steel wire or
nylon cords to take the tension load. One or both surfaces may have a friction surface coating. Flat
belts are quiet, they are efficient at high speeds, and they can transmit large amounts of power over
long center distances. Usually, flat belting is purchased by the roll and cut; the ends are joined by
using special kits furnished by the manufacturer. They are often used to form a conveying system.
Flat belts are able to transmit power between non-parallel (and even perpendicular) pulley's shafts.
When both sides of a belt are made identical, the belt can be twisted in order to reverse direction
of rotation. Their pulleys have flat or slightly elliptical surface (so called "crown pulley"). The flat
belts and their pulleys are the cheapest among the belts.

D. V-belts

V-belts are made of fabric and cord, usually cotton, rayon, or nylon, and impregnated with
rubber. In contrast with flat belts, V-belts are used with similar sheaves (a sheave is a pulley with
grooved surface) and at shorter center distances. Those belts are slightly less efficient than flat
belts, but a number of them can be used on a single sheave, thus making a multiple drive. V-belts
are made only in certain lengths and have no joints. They can transmit larger amount of power
than the flat belts since their wedge shape increases friction. Because of this, they are better suited
for shock and vibration absorption, than flat belts. There are applications of V-belts in variable

transmissions.

E. Timing belts

Timing belts are made of rubberized fabric and steel wire, and have teeth that fit into grooves cut
on the periphery of the sprockets (a sprocket is a toothed pulley, resembles a gear). Timing belts
do not stretch or slip and consequently transmit power at a constant angular-velocity ratio, like
gears. The fact that the belts are toothed provides additional advantages over ordinary belting. One
of these is that no inital tension is necessary, so that fixed-center drives may be used. Another is
the elimination of the restriction on speeds; the teeth make it possible to run at nearly any speed,
slow or fast. Disadvantages are the cost of the belts and sprockets manufacturing, and the attendant
dynamic fluctuations caused at the belt-tooth meshing frequency. As V—belts, timing belts are
made in limited range of lengths and cannot be joined. They are the best replacement for gears and
chains. Due to modern developments in material science, they are capable of transmitting large

amounts of power being much lighter and simpler in manufacturing than gears.
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Questions:

a.

(Paragraph A). State three advantages of flexible machine elements over rigid machine

elements.

(Paragraph B). Which force is used by most belts in order to transmit power?

(Paragraph B). State two related disadvantages of non-timing belts.

(Paragraph C). What is the purpose of inserting steel wire into rubbery fabric of flat belts?
(Paragraph C). How flat belts can be used to reverse directions of rotation?

(Paragraph D). State two advantages of V-belts over flat belts.

(Paragraph E). What do timing belts and V—belts have in common?

(Paragraph E). State two advantages of timing belts over gears.
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Properties of Saturated Water (Liquid-Vapor): Pressure Table

Specific Volume Internal Energy Enthalpy Entropy
.......... L R kiks .. g L KB - Kiks - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press. Temp. Liquid Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor | Press.
) bar °C X 107 g u ug hy Py hy s S, bar

0.04 28.96 1.0040 34.800 121.45 2415.2 121.46 | 2432.9 | 2554.4 | 0.4226 | 8.4746 0.04
0.06 36.16 1.0064 23.739 151.53 2425.0 151.53 2415.9 2667.4 | 0.5210 8.3304 0.06
0.08 41.51 1.0084 18.103 173.87 2432.2 173.88 | 24031 2577.0 | 0.5926 | 8.2287 0.08
0.10 45.81 1.0102 14.674 191.82 2437.9 191.83 2392.8 | 2584.7 | 0.6493 | 8.1502 0.10
0.20 60.06 1.0172 7.649 251.38 2456.7 251.40 | 2358.3 2600.7 0.8320 | 7.908% 0.20
0.30 69.10 1.0223 5.229 289.20 | 2468.4 289.23 | 2336.1 2625.3 | 0.9439 | 7.7686 0.30
0.40 75.87 1.0265 3.993 317.53 2477.0 317.58 2319.2 2636.8 1.0259 7.6700 0.40
0.50 81.33 1.0300 3.240 340.44 | 2483.9 340.49 | 2305.4 | 2645.9 1.0910 | 7.5939 0.50
0.60 85.94 1.0331 2.732 359.79 | 2489.6 359.86 | 2293.6 2653.5 1.1453 7.5320 0.60
0.70 89.95 1.0360 2.365 376.63 2494.5 376.70 | 2283.3 2660.0 1.1919 7.4797 0.70
0.80 93.50 1.0380 2.087 391.58 | 2408.8 391.66 | 22741 2665.8 1.2329 | 7.4346 0.80
0.90 96.71 1.0410 1.869 405.06 2502.6 405.15 22665.7 2670.9 1.2695% 7-3949 0.90
1.00 99.63 1.0432 1.694 417.36 | 2506.1 417.46 | 2258.0 | 2675.5 1.3026 | 7.3594 1.00
1.50 111.4 1.0528 1.159 466.94 2519.7 467.11 22265 2693.6 1.4336 7.2233 1.50
2.00 120.2 1.0605 0.8857 504.49 | 2529.5 504.70 2201.9 | 2706.7 1.5301 71271 2.00

[INY 10 NINT7AL

p = 8o bar = 8.0 MPa p = 100 bar = 10.0 MPa
(Toat = 295.06°C) (Tear = 311.06°C)
................. R et s e A e ST
Sat.  0.02352 | 2569.8 | 2758.0 5.7432 0.01803 | 2544.4 | 2724.7 5.6141
320 0.02682 | 2662.7 | 2877.2 5.9489 0.01925 | 2588.8 | 2781.3 5.7103
360 0.03089 | 2772.7 | 3019.8 6.1819 0.02331 | 2729.1 | 2962.1 6.0060
400  0.03432 | 2863.8 | 3138.3 6.3634 0.02641 | 2832.4 | 3096.5 6.2120
440  0.03742 | 2946.7 | 3246.1 6.5190 0.02911 | 2922.1 3213.2 6.380¢%
480  0.04034 | 3025.7 | 3348.4 6.6586 0.03160 | 3005.4 | 3321.4 6.5282
520  0.04313 3102.7 | 3447.7 6.7871 0.03394 | 3085.6 | 3425.1 6.6622
560  0.04582 | 3178.7 | 3545.3 6.9072 0.03619 3164.1 | 3526.0 6.7864
600  0.04845 | 3254.4 | 3642.0 7.0206 0.03837 | 3241.7 | 3625.3 6.9029
640 0.05102 | 3330.1 | 3738.3 7.1283 0.04048 | 3318.9 | 3723.7 7.0131
700  0.05481 | 3443.9 | 3882.4 7.2812 0.04358 | 3434.7 | 3870.5 7.1687
740  0.05729 | 3520.4 | 3978.7 7.3782 0.04560 | 3512.1 | 3968.1 7.2670
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