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An important component of mechanical drives aret bel
transmissions (the term is belt drive often us&tl)dying the features of
design and calculation of belt drives is an integlament of studying a
full course of the family of disciplines ME (MaclerElements), ME and
DP (Machine Elements and Design Principles), ME amé& (Lifting
and Transport Equipment), as well as AM (appliednaaics).

Belt drive is one of the oldest types of mechantcahsmissions
that have retained their importance to this days ltised in almost all
branches of mechanical engineering. The simpldstdbee consists of
drive and driven pulleys and a belt, put on thdgysl with tension and
transmits circumferential force using friction fesc

Transmissions with two or more driven pulleys avsgible.

The purpose of these guidelines is to familiartzedents with the
main stages of calculating belt drives, as welfascourse design. For
serious commercial calculations, it is necessaryuse only current
standards.
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1. Application area

Belt drives are called flexible machine elementseyrare used:

1) In conveying systems for transportation of ca@aheral ores etc.
over a long distance;

2) for transmission of power. Mainly used for rumgiof various
industrial appliances using prime movers like elecimotors, I.C.
Engine etc.;

3) for replacement of rigid type power transmisssgstem (A gear
drive may be replaced by a belt transmission sy3tem

2. Advantages and disadvantages of belt drives

There are four basic advantages of belt drives:

a) distance between axes of driving and driventshafarge;

b) belt drives operate smoothly and without knogkin

c) belt drives transmit only definite load whicl,eixceeded, will
cause the belt to slip over the pulley (thus piotee other parts of the
drive against overload);

d) simple design and rather low initial cost.

These are the disadvantages of belt drives:

a) large dimensions;

b) certain inconstancy of the velocity ratio be@aokbelt slippage;
c) heavy loads on the shafts and bearings;

d) comparatively short service life of the belts.



3. Belt materials, types of belts and structure dbelt

Belt materials:
Leather
(Oak tanned or chrome tanned);
Rubber
(Canvas or cotton duck impregnated with rubber. Gozater
tensile strength, rubber belts are reinforced vgitbel cords or
nylon cords);
Plastics
(Thin plastic sheets with rubber layers);
Fabric
(Canvas or woven cotton ducks. The belt thicknesshe built up
with a number of layers. The number of layers igvin as ply.).

Types of belts:
Flat belt

V-belt
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Types of V-belts Section

Section | Section
ISO GOST
Z O
A A
B b
C B
D r
E 1|
EO (F) E
Narrow Classical Wide Belts
Belts (normal) Belt (for variators)
Dy =12 Dy =16 By =25-35
h h h

bearing

Syl -
S5 ~layer

Poly-V-belts can b& (K), JI (L), M (M) (our standards)
PH, PJ, PK, PL, PM (foreign standards)
with number of edges z=2 - 50
K -PJ; J1-PL; M - PM (Analogues, not full compliance)



Structure of V-belt

Bandply

Adhesion
Gum

Tensile
Cord
Over Cord
Rubber
Under Cord —/
Rubber
Over Cord
Rubber
'''' Adhesion

Gum

Notches -I ;
Tensile
Cord
Over Cord
Rubber
Under Cord
Rubber

1 — rubber layer for tension;

2 — rubber layer for compression (base rubber);

3 — a couple of wrapping rubberized fabric layers;
4 — multi-cord (e.g. rubber-fabric);

5 — single-cord.



Improved pulling capacity of V-belt

2 TN e 12
¢ ",z,o,x,o,

Superficial friction factorf '= f
sing

= f = 3[f,
sin2C°

f 1

4. Parameters and geometry of belt drive

Simple belt drive

D, — diameter of the smaller pulley (driving pulley);
D, — diameter of the lager pulley (driven pulley);

a — angle of wrap;
a — center distance between the two pulleys.

~



Belt drive with tension adjuster

Idler pulley ‘ / G

Belt tension
adjuster

Belt drive geometry parameters




Belt geometry parameters

b (breadth)

pitch line

t (thickness)

wedge angle

Parameters of belt drive:

Angular speed ratio:

jzu=lt=_Do
n, D;@1-¢§)
where
n,,n, — rotating frequency;
£ =0.01+0.02 — belt slip factor.
Angle of wrap:
a, =18C° —% 57,

Length of the belt:

2
|_:2@+T[[_P1;7D2+1[éuj
a

2

Center distance between the two pulleys (exaceceisgtance ):

2 2
aex: 02 Lst_nlil';DZ_'_‘/(Lst_nEEl;DZj _8[ED22D1)




Forces in belts

A Diagrams of the distribution of the tension force
of the thread along the angl&

Scheme of a flexible cord winding on cylinder

The following relation was established by L. EUl&75:

where

G, P — forces applied to the cord ends;

f — friction factor between the cord and the cydéindurface;
a — angle of contact arc between the cord and yheder.

There are four basic relations between forces lin be

fa
e 1
fa ) F2 = Ft )

F=F
Litefa g e -1

where
F,,F, —tensions in driving and driven sides of the;belt

Fo — initial tension;
F. — peripheral force.
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Stresses in belts
Stress due to initial tension:

O'O:K,

where A — area.

Stress due to peripheral force:

_kK
o, =—,
A
Stress due to tension:
F F,
O,=—,0,="%,
1A 72 A

0, =0y + 05l0;; 0, =0, - 0510,

Stress due to centrifugal force:

2 2
_pLg~ Vg

o) - y
° 10g 100

wherevg is peripheral velocity of the belt.
Stress due to bending:
h
o, =EE=E[E—,
Dl
whereE is Young’s modulus;
h :
€ =— — strain.
Dl
Henceh is height of the beltD, is diameter of smaller pulley.
The maximum stress is,,,,, =0, + 0. + 0,

and the minimum stress @&g,,;, =0, + 0.
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Scheme of the stresses in belt
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Basic factors of a belt drive

Belt slip factor: & = Vzv_vl [100%.
1

Efficiency factor: n = IRIIZ [100%.
1

Pulling factor: Y = R _h .
F+F 2k
5 % M nas— M n
6 "F'?f: -10,9
| s \/ fos
4 y. 47 10,7
/ \,
3 \ o
|
2 | / 105
¢ / | :
1 5 ﬁ/ | 0.4
///, ‘ |
/ il I k W
o, 01 0,2 03 04 05 06,008 0,9
f l'UO Wmax
Idle run Total slippage

Relation between three basic factor of the beltadri
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5. Steps for the design of a belt drive:

Calculation methods for different types of beltves are similar.
The simplest is the calculation of a belt drivehafifat belts. However,
V-belt and poly-V-belt transmissions are charagtsfi by increased
adhesion forces to the pulleys and, consequentigreased traction
capacity. Therefore, next we will consider the fees of V- belts drive
calculating.

The initial stage of designing belt drives comesvaldo choosing
the section and type of belt depending on theaihitata (about the load,
as well as the necessary parameters of transmpiecer/torque and
speed). The sections and types of belts are stdizaddr and to select
them it is necessary to use the standards.

Next, it is necessary to calculate the geometmhefoelt drive, and
also take standard values for the diameters optileys and the length
of the belt.

Power calculations for V-belt drives usually comewd to
determining the permissible power per V-belt amdlifng the number of
belts, as well as the pre-tensioning force of onbell and the forces
acting on the V-belt drive shafts. Note that for paly-V-ribbed
transmission, instead of finding the number ofddhe required number
of ribs of the poly-V-belt is determined. To perforcalculations, you
also need to know a number of parameters and caffs contained in

the reference literature (Directory).
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Ukrainian students should focus on official domeddSTU 1SO
standards. However, their use is not free of chargkit is advisable to
use existing educational and methodological litesgt as well as
publicly available textbooks.

Foreign (english-speaking) students, it is advisablfocus on the
originals of ISO standards in English, which areovimled on a
commercial basis and are more expensive than DM dtandards.
Even with their acquisition, there are legal iss(mgnership) associated
with the distribution and dissemination of the imfation found in these

standards.
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Steps for the design of a belt drive:

a. Select the types of the belt using initial data.

b. Determine diameters of pulleys and center dtgtan

c. Calculate peripheral velocity and angular spetd.

d. Find the length of the belt and decide on thaddrd belt size.

e. Calculate exact center distance using standagih.

f. Calculate modified power rating of a belt.

g. Determine the number of the belts.

If number of belts proves to be unsuitable for seg@son or other
(e.g. z>8) then repeat the calculations with anatleetion of belt (not A
—then B, C...))

h. Determine loads carried by drive shafts andrqiheameters.

16



V-belt Drive Calculation

It is required to calculate the belt drive giver tbllowing parameters:

Torque on driving shaftT, =72.74 Nm;

Motor rotation frequency (Rotation frequency on the input shaft of the

belt drive and on the smaller pulleg) =1460 rpm

Belt drivetransmission ratio (angular velocity ratio) igp =iy, = 3.3

Belt driveefficiency ngp = 095

1. Select the types of the belt using initial data

Angular velocity on the motor:
_nln, _ 314[1460

Transmitted power:
P =T, [w, =7274[152.891=11127W=11.121 kW

30

3C

Table 1-Belt section parameters

=152.891rad/s

Cross-

Section nl?m B, nr:m section Wi'g/htq’ L T M|n|:|)mum
mm area, st g'm P
Z(O) | 85| 10 [ 6,0 0.47 | 0.06 (0.07) 400-2500 <30 63
A 11.0| 13 | 8,0 0.81 0.10 560-4000 15...60 90
B(b) | 14.0| 17 |10,5| 1.38 0.18 800-6300 50...150 125
CB) | 19.0f 22 |1354 2.30 0.30 1800-10000120...600 200
D() | 27.0] 32 [19,0] 4.76 | 0.60(0.62) 3150-1400@50...2404 315
E(T) | 32.0| 38 |235| 6.92 0.90 4500-18001600...8000 500
F(E) | 42.0/ 50 | 30,0 11.72 1.52 6300-18006000...3000 800

17
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Fig. 1. V-Belt section
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Small pulley rotation frequency ny, rpm

Fig. 2. Transmitted power for different sectiorvbBelts

For TorqueT; =72.74 Nm and Rotation Frequeney =1460 rpm we

can usesection Bwith the range of Torque 50...150 Nm (Tab. 1 @. i
for Power 11.121 kW)
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2. Determine diameters of pulleys and center degtan
The minimum diameter of the smaller pulley s&ction BV-Belt (Tab.
1) is 125 mm. We can use more or equal standareviabm the next
series oNominal design diameters
Let's take théiameter of smaller pulley D, =200 mm (200>125)
We can takdelt Slip Factor £ =0.02
Diameter of bigger (driven) pulley:
D, = D [i;, [ (1—-&) = 2000 33[ (1- 002) = 646.8 mm
Standart Value of Diameter: D,y =630 mm (the nearest value from

the next series dlominal design diameter$

Nominal design diametersD,, of pulleys, mm:

50; (53); 56; (60); 63; (67); 71; (75); 80; (851;995); 100; (106); 112;
(118); 125; (132); 140; (150); 160; (170); 180; 200 ; (212); 224;

(236); 250; (265); 280; (300); 315; (335); 355; §87400; (425); 450;
475; 500; (530); 560; (600); (62C); €30; (670); 7(160); 800; (850);
900; (950); 1000; (1060); 1120; (1180); 1250; (1)32400; (1500)
1600; (1700); 1800; (1900); 2000; (2120); 2240;6(@3 2500; (2650);
(2800); (3000); (3150); (3550); (3750); (4000) mm.

Note. The dimensions given in round brackets aedus technically

justified cases.
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3. Calculate peripheral velocity and angular veloatio
Real angular velocity ratio:

ooy =zt =930 ___3514
D, [{-§) 20001~ 002

Circumferential velocity (peripheral velocity):

. 1 [0001_, ) 00 20000001,
B 2 2

Real rotation frequency of driven shaft
_D[1-8) 200[(1- 002

n =
7 Dy o, T 630

[1460=454.2 rpm

Center distancebetween the two pulleys
a= y[Dzstd
We can find parametey using Tab. 2 (and interpolation method for

exact calculation)

X =3 y; =1
X=igp, =3.214| y=7
X, =4 y, = 095

Linear interpolation formula:

Y2 T Y1y~ y) =14 0227 1(3214 3) = 1—%30214 0.9893

y=Y1+_—
Xo =X

Center distancebetween the two pulleys
a=YyI[D,qy =0.9893630=623259= 623 mm

20



Table 2 —Center distance formula

Transmission
ratio,u
Center distance,

a

1 2 3 4 5 6.3

1.5d, 1.2, d, 0.95, 0.9, 0.8,

4. Find thdength of the belt and acceptandard belt size
Length of the belt:

2
L:2@+n|¥+l[€¥) =
a

_ 2
= 2[623+ T[EZOO; 630, 1 [ﬁ6302 200) = 262396 mMm

623
Standard length of the belt, =2800mm (the value from the next

series ofStandard beltlengths L;).

The inequalityL, > L must be satisfied.

Standard belt lengths L;:

400, 450, 500, 560, 630, 710, 800, 900, 1000, 11260, 1400, 1600,
1800, 2000, 2240, 2500, 2&€00, 3150, 3550, 50000,58000 , 5600,

6300, 7100, 8000, 9000, 10000, 11200, 12500, 14D5W@N0, 18000.

In technically justified cases, intermedidtg values are allowed:

425, 475, 530, 600, 670, 750, 850, 950, 1060, 11800, 1500, 1700,
1900, 2120, 2360, 2650, 3000, 3350, 3750, 4 , 43300, 6000, 6700,
7500, 8500, 9500, 10600, 11800, 13200, 15000, 17000

21



5. Calculateexact center distanceausing standard length

Exact center distancebetween the two pulleys

2 _ 2
= 02 LdDTD‘/(LdDTD) af2ni |-

2 2
— 025 2800- 11 OO-ZI-630+‘/(2800_T[ 00;630j —8[@6302200) _

=71583mm=71€mm

Minimum center distance:
Amin = 8o — 001[L,, =716- 001[2800= 688mm

Maximum center distance:
= a,, + 025[L,, =716+ 025[2800= 786mm

Amax
Checking of calculation
vg _ 1529
OOOlEI_51 ~ 0.0012800

546<8 —Itis OK

= 546< (8.10)

Angle of wrap

630—- 200

a, =180° D270y e _ 180 - B7° =14576° = (90°...120F)

ey

It should be bigger the®0°,a, >90°.
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6. Calculatemodified rated power, transmitted by one V-belt
Modified rated power R,, transmitted by 1 V-belt:

R =RIC,[C ICp
Rated powefR,, transmitted by one V-belt using Tab. 3.

Let us remind you in our case:
— We chose V-bekection B

— Real angular velocity ratiogp, = 3.214;
— Diameter of smaller pullefp; =200 mm;

— Rotation Frequency, =1460 rpm.

There is no diameter of smaller pull® =200 mm in Tab. 3,

but there are 180 mm and 224 mm, so we need toorperan

interpolation procedure on diametBy =200 mm and angular velocity
ratio igp, =3.214. Note that the rotation frequency is almost thmea
(n, =1460rpm — in our case and 1450 rpm in Table)

If D; =180 mm andigp, =3.214 (igp 23) — By = 501 kW

If D, =200 mm andigp, =3.214 (igp 23) — By =7 kw

If D; =224 mm andigp, =3.214 (igp 23) — By = 681kwW

Rated powefR,, transmitted by one V-belt:

681- 501
+

P, = 501
24-18C

(200-180) =5.8282kwW
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Example of interpolation for a more complex case:
— V-beltsection A,

— Real angular velocity ratioigp, = 228;
— Diameter of smaller pullefp; =125 mm;
— Rotation Frequencyny =1760 rpm (In the USA, the power supply

frequency is 60 Hz, so the synchronous frequen@natlectric motor
with 4 poles will be 1800 rpm, and the asynchronooes will be slightly
less).

For this case we should write down the followingpea from Table 3:

If D; =100 mm; n, =1450rpm ; igp =15 — R =145 kw
If D, =100 mm; n, =1450rpm ;igp =3 — P =15 kW

If D; =100 mm; n, =2200rpm ;igp =15 — R =196 kw
If D; =100 mm; n, =2200rpm ;igp =3 — R = 202 kW
If D; =140 mm; n, =1450rpm ; igp =15 — R = 251kw
If D, =140 mm; n, =1450rpm ; igp =23 — R = 259 kW
If D; =140 mm; n, =2200rpm ;igp =15 — R = 338 kw
If D, =140 mm; n, =2200rpm ;igp =3 — R = 348 kw

We need to perform an interpolation procedure oranditer

D, =125 mm, rotation frequencyy =1765 rpm and angular velocity
ratio igp, = 228 (seven times):
1) on angular velocity ratiogy, = 228 (4 times)

1.P = 1.45+%5 (228-15) =1.476 kW

24



2.P, = 1.96+&15'96 (228-15) =1.9912kw

3. P, = 251+ 299~ 25'51(228—1.5) = 2.5516kW

4.P = 338+°25~ 338 o8 15)=3.432kwW

2) rotation frequencyy =1765rpm (2 times)

5. P, =1.476+ 199121476 1 760-1450 =1.6889kwW
220(-145(
6. P, = 2.5516+ 3.432- 2'5516(1760— 1450 = 2.9155kW
220(-145(

2) diameterD; =125 mm (1 times)

7. P, =1.6889+ 2.915571.6889 ) 55 _100) = 2.4555kw

14C-10C
In case ifD; =125 mm; n, =1760 rpm ; igp, = 228 the rated powelR,,

transmitted by oneection A V-beltwill be Ry = 2.4555kw.

25



Table 3 -Rated power Ry, kW, transmitted by one V-belt

Section . Smaller pulley rotation frequency, rpm
andL,| Dy |Igp
mm 400 | 800 | 950 | 1200 | 1450 | 2200 | 2400 | 2800
1,2| 0,26 | 0,47 | 0,55 | 0,66 | 0,77 | 1,08 | 1,15 | 1,28
80 |1,5] 0,27 | 0,49 ] 0,56 | 0,68 0,80 | 1,11 | 1,18 | 1,32
Z (0) >3 | 0,28 050 | 0,58| 0,71 0,82 | 1,14 | 1,22 | 1,36
1320 1,21 042 | 0,76 | 0,88 | 1,07 | 1,25 1,72 | 1,84 | 2,04
>112| 1,5/ 0,43 ] 0,78 | 0,91 | 1,20 | 1,29 | 1,78 | 1,90 | 2,11
>3 | 044 | 0,81 0,94 | 1,14 | 1,33 | 1,84 | 1,96 | 2,17
1,21 050 | 0,88 ] 1,01 | 1,22 1,41 | 1,90 | 2,01 | 2,19
100| 1,5/ 0,52 ] 0,91 | 1,05 | 1,25| 1,45| 1,96 | 2,07 | 2,27
>3 | 0,53 094 | 1,08 | 1,30 | 1,50 | 2,02 | 2,14 | 2,34
AA) 1,21 0,84 | 1,51 | 1,74 | 2,10 | 2,43 3,27 | 3,44 | 3,72
1706 | 140/ 15/ 086 | 1,56 | 1,79 217 | 251 | 3,38 | 3,56 | 3,85
>3 | 089 | 160 | 1,85 | 2,24 | 259 | 3,48 | 3,67 | 3,97
1,2| 1,16 | 2,10 | 2,43 | 2,93 | 3,38 | 4,43 | 4,62 | 4,85
>180| 1,5| 1,20 | 2,27 | 2,51 | 3,03 | 3,50 | 4,58 | 4,77 | 5,02
>3 | 1,24 | 2,24 | 259 | 3,12 | 361 | 4,72 | 4,92 | 5,18
12| 1,12 ] 1,95 | 2,22 | 2,64 | 3,01 | 3,83 | 3,96 | 4,11
140 1,5] 1,16 | 2,01 | 2,30 | 2,72 | 3,10 | 3,95 | 4,09 | 4,25
>3 | 1,2 | 2,08 | 2,37 | 2,82 | 3,21 | 4,08 | 4,22 | 4,38
1,2| 1,70 | 3,01 | 3,45 | 4,11 | 4,70 | 5,91 | 6,07 | 6,16
180| 1,5 1,76 | 3,11 | 356 | 425| 485 6,10 | 6,27 | 6,36
B (B) >3 | 1,81 | 3,21 | 3,67 | 438 501 | 6,29 | 6,47 | 6,56
2240 1,2| 2,32 | 413 | 473 | 563| 6,39 | 7,47 | 780 | -
224 15| 2,40 | 427 | 489 581 | 6,60 | 8,00 | 8,08 | -
>3 | 2,47 | 4,40 | 5,04 | 6,00 | 6,81 | 825 | 831 | -—
1,2| 309 | 549 | 6,26 | 7,42 | 830 | 9,12 | - —
>280| 15| 3,19 | 567 | 6,47 | 766 | 857 | 9,42 | - —
>3 | 329|585 667 | 791| 884 972| - —
1,2| 3,87 | 6,66 | 7,58 | 8,78 | 9,67 [10,29"| - —
250( 15| 4,00 | 6,88 | 7,82 | 9,07 | 9,99 |10,62%| - -
>3 | 4,12 | 7,10 | 8,07 | 9,36 | 10,69|10,96'| - —
C(®) 1,2| 5,50 | 9,55 | 10,75]| 12,33| 13,33 13,562 — -
3750 | 315 1.5] 568 | 9,86 | 11,10| 12,73| 13,76 14,00°| - —
>3 | 5,86 | 10,17 | 11,45| 13,14 14,20|14,44°| - —
1,2| 8,77 | 14,76 16,29| 17,75|17,90°| - - -
>450| 1,5| 9,05 | 15,24 16,82| 18,33|18,49°| - - -
>3 | 9,34 | 15,72| 17,35/ 18,91|19,07°| - — —
*1 at 2000 rpm,; *2 at 1800 rpm; *318800 rpm
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Table 3 -Rated power B, kW, transmitted by one V-belt

Section ) Smaller pulley rotation frequency, rpm
andL,| Dy | Igp
200 400 600 750 950 1200

mm
1,2 | 6,98 | 12,25 | 16,50 | 19,01 | 21,46 | 22,68
400 | 15| 7,21 | 1264 | 17,04 | 19,63 | 22,16 | 23,42
>3 7,48 | 13,04 | 17,57 | 20,25 | 22,86 | 24,16
D (I) 12 | 13,42 | 23,59 | 31,21 | 34,81 | 36,58 -
6000 630 | 1,5 | 13,85 24,36 | 32,23 | 36,45 | 37,78 —

>3 | 14,29 | 25,13 | 33,25 | 37,08 | 38,97 —
12 | 1793 | 31,12 | 39,73 | 40,81 - -
>800 | 1,5 | 18,51 | 32,13 | 41,03 | 43,48 - —
>3 | 19,10 | 33,15 | 42,33 | 44,85 - -
1,2 | 16,74 | 28,83 | 37,27 | 40,70 - —
630 | 15| 17,28 | 29,77 | 38,49 | 42,03 - -
>3 | 17,83 | 30,71 | 39,70 | 43,36 — —
E (1) 12 | 23,21 | 39,64 | 49,49 | 51,33 - -
7100 | 800 | 1,5 | 23,97 | 40,94 | 51,11 | 53,01 - -
>3 | 24,73 | 42,23 | 52,73 | 54,68 — —
1,2 | 30,52 | 50,84 | 59,38 - - -
>1000| 15 | 31,51 | 52,51 | 61,27 - — —
>3 | 32,51 | 54,17 | 63,21 - - -

Factor of the wrap angle
C, =1-0.003[(18C¢ —a) =1-0.003[(18C° -145.76°) =0.8973

Factor of the load (depends on operating mode, iad range 0.5...1.0)
Cpr =075

Factor of the length (Tab. 4)
C, =105

Modified rated power R,, transmitted by 1 V-belt:

B, =R I[C, [C [Cp=5.82820.8973 0.75[105=4.1183kwW
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Table 4 -The value of theC, coefficient for V-belts

Lengh Belt section
L.mm | z(0) | A(A) | BB) | C®B) | DI) | EG) | FE)
400 0,79 — — — — — —
450 0,80 — — — — — —
50 0,81 — — — — — —
560 0,82 | 0,79 — — — — —
630 0,84 | 081 — — — — —
710 0,86 | 0,83 — — — — —
800 09 | 0,85 — — — — —
900 092| 087] 0,82 — — — —
1000 | 0,94| 0,89] 0,84 — — — —
1120 | 0,95| 0,91| 0,86 — — — —
1250 | 098] 093] 0,88 — — — —
1400 1,01 | 0,96] 0,90 — — — —
1600 | 1,04| 0,99] 0,93 — — — —
1800 | 1,06 | 1,01] 0,95 0,86 — — —
2000 | 1,08 1,03 0,98 0,86 — — —
2240 | 1,10| 1,06] 1,000 0,91 — — —
2500 | 1,30 | 1,09] 1,03 0,99 — — —
2800 - 1,11| 1,05/ 0,95 — — —
315 - 1,13| 1,07] 097 0,86 - -
3550 — 1,15] 1,09] 099 0,88 — —
4000 — 1,17| 1,13 102 091 — —
4500 — — 1,15 1,04 0,93 — —
5000 — — 1,18] 1,07l 094 0,92 —
5600 — — 1,20] 1,09 094 0,95 —
6300 — — 1,23] 1,12 101 097 092
7100 — — — 1,15 1,04 1,00 0,96
8000 — — — 1,18 1,060 1,02 0,98
9000 — — — 1,21] 1,09 1,03 1,01
10000 — — — 1,23] 1,11 1,07 1,08
12500 — — — — 1,17] 1,13 1,08
15000 — — — — 1,200 117 111
18000 —~ — — —~ —~ 1,200 1,16
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7. Determine th@umber of the belts
Number of belts
P 11.121

7= =
R [C, 4.1183T,

Coefficient taking into account the influence of thember of belts

operating simultaneously (Tab. 5)
C, =095

Table 5 -nfluence of the number of belts operating simultaeously

z | 23 | 46 >6
C, 0.95 0.9 0.85

where C, — coefficient taking into account the influencetibé number

of belts operating simultaneously
Number of belts

R 11121

z= = =2.8425
R[C, 4.1183D95

We choose z =3 belts

If number of belts proves unsuitable for some raasoother (e.g. z>8)
then repeat the calculations with anotrsection of belt (not A — then B,
C....)

8. Determine loads carried by drive shafts andrgtheameters.

Belt pretension force:

_ 750lR
0

= + 0 V.2
vg [C, [T, & 16
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Linear Weight for section B V-belt g =0.18 kg/m (Tab. 6)

750[ R, o2 = /50011.12

B = + 018015.29 = 31144 kN
VgCyCpZ 15.2900.9[D75[B

Ry =

Table 6 -Linear weight (to find influence of centrifugal forces)

Belt section | Z (0) A BG) | CB) | DI | E@) | F(E)
q {6} kg/m | 006 | 010| 018| 0.30, 0.6Q 0.90 150

Note. For drives with automatic belt tensiql’ﬂ/B2 =0.

Force which applied to the shafts:
14576°

Q=2[F, QE‘sin(%):ZEBMAM:BBin( ):1785.84kN

Working life of the belt drive in hours:
Fornumber of cyclesN . = 5.7 (10 ® (Tab. 7)

L, =N. O s - 57710° 32000 = 289.967= 290 hours

¢ 600D, My 60312001460

Table 7 -Number of cyclesN, for V-belts with cord fabric (Class 1)

Belt section Z (0),A B (5), CB),D (I E (), EO E)
N, 5.610° 5.710° 2.510°
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Pulley rim dimensions(Tab. 8)
b, =14 mm; h, =108 mm; h, = 4.2 mm; hy;, =8 mm;
€=19+0.4 mm; (&, =18.6 mm; ,,,, =19.4 mm)

f =125'Z mm;r =1 mm; a, =36° mm; a, = 40° mm;

Pulley outer diameters
dg = D; +2[h, =200+ 2[4.2=2084 mm
dgy = Dy +21h, =630+ 2[4.2=6384 mm

Pulley rim width
B=(z-1)le+2[f =(3-1)[19+2[125=63 mm

De
4 o} o a
! | |
@ |
A ) . ]
) Q:Q
I=l[a 1 |
A /
=
!
f e

Fig. 3. Section of the Rim
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Table 8 -V-belt Rim parameters

her
Id
for

De
1) All linear dimensions are given in
k"*’ T millimeters.
- r 2) The maximum deviationdy, of the
B0 distance between the first and any ot
< J groove in a multi-groove pulley shou
; ‘ o not exceed the maximum deviations
- ! sizee
i |
Section| by | hy | he | h | 1 € f D, b, | o,deg
63...71 10.0 34°
80...100| 10.1 36°
B 1
z 85| 7.0 25 6| 05 12/ 0. 8.0 15 1600 102 38°
180 10.3 40°
90...112| 13.1 34°
+2 | 125...160] 13.3 36°
A 11| 87| 33| 6| 1.0 15 0. 10.0_l 140. 42000 13.4 35°
450 135 40°
125...160| 17.0 34°
B | 14| 108 42 8| 1.0 19 =zop 12572 | 180224 17.2 | 36
=11 250...500| 17.4 38°
560 17.6 40°
13 200...315| 22.9 36°
C 19| 143| 57 10 15 25p 0|5 17'0—1 355...630| 23.1 38°
710 23.3 40°
43 315...450| 32.5 36°
D 27 | 20.0| 81 12 2.0 37.p 0J6 24.0_1 500...900| 32.8 38°
1000 33.2 40°
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Directory

Nominal design diametersD, of pulleys, mm:

50; (53); 56; (60); 63; (67); 71; (75); 80; (851;995); 100; (106); 112; (118); 125;
(132); 140; (150); 160; (170); 180; (190); 200;2R1224; (236); 250; (265); 280;
(300); 315; (335); 355; (375); 400; (425); 450; 4360; (530); 560; (600); (620);
630; (670); 710; (750); 800; (850); 900; (950); ANALO60); 1120; (1180); 1250;
(1320); 1400; (1500); 1600; (1700); 1800; (19000@, (2120); 2240; (2360);
2500; (2650); (2800); (3000); (3150); (3550); (3¥%a@000) mm.

Note. The dimensions given in round brackets awd ua technically justified

cases.
Standard belt lengthsL:

400, 450, 500, 560, 630, 710, 800, 900, 1000, 11280, 1400, 1600, 1800, 2000,
2240, 2500, 2800, 3150, 3550, 5000, 5000, 500®M0,56300, 7100, 8000, 9000,
10000, 11200, 12500, 14000, 16000, 18000.

In technically justified cases, intermediatealues are allowed:
425, 475, 530, 600, 670, 750, 850, 950, 1060, 118P0, 1500, 1700, 1900, 2120,
2360, 2650, 3000, 3350, 3750, 4 , 4750, 5300, 66@300, 7500, 8500, 9500,
10600, 11800, 13200, 15000, 17000.
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Table 1-Belt section parameters

Cross- . o
b Minimum
Section B, nr:m section Wilg/htq’ L T D
mm | mm area, s g/m P
Z(0) | 85 10 | 6,0 0.47 0.06 (0.07) 400-2500 <30 63
A 11.0| 13 | 8,0 0.81 0.10 560-4000 15...60 90
B(b) | 14.0| 17 | 105 1.38 0.18 800-6300 50...150 125
CB) | 19.0f 22 |135| 2.30 0.30 1800-10000120...600 200
DI) | 27.0| 32 | 19,0/ 4.76 0.60 (0.62) 3150-1400@50...2400 315
E(T) | 32.0| 38 |235| 6.92 0.90 4500-18001600...8000 500
EOE) | 42.0| 50 |30,0) 11.72 1.52 6300-18006000...3000 800
Fig. 1. V-Belt section
Table 2 -Center distance formula
Trans_mlssmn 1 5 3 4 5 6.3
ratio, u
Ce“terad'Stance 15, | 14, | d | 095, | 09, | 0.85,
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Fig. 2. Transmitted power for differesdction of V-Belts
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Table 3 -Rated power B, kW, transmitted by one V-belt

Segtl':)” D. i Smaller pulley rotation frequency, rpm
| 11 B2 400 | 800 | 950 | 1200 | 1450 | 2200 | 2400 | 2800
1,2| 0,26 | 0,47 | 0,55 | 0,66 | 0,77 | 1,08 | 1,15 | 1,28
80 | 1,5] 0,27 | 0,49 ] 0,56 | 0,68 | 0,80 | 1,11 | 1,18 | 1,32
Z (0) >3 | 0,28 0,50 | 0,58| 0,71 | 0,82 | 1,14 | 1,22 | 1,36
1320 1,2| 0,42 ] 0,76 | 0,88 | 1,07 | 1,25 | 1,72 | 1,84 | 2,04
>112| 1,5/ 0,43 ] 0,78 | 0,91 | 1,20 | 1,29 | 1,78 | 1,90 | 2,11
>3 | 044 | 0,81 0,94 | 1,14 | 1,33 | 1,84 | 1,96 | 2,17
1,2/ 0,50 | 0,88 | 1,01 | 1,22 | 1,41 | 1,90 | 2,01 | 2,19
100| 1,5/ 0,52 | 0,91 | 1,05 | 1,25 | 1,45 | 1,96 | 2,07 | 2,27
>3 | 0,53 | 094 | 1,08 | 1,30 | 1,50 | 2,02 | 2,14 | 2,34
AA) 1,21 0,84 | 1,51 | 1,74 | 2,10 | 2,43 | 3,27 | 3,44 | 3,72
1706 | 140/ 15/ 086 | 1,56 | 1,79 217 | 251 | 3,38 | 3,56 | 3,85
>3 | 0,89 | 1,60 | 1,85 | 2,24 | 259 | 3,48 | 3,67 | 3,97
1,2| 1,16 | 2,10 | 2,43 | 2,93 | 3,38 | 4,43 | 4,62 | 4,85
>180| 1,5| 1,20 | 2,27 | 2,51 | 3,03 | 3,50 | 4,58 | 4,77 | 5,02
>3 | 1,24 | 2,24 | 259 | 3,12 | 3,61 | 4,72 | 4,92 | 5,18
12| 1,12 ] 1,95 | 2,22 | 2,64 | 3,01 | 3,83 | 3,96 | 4,11
140 1,5] 1,16 | 2,01 | 2,30 | 2,72 | 3,10 | 3,95 | 4,09 | 4,25
>3 | 1,2 | 2,08 | 2,37 | 2,82 | 3,21 | 4,08 | 4,22 | 4,38
1,2| 1,70 | 3,01 | 345 | 4,11 | 4,70 | 591 | 6,07 | 6,16
180| 1,5 1,76 | 3,11 | 356 | 425 | 485 6,10 | 6,27 | 6,36
B (B) >3 | 1,81 | 3,21 | 3,67 | 4,38 | 501 | 6,29 | 6,47 | 6,56
2240 1,2| 2,32 | 413 | 473|563 | 6,39 | 747 | 780 | -
224 15| 2,40 | 427 | 489 | 581 | 6,60 | 800 | 8,08 | -
>3 | 2,47 | 4,40 | 5,04 | 6,00 | 6,81 | 8,25 | 831 | -
1,2| 309 | 549 | 6,26 | 7,42 | 830 9,12 | - —
>280| 1,5| 3,19 | 5,67 | 6,47 | 7,66 | 857 | 9,42 | - —
>3 | 329|585 667 | 791|884 | 972| - -
1,2| 3,87 | 6,66 | 7,58 | 8,78 | 9,67 [10,29"| - -
250( 15| 4,00 | 6,88 | 7,82 | 9,07 | 9,99 [10,62%| - -
>3 | 4,12 | 7,10 | 8,07 | 9,36 | 10,69(10,96'| - —
¢ ®) 1,2| 5,50 | 9,55 | 10,75| 12,33 13,33 13,562 - -
3750 | 315/ 1.5] 568 | 9,86 | 11,10| 12,73| 13,76 14,00°] - —
>3 | 5,86 | 10,17 | 11,45| 13,14 | 14,20|14,44°| - —
1,2| 8,77 | 14,76 16,29| 17,75|17,90°| - - -
>450| 1,5| 9,05 | 15,24| 16,82 18,33|18,49°| - — —
>3 | 9,34 | 15,72| 17,35| 18,91(19,07°| - — —
*1 at 2000 rpm,; *2 at 1800 rpm; *318800 rpm
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Table 3 -Rated power B, kW, transmitted by one V-belt

Section ] Smaller pulley rotation frequency, rpm
andL,| Dy | Igp
mm 200 400 600 750 950 1200
1,2 | 6,98 | 12,25 | 16,50 | 19,01 | 21,46 | 22,68
400 15| 7,21 | 12,64 | 17,04 | 19,63 | 22,16 | 23,42
>3 7,48 | 13,04 | 17,57 | 20,25 | 22,86 | 24,16
D () 1,2 | 13,42 | 23,59 | 31,21 | 34,81 | 36,58 -
6000 630 15| 13,85| 24,36 | 32,23 | 36,45 | 37,78 -
>3 | 14,29 | 25,13 | 33,25 | 37,08 | 38,97 -
1,2 | 17,93 | 31,12 | 39,73 | 40,81 - -
>800 | 1,5 | 18,51 | 32,13 | 41,03 | 43,48 - -
>3 | 19,10 | 33,15 | 42,33 | 44,85 - -
1,2 | 16,74 | 28,83 | 37,27 | 40,70 - -
630 1,5 | 17,28 | 29,77 | 38,49 | 42,03 - -
>3 | 17,83 | 30,71 | 39,70 | 43,36 - -
E (1) 1,2 | 23,21 | 39,64 | 49,49 | 51,33 - -
7100 800 1,5 | 23,97 | 40,94 | 51,11 | 53,01 - -
>3 | 24,73 | 42,23 | 52,73 | 54,68 - -
1,2 | 30,52 | 50,84 | 59,38 - - -
>1000| 1,5 | 31,61 | 52,51 | 61,27 - - -
>3 | 32,51 | 54,17 | 63,21 - - -
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Table 4 -The value of theC, coefficient for V-belts

Lengh Belt section
L,mm | Z(0) | A(A) | B(B) | CB) | D) | ECD | FE)
400 0,79 — — — — — —
450 0,80 — — — — — —
50 0,81 — — — — — —
560 0,82 0,79 — — — — —
630 0,84 0,81 — — — — —
710 0,86 0,83 — — — — —
800 0,90 0,85 — — — — —
900 0,92 0,87 0,82 — — — —
1000 0,94 0,89 0,84 — — — —
1120 0,95 0,91 0,86 — — — —
1250 0,98 0,93 0,88 — — — —
1400 1,01 0,96 0,90 — — — —
1600 1,04 0,99 0,93 — — — —
1800 1,06 1,01 0,95 0,86 — — —
2000 1,08 1,03 0,98 0,8§ — - —
2240 1,10 1,06 1,00 0,91 — - —
2500 1,30 1,09 1,03 0,93 — — —
2800 — 1,11 1,05 0,95 — — —
315 - 1,13 1,07 0,97 0,86 — —
3550 — 1,15 1,09 0,99 0,8¢ — —
4000 — 1,17 1,13 1,02 0,91 - —
4500 — — 1,15 1,04 0,93 — —
5000 — — 1,18 1,07 0,96 0,92 —
5600 — — 1,20 1,09 0,98 0,95 —
6300 — — 1,23 1,12 1,01 0,97 0,9
7100 — — — 1,15 1,04 1,0 0,9
8000 — — — 1,18 1,06 1,02 0,9
9000 — — — 1,21 1,09 1,05 1,0
10000 — — — 1,23 1,11 1,07 1,0
12500 — — — — 1,17 1,13 1,04
15000 — — — — 1,20 1,17 1,1]
18000 — — — — - 1,20 1,16

= o = 00O N
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Table 5 -nfluence of the number of belts operating simultaeously

z

2-3

4-6

>6

C,

0.95

0.9

0.85

where C, — coefficient taking into account the influencetbé number of belts
operating simultaneously

Table 6 -Linear weight (to find influence of centrifugal forces)

Belt section

Z(0) | A

B (6)

C B)

D (1)

E (1)

EO E)

g {6}, kg/m

0.06

0.10

0.18

0.30

0.6(

0.9(

D

1.50

Note. For drives with automatic belt tensi®iV? = 0.

Table 7 -Number of cyclesN,, for V-belts with cord fabric (Class I)

Belt section Z (0),A B (), CB), D) E (1), EO E)
N¢ 5.6110° 5.710° 2.510°
R

bp a

- | |

e |

| AL

<
SA

Y

Fig. 3. Section of the Rim

40



Table 8 -V-belt Rim parameters

De
1) All linear dimensions are given in
k‘)" T millimeters.
- r 2) The maximum deviationdy, of the
B0 distance between the first and any other
< d groove in a multi-groove pulley should
; ‘ o not exceed the maximum deviations for
= : sizee
i |
Section| b, | hy, | hy | h | r € f D, b, | a.deg
63...71 10.0 34°
80...100| 10.1 36°
B 1
z 85| 70| 25 6| 05 12 =0. 8.0 5 160 102 38°
180 10.3 40°
90...112| 13.1 34°
+2 | 125...160] 13.3 36°
A 11| 87| 33| 6| 1.0 15 0. 10.0_1 140. 42000 13.4 35°
450 135 40°
125...160| 17.0 34°
+2 | 180...224| 17.2 36°
B 14 | 10.8| 420 8| 1.0 19 04 125_1 550, 500 174 38°
560 17.6 40°
3 200...315] 22.9 36°
C 19| 143| 57 10 15 255 0|5 17.0_1 355...630, 23.1 38°
710 23.3 40°
43 315...450, 32.5 36°
D 27 | 20.0| 81 12 2.0 37.p 0J6 24.0_1 500...900| 32.8 38°
1000 33.2 40°
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Table 9 V-belts parameters (option)

Section Top width | HeightT, Sketch Belt weight Wedge
W, mm mm (kg/m) angle, deg
Z 10 6 0.065
A 13 8 o, 0.112
B 17 11 0.198 40°
C 22 14 UIT 0.330
D 32 20 0.675
E 38 25 1.030

Table 9 -Standard Sections (option)

Section Section
ISO GOST

Z O

A A

B b

C B

D r

E |

F E
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