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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 11749:2023(E)

Belt drives — V-ribbed belts for the automotive industry —
Fatigue test

1 Scope

This document specifies a dynamic test method for the quality control of V-ribbed belts (PK profile)
whic . : R ; o :

The dimensional characteristics of the belts and of corresponding pulleys are the subject’of ISO 9981.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
No t¢rms and definitions are listed in this document.
ISO gnd [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://Wwww.iso.org/obp

— IEC Electropedia: available at https://www.eleetropedia.org/

4 S$ymbols

For the purpose of this document, thé symbols given in Table 1 apply.

Table 1 — Symbols

Symbols Designation Unit
b, effective line-differential mm
dp checkingball or rod diameter mm
d, effective’ diameter mm
.1 effective diameter of driving and driven pulleys mm
. effective diameter of idler pulley mm
dgs pitch diameter mm
13 outstdediameter of reversebermdingidter pultey mm
e groove pitch mm
f lateral distance mm
F belt tensioning force N
additional slip %
I rotational frequency ratio at measurement of the additional slip —
iy rotational frequency ratio at the initial —
k standard value to calculate belt tensioning force N/kW
K diameter over balls or rods mm
M torque load Nm
a2  Rotations per minute.

©1S0 2023 - All rights reserved 1
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Table 1 (continued)

Symbols Designation Unit
n number of grooves —
ng final rotational speed of the driven shaft r/min 2
n, initial rotational speed of the driven shaft r/min 2
N driver speed r/min 2
N¢ final rotational speed of the driving shaft r/min @
N, initial rotational speed of the driving shaft r/min 2
P speciied-power 1WA/
My radius at the groove root mm
re radius at the groove tip mm)
R, surface roughness pm
2x position of the ball or rod to groove tip mm|
a groove angle °

a  Rotationg per minute.

5 Princi

Determinat
test machin

The shortes
approximat
on the threg
machine (se

A number o

The minimuy|

Belt failure

ple

b is as described in Clause 6.

e Figure 4) as described in 8.2.1.2.

m acceptable life, in hours, shall be agreed between the manufacturer and users.

bccurs when the belt nodonger satisfies the agreed conditions.

on of the performance of a belt under specified conditions on a two-, three-, or four-pulley

L V-ribbed belt which can be tested on the four-piiley test machine (see Figures 1 and|2) is
bly 1 000 mm. Belts with lengths between 800, mm and 1 000 mm inclusive can be t¢sted
-pulley test machine (see Figure 3). Shorter’belts should be tested on the two-pulley test

 conditions with fixed belt tensioningforce shall be agreed between the manufacturer and
user, including the power to be transmitted and-the number of times the belt can be retensioned.
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4
6
:

driven-pulley (power-absorption unit)

Key
driving pulley

idler pulley, set in slide

reversebendingidterptlley

direction of adjustment of driving and driven pulley
direction of rotation with fixed belt tensioning force
belt tensioning force applied to the idler pulley

direction of adjustment of idler pulley assembly and its support

V0NN U WN

Equal (=), the angle as shown by Figure 1 is specified for the initial test layout and may change slightly with
retensioning during the course of the test.

Figure 1 — Four-pulley test machine layout (fixed belt tensioning force)

© 1S0 2023 - All rights reserved 3
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| l
driving gulley
driven ptilley (power-absorption unit)
idler pulley; set'in slide

reverse bendingtdterpultey

direction of adjustment of driving and driven pulley

direction of rotation with constant belt tensioning force

belt tensioning force applied to the idler pulley

direction of adjustment of idler pulley assembly and its support

Equal (=), the angle as shown by Figure 2 is specified for the initial test layout and may change slightly with
retensioning during the course of the test.

Figure 2 — Four-pulley test machine layout (constant belt tensioning force)
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oL

riving pulley

oL

rivenpulley (power-absorption unit)

—-

ler pulley, set in slide

irectiomr of adjustmrent of driving amd driverr puttey
direction of rotation

belt tensioning force applied to the idler pulley

N O U W

direction of adjustment of idler pulley assembly and its support

The belt, mounted on the test pulleys shall be aligned to within +0,25° in relation to the plane through the centre of
each pulley.

a  45°is specified for the initial test layout and may change slightly with retensioning during the course of the test.

Figure 3 — Three-pulley test machine layout

© IS0 2023 - All rights reserved 5
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4
3

2

1
Key
1  driving gulley
2 driven pyilley (power-absorptiontnit)
3 directior] of adjustment of thie movable pulley (method of locking in place)
4  belt tensjoning force appliéd to the movable pulley
The belt, moynted on the test pulleys, can be aligned to within £0,25° in relation to the plane through the cenftre of
each pulley.

Figure 4 — Two-pulley test machine layout

6 © IS0 2023 - All rights reserved
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method.

6 Apparatus

6.1 Dynamic test machine, of robust design so that all components withstand, with virtually no

defle

ction, the stress to which they are subjected.

The test machine shall consist of the following (see Figures 1, 2, 3, and 4).

6.1.1 Driving pulley, and suitable mechanism for driving it.

6.1.2 Driven pulley, to which a suitable power-absorption unit (6.1.3) is connected.
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Power-absorption unit, accurate and capable of calibration.
Temperature control system.
Reverse bending idler pulley, only for four-pulley test machine (see Figures 1 and 2).

Device through which tension may be applied to the belt:

Figures 1, 2, and 3); or

in the case of the three- or four-pulley test machine layout, an idler and tensioner pulley (see

a)
b) inthec
6.1.7 Mea

direction of

In order to

position of t
of the rever
that the test

So that the
idler pulley
line of appli

For the fourj
the idler pu
the pulleys

For the thre
the idler pu
the centre o

The two-pu
moved to ac
for a given {
and in orde
axis centre
pulleys (see

6.2 Test |
conforming
mean deviaf

hse of the two-pulley test machine layout, a movable pulley (see Figure 4).

ns of determining belt slip, to an accuracy of +0,1 %. The layout of the pulley an
rotation are shown in Figures 1, 2, 3, and 4.

hccommodate different lengths, the position of relevant driving and driven member;
he idler pulley and its support (in the case of the three-pulley test machine), and the pog
e bending idler pulley (in the case of the four-pulley test machine) shall be adjustal
layout of the pulleys is attainable for each belt length.

Fension can be satisfactorily applied to the belt, and in order to allow for belt stretch

cation of the tensioning force.

Lpulley test machine, the line of action of the tensioning force shall bisect the belt layq
ley and at the reverse bending idler pulley and shall lie in the plane through the cent

see Figures 1 and 2).

e-pulley test machine, the line of action 0f the tensioning force shall bisect the belt layq
ley, shall pass through the axis centue of the idler pulley and shall lie in the plane thr
f the idler pulley (see Figure 3).

ley test machine shall be constructed so that one of the units (driven or driving) cg
commodate belt lengths of-ip to 800 mm. A method of locking the movable unit in pog
ension in the belt shall beprovided. For the tension to be satisfactorily applied to the
" to allow for belt stretch, the line of action of the tensioning force shall pass throug
bf the driven and d¥iving pulleys and shall lie in the plane through the centre of the

Figure 4).

bulleys, made from steel, as defined in ISO 683-1, with a surface hardness of 55
to ISO 6508-1. The pulley groove shall have a surface roughness such that the arithme
ion of-the profile R, is lower than 3,2 um.

1 the

, the
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le so
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hnd its bearing assembly shall be free to slide, as necessary, in the support bracket along the

ut at
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eristics of the test pulleys are given in Figure 5. The dimensions of test pulleys are givj

en in

Table 2.
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Table 2 — Dimensions of test pulleys

Parameter Symbol Dimension Tolerance
Number of grooves n 5 —_
Groove pitch e 3,56 mm +0,05 ab
Groove angle ¢ a 40° +0,5°
Radius at the groove root 12 <0,5mm _
+0,18
Radius at the groove tip re 0,25 mm 0
_ brivinganddrivenr putieys® epe) T20;6 T ——
gifafﬁ; th‘;i Idler pulley 4 dq, 60 mm © ——
Driving and driven pulleys f daq 63 mm ——
Outsfide diameter of reverse bending idler pulley & d 76,2 mm b 0,15
Pitcl) diameter d, d,=d, +2b, ——
Effeqgtive line differential b, 2 mrm nomjnal value
Dianheter over Driving and driven pulleys 0,25
K K=d, +2x
ballgor rods Idler pulley N £0,15
Position of the ball or rod to groove tip 2x 0,99 mm nomijnal value
Chedking ball or rod diameter dg 2,5 mm 0,01
Latefal distance f >2,5 mm ——

a

b

h

i

used [for testing. The value of 55 mm may be sglécted to better represent actual design practice.

considered for production drives.

deterimined with the pargticuldr belt being used. A nominal value of the effective line differential b, of 2 mm 1}
calcullate the speed ratie, If more precision is required, the belt manufacturer should be consulted.

The tolerance on e applies to the distance between the axis oftwo consecutive grooves.

The sum of all deviations from the nominal value e for all grooves in any one pulley shall not exceed *0,3
The centreline of the groove shall make an angle of 90%#'0,5° with the axis of the pulley.

I the case of the three- or four-pulley test machine.

The value of 45 mm is the minimum recommended to better represent actual design practice in ISO 994

l[: the case of the two-pulley test machine!
the case of the four-pulley test machine.

Yo minimum reverse bend djameter is standardized. The value of 60 mm may be used for testing but

The true pitch diameter.of a V-ribbed pulley is slightly larger than the effective diameter, and its

mim.

1 and may be

should not be

bxact value is
hay be used to

7

The testtemperature shall be:

a)

b)

Test room conditions

ima test Toom, an ambient temperature between 18 °Cand 32-°C(the mean ambient

emperature

for the duration of the test shall be given with the test result, and the atmosphere in the vicinity of

the test drive shall be free of draughts from sources other than the belt drive itself); or
in a thermostatically controlled enclosure, a high temperature of (120 + 5) °C; or

in a thermostatically controlled enclosure, a high temperature of (85 + 5) °C.
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8 Test method
8.1 Test conditions

8.1.1 Test with fixed belt tensioning force

The rotational frequency of the driving pulley shall be 4 900 min~! to within +2 %. The power
transmitted is fixed, in kilowatts, for a belt with three to five ribs, and shall be agreed between the
manufacturer and user.

The driver pulleyspeed-inrevolutionsperminute shallbeusedinthe torqueload-calculationand the
torque load [shall be kept constant without compensation for loss of driven pulley speed resultifigffrom

belt slippage.
The torque load, M, is given by Formula (1).
_bs
M =—x%9 549 (@]
N

M is|the torque load, in newton metres (Nm);
. is|the specified power, in kilowatts (kW);
N is|the driver speed, in rotations per minute (r/min);

The test equipment shall be maintained so as to miniintize parasitic loads due to bearing lgsses,
lubricants, gtc.

In the case o¢f the three- or four-pulley test machine; the belt tensioning force, F, in newtons, appligd to
the idler pulley, and in the case of the two-pulléy test machine that applied to the driven unit, shall be
such that

F=kxP 2)

where
k =160 N/kW, in the €ase of the three- or four-pulley test machine;

=[110 N/kW, ird thé case of the two-pulley test machine.

EXAMPLE For 10;3¥kW, F = 618 N: for one belt with six ribs = 105 N/rib (in the case of the three- or|four-
pulley test).

8.1.2 Testwithrconstant betttensioning force

The rotational frequency of the driving pulley shall be 4 900 min! to within +2 %. The power
transmitted is fixed, in kilowatts, for a belt with three to five ribs, and shall be agreed between the
manufacture and user.

The driver pulley speed, in revolutions per minute, shall be used in the torque load calculation, and the
torque load shall be kept constant without compensation for loss of driven pulley speed resulting from
belt slippage.

The specified power, P, is 10,3 kW, the torque load, M, is given by Formula (3).

) S’
_bs
M="P5 49 549 3)
N

10 © IS0 2023 - All rights reserved
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where

M isthe torque load, in newton metres (Nm);
P, isthe specified power, in kilowatts (kW);
N is the driver speed, in rotations per minute (r/min).

The test equipment shall be maintained so as to minimize parasitic loads due to bearing losses,
lubricants, etc.

Int case of the anr-pn”py test machine with constant belt tension the belt tensioning force, F, is

464 N, applied to the idler pulley.

8.2 | Procedure
8.2.1 Preparation

8.2.1.1 Three- or four-pulley test machine with fixed belt tensioning force

MetHod A: after mounting the belt on the pulleys, apply the specified belt tensioning forde (see 8.1.1)
to the idler pulley and, leaving the idler pulley support bracketfree to move in its slide, bring the drive
up tq the specified rotational frequency (see 8.1.1). Then apply the relevant load to the driven pulley as
quickly as possible. Run the drive under these conditions for'5 min #* 15 s, not including the ftarting and
stopping time. Stop the machine and leave it to stand for atleast 10 min.

Ther] turn the drive manually for several revolutions-of the belt and immediately lock the|idler pulley
supplort bracket in position.

Method B: after mounting the belt on the pulleys, apply the specified belt tensioning forge (see 8.1.1)
to the idler pulley, leaving the idler pulley support bracket free to move in its slide. Then turn the drive
mantially for several revolutions of the belt and immediately lock the idler pulley suppoit bracket in
position.

8.2.1.2 Two-pulley test machine

Use the same procedure asiin 8.2.1.1 with the movable unit taking the place of the idler pulley support.

8.2.1.3 Four-pulley test machine with constant belt tensioning force

Aftef mountingithe belt on the pulleys, apply the specified belt tensioning force (see 8.1.2] to the idler
pulldy and, l€aving the idler pulley support bracket free to move in its slide without lock fit, bring the
drive up te_the specified rotational frequency (see 8.1.2).

8.2 Test

Start (restart in the case of method A) the machine, bring the drive up to the specified rotational
frequency, apply the test load to the driven pulley, and measure the slip between the driving and driven
pulleys.

The drive shall run continuously under these conditions until:
— in all test conditions: the belt fails; or

— in the test with fixed belt tensioning force: the additional slip g exceeds by 4 % the slip measured
initially.

©1S0 2023 - All rights reserved 11
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The additional slip, g, expressed as a percentage, is given by Formula (4):

(io ~

where

it) 100 4)

(5)

is
is
is
All rotation;
8.2.3 Ret

In case of ty
slip reaches
unlocking t
to the belt,

bracket in p
pulley test 1
unit as desc

Repeat this

9 Testreport

The test rep|
a)

arefere|

(6)

the initial rotational speed of the driven shaft;
the final rotational speed of the driven shaft;
the initial rotational speed of the driving shaft;
the final rotational speed of the driving shaft.

1l speeds shall be measured under the test load.

bnsioning

[ belt
After
sion
port
two-
yable

fo-, three- or four-pulley test machine with'fixed belt tensioning force, if the additiona
4 % before belt failure, stop the machine and leave it to stand for at least 20 min.

he idler support bracket of the three- or four-pulley test machine, apply the test te
furn the drive manually for twg or three revolutions of the belt, relock the idler su
psition as described in 8.2.1.1,-and repeat the test specified in 8.2.2. In the case of the
hachine, unlock the movable:unit, apply the test tension to the belt, then relock the moj
Fibed in 8.2.1.2, and repeat the test specified in 8.2.2.

procedure whenever'the additional slip reaches 4 % before failure, until the belt fails.

ort shalliinclude at least the following information:

ncedtothis document (i.e. ISO 11749);

b) theide

43 £ A3 £l o b ol & £ad
LITTCLAtivull UT U1IIT UTIL LCOSLCU,

the type of machine used (if necessary, the effective diameter of the idler pulley or the outside
diameter of the reverse bending idler pulley);

<)

d)
€)
f)
g)

the method used (A or B);
the number of running hours under test to satisfy the agreed conditions;
the transmitted power and the number of ribs;

the number of times and the running hours at which the belt was retensioned in the test condition
with fixed belt tensioning force;

h) the mean ambient temperature during the test;
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