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4,1,

4,1.1.

4.1.1.1.

.CALCULATION PROCEDURE
Mechanism components are designed by checking that they offer adequate safety against
failure due to fracture, crippling, fatigue or excessive wear. ‘

Other factors must also be taken into consideration and it is particularly important -

to avoid overheating or deflection which could interfere with correct functioning
of the mechanism. ’

CHECKING FOR ULTIMATE STRENGTH (1)

Mechanism components are checked for ultimate stength by verifying that the cal-
culated stress does not exceed a permissible stress dependent on the breaking
strength of the material used.

VALUE OF THE PERMISSIBLE STRESS

The value of the permissible stress O, is given by the following formula :

of
O'az—‘_R_
“R
where :
Or is the ultimate stress for the material

Ve 1s a safety coefficient corresponding to each case of loading (clause 2.3.)

(1)

It might seem logical to check against the elastic limit, in line with the structures
booklet, as this figure is, im principle, the limit not to be exceeded in the use of
a material. The steels normally used for structures have a wide gap between the yield
strength and the ultimate strength and this gap affords protection against sudden
failure even when the yield strength is considerably exceeded.

On the other hand, the use in mechanisms of certain steels with a very high, elastic
limit as compared to the ultimate strength would result in. fragile parts being pro-
duced if the permissible limit stress were to be based on the elastic limit, and any
accidental overstepping of this limit would lead to immediate failure. This explains
why the ultimate strength is chosen as the criterion for verification.
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4,1.1.2. VALUES OF THE COEFFICIENT Vp

The values to be adoptéd fbr'ih are given in table T.4.1.1.2.

Table T.4.1.1.2.

Values of Vg
Cases of loading I and II III
Value of g 2.2 1.8

In the case of grey cast iron, the values of v} are to be amplified by 25 X.

4.1.1.3. RELATIONS BETWEEN THE CALCULATED STRESSES AND THE PERMISSIBLE
STRESSES '

o

According to the type of loading considered, the following relations must be veri-
fied in which :

; Or is the calculated tensile stress

{ Oc is the calculated compressive stress

Of is the calculated bending stress

T is the calculated shear stress.

1) Pure tension : -

1,25 0y § O,

2) Pure compression : )
Oc € Oy

3) Pure bending : :  }
O & O

4) Combined bending and tension :

1,25 Oy + Of § Oy

5) Combined berding and compression :
e + Jr < Ty
§) Pure shear :

AT ¢ o

a
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4.1.2.

4,1.3.

4,.1.3.1.

7) Combined tension, bending and shear :

A1,25 00 +0p)? » 3 T2 g 0,

8) Combined compression, bending and shear :

/(cc SR A

CHECKING FOR CRIPPLING

Parts subject to crippling.are designed in compliance with clause 3.3. for booklet 3,

checking that the calculated stress does not exceed a limit stress determired as a
function of the critical stress above which there is a risk of crippling occurring.

For this check, the coeffic¢ient Ym s taken into account, its value depending on
the group in which the mechanlsm is classified (see table T.2.6.)

Some general conslderatlons relatlng to the checking of parts for crippling are
given in appendix A-3.3.

{
i

CHECKING FOR FATIGUE

GENERAL METHOOD
The fatigue strength of a given component is mainly determined by :
- the material from which the component is constructed ;

- the shape, surface condition, state of corrosion, size (scale effect) and other
factors producing stress concentratlon H

- the ratiok between the minimum and maximum stresses which occur during the
various stress cycles ;

- the stress spectrum ;
- the number of stress cycles.

The fatigue strength of a mechanical component is known only in exceptioral cases.
Generally speaking, it is to be derived from the characteristics of tre =aterial
and of the component and from accepted laws concerning their behaviour.

The starting point is provided by the endurance limit under alternating te~sile
fatigue loading ( x= - 1) of a polished specimen, made from the materia. . cer
consideration. The diminution of this fatigue strength as a result -f 1~ ;eometric
shape of the piece, its surface condition, its state of corrosion arg :%3 3iz2 is
allowed for by introducing appropriate factors.




4.1.3.2.

From the endurance limit under altermating lcaging :ne corresponcing limit with
respect to other ratios k between extreme stresses is obtzined with the aid of
a SMITH diagram, in which certain hypotheses are made as to the shape of the
strength curve. ' .

The endurance limit thus determined for the actual component, and with respect to a
given ratio x between extreme stresses, is taken as the basis for the plotting of

the WOHLER curve, concerning which certain hypotheses are also made. From this WOHLER
curve (fatigue strength under the effect solely of stress cycles, all having the same
ratio x between extreme stresses), the PALMGREN-MINER hypothesis on fatigue damage
accumulation can be used to determine the fatigue strength of a component according
to a group in which the' component is classified.

The method described in 4.1.3. for determining the fatigue strength is applicable
only to components in which the structure of the material is homogencus over the
entire section being considered. It cannot, therefore, be used in the case of compo-
nents which have undergone a surface treatment (e.g. hardening, nitriding, case-
hardening). In such casps the fatigue strength can be derived from the WOHLER curve
only if the latter has itself been determined with respect to components which have
been made from the sameimaterial, have a comparable shape and size and have undergone
exactly the same surface treatment.

Checking for fatigue stfength only needs to be performed for case of loading I.

Where the number of str;ss cycles is less than 8 000, such checking is not necessary.
ENDURANCE LIMIT UNDER ALTERNATING LOADING OF A POLISHED SPECIMEN
The specialized works on the subject (see also appendix A-4.1.3.) provide the en-

durance limit value Opy under alternating rotational bending of a polished specimen
in the case of materials used regularly in construction of mechanisms.

By approximation, the same values of Opy Mmay be accepted for the endurance limit
under alternating rotary bending.

To obtain the endurance‘limit under alternmating axial tension and compression,
the values of G, have to be decreased by 20 % (1). .

(1)

An element of material, when subjected to the same stress as an adjacent e.ement,
supports the latter less effectively than if it were subjected to a lower stress
as is the case with bending. A stress gradient, i.e. : ;

difference in stress between two adiacent elementary parts
distance between these twa elementary parts

which is higher, produces a strengthening effect.
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4,1.3.3,

The endurance strength T, under alternating shear (pure shear or torsion) is derived
from Op,, by the relation : e e '

Ty = —bw
w =
v 3
The values given for Oow are generally those corresponding statistically to a 50 ¢ -
survival probability. In the case of carbon steels in common use in mechanisms, it -

is permissible to adopt :
Oow = 0,5 0g

Og being the minimum yltimate strength,

;
i
f
i

INFLUENCE OF THE SHAPEJ SIZE, SURFACE CONDITION AND CORROSION

The shape, size, sUrface conaition (machining) and state of corrosion of the compo-
nent under consideration entail a decrease in the endurance limit under alternating
loading in relation to the ideal Case of a polished specimen.

This influence is allowed for by introducing factors Ks» Ky, ky and k. respectively,
concerning the determination,pf which, directions will be found in appendix A-4.1.3.

H

The endurance limit under alt%rnating loading Owk O Ty of the component under
consideration is given for tension, compression, bending and torsional shear by
the relation : :

g Tom
wk ks kd kU kC

or

T, . a—
Wk T kg kg Ky ke

In the case of pure shear we take :

1]
~

wk
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4.1.3.4, ENDURANCE LIMIT AS A FUNCTION OF » O AND d-k (or T.k),

Fig. 4.1.3.4. expresses, in the form* of a SMITH diagram, the hypotheses made concer-
ning the relations between the endurance limit Cy (or T4), the raticX between

extreme stresses, the tensile strength Op and the endurance limit under alternating
loading G, (or T). :

. This gives the following relations :

~1gx<o0 Og = — Tk Alternating
: 3 -2 stresses
Normal
5 5
stresses 0K g1 0g = 3 ”: Pulsating
. 3G stresses
i 1o {1 -3«
i. Or
Alternating “)
_ 5 it
bex <o Td = 37550 Tk stresses )
Shear
5
i 3 Twk © Pulsating
stresses O¢xgly Tg = 55 - stresses
H —
i 1 - (1 - 37 Wk, _
i Or
Figure 4.1.3.4,
;S ; s
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4.1.3.5.

WUHLER CURVE

"WOHLER curve” in this context means an endurance curve representing the number n of
stress cycles which can be withstood before fatigue failure, as a function of the

maximm stress 0 (T), when all stress cycles present the same amplitude and the same
ratio « between extreme values.

With regard to this WOHLER curve, the following hypotheses are made respectively :. .

- for n = 8-10° :
G:OR
or
g f
T = R ;
/3 :’
i
- for 8-10° ¢ n g 2-10%, the area of limited endurance, the function is represented

by a stralght line TD in a reference system comprlslng two logarithmic scale axes
(figure 4.1.3.5.)

i

The slope of the WOMLER curve, in the interval considered, is characterized by the
factor :

= tan @ = 109 2:10° - log 8-10°

c—
log Cg - log Oy
!
or %
log 2:10° L 8-10°
c = tan @ = 299 o,,.oq
R
109-“.-10 T,
Z A
8
- for n = 2+10
0=0d
or
T=Td

- for n > 2-106, the so-called region of endurance limit, the function is represented,

in the same reference system as above, by the straight line ON, bisector of the

angle formed by the extension of TD and a line parallel to the axis of the n values,

passing through O.

The slope of the WOHLER curve for n > 2.10°% is characterized by the factor :
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4,1.3.6.

Figure 4,1.3.5.
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The spectrum factor kg sp of the componment is determined by means of the above mentioned
value of ¢. In the case of certain components in group E8 (seetb 1.3.6.), the calcula-
tion must also be performed in exactly the same way, but after: replacing c by c¢'. To

distinguish between the two spectrum factors thus found, the second will be d851gnated

kgp.

A c value below 2.5 is an indication of faulty design of the component concerred. Such
a component must not be put into service.

FATIGUE STRENGTH OF A MECHANICAL COMPONENT

The fatigue strength Gy or T, of a given mechanlcal component 15 determinec by the
following expressions respectively :

8-1
O = (2 ‘C ) . Og

or
Tk = (2 ) . Td
where j is the component's group number.
i

In the case of group £8 components, of which the total duration of use ~ 3~ *me
spectrum factor k'gy (see 4.1.3.5.) satisfy the inequality :

R €
nklen > 2-1C

o



L

Ok Or Ty must, however, be determined by the expression :

Ok = (Qi L et oy

n k'sp
or
6
Tk = (2—Lg_. _'_l_)l/C'. T4
n k sp

The group classification of components, on the basis of their total duration of
use n and their spectrum factor kspr as well as the critical fatigue stresses asso-
ciated with each group, are illustrated in figure 4.1.3.6. where Ujk represents the

stress applying to group Ej. For the critical shear stresses, the letter J must be
replaced by T.

i
!

h.L}.i. PERMISSIBLE STRESSES AND CALCULATIONS

i The permissible stresses Ozf and T,¢ are obtained by dividing the stresses Oy and
Ty, defined In 4.1.3.6., respectively by a safety factor .

One takes 3 1
v, = 3.2€

or

Ofr—

for group E8 components satisfying the
inequality in the pernultimate paragraph
of 4.1.3.6.

Ogr and Ty¢ will therefore be obtained by the relatiens :

Sy
BTN
T
Kk
e
and one verifies that :
0 < Caf
T Taf

with :
G maximun calculated normal stresg H

T maximum calculated shear stress.
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Ir the case of components acted upon simultaneously by normal stresses and shear
stresses with different ratios x between extreme stresses, the following condition

must be satisfied :

%z AT r Cyly T2 1,1
S Ty T Gge R <
“kx ky xky k \)k
in which
Cy» cy = maximum normal siresses in the directions x and y respectively ;
T = maximum shear stress ;
Oyxs Uky = fatigue strength for normal stresses, in the directioms x and y
respectively ;
p = shear fatigue strength.

If it is not possible to determine the most unfavourable case of the foregoing

relation from the corresponding stresses Oys Oy and T, calculations must be per-

formed separately for the loads Tx maxs Oy max @d Tpay and the most unfavourable

corresponding stresses.




4.1.4,

4.2,

4.2.1.

4.2.1.1.

4.2.1.2.

It should be noted that -the checks described above do not guarantee safety against
brittle fracture. Such safety can be ensured only by a suitable choice of material
quality. ‘

CHECKING FOR WEAR

In the case of parts subjected to wear, the specific physical quantities which affect
this, such as the surface pressure or the circumferential velocity must be determined.
‘The figures must be such that, on the basis of present experience, they will not lead
to excessive wear. -

DESIGN CALCULATIONS FOR PARTICULAR COMPONENTS

CHOICE OF ANTI—FRICTION BEARINGS

To select anti-friction bearings, it is first necessary to check that the bearing
-1s capable of withstanding : ’

= the static load to which it can be subjected under whichever of loading cases
I, IT or III is the most unfavourable, and

4
{
i

?- the maximum dymamic load in the more anfavourable of loading cases I or II.

THEORETICAL LIFE

In addition, anti-friction bearings must be selected to give an acceptable theoreti-
cal life in hours (see table 7.2.1.3.2.) as a function of the class of operation of
the mechanism under a constant mean load as defimed in clauses 4.2.1.2. and 4.2.1.3.
below. :

>HEAN LOADING OF BEARINGS SUBJECTED T0 TYPE Sy LOADS

~In order to allow for variations in the loads of type Sy during the cycles of ope-

ration, an equivalent mean loading Sy negn iS determined which is suppased to be
applied constantly during the theoretical lifs determimed by clause 4.2.1.1,

SM mean 1S obtained by multiplying Sy max 11 (1), defined by clause 2.6.4.1. and
2.6.4.2., by the cube root of the spectrum factor Xn defined in 2.1.3.3.

SM mean = Xm Spmax 11 (1)

(1)

O Sy max [ fOT components not subjected te wing.

4-13




4.2.1.2.1,

4.2.1.3.

4.2.1.4,

4.2.2.

Determination of the mean load Sy mean ©n anti-friction bearings
for combined motions :

In the .case of motions which combine an elevation of the centre of gravity of the
moving masses with a horizontal displacement (e.g. unbalanced luffing), the mean
load Sy megn is determined by combining :

- the mean load due to the accelerations and the effect of the wind, as determined.
by applying clause 4.2.1.2. with,

- the mean load due to the vertical displacement of the centre of gravity of the
moving masses, as determined from the expression :

2 SM max * M min

SMmean = 3

i

where Sy may and Sy nin are the maximum and minimum values of the corresponding
loads.

§
MEAN LOADING OF BEARINGS SUBJECTED TO TYPE Sp LOADS ‘ ™

The extreme loads Sq max @nd Sg pmin developed in loading case I for appliances not
subjected to wind or loading case II for appliances subjected to wind (see clause
2.6.) are considered and the bearing‘is designed for a constant mean load given

by the expression :

i _ 2 58 max * SR min
SR mean = 3

;
i
and applied for the theoretical life in accordance with clause 4.2.1.1.

MEAN LOADING OF BEARINGS SIMULTANEQUSLY SUBJECTED TO TYPE.S, AND
TYPE Sg LOADS

On the basis indicated above the equivalent mean loads are determined for esach of

the type Sy and Sg loads, assumed to be acting alome and the bearing is selected

for an equivalent mean load resulting from combination of the two mean loads Sm S
and Sgp. )

CHOICE OF ROPES

The following rules aim at defining reasonable minimum requirements “zr °~e choice
of ropes used on noisting appliances covered by these Design Rules.

They do not purport to rssolve all tbhe problems nor to serve as a substit.te for
the dialogue which is essential between the rope manufacturer and t=e ~3~.‘3cturer
of hoisting appliances.



4.2.2.1.

They apply to preferred ropes conforming to ISO Récunnendation 2408 : "Steel ropes
for general use - Characteristics”.

They do not exclude, however, ropes which are not specified in ISO Recommendation
2408.

For such ropes, it is incumbent upon the rope manufacturer to validate for the
user the minimum values of parameters detailed in the ISO Recommendation.

The terminalogy of the rope parameters complies with that used in ISO Recommendation
2408.

The methods stated hereafter assume that the ropes are greased correctly, that the
winding diameters of the pulleys and the drums are suitably selected in compliance
with 4.2.3. and that, when in service, the ropes are properiy maintained, inspected
and periodically replaced in conformity with IS0 Recommendation 4309 "Rope inspection”.

The selection of rope diameter (and winding diameters in 4.?.3.) is based on the
group of the hoisting mechanism. However, for appliances which require frequent
dismantling (such as builders tower cranes), in which ropesihave to be changed more

frequently, it is permissible to select a hoist rope from the group immediately

below that of the hoisting mechanism but not inferior to group M 3.

Whenever hoisting appliances are used for dangerous handling operations (e.g. molten
metal, highly radiocactive or corrosive products, etc.) the choice of the ropes and
pulleys must take account of the mechanism group next abovegthat resulting from the
normal classification of the hoisting appliances. !

Group M 5 is the minimum group to be used for the handling Ef dangerous loads for
the choice of rope and pulley diameters, ' ’

CHOICE OF ROPE DIAMETER
Two methods can be used at the choice of the manufacturer :

~ the method using the minimum practical factor of safety Zb (see 4.2.2.1.2.) which
is valid for rumning ropes and static ropes (guy ropes, stays, etc.).

- the C factor method (4.2.2.1.3.) .applicable to running ropes aonly.



4.2.2.1.1.

4,2.2.1.1.1.

4.2.2.1.1.2,

4,2.2.1.1.3.

.The determination of the maximum tensile force S in the various ropes;which are not

Common bases for the two methods

Definttion of the maximum tensile force S in the hoist rope

(grab ropes excepted)

This is obtained by taking account of the following factors :

- maximm safe working load of the appliance, ( o

- weight of the pulley block and the hoist accessories, the dead weights of which
are added to the load effect so as to increase the rope tension,

- mechanical demultiplication due to the rope reeving,
- efficiency of the rope reeving, i
- loads due to accelerations if they exceed 10 % of the vertical load%,

s

- rope inclination at the upper extreme position if the angle of the rope with
the hoist axis exceeds 22.5°

Cefinition of the maximum ten31le force S in ropes other than
haist ropes Z

i
exclusively used for the vertical hoisting of loads is based on the loads determined
in load cases I or II taking account of the most unfavourable case which can occur 3
repeatedly in normal use. )

For ropes which produce horizontal movement of loads, account must be taken of the
loading resulting from rolling motion and friction, together with the maximum in-
clination that the support, on which the load is moved, can assume locally under
the influence of the normal loading. :

s

Oetermination of the maximum tensile force S in the ropes of =nyulti-
rape grabs (holding and clasing)

In the case of appliances with grabs, where the weight of the load is mot aleays
equally distributed between the claosing ropes and the holding ropes quring “-e
w#hole of a cycle, the value of S to be applied should be determined as ‘3! >ms :

1} If the system used automatically ensures an equal distribution of tme ~cisted
load between the closing and holding ropes, or any difference between t~e .zads
carried Dy the ropes is limited to a short period at the end of clesing :r at
the beginning of opening, S should be determined as follows :

‘i

a) closing ropes : S = 66 % of the weight of the loaded grab, divizea =y "=~e
number of closing ropes.



fa.2.2.1.2
|

i
H
{
)
i
i

4.2.2.1.2.1.

b) holding ropes : same pourcentage.

2) If the system used does not automatically secure an equal distribution of the
load between the closing ropes and the holding ropes during the hoisting motion

and, in practice, almost all the load is applied to the closing ropes, S should
be determined as follows :

a) élosing.ropes Y

total weight of the loaded grab divided by the number
of closing ropes. , o

b) holding ropes : S

"

66 % of the total weight of the loaded grab divided by
the number of holding ropes.

Method using the minimum practical factor of safety Zp

Definitiaons

The minimum practical factor of safety Zy is the ratio between :

- the minimum breaking load Fo of the rope (minimum load which must be attained
when carrying out the rope breaking test),

- and the maximum tensile force S in the rope

Rope selection

The chosen Tope must have a minimum practical factor of safety at least equal to the
minimum value Z, for the mechanism group to which the rope in question belongs (see
table 7.4.2.2.1.2.).

Table T.4.2.2.1.2.

Factor of safety ZQ

Group of ) Minimum value Zp
mechanism
Running ropes Static ropes

M1 3,15 2,5
M 2 3,35 2,5
M3 3,55 3
M4 4 : 3,5
M S 4,5 o
M & 5,6 4,5
M7 7,1 5
M 8 9 5

4-17



4,2.2.1.3. C-factor methad

Definifidns :

C = rope selection factor,

S = maximum tensile farce exerted on the rope when in use,

d = nominal diameter of the rope -
(dimension by which the rope is designated),

f = fill factor of the rope,

k = spinning loss factor due to the rope constructidn,

Ry = minimum ultimate tensile stress of the wire composing the rope,

K' = empirical factor for the minimum breaking load for a given rope
i construction such that

=

K':T-f-k

4.2.2.1.3:1. Rope selection "

For a rope of a given construction, having a given minimum steel strength, and for
a8 given mechanism group there is a factor C which is expressed by the formula :

[z [ % .

C = / = / B
\/ K-fo IRy \/’K' Ro '
4

where Zp is the minimum value for running ropes in table T7.4.2.2.1.2.," corresponding :
to the mechanism group chosen for the rope.

e dirmin s b i

The nominal diameter must be such that

ga > Cv S

&.ZZ.L37Z Calculation of the factor C - guarantees
The values of C are calculated taking account of :
- the factor Zp corresoonding to the mechanism group,
- the breaking strength under tension of the steel of the rope wires,
- the factor K' (or factors k and f) which can either :

. be taken from ISO Recomméndation 2048 for normal ropes covered therein
(see Appendix),

. Or be guaranteed Dy tne rope manufacturer if the rope is of a special con-
struction. In this case, the certificate supplied by the rope manufacturer
must clearly state tre guaranteed values of K'.
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6.2.3.

4,2.3.1.

4.2.3.1.1.

CHOICE OF PULLEYS, DRUMS AND ROPE ATTACHMENT. MEANS

MINIMUM WINDING DIAMETER

The minimum winding diameter for the rope is determined by checking the relation-
ship : ’

0 » H-.d
where :

0 is the winding diameter on pulleys, drums or compensating pulleys measured
to the axis of the rope.

o o

is a coefficient depending upon the mechanism group.

Q

is the nominal diameter of the rope.

Note - Refer to 4.2.2. for the mechanism group in which the rope should be classified.

———

Yalues of H

The minimum values of the coefficient H, depending upon the group in which the
mechanism is classified, are given in table T7.4.2.3.1.l1. for drums, pulleys and
compensating pulleys.

They correspond to ropes currently used and known and are based on experience
concerning their working conditions.

They do not however serve as a substitute for the dialogue which is indispensable
between the rope manufacturer and the manufacturer of hoisting appliances, expecially

when the use of new ropes with varying flexibility characteristics is being considered.

Table T7.4,2.3.1.1.

Values of H
Mechanism Oruns Pulleys Compensating

group pulleys
Mol 11,2 12,5 11,2
M 2 12,5 14 12,5
M 3 14 16 12,5
M 4 16 18 la

M 5 18 20 e

M 6 20 22,4 .5

M 7 22,4 25 L5

M 8 25 28 .3




4.2.3.1.2.

4,2.3.2.

4.2.3.3.

4.2.4,

Note

When the formula given in clause 4.2.2.1. has been used to determine a minimum rope
diameter from which in turn the minimum diameters for drums and pulleys have been
determined, a rope of diameter greater than the minimum calculated diameter can be
used with these latter diameters, provided that the diameter of the rope used does
not exceed the minimum diameter by more than 25 % and that the pull in the rope does
not exceed the value S used for calculating this minimum diameter.

L

RADIUS OF THE BOTTOM OF THE GROOVE

The useful life of the rope depends rot only on the diaméter of the pulleys and
grums, but also on the pressure exerted between the Tope and the groove supporting
the rope.

The winding ratios above are given on the assumption of a radius of supporting
groove T where :

r = 0.53d )

d being the nominal diameter of the rope.

ROPE ATTACHMENT MEANS

.RoDe attachments must be so designed as to withstand a tensile force 2.5 times the ,ﬁ

maximum tensile force S without showing permanent deformation.

The means attaching the rope to the drum must be of such a design that, taking
account of the friction of the turns which remain around the drum, the sum of .the
frictional and fixing forces withstands a tensile force 2.5 times the maximum tensile
force S.

TN

The coefficient of friction between the rope and the drum used in the calculations
shall be :

U = 0.1 EEEN

when the rope is completely urnwound from the drum, at least two complete turns of
rope must remain on the drum before the rope end attachment.

CHOICE OF RAIL WHEELS

In order to choose a rail wheel, its diameter is determined by consigering :

- the load on the wheel,

- the quality of the metal from which it is made,
~ the type of rail on which it runs,

- the speed of rotation of the wheel,

- the group classificatior af the mechanism,



4.2.4.1.

4,2.4,1.1,

RAIL WHEEL SIZE
To determine the size of a rail wheel, the following checks must be made :

- that it is capable of withstanding the maximum load to which it will be
subjected, and

- that it will allow the appliance to perform its normal duty without abnormal
wear.

The two requirements are checked by means of the following two formulae :

[=}
mean II1 . ~
6 -0 ¥ PL " Clmax ' Comax < 1,38 P = 1,4P
taking Clmax = 1,2 and Comax = 1,15
=]
and mean I,II £ P g
b0
where
D is the wheel diameter in mm \
b the useful width of the rail in mm
P a limiting pressure dependent upon the metal used for the wheel,
in N/mm?
¢y a coefficient depending on the speed of rotation of the wheel
= is a coefficient depending on the group of the mechanism
Pmean 111 1S the mean load to be withstood by the wheel, in loading case III, in N,

calculated according to the formulae in clause 4.2.4.1.1.

Pmean 1,11 1s the mean load in case I or II.

Determining the mean lgad

In order to determine the mean loads, the procedure is to consider the maximum and
minimun loads withstood by the wheel in the loading cases considered, i.e. w~ith the
appliance in normal duty but omitting the dynamic coefficient ¥ when cetermining
Pmean 1,11 and with the appliance not in use for Ppean 1r1- The values of Pmaan are
determined by the formula below in the three cases of loading I, Il arc I :

b _ Pmin LIDIIT * 2 Pray 111,112
mean I,I1I,III1 * 3




4.2.4.1.2.

4.2.4.1.3,

H
H
1
H
i

Determining the useful rail width b

For rails having a flat bearing surface and a total width £ with rounded corners of
radius r at each side, we have :

b = £~-21
for rails with a convex bearing surface, we have :

= .4
b = & 3T (1)

Determining the limiting pressure P

-The value of P_ is given in table T.4.2.4,1.3. as a function of the ultimate strength

of the metal of which the rail wheel is made ;

Table T.4.2.4.1.3.

Yalues of P,

Ultimate strength for metal AL
used for rail wheel in N/mm?

\

- o
Og > 500 N/mm‘ 5,0
Op > 600 N/mm‘ 5,6
Og > 700 N/mm* 6,5
O > 800 N/mm’ 7,2

(1)

For the same width of rail head, these formulae give a greater useful bearing wigth
for convex rails than for flat rails. This allows for the superior adaptation of a
slightly convex rail to tmre rolling motion of the wheel.
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4,2.4,1.4,

The qualities of metal refer to cast, forged or rolled steels, and spheroidal graphite
cast iron, ' '

In the-case of rail wheels with tyres, consideration must cbviously be given to the
quality of the tyre, which should be sufficiently thick not to roll itself out.

In the case of wheels made of high tensile steel and treated to ensure a very high.
surface hardness, the value of P 1s limited to that for the Quality of the steel
composing the wheel prior to surface treatment, according to table T.4.2.4.1.3,, "
since a higher value would risk causing premature wear of the rail. .

For a given load, however, wheels of this type have a much longer useful life than
wheels of lesser surface hardness, which makes their use worthwhile in the case of

appliances performing intensive service.

Alternatively, it is possible to uée wheels of ordinary cast iron, especially chilled
cast iron, which has good surface hardness.

It must be remembered that such wheels are brittle and that their use should be
avoided for nigh speed motions or @hen shock loadings are to be feared.

When these are used their diameter is determined by taking P_ equal to 5 N/mm?.

. !
Determining the coefficientgcl

The values of €; depend on the speeﬁ of rotation of the wheel and are given in
table T.4.2.4.1.6.a. '

These same values are also given in table T.4.2.4.1.4.b. as a function of the wheel
diameter and the speed in m/min.

Table T.4.2.4.1.4.a.

Values of c1

Wheel rotation speed Wheel rotation speed c Wheel rotation speed c Aj
in R.P.M; €1 in R.P.M. 1 in R.P.M, 1
200 0,66 50 0,54 16 1,09
160 0,72 45 0,96 la 1,1
125 0,77 40 g,57 12,5 1,11
112 0,79 35,5 0,99 11,2 1,12
100 0,82 31,5 1 10 1,13
0 0,84 28 1,02 8 1,14
80 a,87 25 1,03 6,3 1,15
71 0,89 22,4 1,04 5,6 1,16
&3 a,91 20 1,06 5 1,17
56 0,92 18 1,07
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Table T.4.2.4.1.4.b

Values of ¢ as a function of the wheel diameter and the'Sgeed of travel

wheel dia- : ' Values of ¢) for travel speeds in m/min
meter In M S T12.5 ] 16 | 20 T 25 31,5 40 [ s0 | 63 | 80 |100 | 125 |160 |20 | 250
200 11,0911,06 {1,03{1 |0,97| 0,9 0,91 |0,87 |0,82 |0,77 {0,72}0,66 | - | - | -
250 1,11 1,09 |1,06{ 1,03 |1 0,97| 0,9 |g,91 {0,87 |0,82|0,77]| 0,72 {0,66 | - | -
315 41,13 f1,11 11,09} 1,06 | 1,03| 1 | 0,97 |0,94 | 0,91 | 0,87 | 0,82 0,77 |0,72 | 0,86 | -
400 11,14 11,13 11,11} 1,09 |1,06| 1,03/ 1 |0,97 | 0,9 | 0,51 | 0,87 | 0,82 |0,77 |0,72 | 0,66
500 11,15 |1,14 1,13} 1,11 |1,09| 1,06| 1,03 {1 |0,97 |0,94 | 0,91 | 0,87 |0,82 | 0,77 | 0,72
630 1,17 1,15 1,16 1,13 | 1,11 1,09| 1,06 1,03 |1 0,97 | 0,94 | 0,91 |0,87 |0,82 | 0,77
710 | - [1,16 |1,14| 1,13 {1,12| 1,1 | 1,07 {1,064 | 1,02 | 0,99 | 0,96 | 0,92 0,89 | 0,84 | 0,75
800 | - 1,17 |1,15) 1,14 {1,13] 1,11 1,09 | 1,06 | 1,03 |1 0,97 | 0,94 0,91 |0,87 | 0,82
%0 |- - 11,0611,16 |1,13] 1,12] 1,1 {1,07 | 1,04 |1,02 | 6,99 | 0,96 0,92 | 0,89 | 0,84
Lo |- |- 11,17 4,15 1,06 ] 1,13] 1,11 {1,09 [1,06 | 1,03 |1 [0,97 0,94 | 0,91 | 0,87
bl2o 4 - - - Ll Ll L3024, (1,07 | 1,06 | 1,02 | 0,99 [0,96 [ 0,920,
1250 |- |- - [ L17|4,05 1,16 1,13 | 1,11 1,09 1,06 | 1,03 |1 {o,97 | 0,9 0, ]

4.2.4.1.5. Determining the coefficient c2 §

}

The coefficient Cs depénds on the group classzflcation of the mechanism and is s
given in table T.4.2.4.1.5. ’

Table T.4.2.4.1.5.

Values of %)

Croub classification
. : ¢z
of mechanism
M1l to M4 1,12
M5 1 )
M8 _ 0,9
M7 - M8 ) 0,8

4.2.4.2. NOTES

The formulae apply only to wheels whase diameters do not exceed 1,25 m. For larger
diameters experience shows that the perm1531ble pressures between the rail and the
wheel must be lowered. The use of wheels of greater diameter is not recommended.
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4,2,5.

It should be noted that the limiting pressure P_ is a notional pressure determined
by suppasing that contact between the wheel and the rail takes place over a surface
whose width is the useful width defined earlier (clause 4.2.4.1.2.) and whose length
is the diameter of the wheel. The method of calculating set out above is derived
from application of the HERTZ formula, which may be written :

Oeg’ P
0,3€  b-D

where :

Gcg ©1s the compressive stress in the wheel and the rail N/mm?
£ the modulus of elasticity of the metal in N/mm®
P the wheel load in N

b and O in mm, being as defined above (clause 4.2.4.1.). i
o2 L
Taking KL to represent the value -—%?—E which has the dimension of a pressure in

b

NAnnz, the relation may be written :

S

and characterizes the wheel pressure on the rail. The formula of%clause 4.2.4.1. is
obtained by putting : !

i
]

KL= PLeep o

DESIGN OF GEARS

The choice of the method of making design calculations for gears is left to the
manufacturer, who must indicate the origin of the method adopted, the loads to
be taken into account being determined in accordance with the directions given
in 2.6.

In the case of a calculation which takes account of the operating time the conven-
tional hours determined in 2.1.3.2. should be used.
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APPENDIX A—4.2.2.

COMMENTS ON THE CHOICE OF ROPES AND ON
THE PROBLEM OF THE FACTOR OF SAFETY

The useful life of a hoisting r@pe depends on factors inherent both in the con-
struction of the rope (intermal factors) and in the characteristics of the hoisting
appliance and the way in which the rope is reeved (external factors).

i

The main external factors are tbe tensile load, the pulley diameters and the type
and number of working cycles. '

These factors will in principle. determine the rope winding diameters.

Filgure F.A.4,2.2. shows the relationships between the tensile stress, the pulley
diameters and the useful life (pumber of bending reversals causing failure) for
a given rope (of diameter 16 mm),
i
: i
According to this diagram, the larger the pulley diameter and the smaller the tensile
stress, the longer the useful life of the rope.

winding diameters must be determined so as to ensure a reasonable useful life of the
rope before its replacement.

The old method of calculation defined fixed minimum factors of safety and minimum
winding diameters (as a function of the rope diameter) for certain uses, such as
for example in hoisting appliances.

This method, which is still used and sometimes even stipulatéd by law in many coun-
tries, does not enable the conditions for a reasonable useful life to be met. The
loads and the type of utilisation of hoisting appliance mechanisms differ considerab-
ly from one appliance to anmother with the result that such minimum values may be too
high in certain cases (e.g. for a power station overhead travelling crane) or too
low in other cases (e.g. for a grabbing crane on arduous duty).

Even if the safety factors were chosen according to the groups of the mechanisms,
the calculation of winding diameters on the basis of these safety factors could not
result in a good design for the following reasons :

The manufacturer wishes to use ropes of the smallest possible diameter in order to
obtain the smallest possible diameters for the pulleys and drums. For a given safety
factor, he acheves this by using wire of the greatest possible strength and using a ;
rope with the greatest possible fill factor.




D,

Yet the useful life of a rope whose diameter has been calculated in th1s way is
not always optimun

A rope oF identical dlameter of which the wire is of lower strength (e.g. 1600

N/mm? instead of 2200 ‘N/mm?) and the fill factor is lower (e.q. eight strands in-

stead of six) may have a much longer useful life in spite of the lower factor of. .
safety.

il

Another difficulty stems from the fact that the safety factor is related to breaking
strengths whose definitions differ from one country to another, and safety factors do

not have the same meaning if they relate to a breaking strength defined in different
ways.

Four definitions exist for the breaking strength of ropes : :
- Calculated breaking strength : this is the cross-section of the rope multiplied
Dy the strength of the wire of which it is composed H

H §
i

- Theoretical breaking strength : given by the sum of the breaking étengths of
the wires used in the rope-;

e,

- Actual breaking strength : this is the load cbtained by an ultlmate tensile
strength test on the rope ;

- Nominal breaking strength : this is the minimum breaking strength guaranteed by

the rope manufacturer. ;

-

When a rope is determined by using a safety factor which is related%either to the
actual breaking strength or to the nominal breaking strength, the manufacturer
tends to adopt ropes in which the spinning loss (difference between ithe theoretical
brea- king strength and the actual breaking stremgth) is as small as possible in
order to obtain a smaller rope diameter. The spinning loss, however, is not related
to the resistance of a rope to repeated bending. A satisfactory useful life for
ropes cannot therefore be obtained with this method of calculation.

This shows that the safety factor is not an adequate basis for determining the win-
ding diameters required to ensure satisfactory rope life under bending reversals ;
indeed this method will often prevent the optimum solution from being obtained.

Because it is difficult for the manufacturer toc allow for the influence of these
different factors, it is preferable to determine the rope diameter dmin Simply as a
function of the tensile load S, from the formula :

dnin = CV S
where C is a ceefficient depending solely on the group of the mechanism.

In cases where non rotating ropes are used (e.g. tower crames in which the load is
suspended from a single part) and for dangerous handling operations (e.g. molten
materials), the values of C are increased above the normal values in order to com-
pensate for the more unfavourable rope construction or the greater risk.

The value of C, the safety factor ZC referred to the theoretical breaking strength
and the rope fill factor f (ratio of the metal cross section of the rope to the
area of the circle circumscribing the rope) are linked by the following relation :



kefe TRy
4

where Ry is the ultimate stength (irm N/mm“: of the wire used in the rope.

The values of C apply to ropes mage with wire having a stength of 1600, 1800, 2000
or 2200 N/mm‘,

S

where, exgepticnally, use is made of a rope composed of wires with a strength of
1400 N/mm®, the rope diameter must be increased accordingly.

The rope manufacturer or crame maker must choose the composition and cross section
of the rope, for the calculated minimum diameter d, to suit the reeving conditipns
of the particular rope and in the light of the latest technical progress. i

'

Figure A,4.2.2.

i
H
i
]
i

Influence of pulley diameter D and tensile stress G, on the useful life of a robe : T

Langs lay rope, diameter 1§ Rm, six strands of nineteen | mm dia. wires,
Ry = 1400 N/mm*

Cast-iron pulleys with machined groove of radius r = 8,5 mm.

Number of bending reversals required to cause failure (useful life) !
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APPENDIX A—4.2.3.

CONSIDERATIONS ON THE DETERMINATION OF
MINIMUM WINDING DIAMETERS FOR ROPES

There are no absolute minimum pulley and drum diameters below which a rope could
no longer operate. Nor is there a reguired absolute minimum diameter for different
types of rope.

The useful life of a rope is progressively reduced with decreasing pulley and drum
diameters, if other conditions remain unchanged.

Figure A.4.2.3. shows the pattern of behaviour of a particular rope.

In order to ensure an adequate useful rope life, the minimum winding diameters D
must be determined, as a function ‘of the group classification of the mechanism
involved, from the formula :

o

alo
W
T

where d is the nominal rope diameter and H is a coefficient which is chosen according
to the group in which the mechanism is classified and which becomes higher when the
duty is more arduous. :

The coefficient H is higher for pulleys than for drums because, in the course of a
cycle of operations, the rope is subjected to twice as many bending reversals over
a pulley (rope straignt, rope bemt, rope straight) as on a drum (rope straight,
rope bent).

The coefficient H is lower for equalizing pulleys because the rope undergoes fewer
bending reversals and the movement is normally very limited. Such pulleys must none-
theless be dimensioned with reference to the number of bending reversals.

Unfavourable winding conditions, e.g. reeving around several pulleys, reverse bends,
or the use of non-totating ropes whose construction is less favourable for bending
reversals, must be compensated for by a suitable increase to ensure a useful rope
life commensurate with the group classification of the mechanism,

o



Figure A,4,2.7.

Influence of pulley diameter D ar3d *e-jile stress G« on the useful life of a rope

Langs lay rope, diameter 16 mm, six stra-~rs of mineteen | mm dia. wires,
Og = 1400 N/mm*©

Cast-iron pulleys with machined groove radius r = 8,5 mm.

Number of bending reversals required to cause failure (useful life)
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