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Ortlinghaus multi-plate clutches
and brakes

Ortlinghaus products are to be found in industrial
transmission applications where the ability to
transfer and control torque is required in drive
outputs. Examples include machine tools,
construction machines, marine transmissions,
vehicles, heavy machines, gears, textile and paper
machines.

The comprehensive range of products offered
under the heading "THE TECHNOLOGY OF
CONTROLLED TORQUE" offers proven standard
and special solutions, which ensure optimum
machine and plant efficiency and safety.

Our experienced team of specialist engineers are
at your disposal - in particular for new designs -
for consultation in selecting the most suitable
clutch/brake for your application including
determining the size and calculating the required
output. In this way you can profit from years of
experience gained in connection with large
numbers of applications. In order that you can
benefit from this consultation service in the most
effective manner, we have prepared questionnaires
for the individual product groups, with the aid of
these you can describe the conditions of your
particular application. We recommend that you
complete these questionnaires and return them
when making enquiries.

The following sections provide an overview of the
most important properties of our friction
materials, including how to determine the size of
unit required, on the lubrication and cooling of
clutches and brakes and general hints on
installation.

Designations, symbols in formulas and
units

Unless stated otherwise, the designations, symbols
in formulas and units used in this catalogue are in
accordance with VDI guideline 2241 and/or DIN
740 sheet 2.
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housing (outer driver) or on a hub (inner driver)

in such a way that they cannot rotate freely but

can be displaced axially. For the transmission of

torque by friction engagement from shaft W, to

shaft W, , the set of plates is compressed axially

(Fig. 1). Theforce Frequired to do thisis generated
mechanically,

electromagnetically,
hydraulically or
pneumatically

in accordance with the particular type of clutch.

The original Ortlinghaus Sinus® clutch
plate

A particular feature of the Ortlinghaus multi-plate
clutch is the use of the Sinus® plate, a component
that has been proven over many years.

The special characteristic of this plate is that it is
shaped in such a way that a cross-section along
any diameter of the plate shows a corrugated or
sinusoidal shape and this enables the plate to act
like a spring (Fig. 2).

This sinusoidal shape enables the clutch to be
engaged smoothly. During the engagement process
the area of the frictional surfaces in contact with
one another increases continuously and the
sinusoidal shaped plates
flatten to a plane surface.

In the fully engaged state,
each Sinus® plate has the
shape of a conventional

flat plate. The spring action
of the Sinus® plates also en
sures positive disengagement.
Because of the sine-wave
contour, only line contact
remains in the disengaged
position, resulting in mini- ' ‘
mum drag and idling heat.

It is perhaps worth mentio-
ning that Ortlinghaus world
patents in the field of spring-
action plates were a real break-
through with the trademark
"Sinus®" becoming a standard
term in power transmission

technology. /

Fig. 2

BL.1714

Clutch plates, clutches and brakes
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Plate friction material

Different special friction materials are available
for wet and dry-running clutches and brakes. The
friction material used represents the most
important part of each friction combination,
which effectively consist of, in addition, the
counter frictional surface and, in the case of wet-
running, the oil. The friction combination
influences the behavior of the clutch or brake
when being engaged and disengaged, the
permissible thermal loading, the behavior in
terms of wear and thereby the required size of the
clutch or brake. Only when these important
properties are known can the optimum friction
combination for a given application be selected in
order to give the desired behavior and service life.
In order to provide understanding of the
application selection of friction combinations,
the following sections will describe the
characteristic properties and main areas of use of
our different standard friction combinations,
namely steel/steel, steel/sintered lining and steel
or cast iron/organic friction lining, all of which
have proved themselves in use over many
years.Should you have special requirements with
regard to the dynamic torque, the static torque or
the lubricant to be used, please contact us. For
such cases, special friction materials such as plates
coated with molybdenum are available.

Frictional behavior

The changes in the coefficient of friction during
the course of an engagement (or disengagement)
process together with the static coefficient of
friction p, when torque is being transmitted,
depend on a number of factors:

e Combination of materials at the friction surfaces

¢ Design of friction surfaces, e.g. with grooves or
channels

e Surface structure, e.g. sliding finish

e Friction surface pressure

e Sliding speed

e Temperature level and maximum temperature
at friction surface

¢ Dry- or wet-running, e.g. lubrication behavior,
direction of cooling oil

The characteristic frictional behavior of our
standard friction combinations are represented
in figures 3 to 6 (pages 1.05.00 and 1.06.00).

Dry-running clutches and brakes
The friction condition is determined by the laws

friction are achieved. The coefficient of static
friction g is in general larger than the coefficient
of sliding friction p. This friction combination
will always be subject to wear and for this reason
the service life of a clutch or brake is determined
by the wear properties of the friction lining and
of the counter-friction surface. Since the wear
increases at a disproportionately high rate at
temperatures above a particular level, design and
calculations are based, to a considerable extent,
on the thermal behavior.

Wet-running clutches and brakes
Controlled by the properties of the friction
materials, the lubrication process in the frictional
contact of wet-running clutches and brakes takes
place in the area of mixed or boundary friction.
The peaks and valleys (the size of these depending
on the particular roughness) of the surfaces of the
friction plates attempt to make contact with one
another. However, they are prevented from
coming into contact with one another by a few
layers of oilmolecules. The binding forces between
the oil molecules and the friction surfaces are
larger than the shearing forces resulting from the
sliding movement. These binding forces are
influenced in particular by the interactions
between the friction surfaces and the lubricant
additives, the effectiveness of which depend on
temperature and pressure.

As a result the advantages of wet-running

multi-plate clutches and brakes lie in the freedom
from wear (following running-in) and in their
significantly superior ability to dissipate the heat
produced during engagement, this being the result
of the cooling action of the oil (internal oiling). In
particular when high frequencies of engagement/
disengagement are required, a greater amount of
frictional work per operation can be permitted
than with dry-running. In addition applications
with continuous slip are possible allowing the
heat to be kept under control even when
considerable quantities of heat are being generated.

A further advantage lies in the ability to influence
the changes in the coefficient of friction, during
each engagement operation, by selection of the
material, structure and profile of the friction
surfacesin combination with the type and quantity
of the oil employed. Of particular technical
importanceis the torque achieved at the beginning
and at the end of the synchronization process.
Rapid engagement or the lowest possible dynamic
excitation (strength, noise emissions) can be
achieved with transmission lines and shaft systems.

Clutch plates, clutches and brakes
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Friction combination steel/steel
Through-hardened special plate steel with high
resistance to wear is used for this well proven
friction combination. This friction combination
is only suitable for wet-running. Here the inner
plates are given a corrugated shape: the original
Ortlinghaus Sinus® plates.

The relationship between the static and dynamic
coefficient of friction is:

Ho

[

As aresult of the above, the engagement behavior
of multi-plate clutches with this friction

=18..2

combination, in particular when they are not
actuated manually, is characterized by the torque
increasing at a rapid rate during the engagement
process. This can subject the masses being
accelerated to an undesirable jerk at the point of
synchronization.

When a clutch is to be engaged dynamically, the
pressure with which the friction surfaces are pressed
together pp should not exceed 0.5 N/mm?and the
sliding speed vy should not exceed 20 m/s. The
large difference between the coefficients of static
friction or stiction p, (at v =0) and the dynamic or
sliding friction p must be taken into account.
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Fig. 3 Friction surface pressure py in N/mm?

Friction combination steel/sintered lining
The continuous developments in powder
metallurgy have made possible friction materials
suitable for special applications. Increased thermal
capacity, consistency of friction coefficient,
increased surface pressure and sliding speed,
reduced wear can all be achieved with new sinter
qualities.

WET-RUNNING
With this friction combination the coefficient of
friction increases from the start of the acceleration

Sliding speed v in m/s

Plate temperature in °C

process until the point at which the driving and
driven parts are rotating at the same speed at a
uniform rate depending upon the properties of
the oil being used. As a result a flat and uniform
acceleration curve together with a smooth start-
up

of the masses to be accelerated, isachieved. A high
friction surface pressure and sliding speed can be
selected (pyupto 4 N/mm?2, v up to 40 m/s). This
in turn enables the dimensions of clutches and
brakes selected to be smaller.

0,25 0,25 0,25
30'20 ™ 0,20 0,20
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Friction surface pressure pp in N/mm?

Sliding speed v in m/s

Plate temperature in °C

Clutch plates, clutches and brakes
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DRY-RUNNING
The relationship between the coefficient of
static friction and the coefficient of dynamic

The surface pressure and the sliding speed
selected must be smaller than with wet-

friction is: Ho L2 13 running (py up to 2 N/mm?2, Vg up to 25 m/s).
=Lzl
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Fig. 5 Friction surface pressure pyp in N/mm?

Friction combination steel or cast
iron/organic friction lining

With this dry-running friction combination, the
friction lining is bonded or riveted as segments or

Sliding speed v in m/s

Plate temperature in °C

favorable ratio of y,, to u, friction surface
pressures pp up to 1 N/mm? and sliding speeds

as aring onto the plate in question. The particular v, up to 20 m/s: o

advantage of this friction combination lies in the — =10..13

high coefficient of friction and in the u
05 0,5 05
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Fig. 6 Friction surface pressure py in N/mm?

Wear characteristics

The wear suffered by plates depends on the work
required during engagement (or application), the
friction material used and on the composition of
the counterplate. It will remain low as long as the
temperature resulting from the heat generated
during each engagement (or application) does
not exceed permissible limits.

Oilasa coolant helps toreduce wear. The oil should
pass as close as possible to the friction surface, the
most efficient way of doing this is by internal
oiling. Special surface designs, e.g. spiral grooves,
radial grooves, waffle grooves etc., provide efficient
oil ways and reliable dissipation of the heat
generated during engagement (or application).

Sliding speed v in m/s

Plate temperature in °C

Wet-running clutches and brakes work in general
with practically no wear whereas in the case of
dry-running units good dissipation of heat can
only be achieved, and wear minimized, by
constructional measures (such as design,
installation and external ventilation).

Friction combination steel/steel

If the oil can keep the local temperature peaks
sufficiently low, wear remains minimal, however,
if the frictional heat exceeds the permissible specific
thermal load (per engagement/application or per
hour), wear increases considerably. Seizure and
the destruction of the friction surfaces may follow,
transition from dynamic friction to static friction.

Clutch plates, clutches and brakes
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Friction combination steel/sintered lining
Different qualities of sintered lining are available,
these being suitable for wet-running or dry-running
in accordance with their particular composition.

With wet-running it is essential that the pores of
the sintered material do not become clogged by oil
carbon produced when the temperature of the
friction surfaces becomes too high. This will cause
the coefficient of friction and heat dissipation
capability to decrease. The tendency for the
temperature of the friction surfaces to increase
can be counteracted by using a special profile and
ensuring that they receive an adequate supply of
fresh oil. It is particularly important that the oil
is changed regularly. When these points are
observed, extremely low wear can be guaranteed.

Wear with dry-running is higher than with
wet-running. The dry running properties of the
sinter friction material influence the wear
characteristics. Care must be taken that heat is
dissipated efficiently.

Friction combination steel or cast
iron/organic friction lining

With this dry-running friction combination wear
remains low as long as the temperature of the
counterplate is not allowed to exceed approx.
150 °C. Above this temperature the slope of the
wear curve increases considerably. The critical
plate temperature, at which destruction of the
friction lining commences, lies at approx. 300 °C.

Thermal characteristics
Thethermalloading towhich a friction clutch or brake
can be subjected depends on the following factors:

e Friction work per engagement/application process
¢ Frequency of engagement/application processes

¢ Intervals between successive engagement/
application processes

¢ Duration of the clutch engagement or braking
process

* Dissipation of heat at clutch or brake

In the case of a clutch, the friction work can be
calculated from the masses to be accelerated and
the speed difference between the driven and
driving machine parts, taking into account any
load torque. To keep the energy, which is converted
into heat during each engagement process, as low
as possible, the total mass of the machine parts to
be accelerated must be kept as low as possible. In
this connection the most suitable position for the
installation of the clutch must be checked.

Thus, for example, in the case of a press, the clutch
can be fitted on the eccentric shaft or the
intermediate gear. Similar calculations and
considerations apply in the case of brakes.

Great significance has to be attached to the
dissipation of heat. For applications involving
a large amount of acceleration work,
pneumatically actuated single-plate clutches with
large cooling surfaces and cooling ribs are
frequently used. The transfer of heat from the
clutch tothe ambient air is considerably improved
by the ventilating effect of the cooling ribs, the
effect of these, however, varies with speed.
Where multi-plate clutches are fitted in gearboxes,
the frictional heat generated can be dissipated by
immersing the set of plates in cooling oil. Here a
check must be made that the surface of the
gearbox housing is sufficiently large to enable the
heat to be dissipated into the ambient air at the
required rate. If this should not be the case, an oil
cooler will be required.

The following guideline values on coefficients of
friction and the thermal limit values to be observed
have been taken from VDI guideline 2241 (see
page 1.08.00).

A further heat characteristic of a multi-plate
clutch, namely the permissible thermal load per
hour Qpermissible in J/mm?2/h, is based on the
general assumption that the friction work occurs
atroughlyuniformintervals and an approximately
constantlevel. During the engagement of a clutch,
high temperature peaks occur if a high level of
energy has to be suddenly transformed into heat.
The permissible temperature limit value must be
observed in each case.

The guideline value for the hourly thermal loads
are stated below for a number of friction
combinations.

Friction combination steel/steel

The permissible thermal load per hour depends
to a great extent on the type and quantity of the
coolant, the friction surface temperature may not
be allowed to exceed 200 to 250 °C.

With splash lubrication:

Qperm.= 13 - 17 J/mm?/h

With internal lubrication:

Qperm.= 17 - 21 J/mm?/h

Clutch plates, clutches and brakes
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Wet-running Dry-running
Friction combinations |Sintered | Sintered | Paper/ Steel/ | Sintered | Organic Steel/
bronze/ iron/ steel | hardened/ | bronze/ | linings/ |nitrided/
steel steel steel/ steel | castiron steel/
hardened nitrided
; ici it 0.05 0.07 0.1 0.05 0.15 0.3 0.3
g Dynamic coefficient of friction u t00.1 | t001 | t0012 | t0008| t003 | t004 | to04
<
SE i ici icti 0.12 0.1 0.08 0.08 0.2 0.3 0.4
£ g | Sratic coefficient of friction 1 o t00.14 | t00.14 | t00.1 | t00.12| to04 | 005 | t00.6
Q 4
oo i 1.4 12 0.8 1.4 1.25 1.0 12
Rationy/u t02 | 15| tol t01.6| tol6 | tol3 | tols
Max. sliding speed vy [m/s ] 40 20 30 20 25 40 25
53:8 Max. friction surface pressure py [N/mm?] 4 4 0.5 2 1 0.5
<
S5 1 0.5 08 03 1 2 0.5
S35 | Yae [J/mm?]? to2 tol | tol.5 t0 0.5 to 1.5 to 4 to1
EE T 15 0.7 1 04 15 3 1
29 | §ao[W/mm2]® to 2.5 to 1.2 to2 to 0.8 to2 to 6 to2
=
S | Area-related . mm3 0.1 0.1 0.1 0.1
cooling flow A | mm2-s to2 tol to2 to 0.5
Lubricant Unalloyed and slightly blended oils X X X X
Oils with additives - X X X

1) These guideline values are mutually dependent on one
another to a high degree so that the permissible values
may be considerably higher or, as the case may be, lower
depending on the particular conditions of application.

Friction combination steel / sintered lining
The plates with a sintered lining possess good
thermal conductivity and can withstand
temperature peaks of up to approx. 500 to 600 °C
without there being a risk of surface welding of
the plate surfaces or, in the case of clutches
running in an oil mist, of increased wear.

Permissible thermal loading per hour:
=20]J/mm?/h

For wet-running (with internal oiling):
=150-300]/mm?/h

For dry-running: 9perm.

qperm.
(information documents available on request)

Friction combination steel or cast

iron/ organic friction lining

Organic friction linings are suitable for
temperatures up to 300 °C. Temperature peaks
higher than this can be permitted for a short time
but the wear is considerably increased.

Permissible thermal load per hour:

For single-plate clutches
with cast iron/organic lining:

perm. = 100 J/mm?/h
For multi-plate clutches
with steel/organic lining:
Qperm. = 15)/mm?%h

2) permissible area-related engagement-work at single
engagement operation

3) Permissible area-related friction output (c.f. VDI 2241,
page 1, section 3.2.2.)

Use of the different friction
combinations

Friction combination steel/steel

This combination is the only one suitable for
electromagnetic clutches with flux-type plate
packs. It is also used successfully in other kinds of
clutches, particularly in applications where the
frequency of engagement and the thermal loading
are low and in clutches for static (holding) duty
with high levels of torque to be transmitted.

Friction combination steel/sintered lining
This friction combination, which is used
predominantly wet-running, is employed when
high thermal loading as well as high sliding speed
and high friction surface pressure are to be
expected. Care must be taken that adequate cooling
is provided, if possible by means of internal
lubrication.

Friction combination steel or cast iron/
organic friction lining

This friction combination, which is used
exclusively for dry-running, is employed in
applications where the clutch or brake is mounted
externally. The high coefficient of friction means
that the unit is compact, however, care must be
taken that the friction surfaces are kept free of
lubricants.

Clutch plates, clutches and brakes
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Types of actuation
Selection of the type of actuation method for a
particular application depends on

¢ the control media available on the machine or
at the place of installation

e the required engagement (or application)
characteristics

e the time required for and precision of
engagement/application

e the opportunities for using a remote or
programmable control.

Mechanically actuated clutches require the force for
engagement/disengagement to be generated outside
the clutch. The required manual force, in the region
of 100 to 200 N, allows for sensitive engagement/
disengagement. If the force for engagement/
disengagement is generated pneumatically,
hydraulically or magnetically, these clutches can
also be operated in an automatic sequence.

In the case of presses, shears and other machine
tools, marine propulsion systems, oil drilling
equipment, heavy construction machines and also
heavy rolling mill drives, compressed air is almost
always available or can be easily provided. In such
cases pneumatically actuated multi-plate clutches
are very often used. With the aid of special valves,
it is possible to obtain very short engagement/
application times asrequired, for example, in presses.
Precision control valves can be incorporated where
large masses must be accelerated slowly and precisely.

In the case of non-stationary drives, e.g. in road
vehicles, track-bound vehicles, ships etc.,
hydraulically actuated multi-plate clutches are an
extremely popular solution. Change-over gear
systems in vehicle engineering e.g. for Diesel
locomotives, crawler tractors, lorries and
construction machinery, are being designed more
and more with hydraulically actuated multi-plate
clutches. Often these are used in conjunction with
hydraulic torque converters, in order to reduce
the manual effort required by the driver and to
increase performance.

In marine engineering, hydraulically actuated
multi-plate clutches and hydraulically released,
spring-applied brakes are a preferred solution for
ships’ reversing gears, loading and anchor winches.
They offer the advantage of being largely
maintenance and wear free. In combination with
a hydraulic motor, the hydraulically released,
spring-applied brake is becoming more and more
popular as a safety feature.

Electromagnetically actuated clutches and brakes
have the advantage that they can be controlled
from a central point, permitting full automatic
control of amachine. They can beused in both dry
and wet-running systems. These units can be
triggered in conjunction with numerical controls
and timed operating cycles. High permissible
number of operations per hour can be achieved
with good operational accuracy. In the case of
construction machinery, winches, mixers,
conveyor systems etc., electromagnetic clutches
can be operated from the machines’ electrical
supply system.

Response time and operational accuracy
Provided that a suitable type of actuation and
control have been selected, multi-plate clutches
can fulfill very stringent requirements in terms of
response time and operational accuracy.
However, in order to ensure correct operation,
the particular characteristics of construction and
the different friction material must be taken into
account. In general dry-running clutches engage
and disengage more precisely than clutches
running wet.

Electromagnetic clutches with flux-type plates
require, in general, more reaction time (in
particular for disengagement) than clutches with
solenoid-type actuation, however, an exception
to this are clutches with stationary fields. As a
result of the air gap in the magnet body and the
support plate, the magnetic field breaks down
more quickly and the effects of residual magnetism
are reduced.

Hydraulically actuated clutches engage and
disengage very precisely provided that suitable
and correctly designed control elements are used.
Oil quality, pipe dimensions and pump capacity
also have a considerable influence on the clutch
performance.

Dry-running, pneumatically actuated clutches
and brakes can withstand very severe conditions
as are required, for example, in presses. Even very
large clutches can be engaged and disengaged
rapidly and precisely provided that there is an
adequate quantity of compressed air available
and that the recommended dimensions for valves
and pipes are maintained.

Clutch plates, clutches and brakes
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Selection of clutch and brake
size, calculations

Before going into the details of clutch selection,
a number of terms should be explained and
defined.

e Torque

¢ Moment of intertia

¢ Reaction times

e Friction work and thermal load

* Load torque

The formulae and calculation procedures, which
follow, are sufficient for most applications. In the
case of special application, however, we
recommend that the drive data be supplied to us,
since it is often the case that extra calculations
must be done using empirical values, the discussion
of which would be too complex for this
publication.

The variables and symbols used are summarized
in the following table.

Variable, symbol Name Unit Designation
Force F Newton N I1N=1kg-1m/s?
Torque M Nm
Mass m kg
Moment of inertia J kgm?
Work \ Joule ] 1J=1Nm=1Ws
Heat quantity Q
Temperature T Kelvin K 1K=1°C

Celsius °C
Speed n min~!
Angular velocity ® rad/s w="T"1

(s 30

The different torques used in the
calculations

o Mdyn = engagement torque
(catalogue torque)

*M, = acceleration torque
(deceleration torque)

*M; = load torque

* M, = idling or drag torque

* M, = static or transmitted torque

Definition of engagement torque Mdyn

The engagement torque (dynamic torque) Mgy,
is the effective torque acting on the  shaft while
the clutch or brakeis slipping. Mdyn isthetorque
quoted in the catalogue for a clutch or brake and
is the effective torque during acceleration or
deceleration up to the point of synchronization
between the driving and driven sides.

Definition of acceleration torque M,

The acceleration torque accelerates the given
masses from speed n; to n, within a given time.

M, = Mdyn -Mp in Nm
J- (002 - 001)

M, = —t n Nm

-(n, - n
1\/[a = M ln Nm

9.56 - t
J = moment of inertia in kgm?
t = acceleration time in s

n, (o,) = speed before acceleration in min=! (s7)
n, (0,) = speed after acceleration in min~! (s71)

Section of size, calculations
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Definition of load torque M;

The load torque is the torque which acts on the
output side of the clutch as the result of the load.
It is calculated in essence from the force acting
directly on the load side and the associated lever
arm (Fig. 7).

—-F

BL729

Fig.7

Definition of residual torque M,

The residual or idling torque is the torque which
is still transmitted by the fully disengaged clutch,
the value stated being the maximum steady-state
value at normal operating temperature.

Definition of static torque M,

The transmitted (or static) torque Mg, is the
torque the clutch, when engaged, or the brake,
when applied, can be loaded without slip taking
place.

Ratio between static and dynamic torque

When determining the size of clutch required, the
difference between static and dynamic torques
must be considered.

The ratios of dynamic to static torque for the
friction combinations below are as follows:

Steel/steel 1.8to2
Steel/organic friction lining 1 tol.3
Steel/sintered lining 1.3 to 1.5

Dynamic moment of inertia

The moment of inertia is defined as the sum of all
products resulting from the particles of mass dm
and the square of their distances r from the
rotational axis.

J= J- r2.dm

The moment of inertia of a rotating body can be
described as

J =i2 - m in kgm?

If one considers the total mass of the body to be
at a distance i (radius of gyration) from the
rotational axis.

Referred moments of inertia, in existing
gear trains, to the clutch shaft

Z; = % 22
— —Ws (n))
=
drive ml E Z’
= - “S=—="Wj (ny)
'j —r?{! | =

Ki
Fig. 8

In the two-shaft system, shown in Fig. 8, the
clutch on shaft W, has to accelerate the following
masses, the moments of inertia of which have to
be individually calculated. The sum of all the
moments of inertia on W; and W, are

Ji=Jxi +Jwi1 +Jz,1 o, respectively

Jo=Jwa+Jz +Jz3

The moment of inertia J, is reduced to clutch the
shaft W, by multiplying the inertia by the square
of the speed ratio.

(z2)
Joredw1=J2- n,

The total J to be accelerated by the clutch on
W, is obtained by:

_ - 2
Jiotw1 =J1 *J2reaw1 inkgm

Section of size, calculations
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Converting the effect of a mass moving
in a straight line to the moment of
inertia J of the clutch shaft

For this, the following formulae apply:

2 2
J=m-l2 in kgm? ]=91-m-v—2 in kgm?
® n
m = massinkgofthebody movinginastraightline
v = velocity inm/s of the mass movingin

a straightline
n, (w) = rotationalspeedof theclutchshaftinmin1, (s71)

Moments of inertia

Moments of inertia of solid steel cylindrical
bodies (p = 7850 kg/m?3) for a cylindrical height
h = 10 mm.

For other heights h, multiply the values in the
h
table by 10

D Moment of intertia J = kgcm?2

1kgcm?2 = 0,0001 kgm?2

mm 0 1 2 3

Section of size, calculations
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Reaction times for friction clutches
closed by actuation

See Fig. 9 (frictional engagement is produced by
the application of the actuation force).

Response delay t,, is the period between the
starting of the actuation and the time at which the
torque starts to rise (inherent clutch time).

Rise time t,, is the period from the time the tor
que starts to rise until the nominal dynamic
torque Mgy, has been reached.

Engagement time t, is the sum of the response
delay and rise times t; = t;; + t,.

Slipping time t; is the period during which the
friction faces of a clutch move relative to one
another under the contact pressure.

Reaction times for friction clutches
opened by actuation

See Fig. 9 (frictional engagement is interrupted by
the application of the actuation force; frictional
engagement is produced by, for example, spring
pressure)

Response delay t,, is the period between the
discontinuation of the actuation force and the
time at which the torque starts to fall in relation

)
gE
g=|
g g * ein
S g
< o LA —
t
Mg ——
\
M \‘
b
) ML L\
3
%
S 'R o.1ﬁs_ _
tn | _te f | | bo t
h t
Ny =Ny
<)
o]
g Lm0
& t
t
o
-~
b
2
: L
g AR
& t
Fig. 9 aus = off, ein = on

Fall time t22 is the period from the time the
torque starts to fall until it has fallen to 10 % of
the engagement torque My,

Disengagement time t:z is the sum of the
response delay and the fall time t,=t,; + t,,.

Friction work and thermal load

Type of loading

During the engagement of a clutch, friction work
is carried out which generates heat. This heat
must be absorbed by the friction surfaces or
dissipated without the rated thermal capacity of
the clutch or friction combination being exceeded.
A calcula-tion, to confirm this, is essential for
most cases of application.

The total amount of heat Q produced by a clutch
engagement operation is the result of the load
torque and the acceleration (or deceleration)
torque applied for the slip time i.e. Q,; and Qdyn
(Fig. 9).

Influence of the load torque on the thermal
load

Since the load torque M; acts continuously, the
acceleration torque available (M, = Mdyn -M;)
must be large enough to enable acceleration to be
carried out within a reasonable time to avoid
excessive thermal load. As illustrated in Fig. 10,
aratio of M, /M; of less than 2 will cause a very
rapid increase in the thermal load Q ¢ since Q gy,
is constant for a given clutch.

Qs /Qgyq
5
A
3
2
1 —
1 2 3 & 5 6
Mg M
Fig. 10 Mii = Mstat Ms =Mdyn
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Calculation of the thermal load

The heat generated by individual or repeated clutch
engagement operations (or brake applications) can
be calculated with the aid of the following formula:

(0, @y)? M
QS:J ( 2 1) . dyn in J per
2 M dyn =M engagement
or application
J-(myxnp)? M
Q= 2 13 . dyn in kJ per
182,4 - 10 Mgyn £ My, engagement
and or application
QL=Qg-S, inJ/h

J = moment of inertia of all parts to be
accelerated or decelerated in kgm?2

n;, (o) =speed of the output shaft before the
acceleration process or after the
deceleration process in min'! (s'1)

n,, (n,) =speed of the output shaft after the
acceleration process or before the
deceleration process in min~! (s71)

S}, = number of engagements/applications

per hour

n, +n; speeddifferencebetweentheinternal
and external clutch plates

Mgyn _ load factor if the effect of Mdyn

Mgyn - My, ~ is diminished by M;

Mdyn

_ load factor if the effect of Mdyn
Mdyn +Mp

is enhanced by M

In the case of pure acceleration of masses, from
stationary, the energy which is absorbed as heat
by the clutch is the same as the energy transmitted
into the masses.

If the change of speed is carried out in stages (e.g.
in power-shift gearboxes), the thermal loading
on each clutch is reduced with the number of
stages. The most severe thermal loading occurs
when the total acceleration or braking process is
carried out by just one single clutch.

Thermal characteristic values

A clutch or brake can only absorb/dissipate a
particular amount of heat, which is generated by
the friction work, without overheating or excessive
wear taking place. The permissible amount of
heat and hence the permissible amount of the
friction work varies with the friction material and
the heat transfer characteristics of the clutch or
brake. The limiting situation is determined by the
maximum amount of heat that can be absorbed/
dissipated either per clutch engagement
operation (or brake application) or per hour
depending on the particular application.

The characteristic values q Aperm in J/mm2, which
relate to specific friction pairs, are available on
request. Typical, permissible values for q are given
in the section "Thermal behavior".

q, Or q,g in J/mm? is the work per unit area for
one engagement/application operation.

qy, in W/mm? is the friction work per unit area
which occurs at the start of the engagement/
application process, i.e. at the highest relative
speeds.

Qup in J/mm?2/h is the friction work per unit area
and hour in repeated engagement/application
operations carried out at approximately uniform
intervals of time.

Selection of the correct clutch size
Clutch size is determined by two factors:
* Max. torque to be transmitted

e Max. engagement work

Calculation of required torque capacity
The nominal torque of the prime mover can be
calculated with the following formulas:

M=LinNm
O

P = nominal power rating of prime mover in W
o = angular velocity in s™!

or

M 9550 P
n

in Nm

P = nominal power rating of prime mover in kW

n = speed of prime mover in min~!

Section of size, calculations
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In addition to establishing the nominal torque to
be transmitted, it is necessary to consider the
torsional characteristics of the prime mover and
the driven machine. Internal combustion engines,
reciprocating pumps and reciprocating
compressors rotate with a high degree of non-

Minimum safety factors

uniformity and consequently larger clutches
should be selected. Itisusually difficult to establish
the peak transient torque, therefore, itis common
practice to apply a safety factor K selected from the
table below.

Electric 2-cylinder Single cylinder
Prime mover motors combustion combustion
engines engines
steam and
gas turbines
multi-cylinder
combustion
engines
Type of application
Safety factor K
Generators, chain conveyors, centrifugal
conpressors, sand blasting blowers, textile 15 2 25
machines, conveyor systems, fans and ' '
centrifugal pumps
Elevators, bucket conveyors, rotary kilns, wire
winders, crane travel and trolley drives, winches,
. . ) 2 2.5 3

agitators, shears, machine tools, washing
machines, looms, brick extruders
Excavators, drilling rigs, briquetting presses,
mine ventilators, rubber rolling mills, hoisting 25 3 35
drives, pug mills, reciprocating pumps, tumblers, ' '
joggers, combination mills
Reciprocating compressors, frame saws,
wet-presses, paper mangles, roller conveyors, 3 3.5 4
drying rolls, roller mills, cement mills, centrifuges

Required Torque
Mec. =K-M in Nm

At start-up, or if subjected to overload, squirrel
cage motors will develop two to three times their
nominal torque for brief periods. In order to
prevent excessive slip in such cases, the torque
capacity of the clutch selected should be relatively
higher than the nominal torque of the motor. As
a rule, clutch selection should be based on the
engagement torque Mdyn which is always lower

than the transmitted torque Mg, Note that if
there is a load torque, it should never be more
than 30 - 50 % of the engagement torque in order
to allow the driven parts to be accelerated
effectively. For details on this see also Fig. 10.

Section of size, calculations
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Slipping time

If the available acceleration torque M, = M, . — M,
is known, the acceleration time or slipping time
t3 can be calculated:

c(®y — ® (N, — N .
t3=Minsort3=M ms
Mgyn— My 9,56 (Mdyn— M;)
J = moment of inertia in kgm?
Mdyn = engagement torque in Nm
M; = load torque in Nm

Note that the engagement times t, for the particular
clutch type must be added to give the total time
(Fig. 9).

Calculations for clutches and brakes for
crank drives

In applications such as presses and guillotines
where kinetic energy is stored in a flywheel, the
required clutch torque must be calculated from
the required torque on the driven side. If the
braking timeis of critical importance, the required
braking torqueis determined from the permissible
braking angle.

Important: Load torques of the driven machine

must be taken into account, together with the
masses, during calculations.

d

{

r
hpe—r-h

1
T

Fig. 11 ' F = power of press

Transmittable torque

F - sin (o + B)

M =T-
stat-crank cos B

in Nm

The following diagram (Fig. 12) shows the values
for sin a, provided that the crank radius r and the
throw of the press h are known, using the following
formula.

sin o = Vl-(rr_h)z

sin B = T-sin o
1
10
L\i\l
<

1 08
B N
c
w 06

01 02 03 04 05 06 07 08 09 10
r-h —

r

Fig. 12
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Braking process

i

pp = springreturn pressure

pressure p

Brake torque Mdynbr Operating

| &

o e

Speed ng

Bl_1555}

STOP signal i-——fzy—q‘—fg,—:f‘?—— Time t

Fig.13

Significance of the symbols in the formulas:

F = power of press in N

r = crank radius in m

1 = length of connecting rod in m

h = throw of the press in m

tg = electrical time element of the contactor
in seconds

t, = electrical reaction time of the contactor
in seconds

ty = discharge time for the cylinder in seconds

th = t, + ty = disengagement delay in seconds

tpr = t3 = mechanical braking time in seconds

ng(wp) = speed of the eccentric shaft in min! (s°1)
ng(my) = speed of the clutch shaft in min! (s™)

o = crank angle, working angle before
bottom dead centre in degrees or radians

B = connecting rod angle before bottom
dead centre in degrees or radians

Y = braking angle in degrees or radians

Mk = static clutch torque in Nm

MdynBr = braking torque in Nm

k = correction factor which takes into account
the non-linearity of the braking torque

k ~12-13

| = moment of inertia in kgm? of all
moving parts + clutch and brake

Fig. 13 shows the actuation pressure, torque and
speed from the moment the brake engagement

signal is given until the masses to be braked are
at a standstill. The mechanical braking time
tg, OF t3 can be calculated as follows:

D) IR 2] - ng
ins or t3= k- ———
Myn 9,56 - Myn
The braking angle is calculated using the
following formulas:

Y=g - (tg + tyq) +%5 - t3 inradians or

t3=k- ins

Y=6-ng (t; +ty;) +3 - ng - t3 in degrees

Required thermal capacity

The heat generated by the engagement process must
be dissipated by the clutch without the critical
temperature being exceeded. The thermal load per
engagement and per hour can be calculated as
described on page 1.14.00. Clutch ratings (thermal
characteristic values) for the different clutch typesare
available on request and our technical staff will be
pleased to assistwhere furtherinformationisrequired.

Single engagement

Heat transfer during the engagement cycle is
negligible and the total amount of heat generated
must be absorbed by the components directly
involved in the friction process. Consequently, the
permissible thermal load depends mainly on the
type of friction lining and on the lubrication
arrangement. Thebasic characteristics of thedifferent
friction lining materials are given on page 1.07.00.

Repeated engagements

If engagements are repeated over an extended
period of time at approximately equal time
intervals, the heat generated will be conducted to
the outer surfaces of the clutch and dissipated by
ventilation or cooling oil. After a certain running
time a steady-state temperature will establish
itself in the clutch or brake.

Adequate cooling is very important and, if
necessary, forced ventilation or internal
lubrication should be employed.

Slipping at constant speed

Under certain conditions, e.g. with safety clutches,
the clutch will slip for a particular time with full
torque and constant speed. The amount of heat
generated can be calculated by the following formula:

Mdn'n't

=My,.-o-t inJor Q= —2 — ink
Mdyn = engagement torque in Nm
o = angular velocity in s7!
n = speed differential in min~!
t = slipping time in s

Attention should be paid to the fact that the
permissible slipping time is relatively short for
most applications.

Section of size, calculations
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Lubrication and cooling of
clutches and brakes

Oil-lubricated multi-plate clutches are normally
installed in gearbox housings. Cooling oil can
thus be supplied in the form of splash oil, or by
means of immersion (up to 1/10 of the diameter)
or as internal oil through the shaft.

For applications with high thermal loading or
high idling speeds, internal lubrication, the most
intensive form of cooling, is recommended. The
required cooling flow in relation to the frictional
surface is as follows:

0.5 to 2 mm3/(mm?2 - s)

In this way dry friction and increased idling heat
are prevented. Furthermore thermal load
absorption is increased through the uniform heat
distribution and improved cooling. The oil flow
rate should be adapted to the particular operating
conditions.

A compromise must normally be made on the
question of oil type when a multi-plate clutch
runs in a gearbox. Lubrication oils, as used for
highly stressed gear wheels and bearings, are not
always suitable for multi-plate clutches.

In general oils to be used with multi-plate clutches
should fulfill the following requirements:

¢ high heat and aging resistance

* neutral behavior with regard to copper and
steel
at operating temperatures

¢ no oil carbon deposits
¢ good thermal conductivity and cooling effect

¢ low foaming, in particular with hydraulically
actuated multi-plate clutches

® viscosity
(see recommendation chart on page 1.19.00)

Surface design of plates

The interaction of various plate surface patterns
such as, for example, spiral grooves, radial slots
and waffle patterns, with the special properties of
the various oils, makes it possible to solve most
application problems. Torque build-up and thus
clutch engagement time and thermal capacity
can be modified by the appropriate choice of plate
surface pattern, cooling oil type and cooling oil
tlow rate.

Bearing lubrication for dry-running multi-
plate clutches and brakes

In the case of housings with roller bearings, seals
must be fitted to prevent the bearing grease
getting on to the friction surfaces.

It is recommended that the bearings are packed
with grease on assembly and that the facility to
carry out re-greasing is dispensed with.

Lubrication and cooling
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Oil recommendations for multi-plate clutches and brakes

Application

Mechanically and hydraulically
actuated multi-plate clutches

of average speed
vl ~5t0 12 m/s

Electromagnetically actuated
multi-plate clutches, mechanically and
hydraulically actuated multi-plate
clutches with higher speeds

v > 12 m/s

In Germany Abroad In Germany Abroad
ARAL Kosmol TL 68 Kosmol TL 68 Kosmol TL 46 Oel CMS
64 mm?2/s 64 mm?2/s 44 mm?2/s 22 mm?2/s
BP Energol HL 46 Energol THB 46 Energol HL 32 Energol THB 32
46 mm?2/s 46 mm?2/s 32 mm?2/s 32 mm?/s
CASTROL HYSPIN VG 46 PERFECTO T 46 HYSPIN VG 32 PERFECTO T 32
46 mm?2/s 46 mm?2/s 32 mm?2/s 32 mm?2/s
CHEVRON GST Oil 46 GST Oil 46 GST Oil 32 GST Oil 32
46 mm?2/s 46 mm?2/s 32 mm?2/s 32 mm?/s
DEA Astron HL 46 Eterna LTD 46 Astron HL 32 Eterna LTD 32
46 mm?2/s 46 mm?2/s 32 mm?2/s 32 mm?2/s
ELF POLYTELIS 46 POLYTELIS 46 POLYTELIS 32 POLYTELIS 32
46 mm?2/s 46 mm?2/s 31 mm?2/s 31 mm?/s
ESSO TERESSO 68 ESSTIC 68 TERESSO 32 ESSTIC 32
(previously 52) (previously 50) (previously 43) (previously 42)
64 mm?2/s 64 mm?2/s 30 mm?2/s 34 mm?2/s
FINA CIRKAN 68 ISO BAKOLA 68 CIRKAN 38 F CIRKAN 38 F
62 mm?2/s 64 mm?2/s 39 mm?2/s 42 mm?2/s
FUCHS RENOLIN MR 15 RENOLIN MR 15 RENOLIN MR 10 | RENOLIN MR 10
49,6 mm?2/s 49,6 mm?2/s 34 mm?2/s 34 mm?2/s
MOBIL OIL D.T.E. Oil Medium | D.T.E. Oil Medium | D.T.E. Oil Light D.T.E. Oil Light
43,4 mm?2/s 43,4 mm?2/s 29,6 mm?2/s 29,6 mm?2/s
OIL BY SHELI{ Morlina Oil 46 Morlina Oil 68 Morlina Oil 46 Morlina Oil 46
46 mm?2/s 68 mm?2/s 46 mm?2/s 46mm?2/s
TEXACO Rando Oil C Regal Oil R&O 68 | Rando Oil B Regal Oil R&O 46
65 mm?2/s 63 mm?2/s 43 mm?2/s 42 mm?2/s
1) v = peripheral speed at the outer diameter of the clutch or brake
Viscosity at 40° C
1 mm2/s ~ 1 cSt.
The above data is not standard and should be checked on a case-to-case basis.
The listing of the oils should not be interpreted as an evaluation.
Oil types of other manufacturers on request.
Page Edition 02.2004
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Installation instructions and
tolerances

General installation instructions for
Ortlinghaus clutches and brakes

In addition to the operation and installation
descriptions given in the individual sections of
this catalogue, attention should be paid to a few
general rules which apply to the designing of drive
systems incorporating multi-plate clutches.

The basic design of the clutches means that the
two clutch halves must be aligned precisely and
that the bearings must be arranged appropriately.
In splitshaft applications, the bearings must be
situated as close to the clutch as possible. If a
centering bearing is necessary, it must be given
adequate lubrication, particularly when idling.

In order to avoid additional heating and/ orde-
struction of the clutch or brake, the components
of the clutch and brake and the shafts must be
located axially in such a way that the distances
between the different parts are as specified in the
drawings. Shouldered shafts used in conjunction
with locking rings or shaft nuts are the best means
of location. Should grub screws be used, they
must be secured.

The maximum rotational speed of the clutch is
determined both by its size and by the way in
whichitisincorporatedinto the overall design. In
most cases the velocity at the mean effective
radius of the friction area of the plates should not
exceed 20 m/s. Higher speeds may be permissible
under particular conditions.

Please note that all types of clutch are subject to
wear. Regular inspections, adjustments and
renewal of friction linings will be necessary with
many types of clutch in order to ensure high
operational efficiency and a long service life. To
this end it is advisable that sufficient access for
inspection and/or removal of the clutch is
provided.

Our experienced engineering team is always willing
to advise and assist in selecting the most suitable
Ortlinghaus clutch or brake for your application.

Recommended tolerances and basic
types of drive housings for Ortlinghaus
clutches and brakes

Y
: Ny
— IS

l\+ N

se 32 le 3 X
. Y e )
N J AN J
Fig. 14:

Mechanically actuated clutch with shoulder housing with
flange hub; centering ball bearing
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Fig. 15:
Stationary field electromagnetic clutch with cup housing;
needle bearing
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Fig. 16:
Hydraulically actuated clutch with hub housing; plain bearing
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Fig. 17:
Pneumatically actuated clutch with flange housing; rolling
bearing
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Recommended tolerances,

bores and keyways

When designing or installing Ortlinghaus clutches
and brakes please select the bores and keyways
listed below, thisis to simplify storage and shorten
delivery times. Account should be taken of our
preferred sizes of bores as given in the clutch and
brake dimension lists.

Standard tolerance H7 for bores to DIN
7154.

Hub keyway tolerance P9 for keys and
keyways to DIN 6885 (tolerance JS9 on
request).

Key Shaft diameter A Shaft keway b x t, Hub keway b x t,
2x 2 over 6to 8 2x 1.2+0.1 2x 1.0+ 0.1
3x 3 over 8 to 10 3x 1.8+0.1 3x 14+0.1
4x 4 over 10to 12 4x 25+0.1 4x 1.8+0.1
5x 3 over 12 to 17 5x 1.9 +0.1 5x 1.2+0.1
5x 5 over 12 to 17 5x 3.0+0.1 5x 23+0.1
6x 4 over 17 to 22 6x 25+0.1 6x 1.6 +0.1
6x 6 over 17 to 22 6x 35+0.1 6x 28+0.1
8x 5 over 22 to 30 8x 3.1+0.2 8x 2.0+0.1
8x 7 over 22 to 30 8x 4.0+ 0.2 8x 3.3+02
10x 6 over 30 to 38 10x 3.7 +0.2 10x 2.4+0.1
10x 8 over 30 to 38 10x 5.0+0.2 10x 3.3+0.2
12x 6 over 38 to 44 12x 3.9+0.2 12x 2.2+0.1
12x 8 over 38 to 44 12x 5.0+0.2 12x 3.3+0.2
14x 6 over 44 to 50 14x 4.0+0.2 14x 2.1 +0.1
14 x 9 over 44 to 50 14 x 55+0.2 14 x 3.8+0.2
16 x 7 over 50 to 58 16 x 4.7 +0.2 16 x 2.4 +0.1
16 x 10 over 50 to 58 16 x 6.0 +0.2 16 x 43+0.2
18x 7 over 58 to 65 18 x 4.8 +0.2 18x 2.3+0.1
18 x 11 over 58 to 65 18x 7.0+0.2 18x 44 +0.2
20x 8 over 65to 75 20x 5.4 +0.2 20x 2.7 +0.1
20 x 12 over 65to 75 20x 7.5+0.2 20x 4.9 +0.2
22x 9 over 75to 85 22x 6.0+ 0.2 22x 3.1+0.2
22 x 14 over 75to 85 22x 9.0 +0.2 22x 54+0.2
25x 9 over 85 to 95 25x 6.2 +0.2 25x 29+0.2
25 x 14 over 85 to 95 25x 9.0 +0.2 25x 54+0.2
28 x 10 over 95 to 110 28 x 6.9 +0.2 28 x 3.2+0.2
28 x 16 over 95 to 110 28 x 10.0 + 0.2 28x 6.4 +0.2
32x 11 over 110 to 130 32x 7.6 +0.2 32x 3.5+0.2
32 x 18 over 110 to 130 32x11.0 + 0.2 32x 7.4 +0.2
36 x 12 over 130 to 150 36 x 83 +0.2 36 x 3.8+0.2
36 x 20 over 130 to 150 36 x 12.0 + 0.3 36 x 84 +0.3
40 x 22 over 150 to 170 40 x 13.0 + 0.3 40x 94 +0.3
45 x 25 over 170 to 200 45 x 15.0 + 0.3 45 x 10.4 + 0.3
50 x 28 over 200 to 230 50x17.0 + 0.3 50x 11.4 +0.3

Installation instructions and tolerances
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