INNOVATIONS
OF GREAT VALUE

SINGLE-DISK CLUTCHES AND SINGLE-DISK BRAKES
ZF-SINGLE-DISC
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/F is a Worldwide Leading Automotive Supplier
of Driveline and Chassis Technology.

We develop and manufacture innovative, high-quality pro-
ducts and related technologies that improve the mobility of
people and goods. Our products and services offer our
customers clear added value through leading technologies,
quality, and service. Our passionate commitment to achie-
ving greater efficiency and resource conservation has made
us a trendsetter in new markets.

We believe in fair and reliable business practices everywhe-
re we operate, and our global reach ensures our customers
a tight-knit network of knowledgeable contact partners.

As a company owned by two foundations, we strive for sus-
tainability and efficiency to ensure our economic and finan-
cial independence. An agile organizational structure,

lean processes, and an enduring willingness to change are
the basis for continuous improvement in the company’s per-
formance.

/F is a decentralized company with divisions and business
units that operate independently and respond flexibly to the
needs of our customers. However, the Group sets the
strategy of divisions and business units, and the Group’s
overall interests take priority over the individual interests of
the divisions and business units.
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A motivated and skilled workforce is our most important asset and a
decisive success factor at ZF. We offer all of our employees outstan-
ding opportunities for advancement with regard to their skills, per-
formance, commitment, and mobility. ZF maintains an open dialog
with its employees and employee representatives. We proudly work
together to make ZF a successful company and view our employees as
team members who can be successful only if all work together toward
the same goals, throughout all divisions, and across all borders.

We respect the business ethics and legal standards of the countries
where we operate.

Reliability and fairness are inherent principles of our corporate culture
as are honesty and responsibility in all of our actions. We are active
members in our communities and maintain a regular dialog with the
public. As well, we view our responsibility to social causes, especially
environmental protection, among our key corporate goals and seek

ways to regularly engage our entire company in their pursuit.



/F-Single-Disc

Thanks to their technical advantages, their respectively simple setup, and
their opportune outside dimensions, electromagnetically operated single-
disk clutches and brakes are increasingly used for the automation of me-
chanical working processes in mechanical and plant engineering, like for
instance in textile machines, packaging, printing, and paper machines, ma-
chine tools, welding machines, or in medical technology, and for actuating
speed or velocity stages, for controlling sequences of motion with exact
positioning, or for the safe shutdown of a machine in case of faults/disrup-
tions.

The clutches and brakes have no slip rings, Both friction surfaces consist of metal. Due to the

are maintenance-free, and operated with non-existant organic friction lining, which is usually
24 V DC voltage. A particular advantage applied at single-disk clutches, these clutches are par-
is the double magnetic flux path of the ticularly environmentally friendly. They are suitable
armature disk in which the force of the for being operated in dry and wet conditions.
magnetic field is used twofold. With small For live coils, a magnetic field is generated by means
outside dimensions and big through-holes, of which a tractive force is applied on the armature
large torques are created. disk.
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Single-disk clutches

The clutch consists of a static magnet body with coil, rotor, and armature disk.

The magnet body is attached to a part of the housing while the rotor is mounted to one of the shafts to be cou-
pled. It turns with a low radial air gap in the static magnet body. The torque between rotor and armature disk
is transferred without clearance. For this purpose, the armature disk is bolted to a diaphragm spring which is
attached to the front side of the part that drives or is driven by means of three bolts. Thanks to axial deflec-
tion, the diaphragm spring enables the armature stroke and causes a quick and complete separation without
residual torque at switch-off.

In this case, it does not matter if the rotor or the armature disk is driving or is driven. This results from the
constructive add-on options.

Corresponding to the tolerances specified in the design guidelines, the three machine elements (magnet body,

rotor, and armature disk) shall be centered well.

Magnet body
Armature disk
Diaphragm spring
Rotor

Coil

Single-disk brake

The brake consists of the magnet body with coil in which the brake disk is fixed and serves as braking sur-

face.

Just as in case of the clutch, the armature disk is attached to the counterpart by means of three bolts. During
braking, the brake torque bears against e.g. the housing wall, an engine housing, or a similarly fixed compo-

nent by means of the magnet body anchorage.




Installation and design

Dry operation:

In dry operation, single-disk clutches and brakes have high torques and short shifting times. The values are listed in the
selection tables. To reliably achieve the torques specified in the tables, a running-in procedure with some revolutions

at differential speed are required. The friction surfaces, however, are subject to wear in shift operation. This results in

a limited service life which can be determined depending upon the shifting capacity. If low quantities of oil or grease
contaminate the friction surfaces in dry operation, the torques decrease for a short time, but after some shifts with fric-
tion work, the original values are achieved again. Without friction work, this self-cleaning effect does not occur. For this
reason, the oil film that was applied on the friction surfaces for corrosion protection must be removed when a new clutch
or brake is installed, if the specified dry torques are to be achieved. In case of a persisting, more severe contamination by

oil or grease, the torque is decreased.

Wet operation:

Single-disk clutches and brakes lubricated with oil or grease have lower torques and longer shifting times. However, if
the lubrication is sufficiently dimensioned according to the shifting capacity, they work without wear and are therefore

completely free of maintenance. More information on the design for wet operation is provided on demand. The torques in

wet operation amount to about 30% of the torques achieved in dry operation.




General information:

In case of the clutches, the torque is transferred to
the shaft by means of parallel keys according to DIN
6885, sheet 2. The rotor shall be axially fixed on the
shaft.

The magnet body is screwed onto a static part of
the machine. In case of the brakes, the brake torque
bears against this part of the machine by means of
the magnet body anchorage.

The clutches and brakes might be installed horizon-
tally or vertically. The armature disk can either be

mounted above or below.

Installation tolerances, permissible center
offset:

Between rotor and magnet body, a radial air gap
shall be maintained since otherwise mutual damage

might occur. For this reason, the center offset speci-

fied shall never be exceeded.

For centering, diameters D 3 and D 4 are provided at
the magnet body. The centering on a rolling bearing
in D 3 is advantageous since the axial position of the
magnet body to the rotor can be determined at the
same time. The armature disk is only centered by
using the 3 clamping bolts. It shall not be centered
or guided additionally. The prerequisites are precise
threadholes in the pitch and pitch circle.

If clutches are used to link two shafts, the center
offset specified in the table shall not be exceeded. If
the stipulated preciseness is not achieved, rotor and
armature must be centered on one end of the shaft
and the torque must be transferred to the end of the
other shaft with a flexible coupling.

In case of the brakes, the permissible center offset
of armature disk anchorage to magnet body is so

big that centering by using the clamping bolts of the

magnet body is sufficient.




Installation of armature disk

The armature disk is screwed onto the fitting at three points (flange, belt pulley, or similar). For this purpose, correspon-
ding through holes in the diaphragm spring as well as cavities for the bolt heads are provided. Cylinder head screws
according to DIN 84 or with hexagon sockets according to DIN 7984 or DIN 6912 are to be used. Threadlockers on the

diaphragm spring are not possible; thus, the bolts must be secured by means of glueing, caulking, or by using a lock nut.

When the armature disk is installed, the diaphragm spring is preloaded in axial direction. This enables a quick opening of
the clutch or brake and rattling of the armature disk or even touching the rotor or brake disk is reliably avoided.

The preloaded is determined by the height of the rivet heads (dimension k) when installing the armature disk providing
only the tapped holes for the anchorage in the fitting. The working air gap (stroke) ,s* can be set during installation. It
already has the correct size at installation if dimensions a or a+k of the fittings are adhered to by means of precise manu-

facturing.

The induction force of the magnet over a larger working air gap is limited so only a certain maximum stroke is possible.
This depends on the installation type and is to be determined based on the tables on pages 9 and 10. The minimum wor-
king stroke mentioned can be reduced by 50% if axial movements of the clutch halves are avoided, e.g. due to a bearing

without clearance.

Magnetic insulation

Generally, no special insulations are required when maximum stroke is to be utilized in unfavorable con-
installing clutches and brakes. A non-magnetic ditions with regard to the magnetic dispersion.
fitting or washer, however, is an advantage if the ar-

mature disks of clutches and brake shall be mounted

to a joint fitting, for instance, or if the specified




Electrical connection

Power supply

The single-disk clutches and brakes are operated
with direct current. Generally, the nominal voltage
amounts to 24 V. The permissible supply fluctuations
shall not exceed +/- 10%. Spark absorbers are to be
installed according to the regulations in any case. To
avoid harmful voltage peaks when switching off, it
is recommended to use suitable spark absorbers (e.g.

voltage-dependent resistors).

Switching on and off

The VDE provision no. 0580 is the basis for the defi-
nition of circuit symbols and torques.

According to this provision, the switch-off time is
the interval between switching off the excitation
voltage and the decrease of the torque from Mii to
10% of the engagement torque.

For friction clutches, the engageable torque is the
torque effective at slip which depends on the coef-
ficient of sliding friction. The transmittable torque
is the torque with which the device can be loaded

without the occurence of slip.

The residual torque is the highest final value after
switching off at operating temperature. The dia-
gram below shows the torque curve of switching

on and off. After the response delay t_, the enga-

™
gement torque Ms is generated during the time t,,.
In the depicted example, the acceleration torque,
which results from the difference from Ms and the
load torque M, is so big that the clutch halves are
synchronized after the time t,. In the moment of
synchronization, the torque increases to the high-
est transmittable torque M, for a short time due to
the static friction and then decreases to the load
torque M, . The duration of the acceleration process
depends upon the masses to be accelerated, the
engine-speed differential, the engagement torque of
the clutch, and the load torque. For small masses
and engine-speed differentials, the synchronization

can be achieved even before time t,, is reached.




Single-disk brakes

k Installation of armature disk
_E_ Stroke s Stroke s k
’?L T min. [mm] max. [mm] [mm]
- H EB-ER 0.5 0.3/ 05/ 03
H EB-ER 1 03] 06] 0.4
B . EB-ER 2 0.3/ 07/ 0.5
EB-ER 4 o.3| o.al 0.6
L |
- - EB-ER 8 o.4| 1.0' 0.8
i ; i
| = I EB-ER 16 0.4/ 12| 1.0
—_ L Armature disk with mechanical preloading

without countersinking rivet heads in counterpart

Center offset of brakes

7_7,_—[,—'- Permissible
center offset
1
Axle of ar-
mature side
\ i magnet body
‘ mm
vV \ [mm]
‘ EB-ER 0.5 0.20 E_Iectromagnet type of
! single-disc brakes
| EB-ER 1 0.25
EB-ER 2 0.30
EB-ER 4 0.30
EB-ER 8 0.35

EB-ER 16 0.40




Single-disk clutches

e

Installation of armature disk

Stroke s
min. [mm]

EK-ER 0.5
EK-ER 1
EK-ER 2

EK-ER 4
EK-ER 8
EK-ER 16

Stroke s
max. [mm)]

Armature disk with mechanical preloading
Without countersinking rivet heads in counterpart

Center offset of clutches

Permissible center offset

@

ture side

Rotor axle -
axle of arma-

@

Rotor axle -
magnet body

®
Axle of
armature
side, arma-
ture outer
diameter

0.15
0.15
0.20
0.20
0.20

0.25

0.3
0.4
0.5
0.6
0.8

1.0
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Technical data of single-disk brakes

Dry operation, DC 24V (other voltages upon demand)

Torque Torque Maximum Mass moment Power consumption at Shifting times
engageable transmittable speed of inertia coil temperature Response Ramp-up
n. armature side P 20°C P120°C delay time
M, M, J [W] [W] t, t,
[Nm] [Nm] [min-"] kgcm? [ms] [ms]
EB-ER 0.5 5/ 6 9000 017/ 10/ 7.5] 10/ 20
10] 13] 8 000 0.55 125/ of 20/ 30
EB-ER 2 20/ 25| 7000 170 20 15] 20/ 50
EB-ER 4 a0/ 50| 6 000 5.5/ 25| 18] 30/ 70
EB-ER 8 8o/ 100/ 6000 16] 31| 22| 30/ 100
EB-ER 16 160 200/ 6000/ 50/ 2] 30/ a0 120
Strands with length
Wof about 300 mm ~—B— — B —=
k — Lljllu_ ek
E *‘ = Il
7 l._,__]L 5 ﬁ?
| IR
1 e | R 1 =) T e T
ﬁ, |
S ] 4 "om 1o
\ Ll =T I 1
‘3) Y4 Yi _‘6’ pni ol 'OLO? . —>S<—
4’7900 I 4 _;‘_ S e
\*i n n
EB-ER 0.5 - EB-ER 8 -
EB-ER 4 EB-ER 16
B E D, D, D, D, D, D, d, d,
[Tol.  0.1] H8 he [Tol. £ 0.1]
EB-ER 0.5 26.2] 59| 59| 58] 42| 72| 305 34/ a6 31
28.6 74| 74l 738 52| 92|  3es|  a3s| 58 aa
EB-ER 2 32.5] 93/ 93| 92/ 62| 15 51.5] 54| 74| 5.1
EB-ER 4 35.9 17 17/ 116/ so| 140/ 665 70| 9af 63
EB-ER 8 422 150 150 147/ 90| 180/ -l 90| 118/ 8.4
EB-ER 16 46| 190 190 186 10 220/ - 112] 150 10.4




Order number

| d, I Tol d4I d5I dsl d7I dgl hI kI nI sI uI o :toﬁl
ol. o
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Technical data of single-disk clutches

Type Torque Torque Maximum Mass moment Mass moment Power consumption at
engageable transmittable speed of inertia of inertia coil temperature
N oo rotor side armature side P 20°C P120°C
M, M, J J [W] [W]
[Nm] [Nm] [min-"] kgcm? kgcm?

EK-ER 0.5

EK-ER 16

Strands with length - B =
of about 300 mm ﬁ

Type B h d,
[Tol. £ 0.1] [Tol. £ 0.1]

EK-ER 0,5
EK-ER 1
EK-ER 2
EK-ER 4
EK-ER 8
EK-ER 16
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Shifting times Weight- Technical Order number

Response Ramp-up on off net * data
delay time [ka]

t11 t12 t1 tZ

[ms] [ms] [ms] [ms]

Rotor bore, fit H7 and assigned keyway (v/w) according to DIN 6885, sheet 2/ fits P9 1 groove at bore @ of 10 mm according to
DIN 6885, sheet 1, more than 10 mm @ according to DIN 6885, sheet 2

2 grooves according to DIN 6885, sheet 2, 180° offset (EK-ER 8 and EK-ER 16)

*Depending upon rotor bore d,

| d4I Tol d4I d5I dGI d,I dBI hI kI nI sI uI o :I:01§I
ol. o
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Research and Development
to Secure Mobility

Innovations are not a purpose in themselves for ZF; they must
pay off, for manufacturers, fleet owners, and drivers, but also
for the environment and society. Each new development must
prove itself among the conflicting priorities of these criteria.

The ZF Group benefits from an international network innovative products from ZF set the standards for

of development centers: The main development state-of-the-art technology - again and again.
locations are Friedrichshafen, Dielingen, Passau, Development work at ZF is organized according to
Schweinfurt, Schwibisch Gmind, Northville decentralized and central functions. The divisions
near Detroit (USA), Pilsen (Czech Republic), and and business units focus on markets and product
Shanghai (China). Worldwide, more than 7,100 em- expertise, ensuring customer-centered, competitive
ployees work in Research and Development. Corpo- technological product development. Corporate R&D
rate R&D coordinates and supports the activities at works with a strong emphasis on basic research

the development center in Tokyo (Japan). Every year, and theory and supports the functional development
ZF invests approximately five percent of its sales in areas in the divisions.

Research and Development. With success, because
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Quick and Comprehensive:
/F Service

For us, good service is more than just traditional after-sales support.

It encompasses the entire life cycle of our products and, from develop-
ment to recycling, it covers all services.

The provision of test equipment and product training on site belong to
the ZF scope of services as well as the availability — usually over deca-
des — of genuine spare parts.

Standstill is expensive. In order to warrant high machine
availability to our international customer base, we are
designing products that live up to the required load
requirements while being, for the majority, maintenancefree.
If however, problems do occur, we ensure through

our close-knit ZF service center network as well as

ZF representatives that quick and competent service

is provided on a global scale.
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/F Worlwide:

m  Countries with ZF Services locations

Excellently networked worldwide:
ZF Services is directly on site witht 34 service companies, 5 marketing offices, and 650 service partners

worldwide.







ZF Friedrichshafen AG

Industrial Technology

Special Driveline Technology

Industrial Drives & Positioning Systems
88038 Friedrichshafen

Germany

Phone +49 7541 77-3694

Fax +49 7541 77-90-3694
industrial-drives@zf.com
www.zf.com/industrial-drives

632 7560 101 b - 2013



