


Measuring principles
Measuring standard

HEIDENHAIN encoders with optical
scanning incorporate measuring standards
of periodic structures known as
graduations.

These graduations are applied to a carrier
substrate of glass or steel.

These precision graduations are

manufactured in various photolithographic

processes. Graduations are fabricated

from:

 extremely hard chromium lines on glass,

* matte-etched lines on gold-plated steel
tape, or

* three-dimensional structures on glass or
steel substrates.

The photolithographic manufacturing
processes developed by HEIDENHAIN
produce grating periods of typically 50 pm
to 4 pm.

These processes permit very fine grating
periods and are characterized by a high
definition and homogeneity of the line
edges. Together with the photoelectric
scanning method, this high edge definition
is a precondition for the high quality of the
output signals.

The master graduations are manufactured
by HEIDENHAIN on custom-built high-
precision ruling machines.

Encoders using the inductive scanning
principle have graduation structures of
copper/nickel. The graduation is applied to
a carrier material for printed circuits.
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Measuring methods

With the absolute measuring method,
the position value is available from the
encoder immediately upon switch-on and
can be called at any time by the subsequent
electronics. There is no need to move the
axes to find the reference position. The
absolute position information is read from
the grating on the graduated disk, which
is designed as a serial code structure or—
as on the ECN 100—consists of several

parallel graduation tracks.

A separate incremental track (on the

ECN 100 the track with the finest grating
period) is interpolated for the position value
and at the same time is used to generate
an optional incremental signal.

In singleturn encoders, the absolute
position information repeats itself with
every revolution. Multitum encoders can
also distinguish between revolutions.

Circular graduations of absolute rotary encoders

With the incremental measuring
method, the graduation consists of a
periodic grating structure. The position
information is obtained by counting the
individual increments (measuring steps)
from some point of origin. Since an
absolute reference is required to ascertain
positions, the graduated disks are provided
with an additional track that bears a
reference mark.

The absolute position established by the
reference mark is gated with exactly one
measuring step.

The reference mark must therefore be
scanned to establish an absolute reference
or to find the last selected datum.

Circular graduations of incremental rotary encoders



Scanning methods

Photoelectric scanning

Most HEIDENHAIN encoders operate
using the principle of photoelectric
scanning. Photoelectric scanning of a
measuring standard is contact-free, and as
such, free of wear. This method detects
even very fine lines, no more than a few
microns wide, and generates output
signals with very small signal periods.

The ECN, EQN, ERN and ROC, ROQ, ROD
rotary encoders use the imaging scanning
principle.

Put simply, the imaging scanning principle
functions by means of projected-light
signal generation: two graduations with
equal grating periods—the circular scale
and the scanning reticle—are moved
relative to each other. The carrier material
of the scanning reticle is transparent. The
graduation on the measuring standard can
likewise be applied to a transparent
surface, but also a reflective surface.
When parallel light passes through a
grating, light and dark surfaces are
projected at a certain distance. An index
grating with the same grating period is
located here. When the two gratings move
relative to each other, the incident light is
modulated. If the gaps in the gratings are
aligned, light passes through. If the lines of
one grating coincide with the gaps of the
other, no light passes through. Photovoltaic
cells convert these variations in light
intensity into nearly sinusoidal electrical
signals. Practical mounting tolerances for
encoders with the imaging scanning
principle are achieved with grating periods
of 10 pm and larger.

The ROC/ROQ 400/1000 and ECN/

EQN 400/1000 absolute rotary encoders
with optimized scanning have a single
large photosensor instead of a group of
individual photocells. Its structures have
the same width as that of the measuring
standard. This makes it possible to do
without the scanning reticle with matching
structure.

Other scanning principles

ECI/EBI/EQI and RIC/RIQ rotary encoders
operate according to the inductive
measuring principle. Here, graduation
structures modulate a high-frequency
signal in its amplitude and phase. The
position value is always formed by
sampling the signals of all receiver coils
distributed evenly around the
circumference.
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Photoelectric scanning according to the imaging scanning principle

Accuracy

The accuracy of position measurement with

rotary encoders is mainly determined by

+ the directional deviation of the radial
grating,

* the eccentricity of the graduated disk to

the bearing,

the radial deviation of the bearing,

* the error resulting from the connection

with a shaft coupling (on rotary encoders

with stator coupling this error lies within

the system accuracy),

the interpolation error during signal

processing in the integrated or external

interpolation and digitizing electronics.

For incremental rotary encoders with
line counts up to 5000:

The maximum directional deviation at 20 °C
ambient temperature and slow speed
(scanning frequency between 1 kHz and

2 kHz) lies within

+ 18° mech. - 3600 [angular seconds]
Line count z

which equals
1 . .

+ __ grating period.
50 grating p

The ROD rotary encoders generate 6000
to 10000 signal periods per revolution
through signal doubling. The line count is
important for the system accuracy.

The accuracy of absolute position values
from absolute rotary encoders is given in
the specifications for each model.

For absolute rotary encoders with
complementary incremental signals, the
accuracy depends on the line count:

Line count  Accuracy
16 + 480 angular seconds
32 + 280 angular seconds
512 + 60 angular seconds
2048 + 20 angular seconds
2048 + 10 angular seconds

(ROC 425 with high
accuracy)

The above accuracy data refer to incremental

measuring signals at an ambient temperature
of 20 °C and at slow speed.
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Mechanical design types and mounting
Rotary encoders with stator coupling

ECN/EQN/ERN rotary encoders have
integrated bearings and a mounted stator
coupling. They compensate radial runout
and alignment errors without significantly
reducing the accuracy. The encoder shaft is
directly connected with the shaft to be
measured. During angular acceleration of
the shaft, the stator coupling must absorb
only that torque caused by friction in the
bearing. The stator coupling permits axial
motion of the measured shaft:

ECN/EQN/ERN 400: + 1 mm
ECN/EQN/ERN 1000: + 0.5 mm
ECN/ERN 100:

+ 1.5 mm

Mounting

The rotary encoder is slid by its hollow
shaft onto the measured shaft, and the
rotor is fastened by two screws or three
eccentric clamps. For rotary encoders with
hollow through shaft, the rotor can also be
fastened at the end opposite to the flange.
Rotary encoders of the ECN/EQN/ERN
1300 series with taper shaft are particularly
well suited for repeated mounting (see
brochure titled Position Encoders for Servo
Drives). The stator is connected without a
centering collar on a flat surface. The
universal stator coupling of the ECN/
EQN/ERN 400 permits versatile mounting,
e.g. by its thread provided for fastening it
from outside to the motor cover.

Dynamic applications require the highest
possible natural frequencies fy of the
system (also see General mechanical
information). This is attained by connecting
the shafts on the flange side and fastening
the coupling by four cap screws or, on the
ECN/EQN/ERN 1000, with special washers.

Natural frequency fy with coupling fastened by 4 screws

Stator Cable Flange socket

ECN/ERN 100

L =41 min. withD < 25
L = 56 min. with D > 38

ECN/EQN/ERN 400 e.g. with standard stator coupling

Blind hollow shaft

ECN/EQN/ERN 400
e.g. with universal stator coupling Tmax. |

Hollow through shaft

coupling Axial Radial
ECN/EQN/ Standard | 1550 Hz [ 1500 Hz | 1000 Hz
ERN 400 Universal | 1400 Hz" | 1400 Hz 900 Hz
ECN/ERN 100 1000 Hz | - 400 Hz
ECN/EQN/ERN 1000 1500 HZ? | - -

" Also when fastening with 2 screws

2 Also when fastening with 2 screws and washers
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ECN/EQN/ERN 1000




Mounting accessories

Washer

For ECN/EQN/ERN 1000

For increasing the natural frequency fy and
mounting with only two screws.

ID 334653-01

Shaft clamp ring

For ECN/EQN/ERN 400

By using a second shaft clamp ring, the
mechanically permissible speed of rotary
encoders with hollow through shaft can be
increased to a maximum of 172000 min™ .
ID 540741-xx

If the encoder shaft is subject to high
loads, for example from friction wheels,
pulleys, or sprockets, HEIDENHAIN
recommends mounting the ECN/EQN/
ERN 400 with a bearing assembly.

Bearing assembly

For ERN/ECN/EQN 400
series with blind hollow shaft
ID 574185-03

The bearing assembly is capable of absorbing
large radial shaft loads. It prevents overload
of the encoder bearing. On the encoder
side, the bearing assembly has a stub shaft
with 12 mm diameter and is well suited for
the ERN/ECN/EQN 400 encoders with
blind hollow shaft. Also, the threaded holes
for fastening the stator coupling are already
provided. The flange of the bearing assembly
has the same dimensions as the clamping
flange of the ROD 420/430 series. The
bearing assembly can be fastened through
the threaded holes on its face or with the
aid of the mounting flange or the mounting
bracket (see page 15).
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O 28

6.2+0.1

® = Clamping screw with X8 hexalobular
socket, tightening torque 1.1 + 0.1 Nm

Bearing assembly

Permissible speed n

<6000 min™'

Shaft load Axial: 150 N; Radial: 350 N
Operating temperature -401t0 100 °C
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Torque supports for ECN/EQN/ERN 400
For simple applications with the ECN/EQN/
ERN 400, the stator coupling can be
replaced by torque supports. The following
kits are available:

Wire torque support

The stator coupling is replaced by a flat
metal ring to which the provided wire is
fastened.

ID 510955-01

Pin torque support

Instead of a stator coupling, a "synchro
flange"” is fastened to the encoder. A pin
serving as torque support is mounted
either axially or radially on the flange. As an
alternative, the pin can be pressed in on
the customer's surface, and a guide can be
inserted in the encoder flange for the pin.
ID 510861-01

General accessories

Screwdriver bit

For HEIDENHAIN shaft couplings

For ExN 100/400/1000 shaft couplings
For ERO shaft couplings

Width across | Length ID

flats

15 70 mm 350378-01
15 (ball head) | 35037802
2 35037803
2 (pall head) | 35037804
R | 350378-05
"3 (ball head) | 35037808
4 35037807
4 (withdog | 350378-14

point)”

TX8 89 mm 350378-11

152 mm 350378-12
TX15 70 mm 756768-42

" For screws as per DIN 6912 (low head

screw with pilot recess)
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Screwdriver
Adjustable torque
0.2Nmto 1.2 Nm
TNmto5Nm

ID 350379-04
ID 350379-05



Rotary encoders for separate shaft coupling

ROC/ROQ/ROD and RIC/RIQ rotary
encoders have integrated bearings and a
solid shaft. The encoder shaft is connected
with the measured shaft through a separate
rotor coupling. The coupling compensates
axial motion and misalignment (radial and
angular offset) between the encoder shaft
and measured shaft. This relieves the
encoder bearing of additional external loads
that would otherwise shorten its service life.
Diaphragm and metal bellows couplings
designed to connect the rotor of the ROC/
ROQ/ROD/RIC/RIQ encoders are available
(see Shaft couplings).

ROC/ROQ/ROD 400 and RIC/RIQ 400
series rotary encoders permit high bearing
loads (see diagram). They can therefore
also be mounted directly onto mechanical
transfer elements such as gears or friction
wheels.

If the encoder shaft is subject to relatively
high loads, for example from friction
wheels, pulleys, or sprockets, HEIDENHAIN
recommends mounting the ECN/EQN/
ERN 400 with a bearing assembly.

Bearing life span of ROC/ROQ/ROD 400
and RIC/RIQ 400

The service life to be expected of the
bearings depends on the shaft speed and
the shaft load as a function of the force
application point. The maximum permissible
load of the shaft at shaft end is listed in the
specifications. The relationship between
the bearing service life and the shaft speed
at maximum shaft load is illustrated in the
diagram for the shaft diameters 6 mm and
10 mm. With a load of 10 N axially and

20 N radially at the shaft end, the expected
bearing service life at maximum shaft
speed is more than 40000 hours.

Bearing service life [h] »

40000 \ | | | |
bt \ —o6  F=40N F=60N
30000 — [pe 5
N\ —o10
25000 \ — |
N N

20000 N

15000 ~\\\\
10000 T——

5000

0
0 2000 4000 6000 8000 10000 12000 14000

Bearing lifetime if shaft subjected to load

Shaft speed [rpm] »

16000
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Rotary encoders with
synchro flange

Mounting

* by the synchro flange with three fixing
clamps or

* by fastening threaded holes on the
encoder flange to an adapter flange (for
ROC/ROQ/ROD 400 or RIC/RIQ 400).

Mounting accessories

Adapter flange
(electrically nonconducting)
ID 257044-01

Fixing clamps

For ROC/ROQ/ROD 400 and
RIC/RIQ 400 series

(3 per encoder)

ID 200032-01

Fixing clamps

For ROC/ROQ/ROD 1000 series
(3 per encoder)

ID 200032-02
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Rotary encoders with synchro flange

Adapter flange
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Rotary encoders with
clamping flange

Mounting

* by fastening the threaded holes on the
encoder flange to an adapter flange or

+ by clamping at the clamping flange.

The centering collar on the synchro flange

or clamping flange serves to center the
encoder.

Mounting accessories

Mounting flange
ID 201437-01

Mounting bracket
ID 581296-01

ROC/ROQ/ROD 400 with clamping flange

Mounting flange

Coupling

Coupling
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ECN/EQN/ERN 400 series

* Absolute and incremental rotary encoders
* Stator coupling for plane surface
* Blind hollow shaft or hollow through shaft

Blind hollow shaft

47.2:0.5 20
@ 1—»«
25° 3.1
—
=
H1
i 8 A % o ol [d \
; @ Y © ~ S
P O e— o) R S
S al © w® i
M
2\ = B \
10.4 95
4.4
L2 90°%s0 o6
T EnDat22: @ 4.5
te A"
Connector coding
Hollow through shaft A = axial, R = radial
Flange socket
L M12 M23
g L
al - L1 | 14 23.6
i L2 | 125 125
I_J L3 | 485 58.1
3.1 D
2897 ®
21297 ®
0.5 min. 0.5 min.
Avarey s 77_147744277_1477%,
! / / |
| [a]
| | -
+ I £ +1 £
. — 1 o £ _ £
K ~N ! N
85 ] ! ~ gg f N
/ , Q { i Q
! | . 1 max.
8 Yy v
L LS iz AR
1 max. 15 min.@ 1 max.
8 min.
e 56 min. @
15 min./24 max. A
EN 60529 58 min.

mm

Tolerancing ISO 8015
1ISO 2768-mH
<6 mm: £0.2 mm

Cable radial, also usable axially

= Bearing of mating shaft

® = Required mating dimensions

® = Measuring point for operating temperature
@ = Clamping screw with X8 hexalobular socket

@ = Compensation of mounting tolerances and thermal expansion, no dynamic motion permitted
® = Direction of shaft rotation for output signals as per the interface description
® = Clamping ring on housing side (condition upon delivery)
@ = Clamping ring on coupling side (optionally mountable)
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Absolute

Singleturn

ECN 425 ECN 413
Absolute position values* | EnDat 2.2 EnDat 2.2 SSI
Ordering designation EnDat 22 EnDat 01 SSI'39r1
Positions per revolution 33554432 (25 bits) 8192 (13 bits)
Revolutions =
Code Pure binary Gray
Elec. permissible speed < 12000 min”' 512lines:  <5000/12000 min~' | < 12000 min™"
Deviations' for continuous position value + 1 LSB/+ 100 LSB + 12 LSB

2048 lines: < 1500/12000 min™'
+ 1 LSB/+ 50 LSB

Calculation time teg <7ys <9ps <5ps
Clock frequency <8 MHz <2 MHz -
Incremental signals Without o VPPZ)
Line counts™ - 512 2048 512
Cutoff frequency -3 dB - 512 lines: = 130 kHz; 2048 lines: = 400 kHz
Scanning frequency - -
Edge separation a - -
System accuracy + 20" 512 lines: + 60"; 2048 lines: + 20"
Power supply* 3.6to 14V DC 3.6to 14V DC 5VDC +5%or10to 30V DC
Power consumption (max.) 3.6 V: <600 mW 5V: <800 mW

14 V: < 700 mW 10 V: < 650 mW

30V: <1000 mW

Current consumption 5V:85 mA 5V:90 mA
(typical; without load) 24 V: 24 mA

Electrical connection*

* Flange socket M12, radial

+ Cable 1 m, with M12 coupling

» Flange socket M23, radial

» Cable T m, with M23 coupling or without connecting element

Shaft*

Blind hollow shaft or hollow through shaft; D =8 mmor D = 12 mm

Mech. pem. speed n’

<6000 min~'/< 12000 min~' ¥

Starting At 20 °C
torque

Below -20 °C

Blind hollow shaft: < 0.01 Nm
Hollow through shaft: < 0.025 Nm

<71TNm

Moment of inertia of rotor

<4.3.10° kgm?

Permissible axial motion + 1 mm

of measured shaft

Vibration 55 to 2000 Hz < 300 mis%; flange socket version: < 150 m/s® (EN 60068-2-6); higher values on request
Shock 6 ms <1000 m/s® (EN 60068-2-27)

Max. operating temp.S)

100 °C

Min. operating temp.

Flange socket or fixed cable: 40 °C

Moving cable: =10 °C

Protection EN 60529

IP 67 at housing; IP 64 at shaft inlet

Weight

Approx. 0.3 kg

Bold: These preferred versions are available on short notice

* Please select when ordering

Y Speed-dependent deviations between the absolute value and incremental signal
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Multitum

EQN 437 EQN 425
EnDat 2.2 EnDat 2.2 SSI
EnDat 22 EnDat 01 SSI417r1
33554432 (25 bits) 8192 (13 bits)
4096
Pure binary Gray
< 12000 min”' 512lines: < 5000/10000 min™' < 12000 min'
for continuous position value + 1 LSB/+ 100 LSB + 12 LSB
2048 lines: < 1500/10000 min_1
+ 1 LSB/+ 50 LSB
<7ys <9ps <5ps
<8 MHz <2 MHz -
Without N Vppz)
- 512 2048 512
- 512 lines: 2 130 kHz; 2048 lines: = 400 kHz
+ 20" 512 lines: + 60"; 2048 lines: + 20"
3.6t0 14V DC 3.6t0 14V DC 5VDC +5% or10to 30V DC
3.6 V: <700 mW 5V: <950 mW
74 V: < 800 mW 10 V: <750 mW
30 V- <1100 mW
5V:105 mA 5V:120 mA
24V: 28 mA

* Flange socket M12, radial
+ Cable 1 m, with M12 coupling

» Flange socket M23, radial

+ Cable 1 m, with M23 coupling or without connecting element

2)

Restricted tolerances: Signal amplitude: 0.8 to 1.2 Vpp
For the correlation between the operating temperature and the shaft speed or power supply, see General mechanical information

“'\With 2 shaft clamps (only for hollow through shaft)
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ECN/EQN/ERN 400 series

* Absolute and incremental rotary encoders
* Stator coupling for universal mounting
* Blind hollow shaft or hollow through shaft

Blind hollow shaft

O) 472+0.5

1

i

228
!

4.4

a6

3.1

EnDat22: & 4.5

Tolerancing ISO 8015
ISO 2768 - m H
<6 mm: 0.2 mm
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= Bearing of mating shaft

® = Required mating dimensions

® = Measuring point for operating temperature
@ = Clamping screw with X8 hexalobular socket
® = Hole circle for fastening, see coupling

Hollow through shaft Flange socket
Connector coding
54.4+0.5 1
@ = A = axial, R = radial M12 M23
& X - L1 |14 23.6
® 8 / L2 | 125 12.5
L3 [ 485 58.1
L D
3.1
3.1 d8g7 ®
1297 ®
=2 e — s zzz 227y .
U
/oG] Al AowslA _ |l .
. . [} ' 5
£ A : £ A i : 8
1S +1 \ | g € +1 2 \l | g 2
S E— 1 g o
® \ /\ | I g /\ i ]
8 Q Q
N 11 1 max. K el o1 Max. E!
0.5 min. | 0.5 min 0
AN 24— - / gtk Sepnpplnblepepnplel | I
1 max. 30°
8 min. 15 min. @ \/‘K
- 21.3°+0.5°
15 min./24 max. /!\ EN 60529 56 min. @ 1o 0.0
58 min.
mm Cable radial, also usable axially

@ = Compensation of mounting tolerances and thermal expansion, no dynamic motion permitted
@ = Direction of shaft rotation for output signals as per the interface description

® = Clamping ring on housing side (condition upon delivery)
@ = Clamping ring on coupling side (optionally mountable)




Absolute

Singleturn

ECN 425 ECN 413 ECN 413
Absolute position values* | EnDat 2.2 EnDat 2.2 SSI
Ordering designation EnDat 22 EnDat 01 SSI'39r1
Positions per revolution 33554432 (25 bits) 8192 (13 bits)
Revolutions -
Code Pure binary Gray
Elec. permissible speed < 12000 min”' 512lines:  <5000/12000 min~' | < 12000 min™"
Deviations' for continuous position value + 1 LSB/+ 100 LSB + 12 LSB

2048 lines: < 1500/12000 min™'
+ 1 LSB/+ 50 LSB
Calculation time teg <7ys <9ps <5ps
Clock frequency <8 MHz <2 MHz -
Incremental signals Without o VPPZ)
Line counts™ - 512 2048 512
Cutoff frequency -3 dB - 512 lines: = 130 kHz; 2048 lines: = 400 kHz
Scanning frequency - -
Edge separation a - -
System accuracy + 20" 512 lines: + 60"; 2048 lines: + 20"
Power supply* 3.6to 14V DC 3.6to 14V DC 5VDC + 5% or
10to 30V DC

Power consumption (max.) 3.6 V: <600 mW 5V: <800 mW

14 V: < 700 mW 10V: <650 mW

30V: <1000 mW

Current consumption 5V:85 mA 5V:90 mA
(typical; without load) 24 V- 24 mA

Electrical connection*

* Flange socket M12, radial

» Flange socket M?23, radial

+ Cable 1 m, with M12 coupling » Cable T m, with M23 coupling or without connecting element

Shaft* Blind hollow shaft or hollow through shaft; D = 8 mm or D = 12 mm
Mech. pem. speed n’ <6000 min”'/< 12000 min~"

Starting At 20 °C Blind hollow shaft: < 0.01 Nm

torque Hollow through shaft: < 0.025 Nm

Below -20 °C| <1 Nm

Moment of inertia of rotor | < 4.3 10 kgm2

Permissible axial motion + 1T mm

of measured shaft

Vibration 55 to 2000 Hz < 300 m/s%; flange socket version: 150 m/s? (EN 60068-2-6); higher values on request
Shock 6 ms <1000 m/s’ (EN 60068-2-27)

Max. operating temp.3) 100 °C

Min. operating temp. Flange socket or fixed cable: 40 °C

Moving cable: =10 °C

Protection EN 60529 IP 67 at housing, IP 64 at shaft end (IP 66 available on request)

Weight Approx. 0.3 kg

Bold: This preferred version is available on short notice * Please indicate when ordering
Y Speed-dependent deviations between the absolute value and incremental signal ?) Restricted tolerances: Signal amplitude 0.8 to 1.2 Vpp
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Multitum

EQN 437 EQN 425 EQN 425
EnDat 2.2 EnDat 2.2 SSI
EnDat 22 EnDat 01 SSI41r1
33554432 (25 bits) 8192 (13 bits)
4096
Pure binary Gray
< 12000 min”' 512lines: < 5000/10000 min™' < 12000 min'
for continuous position value + 1 LSB/+ 100 LSB + 12 LSB
2048 lines: < 1500/10000 min_1
+ 1 LSB/+ 50 LSB
<7ys <9ps <5ps
<8 MHz <2 MHz _
Without N Vppz)
= 512 2048 512
- 512 lines: 2 130 kHz; 2048 lines: = 400 kHz
+ 20" 512 lines: + 60"; 2048 lines: + 20"
3.6t0 14V DC 3.6t0 14V DC 5V DC + 5% or
10to 30V DC
3.6V: <700 mW 5V <950 mW
74 V- < 800 mW 10V <750 mW
30V: <1100 mW
5V:105 mA 5V:120 mA
24 V- 28 mA

* Flange socket M12, radial
+ Cable 1 m, with M12 coupling

* Flange socket M23, radial

+ Cable 1 m, with M23 coupling or without connecting element

3)

“'\With 2 shaft clamps (only for hollow through shaft)

For the correlation between the operating temperature and the shaft speed or power supply, see General mechanical information
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General electrical information

Power supply

Connect HEIDENHAIN encoders only to
subsequent electronics whose power
supply is generated from PELV systems
(EN 50178). In addition, overcurrent
protection and overvoltage protection are
required in safety-related applications.

If HEIDENHAIN encoders are to be
operated in accordance with IEC 61010-1,
power must be supplied from a secondary
circuit with current or power limitation as
per IEC 61010-1:2001, section 9.3 or

IEC 60950-1:2005, section 2.5 or a Class 2
secondary circuit as specified in UL1310.

The encoders require a stabilized DC
voltage Up as power supply. The
respective Specifications state the required
power supply and the current
consumption. The permissible ripple
content of the DC voltage is:
 High frequency interference

Upp < 250 mV with dU/dt > 5 V/us
» Low frequency fundamental ripple

Upp <100 mV

The values apply as measured at the
encoder, i.e., without cable influences. The
voltage can be monitored and adjusted
with the encoder’s sensor lines. If a
controllable power supply is not available,
the voltage drop can be halved by
switching the sensor lines parallel to the
corresponding power lines.

Calculation of the voltage drop:

5 4y3 105 Lc |
BU=2107 S5

where

AU:  Voltage drop inV

1.05: Length factor due to twisted
wires

Lc:  Cable lengthinm

I: Current consumption in mA

Ap:  Cross section of powver lines
in mm

The voltage actually applied to the encoder
is to be considered when calculating the
encoder’s power requirement. This
voltage consists of the supply voltage Up
provided by the subsequent electronics
minus the line drop in the power lines. For
encoders with an expanded supply range,
the voltage drop in the power lines must
be calculated under consideration of the
nonlinear current consumption (see next

page).
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If the voltage drop is known, all parameters
for the encoder and subsequent electronics
can be calculated, e.g. voltage at the
encoder, current requirements and power
consumption of the encoder, as well as the
power to be provided by the subsequent
electronics.

Switch-on/off behavior of the encoders
The output signals are valid no sooner than
after the switch-on time tsor = 1.3 s (2 s for
PROFIBUS-DP) (see diagram). During the
time tsor they can have any levels up to 5.5V
(with HTL encoders up to Upmax)- If an
interpolation electronics unit is inserted
between the encoder and the power supply,
this unit's switch-on/off characteristics
must also be considered. If the power
supply is switched off, or when the supply
voltage falls below Umin, the output signals
are also invalid. During restart, the signal

level must remain below 1V for the time
tsor before power on. These data apply to
the encoders listed in the catalog—
customer-specific interfaces are not
considered.

Encoders with new features and increased
performance range may take longer to
switch on (longer time tsor). If you are
responsible for developing subsequent
electronics, please contact HEIDENHAIN
in good time.

Isolation

The encoder housings are isolated against
internal circuits.

Rated surge voltage: 500V

(preferred value as per VDE 0110 Part 1,
overvoltage category Il, contamination
level 2)

Transient response of supply voltage and switch-on/switch-off behavior

‘ | tsot |
=)
e B it e S |
Upaih [p=g/morrretocmoooooospocoaq ek
dU/dt > 10V/s Ure
t
Output signals invalid Valid J J Invalid
Il
Cable Cross section of power supply lines Ap
1Vpp/TTL/HTL 11 pApp EnDat/SSI EnDat”
17-pin 8-pin

@ 3.7mm 0.05 mm? - - 0.09 mm?
@ 4.3 mm 0.24 mm? - - -

@ 45mmEPG | 0.05mm? - 0.05 mm? 0.09 mm?
@ 4.5mm 0.14/0.099 mm? | 0.05mm® | 0.05/0.14% mm? | 0.14 mm?
@5.1mm 0.05% 3 mm?

@55mmPVC | 0.1 mm? - - -

@6 mm 0.19/0.14% ¥ mm? | - 0.08/0.19° mm? | 0.34 mm?
210 mm"

28 mm 0.5 mm?® 1 mm? 0.5 mm? 1 mm?
214 mm"
" Metal armor 2 Rotary encoders 3 Length gauges
“ LIDA 400 % Also Fanuc, Mitsubishi 6 Adapter cables for RCN, LC




Encoders with expanded supply voltage
range
For encoders with expanded supply
voltage range, the current consumption
has a nonlinear relationship with the supply
voltage. On the other hand, the power
consumption follows a linear curve (see
Current and power consumption diagram).
The maximum power consumption at
minimum and maximum supply voltage is
listed in the Spegcifications. The maximum
power consumption (worst case) accounts
for:
* Recommended receiver circuit
» Cablelength T m
+ Age and temperature influences
 Proper use of the encoder with respect
to clock frequency and cycle time

The typical current consumption at no load
(only supply voltage is connected) for 5V
supply is specified for comparison.

The actual power consumption of the
encoder and the required power output of
the subsequent electronics are measured,
while taking the voltage drop on the supply
lines into consideration, in four steps:

Influence of cable length on the power output of the subsequent

electronics (example representation)

Step 1: Resistance of the supply lines

The resistance values of the supply lines
(adapter cable and encoder cable) can be
calculated with the following formula:

1.05 - L¢

RL=2: 56 - Ap

Step 2: Coefficients for calculation of
the drop in line voltage

PEmax = PEmin ~Up

b=-RL-
- UEmax - UEmin

Step 4: Parameters for subsequent
electronics and the encoder
Voltage at encoder:

Up=Up-AU

Current requirement of encoder:
le=AU/RL
Power consumption of encoder:
Pe=Ue e

Power output of subsequent electronics:
Ps=Up:Ig

¢ = Pemin - RL+ Pemax = Pemin RL - (Up = Ugmin)

UEmax - UEmin

Step 3:Voltage drop based on the
coefficients b and ¢

2

AU=-05 (b+Nb"-4 ¢

Where:

UEmax,

Uemin: Minimum or maximum supply
voltage of the encoder inV

PEmin,

Pemax: Maximum power consumption at
minimum or maximum power
supply, respectively, in W

Up:  Supply voltage of the subsequent
electronics inV

R Cable resistance (for both
directions) in ohms
AU:  Voltage drop in the cable inV
1.05:  Length factor due to twisted wires
Lc: Cable lengthinm
Ap: Cross section of power lines
in mm

Current and power consumption with respect to the supply voltage
(example representation)

. 1.4
‘ 1.6 5 \ ) ‘
1.3 \ //
£g 15 \V = £T L
%ﬁ 1.4 /;/ E ﬁ 1? —
g 1. | 1
2E 4 =T 3 E ——
) — cg 10
s 13 A — /% et o9l 7
< § 3 — 25 . AN
3¢ 12 - =% 0.8
89 |~ £ £ N
38 — 5 o7 N
88 11 1- 23 ™S
g sg 06 P~
2 [z} \\
S 1.0 3 0.5 ——
3 4 5 6 7 8 9 10 1 12 13 14 % 0.4
S .
Supply voltage [V] m=— 3 4 6 7 8 9 10 11 12 13 14
Supply voltage [V] m=—
Encoder cable/adapter cable | Connecting cables Total e e
1 3m / 3m
2 20m / 20 m Power consumption of encoder
3 3m 17 m 20m (normalized to value at 5 V)
4 3m A7 m 50 m = Current requirement of encoder
5 3 m 97 m 100 m (normalized to value at 5 V)
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Electrically permissible speed/
traversing speed

The maximum permissible shaft speed or
traversing velocity of an encoder is derived
from
* the mechanically permissible shaft
speed/traversing velocity (if listed in the
Specifications)
and
+ the electrically permissible shaft speed/
traversing velocity.
For encoders with sinusoidal output
signals, the electrically permissible shaft
speed/traversing velocity is limited by the
-3 dB/ -6 dB cutoff frequency or the
permissible input frequency of the
subsequent electronics.
For encoders with square-wave signals,
the electrically permissible shaft speed/
traversing velocity is limited by
- the maximum permissible scanning/
output frequency fmay of the encoder,
and
- the minimum permissible edge
separation a for the subsequent
electronics.

For angle or rotary encoders

nmax:fm%-(sowo?’

For linear encoders
Vinax = fmax - SP - 60 - 107

Where:
Nmax: Elec. permissible speed in min~
Vmax: Elec. permissible traversing
velocity in m/min
Max. scanning/output frequency
of encoder or input frequency of
subsequent electronics in kHz
z Line count of the angle or rotary
encoder per 360°
SP: Signal period of the linear encoder
in pm

1

fmax:
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Cable

For safety-related applications, use
HEIDENHAIN cables and connectors.

Versions

The cables of almost all HEIDENHAIN
encoders and all adapter and connecting
cables are sheathed in polyurethane (PUR
cables). Most adapter cables for within
motors and a few cables on encoders are
sheathed in a special elastomer (EPG
cables). These cables are identified in the
specifications or in the cable tables with
"EPGY

Durability

PUR cables are resistant to oil in accordance
with VDE 0472 (Part 803/test type B) and
to hydrolysis and microbes in accordance
with VDE 0282 (Part 10). They are free

of PVC and silicone and comply with

UL safety directives. The UL certification
"AWM STYLE 20963 80 °C 30V E63216"
is documented on the cable.

EPG cables are resistant to oil in
accordance with VDE 0472 (Part 803/test
type B) and to hydrolysis in accordance
with VDE 0282 (Part 10). They are free of
PVC, silicone and halogens. In comparison
with PUR cables, they are only somewhat
resistant to media, frequent flexing and
continuous torsion.

Rigid configuration
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Temperature range
HEIDENHAIN cables can be used for

rigid configuration (PUR)  -40to 80 °C
rigid configuration (EPG) ~ -40to 120 °C
frequent flexing (PUR) -10to 80°C

PUR cables with limited resistance to
hydrolysis and microbes are rated for

up to 100 °C. If needed, please ask for
assistance from HEIDENHAIN Traunreut.

Lengths

The cable lengths listed in the Specifications
apply only for HEIDENHAIN cables and the
recommended input circuitry of subsequent
electronics.

Cable Bend radius R

Rigid configuration Frequent flexing
< 3.7mm > 8mm > 40 mm
< 4.3 mm > 10 mm > 50 mm
2 4.5 mm EPG > 18 mm -
2 4.5 mm > 10 mm > 50 mm
< 5.1mm
26 mm > 20 mm > 75 mm
@10 mm" > 35mm > 75 mm
<8 mm > 40 mm > 100 mm
214 mm" > 100 mm > 100 mm
" Metal armor



Noise-free signal transmission

Electromagnetic compatibility/
CE-compliance

When properly installed, and when
HEIDENHAIN connecting cables and cable
assemblies are used, HEIDENHAIN
encoders fulfill the requirements for
electromagnetic compatibility according to
2004/108/EC with respect to the generic
standards for:

* Noise immunity EN 61000-6-2:

Specifically:

- ESD EN 61000-4-2
- Electromagnetic fields EN 61000-4-3
- Burst EN 61000-4-4
- Surge EN 61000-4-5

- Conducted disturbances EN 61000-4-6
- Power frequency
magnetic fields EN 61000-4-8
- Pulse magnetic fields  EN 61000-4-9
* Interference EN 61000-6-4:

Transmission of measuring signals—

electrical noise immunity

Noise voltages arise mainly through

capacitive or inductive transfer. Electrical

noise can be introduced into the system

over signal lines and input or output

terminals.

Possible sources of noise include:

+ Strong magnetic fields from transformers,
brakes and electric motors

* Relays, contactors and solenoid valves

» High-frequency equipment, pulse
devices, and stray magnetic fields from
switch-mode power supplies

» AC power lines and supply lines to the
above devices

Protection against electrical noise
The following measures must be taken to
ensure disturbance-free operation:

Specifically:  Use only original HEIDENHAIN cables.
- For industrial, scientific and medical Consider the voltage drop on supply
equipment (ISM) EN 55011 lines.
- For information technology + Use connecting elements (such as
equipment EN 55022 connectors or terminal boxes) with metal
housings. Only the signals and power
supply of the connected encoder may
be routed through these elements.
Applications in which additional signals
are sent through the connecting element
require specific measures regarding
electrical safety and EMC.
[o] [o]
> 100 mm  |> 100 mm > 200 mm

ra

Minimum distance from sources of interference

Connect the housings of the encoder,
connecting elements and subsequent
electronics through the shield of the cable.
Ensure that the shield has complete
contact over the entire surface (360°).
For encoders with more than one electrical
connection, refer to the documentation
for the respective product.

For cables with multiple shields, the

inner shields must be routed separately

from the outer shield. Connect the inner
shield to OV of the subsequent electronics.

Do not connect the inner shields with

the outer shield, neither in the encoder

nor in the cable.

Connect the shield to protective ground

as per the mounting instructions.

Prevent contact of the shield (e.g.

connector housing) with other metal

surfaces. Pay attention to this when
installing cables.

Do not install signal cables in the direct

vicinity of interference sources (inductive

consumers such as contactors, motors,
frequency inverters, solenoids, etc.).

- Sufficient decoupling from
interference-signal-conducting cables
can usually be achieved by an air
clearance of 100 mm or, when cables
are in metal ducts, by a grounded
partition.

- A minimum spacing of 200 mm to
inductors in switch-mode power
supplies is required.

If compensating currents are to be

expected within the overall system, a

separate equipotential bonding conductor

must be provided. The shield does not
have the function of an equipotential
bonding conductor.

Provide power only from PELV systems

(EN 50178) to position encoders.

Provide high-frequency grounding with

low impedance (EN 60204-1 Chap. EMC).

For encoders with 11 pApp interface: For

extension cables, use only HEIDENHAIN

cable ID 244955-01. Overall length:

max. 30 m.
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Sales and Service
More information

Other devices for angular measurement
from HEIDENHAIN include rotary encoders,
which are used primarily on electrical motors,

for elevator control and for potentially
explosive atmospheres.

Angle encoders from HEIDENHAIN serve
for high-accuracy position acquisition of

angular movements.

a HEIDENHAIN

Catalog

Contents:

e Rotary encoders
{ Angle encoders

Linear encoders

Gl HEIDENHAN

Catalog

Further HEIDENHAIN products

* Linear encoders

» Length gauges

» Measuring systems for machine tool
inspection and acceptance testing

» Subsequent electronics

+ NC controls for machine tools

* Touch probes
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Encoders for Servo Drives

Absolute Angle Encoders
with Optimized Scanning

o HEIDENHAI

@'::g\ L

o HEIDENHAIN

= o Contents: by
O Absolute angle encoders ﬁq -
=3 RCN 2000, RCN 5000, RCN 8000 g
m HEIDENHAR Catalog o HEIDENHAI
Angle Encoders with Integral Bearing
Contents:
_ op— Absolute angle encoders mem
{ RCN ’f B
Incremental angle encoders .
il — RON, RPN, ROD -~
) HepesAn Catalog
Angle Encoders without Integral Bearing
Contents:
f_"‘ v— Incremental angle encoders
= ERA, ERP

HEIDENHAIN on the Intemet

Visit our home page at www.heidenhain.com
for up-to-date information on:

* The company

* The products

Catalog
Modular Magnetic Encoders

Product Overview
Rotary Encoders for the Elevator Industry

Product Overview
Rotary Encoders for Potentially Explosive
Atmospheres

Also included:
 Technical articles
» Press releases
* Addresses

» CAD drawings



Addresses in Germany

HEIDENHAIN is represented in Germany
and all other important industrial nations as
well. In addition to the addresses listed on
the back page, there are many service
agencies located worldwide. For their
addresses, please refer to the Internet or
contact HEIDENHAIN Traunreut.

Germany - Technical Information

HEIDENHAIN Technisches Biiro Nord
Rhinstrafse 134

12681 Berlin, Deutschland

= 03054705240

030 54705-200

E-Mail: tbn@heidenhain.de

HEIDENHAIN Technisches Biiro Mitte
Kaltes Feld 22

08468 Heinsdorfergrund, Deutschland
< 03765 69544

03765 69628

E-Mail: tbrm@heidenhain.de

Germany - Information and Sales

HEIDENHAIN Technisches Biiro West
Revierstrafie 19

44379 Dortmund, Deutschland

= 0231618083-0

0231 618083-29

E-Mail: tbw@heidenhain.de

HEIDENHAIN Technisches Biiro Siidwest
Ebene 6

Gutenbergstrafte 17

70771 Leinfelden-Echterdingen, Deutschland
@ 0711 993395-0

0711 993395-28

E-Mail: tbsw@heidenhain.de

TEDITechnische Dienste GmbH
Im Hegen 14a

22113 Oststeinbek

= 040 7148672-0

E-Mail: hamburg@tedi-online.de

TEDITechnische Dienste GmbH
Gablonzstrale 8

38114 Braunschweig

% 0531 25659-0

E-Mail: braunschweig-jh@tedi-online.de

HEIDENHAIN Technisches Biiro Siidost
Dr.-Johannes-Heidenhain-Strale 5

83301 Traunreut, Deutschland

< 08669311345

08669 5061

E-Mail: tbso@heidenhain.de

Schwerin
®

S\ T\
/|

TEDI Technische Dienste GmbH
Werkstrafie 113

19061 Schwerin

@ 038561721-0

E-Mail: schwerin-jh@tedi-online.de

TEDITechnische Dienste GmbH
Lindenallee 18
39179 Barleben

- | % 039203 7518-10
<0 1 Berlin E-Mail: magdeburg-jh@tedi-online.de
39
@ Braunschweig ® T
e ) Barleben

FRIEDRICH STRACK
Maschinen GmbH
Buchenhofener Stralke 19

42329 Wuppertal

€ 0202 3850

E-Mail: info@strack-maschinen.de

Walter BAUTZ GmbH
Mess- und Spanntechnik
Muhlenweg 8

64347 Griesheim

@ 06155 8422-0
E-Mail: info@walterbautz-gmbh.de

BRAUN Werkzeugmaschinen
Vertrieb und Service GmbH
Industriestrafe 41

72585 Riederich

MOSER

Industrie-Elektronik GmbH
Geneststrale b

10829 Berlin

@ 030 7515737

E-Mail: mosergmbh.berlin@t-online.de

TEDI Technische Dienste GmbH
GroRenhainer Straf3e 99

01127 Dresden

@ 0351 4278020

E-Mail: dresden-jh@tedi-online.de

@ 07123 9343-0
E-Mail: hh@braun-werkzeugmaschinen.de

Miinchen

77 73
ViIIinge @

HAAS Werkzeugmaschinen GmbH
Heinrich-Hertz-Strale 16

78052 VS-Vilingen

@ 07721 9559-0

E-Mail: info@haas-wzm.de

®
Traunreut

BRAUN Werkzeugmaschinen
Vertrieb und Service GmbH
Anton-Pendele-Strafie 3

82275 Emmering

© 08141 9714

E-Mail: info@braunem.de

WWZ-Vertrieb GmbH
Werkzeugmaschinen

An der Allee 9

99848 Wutha-Farnroda

€ 036921 23-0

E-Mail: mt-service@wwz-vertrieb.de

HEMPEL Werkzeugmaschinen
Pestalozzistralle 58

08393 Meerane

@ 03764 3064

E-Mail: info@hempelwzm.de

KL Messtechnik & Service GmbH & Co. K
Im Gewerbegebiet 4

91093 HeRdorf

@ 09135 736090

E-Mail: info@kl-messtechnik.de
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HEIDENHAIN

DR. JOHANNES HEIDENHAIN GmbH
Dr.-Johannes-Heidenhain-Stralle 5
83301 Traunreut, Germany

@ +49 8669 31-0

+49 8669 5061
E-mail: info@heidenhain.de

www.heidenhain.de

Volistandige und weitere Adressen siehe www.heidenhain.de

For complete and further addresses see www.heidenhain.de

DE HEIDENHAIN Vertrieb Deutschland DK  TPTEKNIKA/S NO  HEIDENHAIN Scandinavia AB
83301 Traunreut, Deutschland 2670 Greve, Denmark 7300 Orkanger, Norway
@ 08669 31-3132 www.tp-gruppen.dk www.heidenhain.no
08669 32-3132
E-Mail: hd@heidenhain.de ES FARRESA ELECTRONICA S.A. PH Machinebanks' Corporation
08028 Barcelona, Spain Quezon City, Philippines 1113
HEIDENHAIN Technisches Biiro Nord www.farresa.es E-mail: info@machinebanks.com
12681 Berlin, Deutschland
@ 030 54705-240 Fl HEIDENHAIN Scandinavia AB PL APS
02770 Espoo, Finland 02-384 Warszawa, Poland
HEIDENHAIN Technisches Biiro Mitte www.heidenhain.fi www.heidenhain.pl
08468 Heinsdorfergrund, Deutschland
@ 0376569544 FR HEIDENHAIN FRANCE sarl PT FARRESA ELECTRONICA, LDA.
92310 Sevres, France 4470 - 177 Maia, Portugal
HEIDENHAIN Technisches Biiro West www.heidenhain.fr www.farresa.pt
44379 Dortmund, Deutschland
@ 0231618083-0 GB HEIDENHAIN (G.B.) Limited RO HEIDENHAIN Reprezentanta Romania
Burgess Hill RH15 9RD, United Kingdom Brasov, 500407 Romania
HEIDENHAIN Technisches Biiro Stidwest www.heidenhain.co.uk www.heidenhain.ro
70771 Leinfelden-Echterdingen, Deutschland
@ 0711 993395-0 GR  MB Milionis Vassilis RS Serbia > BG
17341 Athens, Greece
HEIDENHAIN Technisches Biiro Siidost www.heidenhain.gr RU 00O HEIDENHAIN
83301 Traunreut, Deutschland 125315 Moscow, Russia
@ 08669 31-1345 HK  HEIDENHAIN LTD www.heidenhain.ru
Kowloon, Hong Kong
E-mail: sales@heidenhain.com.hk SE HEIDENHAIN Scandinavia AB
12739 Skérholmen, Sweden
AR  NAKASE SRL. HR  Croatia > SL www.heidenhain.se
B1653A0X Villa Ballester, Argentina
www.heidenhain.com.ar HU  HEIDENHAIN Kereskedelmi Képviselet SG  HEIDENHAIN PACIFIC PTE LTD.
1239 Budapest, Hungary Singapore 408593
AT HEIDENHAIN Techn. Biiro Osterreich www.heidenhain.hu www.heidenhain.com.sg
83301 Traunreut, Germany
www.heidenhain.de ID PT Servitama EraToolsindo SK  KOPRETINATN s.r.o.
Jakarta 13930, Indonesia 91101 Trencin, Slovakia
AU  FCR MotionTechnology Pty. Ltd E-mail: ptset@group.gts.co.id www.kopretina.sk
Laverton North 3026, Australia
E-mail: vicsales@fcrmotion.com IL NEUMO VARGUS MARKETING LTD. SL Posrednistvo HEIDENHAIN
Tel Aviv 61570, Israel NAVO d.o.o.
BA  Bosnia and Herzegovina > SL E-mail: neumo@neumo-vargus.co.il 2000 Maribor, Slovenia
www.heidenhain-hubl.si
BE HEIDENHAIN NV/SA IN HEIDENHAIN Optics & Electronics
1760 Roosdaal, Belgium India Private Limited TH  HEIDENHAIN (THAILAND) LTD
www.heidenhain.be Chetpet, Chennai 600 031, India Bangkok 10250, Thailand
www.heidenhain.in www.heidenhain.co.th
BG  ESD Bulgaria Ltd. .
Sofia 1172, Bulgaria IT HEIDENHAIN ITALIANA S.r.l. TR  T&M Muhendislik San. ve Tic. LTD. STI.
www.esd.bg 20128 Milano, Italy 34728 Umraniye-Istanbul, Turkey
www.heidenhain.it www.heidenhain.com.tr
BR DIADUR Industria e Comércio Ltda.
04763-070 - Sao Paulo - SE, Brazil JP HEIDENHAIN K.K. TW  HEIDENHAIN Co., Ltd.
www.heidenhain.com.br Tokyo 102-0083, Japan Taichung 40768, Taiwan R.O.C.
www.heidenhain.co.jp www.heidenhain.com.tw
BY Belarus
GERTNER Service GmbH KR  HEIDENHAIN Korea LTD. UA  Gertner Service GmbH Biiro Kiev
50354 Huerth, Germany Gasan-Dong, Seoul, Korea 153-782 01133 Kiey, Ukraine
www.gertnergroup.com www.heidenhain.co.kr www.gertnergroup.com
CA  HEIDENHAIN CORPORATION ME  Montenegro > SL US  HEIDENHAIN CORPORATION
Mississauga, OntarioL5T2N2, Canada Schaumburg, IL 60173-5337 USA
www.heidenhain.com MK  Macedonia > BG www.heidenhain.com
CH  HEIDENHAIN (SCHWEIZ) AG MX  HEIDENHAIN CORPORATION MEXICO VE  Maquinaria Diekmann S.A.
8603 Schwerzenbach, Switzerland 20235 Aguascalientes, Ags., Mexico Caracas, 1040-A, Venezuela
www.heidenhain.ch E-mail: info@heidenhain.com E-mail: purchase@diekmann.com.ve
CN  DR. JOHANNES HEIDENHAIN MY  ISOSERVE SDN. BHD. VN  AMS Co. Ltd
(CHINA) Co., Ltd. 43200 Balakong, Selangor HCM City, Vietnam
Beijing 101312, China E-mail: isoserve@po jaring.my E-mail: davidgoh@amsvn.com
www.heidenhain.com.cn
NL  HEIDENHAIN NEDERLAND B.V. ZA  MAFEMA SALES SERVICES C.C.
Cz HEIDENHAIN s.r.o. 6716 BM Ede, Netherlands Midrand 1685, South Africa

102 00 Praha 10, Czech Republic
www.heidenhain.cz
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