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2 Introduction

Note: The machine manufacturer must check in advance that the required PL of the
application is achieved with this module.

Please note that the speeds for each application must be calculated individually by the
customer taking into account the reaction times.

Under certain circumstances, it may be necessary to use a deadman's switch or even a
two-hand release.

The sample program provided is not a finished program suitable for every application. The
programming, safety inspection and acceptance of the machine must be carried out by the
customer. Afag Hardt GmbH assumes no liability that the components used here will
achieve the required PL.

This application description shows how an eps EDP linear motor handling system can be operated
at a safely reduced speed.

For each axis to be controlled, a servo controller with an STO input, an external path measuring
system and a safety module are required.

In the example application, two speeds are defined for set-up operation. Reduced speed 1 is
designed to work directly on the handling and reduced speed 2 is for observation with the safety
door open.

The values for the safely reduced speeds were defined here for the Y-axis and Z-axis in the same
way.

Reduced speed 2 may only be driven with an additional dead man's switch.

If the safety door is closed, the handling can move at maximum speed.

Safe limited speed 1 1 m/min 0.017 m/s
Safe limited speed 2 2 m/min 0.03 m/s

These speeds were determined for this test application on the basis of empirical values.

3 Explanation of terms

SLS Safe Limited Speed Sicher reduzierte Geschwindigkeit

STO Safe Torque Off Sichere Drehmomentabschaltung
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4 Block diagram

r— External measuring
. system
Protective
device Safety PLC <=
—
- Internal measuring
system
<=
Servo
PLC —— controller
_
_

5 How it works

To guarantee that speed is safely limited for setup mode, an additional safety module and
additional external measuring system are used.

This safety module monitors the speed of handling with the help of the additional measuring
system. If the previously defined maximum set-up speed is exceeded, the safety electronics
switches off the release of the controller by means of safe contacts and the STO is triggered at the
controller. The safety module monitors all signal channels of the measuring system and compares
it with two processors for plausibility.

In addition to the monitoring by the safety module, the controller also compares the values of the
internal and external measuring system. If a difference in position is detected, e.g. due to a cable
break, the controller disconnects the load circuit via safety contactors.

The safety module also provides standstill monitoring. This can be utilized in various ways, e.g. to
release the safety door lock.
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6 Components used

6.1 Safeline safety PLC with

e Central module DNSL-ZMV 40ZM01
e Field bus module, e.g.
EtherCAT DNSL-ECV 40ECO03
Profibus DNSL-DPV 40DP04
Profinet DNSL-PNV 40PNO3
CANopen DNSL-COV 40C0O03
e Drive monitoring module DNSL-DSV 2 40DS01 (for 2 axes)
Note:

Up to 13 drive monitoring modules (for 26 axes) can be mounted in series

Central Axis monitoring module

Field bus

6.2 Servo controller C1xx0-xx-XC-1S

i ——

c1100

N/
o'\!l

.
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6.3 Linear path measuring system (for linear axes)

e Magnetic sensor MSK500 with filter ftaps4 (TTL 5 V)
¢ Magnetic tape MB500

Alternatively
e Magnetic sensor MSA501 (TTL 5 V)
e Magnetic tape MBA501

e Magnetic sensor MSK1000 with filter ftaps4 (TTL 5 V)
e Magnetic tape MB100

6.4 Encoder (for SE20)
e IE3 L with 128 pulses (TTL 5 V)

6.5 Encoder (for RA-40 and SE30)
e |E3 L with 512 pulses (TTL 5 V)
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7 Configuration and structure
Before a configuration is defined, the speeds must first be known.

Limited speed 1 (fspeed1) 1 m/min 0.017 m/s
Limited speed 2 (fspeed2) 2 m/min 0.03 m/s

In order to set the speed, the next step is to calculate the maximum frequency generated by the
path measuring system while driving.

7.1 Calculation for linear axes

7.1.1 Sensor with 0.01 mm resolution

For this, we first need the resolution of the magnetic sensor (here 0.01 mm with 4x evaluation)
s =0,00001 m *4 = 0,00004 m

This creates a period length (s) of 0.00004 m.

The formula below can be used to calculate the frequency.

0,017
1 A = 425Hz f L /.

_ Ymax = = _
S e =7 el 0,00004m Gech2 ~ 0,00004 m

Since we want to drive at these speeds, we must enter approx. 10 percent more as the tolerance
for this speed or frequencies.

0,017 m 0,03
f _Ymax | ;o f =—A+10%=467,5Hz f =—A+10%=825Hz
Gesch P Geseh1 (00004 m Gesch2 (,00004 m

Since the axes also move minimally at ‘standstill’, a tolerance must also be taken into account
here. This was set to 10 increments in the example. In environments that transmit strong
vibrations to the handling system, this value must be increased so that a standstill can be signaled
correctly.
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7.1.2 Sensor with 0.001 mm resolution

For this, we first need the resolution of the magnetic sensor (here 0.001 mm for 4x evaluation)
s = 0,000001 m *4 = 0,000004 m

This creates a period length (s) of 0.000004 m.

The formula below can be used to calculate the frequency.

0,017m
f ——4:4250Hz f —M=7500Hz

Geschi - 0,000004n ez 0,000004 m

f _ Ymax
Gesch Ky

Since we want to drive at these speeds, we must enter approx. 10 percent more as the tolerance
for this speed or frequencies.

v
£ o ymax gy,
Gesch Ky

0,017 ™
f :—A+10%=4675Hz
Gesch1 . 0,000004 m

0,03
f =—A+10%=8250Hz
Gesch2  (),000004 m

Since the axes also move minimally at ‘standstill’, a tolerance must also be taken into account
here. This was set to 10 increments in the example. In environments that transmit strong
vibrations to the handling system, this value must be increased so that a standstill can be signaled

correctly.
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7.2 Calculation for rotary axes

For this, we first need the number of increments of the measuring system and the reduction ratio
of the gear of the unit.

7.2.1 SE20 with 50:1 gear
The formula below can be used to calculate the frequency.

f _ Ink *i* Vmax
Gesch

360 °
. en k1m0 % &() % 2()°
f _ 128 *50 *17°/ s —302.2Hz f _ 128 *50 *30°/s _ 53331z
Gesch 1 360 ° Gesch 2 360°

Since we want to drive at these speeds, we must enter approx. 10 percent more as the tolerance
for this speed or frequencies.

k gk
fG y — Ii’lk 17 YVmax +10%

360°
% % ° * % o
£ ABESORNTYS g agzspe f S IZBESORI0US g0 o seg
Gesch 1 360° Gesch 2 360°

Since the axes also move minimally at ‘standstill’, a tolerance must also be taken into account
here. This should be set to 34 Hz (approx.10% of reduced speed 1 (fspeed1)). In environments that
transmit strong vibrations to the handling system, this value must be increased so that a standstill
can be signaled correctly.

7.2.1 SE20 with 30:1 gear
The formula below can be used to calculate the frequency.

foo= Ink *i* vmax
Gesch 360 °

* * o * * °
f _ 128 *30*17°/s _181.3Hz f _ 128 *30 *30°/s — 320 Hz
Gesch 360 o Gesch 2 360 °

Since we want to drive at these speeds, we must enter approx. 10 percent more than tolerance for
this speed or frequencies.
k gk
f — Ii’lk 17 YVmax + 10%
Gesch 360 o

% % ° * % o
£ SIBEONTs gy cogops f 1283030 g aso
Gesch 1 360° Gesch 2 360°

Since the axes also move minimally at ‘standstill’, a tolerance must also be taken into account
here. This should be set to 20Hz (approx.10% of reduced speed 1 (fspeed1)). In environments that
transmit strong vibrations to the handling system, this value must be increased so that a standstill
can be signaled correctly.
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7.2.2 RA-40 and SE30 with 50:1 gear
The formula below can be used to calculate the frequency.

f _ Ink *i* Vmax
Gesch

360 °
% k o * * °
f 2512 50*17 /S=1208,88HZ f 2512 50 *30 /S=2133,33HZ
Gesch 1 360° Gesch 2 360°

Since we want to drive at these speeds, we must enter approx. 10 percent more than tolerance for
this speed or frequencies.
fG = Ink * i * vimax +10%
360 °
f _512*%50%*17°/ s
Gesch 1 360 °

_512*50%*30°/s
GeschZ_ 360°

—HO%leOH%Lf +10% =~ 2350 Hz

Since the axes also move minimally at ‘standstill’, a tolerance must also be taken into account
here. This should be set to 130 Hz (approx.10% of reduced speed 1 (fspeed1)). In environments that
transmit strong vibrations to the handling system, this value must be increased so that a standstill
can be signaled correctly.

7.2.3 RA-40 and SE30 with 30:1 gear
The formula below can be used to calculate the frequency.

f _ Ink *i* Vmax
Gesch

360 °
% % o * * °
f 2512 30*17 /S=725,33HZ f 2512 30*30 /S=1280HZ
Geschl 360° Gesch2 360°

Since we want to drive at these speeds, we must enter approx. 10 percent more than tolerance for
this speed or frequencies.

k gk
fG y — Ii’lk 17 YVmax +10%

360°
fAn %170 %2() % 2()©
£ RENTS gy aso0m:  f = 22T000US gy <1410 2
Gesch 1 360° Gesch 2 360°

Since the axes also move minimally at ‘standstill’, a tolerance must also be taken into account
here. This should be set to 80 Hz (approx.10% of reduced speed 1 (fspeed1)). In environments that
transmit strong vibrations to the handling system, this value must be increased so that a standstill
can be signaled correctly.

Subject to change without notice. 10 As at: 2019-06-07
©afag Hardt GmbH — Gewerbestrale 11 - D-78739 Hardt, Germany - Tel.: +49 7422/56003-0
Company headquarters: 78739 Hardt, Managing director: Walter Kunz, HRB 480966 Stuttgart



7.3 Settings of SL-VARIO Designer

The settings are made using the SL-VARIO Designer software.

Datei Parameter Projekt Ansicht Ubertragung Hilfe
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Note: After they are transferred, the frequencies are automatically changed. This comes from the

frequency of the integrated quartz crystal.
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8 Information about wiring

The different cards are connected directly with each other using special plug connectors. These
plug connectors are used to realize the power supply of the individual modules and the
communication with the central module.

8.1 Power supply of the safety PLC

Central module GND.
A1=24V/DC o4 —
A2 = GND

Speed card

P24V =24 VIDC

®

8.2 Emergency stop circuit

Central module

|03 | Emergency stop, clock _o\o_ IN7 | Input 1 for emergency
output 1 _Sto— stop

|04 | Emergency stop, clock ' IN8 | Input 2 for emergency
output 2 stop

If the contacts are not needed, they can also be bridged directly.

8.3 Safety door circuit
Central module

|01 | Safety door, clock output _o\o_ INS5 | Input 1 for safety door
|02 | Safety door, clock output IN6 | Input 2 for safety door
2

If the contacts are not needed, they can also be bridged directly.
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8.4 Safe Torque Off (STO)

To ensure safety at reduced speed, it is important that the drive is switched off safely (STO).
Therefore, it is important to use a double contact as shown in the connection diagram.
The connection diagrams show 2 variants of how to wire the STO circuit.

8.4.1 STO triggering for axes (Variant 1)

To trigger the STO for all axes simultaneously as soon as a safety violation occurs,
the following connection diagram must be used.

Central module Servo controller
Q13 |24V
Q14 | X33.8 X33.8 | Q14
Q23 |24V
Q24 | X33.4 X33.4 | Q24
X33.7 | GND
X33.3 | GND ’t,
!\ ‘ .
Subject to change without notice. 13 As at: 2019-06-07

©afag Hardt GmbH — Gewerbestrale 11 - D-78739 Hardt, Germany - Tel.: +49 7422/56003-0
Company headquarters: 78739 Hardt, Managing director: Walter Kunz, HRB 480966 Stuttgart



8.4.2 STO triggering for a single axis (Variant 2)

The following connection diagram can be used to trigger the STO for individual axes as soon as a
safety violation of the respective axis occurs.

Speed module Servo controller 1 Servo controller 2

Q4 [ X33.8(1) | [ X33.8 [Q4
Q5 | X33.4(1) X33.4 Q5
Q6 | X33.8(2) X33.8 Q6
Q7 | X33.4(2) X33.4 Q7
X33.7 GND
X33.3 GND
B \& y \i
= \ = ' :
s =1}
N N
GND
N B
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8.5 Path measuring system

For the path measuring system, it is recommended to use the standard cable adapters. They split
the signal lines of the path measuring system so that the signals are applied to both the servo
controller and the safety PLC.

The cable adapter has 3 connections (Sub-D plug, 15-pin / Sub-D socket, 15-pin / RJ45 plug). It is
connected directly to the servo controller with the Sub-D connector, to X13 of the servo controller.
The magnetic sensor is plugged into the Sub-D socket. The RJ45 connector is connected to DS1
or DS2 of the respective speed card.

B

Connection diagram
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9 Operation

9.1 Selecting the operating mode

In our example, three operating modes are used: Reduced speed 1, reduced speed 2, and
automatic mode (no monitoring of the speed).

The IN1, IN2 and IN3 inputs are available on the central module to select the respective operating
modes. The inputs are activated by the 24 V connection.

The table below shows how to select which operating mode.

Inputs Operating mode PRERR TS "-'f'-'!-!-“"r f;;; .
IN1|[IN2|IN3 P_U_l.{u:i Pﬁu:u}fi.
X SLS 1 B
x |SLS 2
X Automatic mode

(24 V is always applied to X)

9.2 Switching between the operating modes

To achieve a safe operating state, the SLS must be selected with the safety door open. Otherwise,
the STO is automatlcally trlggered at the servo controller and the axis is therefore de-energized.

‘MBIKBFAUTOMANKDEITER © © © ¢ 000t

¥ o i
O4XFTBY ) o — » it |
. Sl L 06.X336T
DSy 2

..... 652 0523347 fem i ey 7 ¢ R [ LIRE SRR e
Mgoezt *

If required, the changeover from automatic to SLS can be delayed via the timers.

It must be noted that the SLS is only active after the times ZW3/ZW1 have elapsed.

This may give rise to potential problems:

Times too long: Safe operation cannot be guaranteed

Times too short:  Axles cannot be braked fast enough to the safe speed - Violation of the SLS
- STO - Axles are de-energized.

The time ZW2 should always be set approx. 10% higher than ZW1/3/4.
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9.2.1 Important information

1. In automatic mode, the emergency stop circuit and the safety door circuit must be closed

2. In SLS mode, the emergency stop circuit must be closed

3. If an enabling switch is used, it must also be actuated when switching to SLS operation. If
this is not actuated, this automatically leads to an STO.

4. Braking can be implemented using a corresponding run command via the PLC. For
example, an absolute run command can be sent with the same target position and limited
speed, acceleration and deceleration.

Alternatively, the /Abort function (control word) can be used. This function is then assigned
to a digital input of the servo controller. This function completely decelerates the axle, but
then the control remains active.

The /Quickstop should not be used, as it automatically leads to an STO.

Note: The digital inputs on the controller are not safe inputs!

9.3 Resetting the safety PLC

If an error has occurred, e.g. due to exceeding the speed, the safety PLC requires a reset.

This can be carried out either via the IN4 input on the central module or via the field bus (FBI1.1).
If you do not want to carry out a reset, but want the safety PLC to carry it out automatically, you
can set the IN4 input to 24 V. However, no errors are output during an automatic reset.

Reset | IN4 central module _ZZZZZZZZZZ1212111111111111111:::::::
T - - OO RO 0 R
: ZhY 0 IN 'g:se': it ....... N;-.I"?I‘is
Reset | Field bus input FBI1.1 (N4 Reset =gl voood| S FORERY (- :@
_' 5% o R
TFEM 1 ) FiEN wwodos
(FEIL.1.Reset L el o
; S R D ) R e OR
e e S e O e X S e Sl i Sl 1
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9.4 Display of the operating state

Digital outputs

Central module

Q1

Stop for changeover from
automatic to SLS (Abort)

Axis monitoring module

Q2

Standstill

Q3

Error

Q1 Standstill, axis 1
Q4/5 Axis 1 OK

Q2 Standstill, axis 2
Q6/7 Axis 2 OK
Attention!

If you use the " STO triggering for a
single axis " variant, the input of
your PLC must be protected

against inductive loads.

10 Field bus assignment — input/output

10.1Input bytes

FBI1.1 Reset
FBI1.2 Free
FBI1.3 Free
FBI1.4 Free
FBI1.5 Free
FBI1.6 Free
FBI1.7 Free
FBI1.8 Free

All other input bytes are not occupied.

Fww W)

l----“
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10.2 Output bytes

FBO1.1 Error, axis 1 FBO2.1 | Error axis 9
FBO1.2 Error, axis 2 FBO2.2 | Error, axis 10
FBO1.3 Error, axis 3 FBO2.3 | Error, axis 11
FBO1.4 Error, axis 4 FBO2.4 | Error, axis 12
FBO1.5 Error, axis 5 FBO2.5 | Error, axis 13
FBO1.6 Error, axis 6 FBO2.6 | Error, axis 14
FBO1.7 Error, axis 7 FBO2.7 | Error, axis 15
FBO1.8 Error, axis 8 FBO2.8 | Error, axis 16
FBO3.1 Error, axis 17 FBO4.1 | Standstill, axis 1
FBO3.2 Error, axis 18 FBO4.2 | Standstill, axis 2
FBO3.3 Error, axis 19 FBO4.3 | Standstill, axis 3
FBO3.4 Error, axis 20 FBO4.4 | Standstill, axis 4
FBO3.5 Error, axis 21 FBO4.5 | Standstill, axis 5
FBO3.6 Error, axis 22 FBO4.6 | Standstill, axis 6
FBO3.7 Error, axis 23 FBO4.7 | Standstill, axis 7
FBO3.8 Error, axis 24 FBO4.8 | Standstill, axis 8
FBO5.1 Standstill, axis 9 FBOG6.1 | Standstill, axis 17
FBO5.2 Standstill, axis 10 FBO6.2 | Standstill, axis 18
FBO5.3 Standstill, axis 11 FBO6.3 | Standstill, axis 19
FBO5.4 Standstill, axis 12 FBO6.4 | Standstill, axis 20
FBO5.5 Standstill, axis 13 FBOG6.5 | Standstill, axis 21
FBO5.6 Standstill, axis 14 FBOG6.6 | Standstill, axis 22
FBO5.7 Standstill, axis 15 FBOG6.7 | Standstill, axis 23
FBO5.8 Standstill, axis 16 FBO6.8 | Standstill, axis 24
FBO7.1 Free FBOS8.1 | Error

FBO7.2 Free FBO8.2 | Standstill of all axes
FBO7.3 Free FBO8.3 | Muting input status
FBO7.4 Free FBO8.4 | Limited speed 1 input status
FBO7.5 Free FBO8.5 | Limited speed 2 input status
FBO7.6 Free FBO8.6 | Free

FBO7.7 Free FBO8.7 | Free

FBO7.8 Free FBO8.8 | System OK
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11 SL-VARIO Designer software

The safety PLC is programmed with the SL-VARIO Designer software — V0344 that is supplied
free of charge.

This description is only intended as a rough guide. A detailed description can be found on the CD
supplied by the manufacturer and on the flash drive in the central module.

Note:
In order to perform an online diagnosis of the program, the version stored on the PC must be
identical to that on the safety PLC.

11.1 System prerequisites

e Operating system: Windows XP, Windows Vista, Windows 7, Windows 8 (only
after consultation with DINA)

e Main memory: min. 512 MB

e JAVA Runtime Environment (JRE): Min. version 6, Update 16

e USB port

e Connecting cable: To establish a connection to the central module, a
conventional USB cable (A plug to B mini plug) is required. This is connected to
the mini USB socket labeled ‘USB PORT".

11.2 Setting the interface

§% sLiario * - Prj34 8479_5-Achsen_20150120siwa L - (=1

Datel Parameter Projekt Ansicht | Ubertragung | Hilfe

1 o= 00 | E SLVario V0344 ~17.11.2014 - DE
— ——————|__ Schnitistelle
5 Geratekonfiguration |Lngwk‘ RackDiagnose

+ | = |L‘\7'\ P @ onineDiagnose | [ziv o] FevNDsv 2[psv 3|psv 4
[seite1 | seite2 | seite3 | Seite4 |

com1 w | Com Port

5 ‘:| Geschwindigkeit

1sec |vIT\mEnut

=i Interval
| =i Total-Constant r
-'Tatﬁl—l.\umpuar
COM-Port TEST | | Refresh COM-Port List |
‘ ‘ Abbruch ‘
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11.3 Transferring the program/settings

T = - —
&% sLvario ” - PUM_&ITQ_S—AChsEn_ZUlS?IN.stB‘ TR on Herane ]
Datei Parameter Projekt Ansicht Uheﬂfiigung| Hilfe
e e A = - COM PORT
[ b | = ﬂ-: | @ "I Applikation dbertragen
= — — Schnittstelle |c0r.|1 v| Selected COM-Port
85 Geratekonfiguration ‘ Lug-«k| RackDiagnose

[+] -]

| Seite1 | Seite2 | Seite3 | Seite4 |

| @ onineDiagnose | zwv_o|Fav 1| psv z|psv 3|C

‘[ i i e

I 2

‘[ B o 102 Ttaktz Tare ) - - - [ IS Turkreis K1
i i Lr_! 101, Ttaktl Turej [ING Turkreis k2
: : - L]

I = Tewma

Note:

‘ CON-Port TEST

| ‘ Refresh COM-Port List |

CA
[] Autosts
[] Verifikation

Hame Maschine

Ir.‘ax | Autor

210115 Datum

‘ [#] Firmware Vergleichstest

J/ Syatem-Info-1 r System-info-2

Verzeichnis
The transfer can take up to 5 minutes. e R
Wittwoch, 21. Januar 2015 10008:15 Zeitstempel
0K | | Abbruch
h
5 Mustersind — - - e T
Datei Parameter Projeki Ansicht ubemagung Hilfe
" =0 . i
,I_l d ﬂ @ SLVario Parameter - @
|E,.T; GeralskunﬁguraUUnJ Logik | Rack Diagnose | T
—— : | i ” oNco || DNCO-SCANNER |
rRack
sl r Struktur Siot
I ‘ 3 Rack 1 Parameter rEingﬁnga |V Ausgdnge 1 |V Ausgdnge 2 |V FB-LZ-Diag |
=22 | SLVario-ZMV - :
‘ % f ztxamo—;:; x 0V ~SPS-FB Konfiguration
R . SLvarl
= [ 2. sLvariy Maske offnen L4 o Name (@) 1 Byte pro Siot
[ 2. sLvariy Loschen o R
: R Vet D 4. SLVariy Steckplatz andern 02 Dsv Statiensadresse 2 BV St o Sy
k= [y 5rei Baudrate () 4 Byte (1 Long) pro Slot
= [y & frei 03 osv ) & Byte (1 Quad) pro Slot [l
SLVario-DSV D i
= Cstre H -Anzah FB-Dctets
] [y o frei [] SLOK off, wenn Feldbus-Fehler
= % 13:9! [] Bei FB Stérung ZM FB Eingangsbits nicht lbschen | i |'|
rei
= [ 14 frei i [l
(
= 09

12 Please note

Depending on the mode, motor used and wiring, there can be different response times. The safety
module requires approx. 11 ms from detection of the excessive speed to the falling edge at the
output with “1x measurement’ and active rapid switch-off directly in the speed monitoring module
(semiconductor output Q3). If the relay contact on the central module is used, this time increases

accordingly.

The time until the STO relay on the controller itself drops out must also be taken into account in
the customer's safety consideration, and is between 3 ms and 20 ms depending on the external

wiring.
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13 Achievable performance level

The redundant design and monitoring of all safety-relevant components and the speed monitoring

on the safety PLC ensure one-fault safety.
This enables required performance level ‘d’ to be achieved.
The wiring must be implemented as shown in the following wiring diagram.

Safety PLC
Emergenc i [ | Dina DNSL-ZMV Dina DNSL-xxV Dina DNSL-DSV
y stop 5 Central module Field bus Field bus module
2-channel tg PEEY R Y S r~_-_"_-:‘ ......
=

Safety
doors
2-channel

Terminal

Terminal

!RMS Termina | [RJ45

! T
I N I B BN .. ’
- Release/STO
I (alternatively)
I /Abort Release/
Optiona STO
I 2-channel
Termina || Termina RJ45 i
| | s External measuring
Servo controller [s,,p ! I
X13
%‘—l’
'§.' funscrl
Operating mode: SLS “ ” )
|§.I [
Customer Operating mode: SLS -
PLC
Sub-D b Internal measuring
X3 -
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14 Notes
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15 Support

Afag Hardt GmbH
Gewerbestrale 11
D-78739 Hardt, Germany

Phone +49 (0)7422/56003-20
E-mail support.hardt@afag.com
Internet http://www.afag.com

Afag Hardt GmbH
Gewerbestralie 11
D-78739 Hardt, Germany

Phone +49 (0)7422/56003-0

Telefax +49 (0)7422/56003-29

E-mail info.hardt@afag.com

Internet http://www.afag.com
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