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EC DECLARATION OF CONFORMITY

Manufacturer's name: Vacon Plc

Manufacturer’s address: P.0.Box 25
Runsorintie 7
FIN-65381 Vaasa
Finland

We hereby declare that the safety functions of the following product

Product name: Vacon OPTBJ option board to be used with Vacon 100 family products
Product Identification 70CVB01380
Product Safety Functions Safe Torque Off (Specified in EN 61800-5-2)

fulfils all of the relevant safety component requirements of EC Machinery Directive 2006/42/EC.

Person authorized to compile the technical file:  Jussi Veikkolainen
Notified body that carried out the EC type examination:

TUV Rheinland Industrie Service GmbH (NB0035)

Am Grauen Stein

51105 Koln, Germany

The following standards and/or technical specifications referenced below were used:

EN 61800-5-2:2007
Adjustable speed electrical power drive systems
Part 5-2: Safety requirements - Functional

EN 61800-5-1:2007 (only for LV Directive compliance)
Adjustable speed electrical power drive systems
Part 5-2: Safety requirements - Electrical, thermal and energy

EN 61800-3:2004 (only for EMC Directive compliance)
Adjustable speed electrical power drive systems
Part 3: EMC requirements and specific test methods

EN 1SO 13849-1:2008 + AC:2009
Safety of machinery - Safety-related parts of control systems -
Part 1: General principles for design

EN 62061:2005 + AC:2010
Safety of machinery - Functional safety of safety-related electrical, electronic and programmable electronic control
systems

IEC 61508 Parts 1-7:2010
Functional safety of electrical/electronic/programmable electronic safety-related systems

EN 60204-1:2006 + A1:2009 + AC:2010 (in extracts)
Safety of machinery -

Electrical equipment of machines -

Part 1: General requirements

Signature Authorised representative
Vg o o\

In Vaasa, 4th of May, 2012 I
Vesa Laisi Jussi Veikkolainen
President and CEO Functional Safety Manager

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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ZERTIFIKAT
CERTIFICATE

A TUVRheinland®

EC Type-Examination Certificate

Reg.-No.: 01/205/5216/12

Safety Function "Safe Torque
Off (STO)" within Adjustahle
Frequency AC Drive

Product tested

Certificate
holder

Vacon PLC
Runsorintie 7
65380 Vaasa
Finland

Wacon 100 AC Drive with
QOPFTBJ (3TC and ATEX option
board):

Frame Sizes MR4 to MRS,
WACON 0100-3L-rnxx-2,
(208—240 v, 5O/E0 Hz, 3~),
WACON 0100-3L-xnxx-5,

[% (380—500 v, 50/E0 Hz, 3~)

Type designation

Manufacturer see certificate holder

EN 61800-5-2:2007
EM 61300-5-1:2007
EN 61300-3:2004

Codes and standards
forming the basis of
testing

EN 130 138458-1:2008 + AC:2008

EN 62061:2005 + AC:2010
EN 61508 Parts 1-7:2010

EN 60204-1:2006 + A1:2009 +
AC:2010 (in extracts)

Intended application

The safety function "Safe Torgue Off" complies with the requirements of the
relevant standards (FL e acc. to EN 150 13848-1, SIL CL 3 acc. to EN
61800-5-2 /1 EN 62061 / IEC 61508} and can he used in applications up to
PL e acc. to EM IS0 128458-1 and SIL 3 acc. to EN 62061 [ IEC 61508,

Specific requirements
considerad.

The instructions of the associated Installation and Cperating Manual shall he

Annex | of the EC Directive 2006/42/EC.

It is confirmed that the product under test complies with the requirements for machines defined in

This certificate is valid until 2017-05-04.

certificate.

testad. L&
tha b

Berlin, 2012-05-04

o E}“i’\l ing. La’rrma

The test report-no. 580 350.00/12 dated 2012-05-04 is an integral part of this

This certlﬁcqtr: iz wvalid only for products which are identizal with the preduct
Gme% |“'-aJ|d at any change of the codes and standards forming

-Q\ended application.

E.

Centification Body for Machinery, NB 0035

Dipl-Ing. Eberhard Frejna

E-Mad sreanihoe v oo

Serdos GmbH, Alboirey £8. 12103 Berdin/ Germany

w49 30 TEEZ- 1370

TV Riwinlard industrie
49 30 TEREZ-155T

Tel

24-hour support +358 (040 837 1150 » Email: vacon(@vacon.com
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EC-TYPE EXAMINATION

"/\W' CERTIFICATE 1(2)

VTT 06 ATEX 048X Issue 1

——— e —— _‘/Lii

VTT EXPERT SERVICES LTD

1. EC-TYPE EXAMINATION CERTIFICATE
2. Equipment or Protective System Intended for use in
Potentially explosive atmospheres

Directive 94/9/EC

3. Reference: VTT 06 ATEX 048X Issue 1

4. Equipment: Thermal motor protection system for Vacon 100
drives

Certified types: OPTBJ

S. Manufactured by: Vacon Plc

6. Address: Runsorintie 7
FI-65380 VAASA
Finland

7. This equipment or protective system and any acceptable variations thereto are

specified in the schedule and possible supplement(s) to this Certificate and the
documents therein referred to.

8. VTT Expert Services Ltd, notified body number 0537, in accordance with Article 9
of the Council Directive 94/9/EC of March 1994, certifies that this equipment or
protective system has been found to comply with the Essential Health and Safety
Requirements relating to the design and construction of equipment and protective
system intended for use in potentially explosive atmospheres given in Annex II to
the Directive

The examination and test results are recorded in confidential reports nos. VTT-S-
05774-06 and 968/M 350.00/12 by TUV Rheinland Industrie Service GmbH.

VTT Expert Services Ltd Tel +35820722111
Kivimichentie 4, Espoo Fax + 35820 722 7042
P.O.Box 1001, FI-02044 VTT, Finland Finnish Accreditation Sevice

1008 {EN ISO/IEC 17020)
{Tyyppl A/ Type A}

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205



VACON ® 5

EC-TYPE EXAMINATION

_J_V’T CERTIFICATE 2(2)
VTT 06 ATEX 048X Issue 1

9. Compliance with the Essential Health and Safety Requirements has been assured
by compliance with:

VTT EXPERT SERVICES LTD

EN ISO 13849-1 (2006)
EN ISO 13849-2 (2003)
EN 60079-14 (2007)
EN 61508-3 (2010)

EN 50495 (2010)

10. If the sign "X" is placed after the certificate number, it indicates that the equipment
or protective system is subject to special conditions for safe use specified in the
schedule to this certificate.

11. This EC-Type examination certificate relates only to the design, examination and
tests of the specified equipment or protective system in accordance to the directive
94/9/EC. Further requirements of the Directive apply to the manufacturing process
and supply of this equipment or protective system. These are not covered by this

certificate.
12. The marking of the equipment or protective system shall include the following:
1I 2) GD
Espoo 26.4.2012
VTT Expert Services Ltd
/ 7 /)

G /M’f/c’t__ )

Olavi Nevalainen Risto Sulonen

Deputy Service Manager Product Manager

Certificate without signatures shall not be valid.
This certificate, including the schedule, may only be reproduced in its entirety and without any change.

24-hour support +358 (040 837 1150 » Email: vacon(@vacon.com
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_f_ SCHEDULE TO EC-TYPE
WT EXAMINATION CERTIFICATE 1(2)
VTT 06 ATEX 048X Issue 1
VTT EXPERT SERVICES LTD

13. Schedule
14. EC-TYPE EXAMINATION CERTIFICATE VTT 06 ATEX 048X Issue 1
15. Description of Equipment

Thermal motor protection system, type OPTBJ, consist one safe disable & ATEX
option board with possibility to connect to temperature sensor (PTC). The
temperature sensor is not included in this certificate. The ATEX safety function
may be used with all Vacon 100 drives that are controlled with the M-platform
STO option board.

Documents specifying the equipment:

Functional safety management plan for the M-Platform STO, rev 1.3.

16. Report No. VTT-S-05774-06 and 968/M 350.00/12 by TUV Rheinland Industrie
Service GmbH.
17. Special conditions for safe use

1. In the case of Exe- and ExnA-motors, the end user has to confirm that the
installation of measurement circuit is installed according to arca
classification. E.g. in Exe- and ExnA-motors PTC-sensors shall be
certified together with the motor according to requirements of the type of
protection.

2. The allowed ambient temperature range is -10°C...+50°C.

18. Essential Health and Safety Requirements

Assessment using standards referred in point 9 have confirmed compliance with
the Directive 94/9/EC, Annex II and in particular point 1.5. The device themselves
are to be installed outside potentially explosive atmospheres (article 1, section 2 of
the Directive).

Certificate without signatures shall not be valid.
This certificate, including the schedule, may only be reproduced in its entirety and without any change.

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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Sar

VTT EXPERT SERVICES LTD

SCHEDULE TO EC-TYPE
EXAMINATION CERTIFICATE 2(2)
VTT 06 ATEX 048X Issue 1

Certificate history
Issue Date Report No. Comment
- 19.6.2006 | VTT-S-05774-06 | Prime certificate
Supplement 1 | 26.6.2008 The introduction of new revisions
and 2 and and STO function
6.4.2010
1 26.4.2012 | 968/M 350.00/12 | The introduction of M-Platform
STO-function and changing
equipment name and type
designation. Updating the
certificate with the latest edition
of relevant standards
Espoo 26.4.2012
VTT Expert Services Ltd
Olavi Nevalainen Risto Sulonen
Deputy Service Manager Product Manager

This certificate, including the schedule, may only be reproduced in its entirety and without any change.

Certificate without signatures shall not be valid.

24-hour support +358 (040 837 1150 » Email: vacon(@vacon.com
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1. GENERAL

NOTE! These are the original instructions.

NOTE! Designing of safety-related systems requires special knowledge and skills. Only quali-
fied persons are permitted to install and set up the OPTBJ board.

This document covers OPTBJ option board 70CVB01380 functionality together with Vacon 100
Control board 70CVB01582.

The OPTBJ option board together with Vacon 100 control board provides the following safety
functions with Vacon 100 products.

The following safety-related abbreviations and expressions have been used in this manual:

SIL Safety Integrity Level
PL Performance Level
PFH Probability of a dangerous random hardware Failure per Hour

Category Designated architecture for a safety function (from EN 1SO 13849-1:2006)

MTTF, Mean time to dangerous failure
Dcavg Average diagnostic coverage
PFDavg Average probability of (random hardware) failure on demand
Tu Mission time
Safe Torque Off (STO)

Hardware based 'Safe Torque Off' safety function to prevent the drive from generating torque
on the motor shaft. STO safety function has been designed for use in accordance with the fol-
lowing standards:

EN 61800-5-2 Safe Torque Off (STO) SIL3

EN ISO 13849-1 PL"e" Category 3

EN 62061: SILCL3

IEC 61508: SIL3

The function also corresponds to an uncontrolled stop in accordance with stop category 0, EN
60204-1.

e The STO safety function has been certified by TUV Rheinland *

NOTE! The STO function is not the same as a prevention of unexpected start-up function. For fulfilling
those requirements, additional external components are required according to appropriate standards
and application requirements. Required external components may be for example:

e Appropriate lockable switch

e A safety relay providing a reset function

NOTE! The safety functions of OPTBJ do not comply with Emergency Switching Off according to EN
60204-1.

NOTE! The STO function shall not be used as a standard stop function of the drive.

NOTE! The shaft of a permanent magnet motor might in an IGBT fault situation rotate up to 180 degrees
/ pole of the motor.

NOTE! If pollution degree 2 cannot be guaranteed, IP54 protection class shall be used.

CAUTION! The OPTBJ board and its safety functions do not electrically isolate the drive output
from the mains supply. If electrical work is to be carried out on the drive, the motor or the
motor cabling, the drive has to be completely isolated from the mains supply e.g. using an
external supply disconnecting switch. See for e.g. EN60204-1 section 5.3.

24-hour support +358 (0)40 837 1150 ¢ Email: vacon(@vacon.com
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Safe Stop 1 (SS1)

SS1 safety function is realized in compliance with type C of the drives safety standard EN
61800-5-2 (Type C: “The PDS(SR] initiates the motor deceleration and initiates the STO function
after an application specific time delay”)

SS1 safety function has been designed for use in accordance with the following standards:

EN 61800-5-2 Safe Stop 1 (SS1) SIL2

EN ISO 13849-1 PL"d" Category 3

EN 62061: SILCL2

IEC 61508: SIL2

The function also corresponds to a controlled stop in accordance with stop cat. 1, EN 60204-1.

* TUV Rheinland = International product testing institute

Motor Thermistor Over temperature protection (according to ATEX)
Overtemperature detection using thermistor. It can be used as a tripping device for ATEX cer-
tified motors.

The thermistor tripping function is certified by VIT** according to ATEX directive 94/9/EC.
All safety functions of the OPTBJ board are described in this user's manual.

** VTT = Technical Research Centre of Finland

1.1 REFERENCES

Vacon 100 Installation and Application manuals are downloadable at www.vacon.com -> Sup-
port & downloads -> Vacon manuals -> Vacon 100 manuals.

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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2. INSTALLATION OF OPTBJ BOARD

Open the cover of the AC drive.

The relay outputs and other I/0-terminals may have a dangerous control voltage
present even when Vacon 100 is disconnected from mains.
DANGER

O
O
|

L

NOTE: Incompatible boards cannot be installed on Vacon 100. Compatible boards
have a slot coding that enable the placing of the board (see above)

N
ooool OO

3040.emf

24-hour support +358 (0)40 837 1150 ¢ Email: vacon(@vacon.com




VACON ® 12 INSTALLATION OF OPTBJ BOARD

Open the inner cover to reveal the option board slots and install the OPTBJ board
into slot E. Close the inner cover. See Figure below:
NOTE! See chapter 3.1 for the jumper settings!

iy

3041.emf

Using the cable clamp included in the delivery of the drive, ground the shield of
the OPTBJ cable to the frame of the AC drive.

NOTE! Shielded cable must be used.

NOTE! Grounding must be done according to best practice.

T
4 e W—— Cable clamp
(T3 o [_10©
—=la=])
OO
@ OO
Cl

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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Unless already done for the other control cables,
cut free the opening on the AC drive cover for the
OPTBJ cable (protection class IP21).

NOTE: Cut the opening on the side of the slot E!

Remount the AC drive cover and run the cable as
shown in picture.

NOTE: When planning the cable runs, remember
to keep the distance between OPTBJ cables and

the motor cable at a minimum of 30 cm. It is rec-
ommended to route the OPTBJ cables away from
the power cables as shown in the picture

~
OPTBJ
cables

24-hour support +358 (0)40 837 1150 ¢ Email: vacon(@vacon.com
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3. OPTBJ BOARD LAYOUT
Thermistor Input: Jumper for selectin Jurppe.r for 10 hoard
Thermistor active > 4000 ohm. therrI:'nistor chort cir?:uit activation. Place here the
After being active, the fault can suUpervision 3-pin jumper from
be reset if resistance is < 2000 ohm P the cont\r"ol board.
M stoome
\ ; ‘L [@ee]| X10
TIN+—280
T11- —290 000 x23
Relay output [ Thermistor short
for STO function » 250 circuit supervision
260 |
STO1+ 1 O
STO1- 2 O
STO2+ 30
ST02- 4 0 \_} m
STO inputs ﬂ [ 3038.emf
Figure 1. OPTBJ board layout
3.1 OPTBJ BOARD JUMPERS

There are two jumpers on the OPTBJ option board. The jumpers are described below:
Jumper X23, short circuit supervision

Short circuit supervision ON XL
Short circuit supervision OFF  @[@ @]

Jumper X10, STO board activation

STO board not activated 000

STO board activated, take the

3-pin jumper from the control m
board, see figure below:

= Factory default

3039.emf

Figure 2. OPTBJ board jumpers
To activate the OPTBJ board, you must take the three-pin jumper from the drive control board

and place it to the OPTBJ board jumper X10. See the next chapter for more information.

NOTE! If there are problems with the jumpers, see chapter 6.1!

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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3.2 STO JUMPERS ON THE VACON 100 DRIVE

TILAAL Y

GND %

I

Q200D DDD

3049.emf

Figure 3. STO jumper location on Vacon 100. Open the main cover and the inner cover to
reveal the jumper.

24-hour support +358 (040 837 1150 » Email: vacon(@vacon.com
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4. STO AND SS1 SAFETY FUNCTIONS

The safety functions of the OPTBJ board, such as the technical principle and data, wiring ex-
amples and commissioning, will be described in this chapter.

NOTE! The use of STO, SS1 or other safety functions does not itself ensure

safety. An overall risk evaluation is required in order to make sure that the

commissioned system is safe. Safety devices like the OPTBJ board must be
correctly incorporated into the entire system. The entire system must be

A designed in compliance with all relevant standards within the field of
industry.

Standards such as EN12100 Part 1, Part 2, & ISO 14121-1 provide methods

for designing safe machinery and for carrying out a risk assessment.

CAUTION! The information in this manual provides guidance on the use of
the safety functions that OPTBJ option board provides together with Vacon
100 control board. This information is in compliance with accepted practice
and regulations at the time of writing. However, the end product/system
designer is responsible for ensuring that the system is safe and in compli-
ance with relevant regulations.

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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4.1 SAFE TORQUE OFF (STO) PRINCIPLE

The STO safety function of the OPTBJ board allows the drive output to be disabled so that the
drive cannot generate torque in the motor shaft. For STO, the OPTBJ board has two separate,
galvanically isolated inputs STO1 and STO2.

NOTE! The STO inputs must be connected to +24V signal for the drive to be able to go to enable
state.

The STO safety function is achieved by disabling the drive modulation. The drive modulation is
disabled through two independent paths controlled by STO1 and STO2 so that a single fault in
any of the safety related parts will not lead to the loss of the safety function. This is done by
disabling the gate driver signal outputs to the driver electronics. The gate drive output signals
control the IGBT module. When gate drive output signals are disabled, the drive will not gen-
erate torque in the motor shaft. See Figure below.

VACON 100 CONTROL UNIT

OPT-BJ board, slot E Control board
. + Atex Safety
Thermistor l— Function
Rel
RO fem, L]
STO1 D
STO2 L1
POWER UNIT
Hardware Hardware
STO 1 STO 2
_K

Figure 4.STO principle with OPTBJ board and Vacon 100 control board

24-hour support +358 (0)40 837 1150 ¢ Email: vacon(@vacon.com




VACON ® 18 STO AND SS1 SAFETY FUNCTIONS

4.2 SAFE STOP 1 (SS1) PRINCIPLE

After a safe stop command the motor starts decelerating and SS1 safety function initiates the
STO after a user set time delay.

Frequency4 Stop

Motor
deceleration

factual

Safe Torque Off (STO) >

< Time delay \\ >

Time
Figure 5. The principle of Safe Stop 1 (EN 61800-5-2, SS1 type c)

The Safe Stop 1 (SS1) safety function consists of two safety related subsystems, an external
time delayed safety relay and the STO safety function. These two subsystems combined com-
pose the Safe Stop 1 safety function as shown in Figure 6.

Safe Stop 1 (SS1)

Time Delayed Safety Relay Vacon 100 Safe Torque Off (STO)

Subsystem gafety Relay Subsystem sTo

Figure 6. Safe Stop 1 (S51) safety function

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205
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Figure 7 shows the connection principle of Safe Stop 1 safety function, as specified in figure 5.

e The time delayed safety relay outputs are connected to the STO inputs.

e A separate digital output from the safety relay is connected to a general digital input of
the Vacon 100 drive. The general digital input must be programmed to execute the drive
stop command and initiates without time delay the drive stop function [must be set to
"stop by ramp”) and causes motor deceleration. If the SS1 behavior of Figure 5 is
required then it must be ensured that the ramp stop is activated when the stop signal is
received. It is the responsibility of the system designer to verify this.

Safety Relay roTTIIIIII T T T T Th i
with timer b f '
| : Basic I/0 | :
: Ramp sto| ' | )
Switch -r--------- > p STop 1 Digital input | 1
! gt Vacon 100 |
) ! ! control 1
| : : OPTBJ board : 1
0 [ 1 y
U | Time T STO channel 1 1 1
> delay |~ STO L3 STO channel 2 1 1

oo channe 2 |
Ve e
prmmmmmmmm oo
. |
! 1
! 1
: Power Unit 1
. I
' 1
! 1
! 1

Figure 7. The connection principle of Safe Stop 1 (SS51)

CAUTION! The system designer/user is responsible of understanding and setting the time de-
lay of the safety relay, due to the fact it is process/machine dependent.

e The time delay must be set to a greater value than the deceleration time of the drive*.
The motor deceleration time is process/machine dependent.

e The stop function of the drive needs to be correctly set for the process/machine. Acti-
vating the SS1 safety function must execute the configured stop in the drive. In the
Vacon 100 default application software it is recommended to use the "Quick Stop™ func-
tionality for this purpose.

CAUTION! The control place must be set according to the application requirements.

See Chapter 5.4 concerning the parametrizing of Safe Stop 1 and Chapter 4.3.5 for the wiring
of Safe Stop 1.

* In case of a single fault the drive may not ramp down but is only put to STO mode after the configured time delay.

24-hour support +358 (0)40 837 1150 ¢ Email: vacon(@vacon.com




VACON ® 20 STO AND SS1 SAFETY FUNCTIONS

4.3 TECHNICAL DETAILS

4.3.1 RESPONSE TIMES

De-
activation

Activation

Safety function time

Safe Torque Off (STO)

Table 1. STO response times

4.3.2 CONNECTIONS

In addition to the STO inputs, the board contains also a thermistor input. If the thermistor input
is not used it must be disabled. The thermistor input is disabled by making a short circuit to the
terminals and setting the jJumper X23 in "OFF" state. The thermistor input operation and in-
structions are presented in chapter 7.1.

Terminal Technical information
1 STOT+ Isolated STO input 1, +24V +-20% 10... 15mA
2 STO1- Virtual GND 1
3 ST02+ Isolated STO input 2, +24V +-20% 10... 15mA
4 STO2- Virtual GND 2
25 RO1 Relay output 1 (NOJ *
Switching capacity:
e 24VDC/8A
2 RO2 e 250VAC/8A
e 125VDC/0.4A
Min. switching load: 5V/10mA
28 T+ ) )
Thermistor input; Ry > 4.0 k(2 (PTC)
29 TI-

Table 2. OPTBJ I/0O terminals

*1f 230VAC is used as control voltage from the output relays, the control circuitry must be pow-
ered with a separate isolation transformer to limit short circuit current and overvoltage spikes.
This is to prevent the welding on the relay contacts.

Vsto01+ - VsTo1- Vsto2+ - VsT02- STO state
ovDC ovDC STO active
24VDC ovDC STO diagnostic fault
ovDC 24VDC STO diagnostic fault
24VDC 24VDC STO inactive

Table 3. STO function truth table

Tel. +358 (0) 201 2121  Fax +358 (0)201 212 205



STO AND SS1 SAFETY FUNCTIONS VACON ® 21

4.3.3 RELAY OUTPUT

When the STO function is active, the relay output is closed. When the STO function is inactive
the relay outputis open. When STO function has detected a non-resettable diagnostics fault the
relay output toggles at a frequency of one hertz.

NOTE! The ATEX input has no effect on the relay output.
CAUTION! The relay output is intended only for diagnostics of the STO function.
CAUTION! The relay output is a non-safety-related functionality.

4.3.4 SAFETY-RELATED DATA ACCORDING TO THE STANDARD

Safe Torque Off (STO) safety-related data
SIL3

EN 61800-5-2:2007 PFH =2,5¢107'% /hour
HFT =1
SILCL3
EN 62061:2005 PFH = 2,5¢1071% /hour
HFT =1

PLe
MTTF4=2600 years

DCavg =medium

EN/1SO 13849-1:2006

Category 3

SIL3
IEC 61508:2010, PFH = 2,50107"% /hour
High Demand Mode

HFT =1

SIL3
IEC 61508:2010, PFDayg (Ty)= 2,20107°
Low Demand Mode Tm = 20 years

HFT =1
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Safe Stop (SS1) safety-related data

NOTE! The following chapter is only an informative example of combining products.

The SS1 safety function consists of two subsystems with different safety-related data.The sub-
system consisting of the time delayed safety relay is manufactured by e.g. PHOENIX CONTACT.
The following types are available from this manufacturer:

e PSR-SCP-24DC/ESD/5X1/1X2/300 or
e PSR-SPP-24DC/ESD/5X1/1X2/300

See manufacturer user manual for more information regarding the time delayed safety relay.
PSR-SC/PP-24DC/ESD/5X1/1X2/300 safety-

related data from user manual and certificate: Vacon 100 STO safety-related data:
IEC 61 508 SIL 2 EN 61800-5-2 SIL3
EN 62061 SILCL 2 EN 62061 SILCL3
PLd
DIN EN/ISO 13849-1 Category 3 + IEC 61508 SIL3
PLe

DIN EN/ISO 13849-1 Catedory 3
PFH 1890107 /hour o

PFH 2,5201071% /hour
SUbSYStemSafetyRelay SUbsystemVacoMUOSTO

Safe Stop 1 (SS1) safety-related data:

EN 61800-5-2 SIL 2
EN 62061 SILCL2
IEC 61508 SIL 2
PLd
DIN EN/ISO 13849-1 Category 3
PFH 2,1401077 /hour

When the two subsystems are combined, the maximum safety integrity level or performance level
reached is the level of the lower subsystem.

e SIL2andPLd

The PFH value for a safety function of combined subsystems is the sum of all subsystems PFH values.
PFH551 = PFHSafety Relay + PFHVACON1UU STO = 1,8901 0-9 /hOUF + 2,52.1 0-10 /hOUF = 2,14.1 0-9 /hOUF

e The result is within the requirements for SIL 2 and PL d.
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4.3.5 WIRING EXAMPLES

The examples in this chapter show the basic principles for wiring OPTBJ board. Local stan-
dards and regulations should be always followed in the final design.

Example 1: OPTBJ board without reset for Safe Torque Off (STO)

MAIN CIRCUIT

L L2 L3 PE
o O O

o

SPEED REFERENCE

+4 jgs ?n +u +u %u qu +vs jgn was +|9 me +z| +zz
%99 o ¢4 o 6 o b b6 & b 5 44
4 s n 2 3 i 15 16 7 18 19 30 A 8
A2+ A2 2Vowt  GND DI o2 i3 ™ 2ot GND Dia oIS Di6 CM  AOI+  AO/GND +24Vin  RsdBS  RdBS
A — ovx%er; Rsdss
ALV AR st-SSS
2 oN B0 Bono Basic /0
3
"Wt O O STo1+  SToT Stozr  §T02- ROIC  ROINO T+ ™ “
7
Installed =T OFF
X0 [=] ' ' X23 [e=]
PE u v w I i OPT-BJ
o) O 0 O O 02 O3 Qs O O Ox  Owm| SLOTE

W10 _fir 1b 2r 2b
PE :7 - 1T 7)

Safe torque off

S

" [stos - —

v Ly Jw

M OOV Shortcircuitand earth
PE\ 3~ O+24v  faultprotected supply
! : 3044.emf

M

Figure above shows a connection example of OPTBJ board for Safe Torque Off safety function
without reset. The switch S1 is connected with 4 wires to the OPTBJ board as shown above.

The power supply to ST may come from control board (connector pins 6 & 7 in the above Figure)
or it may also be external.

When the switch S1is activated (contacts open), the drive will go to STO state and motor (if run-
ning) will stop by coasting. The drive will indicate: "30 SafeTorqueOff".

To start the motor operation again, following sequence is performed.

* Release switch S1 (contacts closed). The hardware is now enabled but the drive continues to dis-
play the fault "30 SafeTorqueOff".

e Acknowledge the releasing of switch by edge sensitive reset function. The drive returns to the
ready state.

e Giving a valid start command will start running the motor.

Note: The Vacon 100 default application software uses edge-sensitive start as default start
command, for preventing unexpected startup from STO state.
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Example 2: OPTBJ board with reset for Safe Torque Off or EN 60204-1 stop category 0.

MAIN CIRCUIT

-

3 PE

L2
o O O
PE

s

Fl ‘ Aajﬁi

!v_\_\ﬁ] AJ } START ~ STOP  RESET
2 e

SPEED REFERENCE

%a +5 2 +u 1 +15 +ws +17 +15 +19 +20 +2| +22
&S T3 S S A S S
4 s 2 3 s 1 ” 18 19 30 A 8
A2 AR aVout M 2aVout  GND o4 ois Di6 CM A0+  AOJGND +24Vin  Rs4@s  Rsass
A — ov}w\gsn Rsass
ACRY AR m-EES
oT—71° B Bino Basic /0
PE
aé O O oy STor ST02+  §T02 ROIC ROINO i+ - “
7
Installed =" OFF
= ] i x23 659
pE U VoW 1 1 OPT-BJ
fe) 0O 0O O 01 2 03 Qs O Qx| | Qw  On| sloTE

w10 i b o 20
PE Ci b

Safe torque off

N —.
wi ‘ hf— [
) n
M
PE’@‘ QO ov Short circuit and earth
1 2 O +24V fault protected supply

Figure above presents a connection example of OPTBJ board for STO safety function with re-
set. The switch S1is connected with 4 wires to the OPTBJ board as shown above. The digital
input 3 (DIN3), for example, is wired for the fault reset function. The reset function (not part of
any safety function) can be programmed to any of the available digital inputs.

L]

3045.emf

The power supply to S1 may come from control board (connector pins 6 & 7 in Figure above] or
it may also be external, if earth fault and short circuit protected.

When the switch S1is activated (contacts open], the drive will go to STO state and motor (if run-
ning) will stop by coasting. The drive will indicate: "30 SafeTorqueOff".

To start the motor operation again, following sequence is performed.

* Release switch S1 (contacts closed). The hardware is now enabled but the drive continues to dis-
play the fault "30 SafeTorqueOff".

e Acknowledge the releasing of switch by edge sensitive reset function. The drive returns to the
ready state.

e Giving a valid start command will start running the motor.

NOTE! The Vacon 100 default application software uses edge-sensitive start as default start
command, for preventing unexpected startup from STO state.

NOTE! For EN 60204-1 emergency stop according to stop category 0, use emergency stop but-
ton.
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Example 3: OPTBJ board with SS1 and safety reset or EN 60204-1 stop category 1.

MAIN CIRCUIT

L2 L3 PE
o O O

SPEED REFERENCE

RAMP STOP

:ﬁ‘ﬁ START  STOP
4

RS2

+4 +5 +v7 +m +vs +1n +z\ +11
6 99 6 &[4 R
o2 13
s s 16 8 1 20 A 8
covet  Ae AL AR AR D6 OM AOI AO/GND 424Vin  RSISS  RSHSS
A —
O S1° Basic I/0
— __ _—_ PE ‘\
¥ 0 o Ton  §or  Wom &or  soic oo e -
7
Installed - OFF
x10 [(=] i i x2 [a]
pE U VoW
Q QO Q0 O

Q1 Q2 Q3 Q4 (‘bzs &26 Qs O SOLP(IVBEJ
L]

51 " 2! RESET Bridge between $33/535 for automatic reset.
240oc N - E (Not allowed with emergency stop)

- [}
S10 S11 S12 S21 S22 $33 S34 S35 |

PHOENIX CONTACT |
PSR-SCP-24DC/ESD/5X1/1X2/300 I

w1 D o
—— g
PE

) "
M o o
i3~ ov +24V
| 2 Short circuit and earth

M1 fault protected supply

3046.emf

Figure above presents a connection example of OPTBJ board for SS1 safety function with ex-
ternal safety relay module and with safety reset.

External safety relay module is connected to the switch S1. The used power supply to switch
S1is 230 VAC as an example. The safety relay module is connected to OPTBJ board with 4 wires
as shown in Figure above.

When the switch S1is activated (contacts open), the drive will go to STO state and motor (if run-
ning) will stop by coasting. The drive will indicate: "30 SafeTorqueOff".

To start the motor operation again, following sequence is performed.

* Release switch S1 (contacts closed). The hardware is now enabled but the drive continues to dis-
play the fault "30 SafeTorqueOff".

e Acknowledge the releasing of switch by edge sensitive reset function. The drive returns to the
ready state.

e Giving a valid start command will start running the motor

More information on the safety relay module may be found in the safety relay documentation.

NOTE! The Vacon 100 default application software uses edge-sensitive start as default start
command, for preventing unexpected startup from STO state.

NOTE! For EN 60204-1 emergency stop according to stop category1, use emergency stop but-
ton.
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5.

COMMISSIONING

NOTE! The use of STO, SS51 or other safety functions does not itself ensure safety. Always
make sure that the safety of the entire system is confirmed.

NOTE! The user is responsible for excluding faults in the external wiring.

5.1

GENERAL WIRING INSTRUCTIONS

The wiring should be done according to the general wiring instructions for the specific
product where OPTBJ is installed.

Shielded cable is required for connecting the OPTBJ board.

EN 60204-1 part 13.5: The voltage drop from supply point to load shall not exceed 5%.
In practice, due to electromagnetic disturbances, the cable length should be limited to
25 m max. In a noisy environment, the length of the cable could still be less than 25 m,
in order to avoid unwanted tripping.

Cable recommendation:

Type E.g: 2x2x0.75mm? low voltage, single shielded, twisted pair cable.
Maximum length |25 m between STO inputs and the operating contact
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5.2

CHECKLIST FOR COMMISSIONING THE OPTBJ BOoARD

Step

Yes

No

Has a risk assessment of the system been carried out to ensure that us-
ing the OPTBJ board Safe Torque Off (STO) or Safe Stop 1 (SS1) safety
function is safe and according to local regulations ?

Does the assessment include an examination of whether using external
devices such as a mechanical brake is required ?

Has the switch S1 been chosen according to the required safety perfor-
mance target (SIL or PL) set during the risk evaluation?

Is the switch S1 required to be lockable or otherwise secured in the OFF
position?

Is it ensured that color coding and marking of the switch S1is in accor-
dance with the intended use?

Isthe external power of the switch S1 supply earth fault and short circuit
protected (EN 60204-1)?

The shaft of a permanent magnet motor might in an IGBT fault situation
rotate up to 180 degrees / pole of the motor. Has it been ensured that
the system designed in such a way that the this can be accepted?

O N|O~NOCTN”NWDN —

Has the STO jumper configuration been done according to the instruc-
tions in this manual?

O

Have process requirements (including deceleration time) been consid-
ered for correct execution of Safe Stop 1 (SS1) safety function and are
the corresponding settings done?

-
o

Is there a risk of conductive contamination (e.g. conductive dust) in the
environment?

—
—

If pollution degree 2 cannot be guaranteed, IP54 protection class shall
be used.

Y
N

Have the User’'s Manual instructions for the specific product been fol-
lowed ?

Y
w

Does the system need a safety certified prevention of unexpected start-
up? The safety function has to be provided by an external safety relay.

N
N

Has the system been designed in such a way that activating (enabling]
the drive through STO inputs will not lead to an unexpected start of the
drive?

Y
o1

Have only approved units and parts been used?

N
O~

Is the Vacon 100 control board 70CVB01582 (See the sticker on the Va-
con 100 control board, or “Drive Info” in Vacon Live)

-
~

Is the Vacon 100 system software version FW0072V002, or newer?
(Check the system software version on the keypad or in Vacon Live)

N
(o o)

Has a routine been set up to ensure that the functionality of the safety
functions is being checked at regular intervals?

Y
O

Has this manual been read, understood and followed carefully?

N
o

Have the STO and SS1 safety functions been tested properly according
to Chapter 5.37
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5.3 TESTING THE SAFE TORQUE OFF (STO) OR SAFE STOP 1 (SS1) SAFETY
FUNCTIONS

NOTE! Before testing the STO or SS1 safety functions, make sure that the checklist (Chapter
5.2) is inspected and completed.

NOTE! After connecting the board ALWAYS make sure that the STO or SS1 safety functions are
working properly by testing them before operating the system.

NOTE! Concerning the SS1 safety function, make sure by testing that the drive's stop by ramp
function is working in accordance with the process requirements.

NOTE! If the STO safety function is used in a low-demand operating mode, it shall be tested
periodically at least once a year.

When the STO safety function is activated, a code: Fault 30 "SafeTorqueOff " appears on the
control keypad display. This indicates that the STO safety function is active. After STO has been
deactivated, the fault remains active until the fault is acknowledged.
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6. MAINTENANCE

CAUTION! If any service or repair is to be conducted on the drive installed
with OPTBJ board please follow the check list given in Chapter 5.2.

CAUTION! During maintenance breaks, or in case of service/repair, the
OPTBJ board might have to be removed from its slot. After reconnecting
the board, ALWAYS make sure that the STO or SS1 safety functions are
active and fully functional by testing them. See Ch. 5.3.

6.1 FAULTS RELATED TO THE SAFE TORQUE OFF (STO) OR SAFE STOP 1

(SS1) SAFETY FUNCTIONS

The table below shows the normal fault, generated when STO safety function is active:

Fault code Fault ID Explanation Correcting measures
STO activated through the | STO function activated. Drive is
30 SafeTorqueQif 530 OPTBJ option board in safe state

The table below shows faults that may be generated from the software part that monitors the
hardware related to the STO safety function. If some of the faults listed below occur, the fault

may NOT be reset:

ID

Explanation

Correcting measures

500

STO jumper is installed on the
control board.

Remove the STO jumper from
the control board. See ch. 3.1
and 3.1.1

501

More than one OPTBJ option
board detected in the drive.

Only one OPTBJ board is sup-
ported by the drive. Remove
other OPTBJ boards from the
drive, except from slot E.

502

OPTBJ option board installed to
a wrong slot.

OPTBJ option board can only be
installed to slot E. Install the
board to slot E.

503

STO jumper missing from the
control board.

Install the STO jumper to the
control board, when the OPTBJ
board has been removed from
the drive. See ch. 3.1 and 3.1.1

504

Problem detected in STO
jumper installation on the con-
trol board.

Check the installation of the
STO jumper on the control
board. See ch. 3.1 and 3.1.1.

505

Problem detected in STO
jumper installation on the
OPTBJ board.

Check the installation of STO
jumper switch on the OPTBJ
board. See ch. 3.1 and 3.1.1

506

Communication has been failed
between the control board and
OPTBJ option board.

Check the installation of the
OPTBJ board.

Restart the drive.

Change the OPTBJ board if nec-
essary.

Should the fault re-occur, con-
tact the distributor near to you.

Fault code Fault
30 Safety configuration
30 Safety configuration
30 Safety configuration
30 Safety configuration
30 Safety configuration
30 Safety configuration
30 Safety configuration
30 Safety configuration

507

The hardware does not support
the OPTBJ board.
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Fault code

Fault

Explanation

Correcting measures

30

Safety diagnostics

520

There is a diagnostic failure in
the STO safety function.

Restart the drive.

If the restart does not help,
change the OPTBJ board.
Should the fault re-occur, con-
tact the distributor near to you.
Deliver the fault report to the
distributor, see fault details for
more information.

30

Safety diagnostics

521

Atex-thermistor diagnostic
fault.

Restart the drive.

If the restart does not help,
change the OPTBJ board.
Should the fault re-occur, con-
tact the distributor near to you

30

Safety diagnostics

522

Atex-thermistor short-circuit.

Check the connection of the
Atex-thermistor

Check the thermistor

Restart the drive.

If the restart does not help,
change the OPTBJ board.
Should the fault re-occur, con-
tact the distributor near to you
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7. THERMISTOR FUNCTION (ATEX)

The thermistor overtemperature supervision is designed in accordance with ATEX directive 94/
9/EC. It is approved by VTT Finland for group Il (certificate nr. VTT 06 ATEX 048X] , category (2)
in the 'G' area (area in wich potentially explosive gas, vapor, mist or air mixtures are present)
and D area (area with combustible dust). The "X" in the certificate number refers to special
conditions for safe use. See the conditions in the last note in this page.

c € 0537 I1(2) GD

It can be used as an overtemperature tripping device for motors in explosive area (EX motors).

Note: The OPTBJ board also contains the Safe Torque Off (STO) safety function. When STO is
not intended to be used , inputs STO1+(0PTBJ:1), STO2+(0PTBJ:3) are to be connected to +24V
(e.g. pin 6 in Vacon 100 control board). STO1-(0PTBJ:2). STO2- (OPTBJ:4) are to be connected
to GND (for e.g. pin 7 or 13 on Vacon 100 control board).

NOTE! Safety devices like the OPTBJ board must be correctly incorporated into
the entire system. The functionality of the OPTBJ board is not necessarily suitable
for all systems. The entire system must be designed in compliance with all rele-
vant standards within the field of industry.

CAUTION! The information in this manual provides guidance on the use of therm-
istor function for protecting overheating of motors in explosive atmosphere. How-
ever, the end product/system designer is responsible for ensuring that the system
is safe and in compliance with relevant regulations.

CAUTION! During maintenance breaks, or in case of service/repair the OPTBJ
board might have to be removed from its slot. After reconnecting the board
ALWAYS make sure that the thermistor function is working correctly by testing
it.

CAUTION! The thermistor function on OPTBJ board with Vacon 100 control is used
to protect the overheating of motors in explosive atmosphere. The drive itself
including OPTBJ board can not be installed in explosive atmosphere.

NOTE! Special conditions required for safe use (X in the certificate number):

This function can be used with Exe-, Exd-, and ExnA- type of motors. In case of
Exe-, and ExnA- motors, the end user has to confirm that the installation of the
measurement circuit is done according to area classification. E.g. in Exe- and
ExnA- motors PTC sensors shall be certified together with the motor according
to the requirements of the type of protection. The allowed ambient temperature
range for the drive is -10°C...+50°C.
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VACON 100 CONTROL UNIT

OPT-BJ board, slot E Control board
+
Thermistor I éb?nxct?;few
Rel
RO Rom, L]
STO1 D
STO2 1]
POWER UNIT
Hardware Hardware
STO 1 STO 2
_K

Figure 8. Thermistor function principle in Vacon 100 frequency converter with the OPTBJ
board
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7.1 TECHNICAL DATA

7.1.1 FUNCTIONAL DESCRIPTION
The thermistor supervision circuit of the OPTBJ board is designed to provide a reliable way of
disabling the drive modulation in case there is an overtemperature at the motor thermistor(s).

By disabling the drive modulation the feeding of the energy to the motor is prevented and a fur-
ther heating up of the motor due to this is avoided.

The thermistor supervision circuit meets the requirements in the ATEX directive by directly ac-
tivating the "STO" safety function of the Vacon 100 (See Figure 8] and thus provides a reliable,
software and parameter independent way of preventing the energy supply to the motor.

7.1.2 HARDWARE AND CONNECTIONS
See Chapter 4.3.2

The thermistor (PTC]) is connected between the terminals 28(TI1+) and 29(T11-) of the OPTBJ
board. The optocoupler isolates the thermistor inputs from the control board potential

* 1f 230VAC is used as control voltage from the output relays, the control circuitry must be powered with a separate isolation trans-
former to limit short circuit current and overvoltage spikes. This is to prevent the welding on the relay contacts.

R
k] 4
100 —4—

L4

a0l4—-————————————— —OPTB): Trip level
3% e — OPTBJ:Back to "Ready” level

0.55 4—

0.25—— \
=7 e
oo [N OPTBY SRR ORI, 1

_20°C Thaer

Figure 9. Typical characteristics of a motor-protection sensor as specified in DIN 44081/
DIN 440
7.1.3 ATEX FUNCTION

When drive is connected to the main power and if the motor temperature is below overtemper-
ature limits (see Figure 9), the drive goes to ready state. The motor may start after a valid start
command.

If the motor temperature is above the overtemperature limits (see Figure 9), fault 29 (Atex
thermistor] is activated.

When the resistance of the thermistor(s) mounted in the motor goes above 4 kOhm due to mo-
tor overheating, the drive modulation is disabled within 20ms.

According to Figure 9, when the temperature falls below 2 kOhm, the thermistor function al-
lows fault reset and entering to ready state.
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7.1.4 SHORT CIRCUIT MONITORING

The thermistor inputs TI1+and TI1- are monitored for short circuit. If a short circuit is detected,
the drive modulation is disabled within 20ms, Fault 30, Safety diagnostic (subcode 522] is gen-
erated. When the short circuit has been removed, the drive can be reset only after a power re-
cycle.

The short circuit monitoring can be enabled or disabled using the jumper X23 in ON or OFF po-
sition respectively. The jumper is set in ON position by factory default.
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7.2 COMMISSIONING

NOTE! Installation, testing and service work on the OPTBJ board can be performed only by
qualified persons.

NOTE! It is not allowed to perform any repair work on the OPTBJ board. Please return faulty
boards to Vacon for analysis.

NOTE! It is recommended to test the ATEX functionality using thermistor input on OPTBJ board
periodically (typically once a year). For testing, activate the thermistor functionality (e.g. re-
move Atex-thermistor plug from the OPTBJ board).The drive shall enter to fault state and in-
dicate fault 29 (Atex-thermistor fault, subcode 280).

7.2.1 GENERAL WIRING INSTRUCTIONS

The thermistor connection must be done using a separate control cable. It is not allowed to use
wires belonging the motor supply cables or any other main circuit cables. A shielded control
cable must be used. See also Chapter 2.

Maximum cable length without Maximum cable length without short
short circuit monitoring circuit monitoring
X23 : OFF X23 : ON

>=1.5sqmm |1500 meters 250 meters

7.2.2 FAULT DIAGNOSIS OF THERMISTOR FUNCTION

The table below shows the normal fault / warning, generated when thermistor input is active

Fault code Fault ID Explanation Correcting measures
29 Atex-thermistor 280 Atex-thermistor has detected
overtemperature.

See the fault table in chapter 6.1.
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