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1. General information

The OSTO_100 option board for safety function Safe Torque Off (STO) is an
extension of the Emotron AC drive used for functional safety purposes to
achieve e.g. prevention of unexpected startup of motor (POUS) or Emergency
stop. This ensures the safety of both the operator and the machinery in
accordance with the Machine Directive.

During normal operation, safety equipment prevents people from accessing
hazardous areas. Sometimes work needs to be carried out in hazardous areas.
Function POUS may for instance be used in cases where tools connected to
motor shaft should be replaced or e.g. when cleaning the motor area (supply
voltage to the AC drive may remain enabled during this maintenance work).

The STO is a basic foundation which can be supplemented with additional
safety functions to also achieve e.g. safety function Safe Stop 1 (SS1-t). Working
principle of SS1-t is to utilize the AC drive to brake the motor down to
standstill before STO is activated. For safety function SS1-t, additional external
safety components are required (e.g. safety relay).

This manual contains technical data of the Emotron OSTO_100 option board
and explains the operation and connection of the board. The Safe Torque Off

function works according to the standards EN IEC 61800-5-2:2017, EN IEC

61508:2010, EN ISO 13849-1:2008 and EN IEC 62061:2005.

The AC drive control board in the Emotron AC drive provides pulse width
modulated (PWM) signals to the IGBT gate driver circuits on the Power board
via the safe torque off (STO) circuitry as depicted in Figure 1.

The STO will become activated if any of the two safety input channels 7O/ or
ST02 become deactivated or upon abnormal electrical fault in The Emotron
OSTO_100 option. During normal operation condition both channels will be
deactivated simultaneously. Deactivation of only one channel can imply a fault
in e.g. wiring.
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STO1 STO2

vy

Control board 0 0STO 100 option 0 Power board

Fig. 1 System block schematics

OSTO_100 option board has two external safety inputs denoted S7O1 and
STO2. The safety function is activated by disconnecting 24Vdc input. When
STO is active, all PWM signals from the AC drive control board to the IGBT
gate driver circuits on the power board will be inhibited by a safe de-energizing
principle. The power board is then unable to generate any rotary field and the
motor will be torque-free.

NOTE: A short on any IGBT-leg (power transistors) can still result in a
residual movement of the motor shaft. The residual movement in degrees is
equial to 180 ° / ‘number of pole pairs’ in the motor.

Example: Using a 4-pole motor may upon an abnormal power fault in IGBTs
result in residual movement of 180° / 2, i.e. maximum 90°. This residual risk
shall be known and documented.

Figure 2 shows the gate terminals of upper- and lower IGBTs on the power
board along with a connected three-phase motor (M).
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Fig. 2 IGBT gate driver on power board

Upon activation of safety function STO the system must be reset by re-enabling
both STO safety inputs (by applying 24Vdc) and by re-enabling run signal to
Emotron AC drive (edge controlled digital input signal for function RUN needs
to be toggled). After this the motor can be operated normally again. Reset
procedure for a latched STO condition is described in detail in section
“Resetting STO condition” on page 38.

The Emotron OSTO_100 option alone provides a stop function equivalent to
‘stop category 0’ according to EN 60204-1.

EN IEC 60204-1 ‘stop category 1’ can be achieved in a system together with a
safety position switch along with a safety switching device (like e.g. Pilz PNOZ
s5), where the safety switching device is also wired to e.g. Run/Enable signal on
the drive to achieve a controlled stop where STO becomes activated after a delay
(this safe delay must be handled by the safety switching device (safety
component), thus a delay handled by e.g. a generic PLC is not allowed).
Further, the safety switching device have the feature of providing diagnostics for
a connected emergency stop button wiring, i.e. to detect faulty wiring.

CG Drives & Automation 01-7513-11r0 General information 9



NOTE: When utilizing non-safe ‘Run’ or ‘Enable’ signals they must NOT be
wired together with any safety related circuit/signal.

For more information on how to utilize the Emotron OSTO_100 option as safe
stop and wiring examples of different stop categories, see section “Connection
examples” on page 47.

NOTE: In case "Fire Mode" is activated in the Emotron standard product,
the activation of STO situation will overule the continuous operation
initiated by Fire Mode activation.

1.1 Intended use

Emotron OSTO_100 option is a configurable option in the following Emotron
standard products in any enclosure type or supply voltage and current rating:

FDU/VEX 2.1, CDU/CDX 2.1, VEXR, FDUL
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2. Safety information

Before you begin with installation, commissioning or powering up the unit for
the first time it is very important that you carefully study this Instruction
manual.

Following symbols can appear in this instruction or on the product itself.
Always read these first before continuing.

NOTE: Additional information as an aid to avoid problems.

CAUTION!
Failure to follow these instructions can result in malfunction or
damage to the AC drive.

WARNING!
Failure to follow these instructions can result in serious injury to
the user in addition to serious damage to the AC drive.

HOT SURFACE!
Failure to follow these instructions can result in injury to the
user.

To achieve the highest level of safety, the Machine Directive defines three basic
principles:

* Elimination or reduction of risks due to design.
*  Take necessary protective measures against risks which cannot be eliminated.

¢ Document residual risks and inform users about these risks.

When using the Emotron OSTO_100 option in a functional-safety related
application it is mandatory to use a higher-level safety switching device or
controller for activation purposes.

The Emotron OSTO_100 option may NOT be used unintended by e.g.

*  Usage outside technical specifications.
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*  Usage for other safety functions besides what is approved in this manual.
* Any electrical or structural change of the board.

* In any other product type but the once listed in this manual.

The product:

*  Must only be used for intended purpose.

*  Must never be commissioned when showing signs of damage.
*  Must never be modified in its hardware design.

*  Must never be operated without intended covers.

The user shall also carefully observe and consider all documentation regarding

main Emotron product and OSTO_100 option as it is fundamental to obtain a
safe installation. The examples and procedural tests described in this document
are only proposals. It is up to the user to adapt these to specific applications. CG
Drives & Automation (CGDA) does not take responsibility for the suitability of

the procedures or circuit proposals as they are merely examples.

WARNING!
Disregarding the above basic safety measures may lead to
severe personal injury and damage to machinery.
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2.1 Notes on safety and symbols used

WARNING!

e Failure to follow these instructions can result in serious injury to the
operator and/or machinery.

¢ The Safe Torque Off only guarantees a torque less motor, i.e. hazardous
voltages can still be present at the output of the drive controller while
STO is active. The STO safety function does NOT disconnect the voltage
to the mains or auxiliary circuits of the drive.

* The Emotron OSTO_100 option is NOT designed for ‘Emergency Off’
function (another aspect of functional safety which also includes reali-
zation of no voltage present after activation, described in DIN EN
60204-1:2006).

NOTE: If the Emotron 0STO_100 option is mounted into an Emotron AC drive
where the STO feature shall not be utilized, then both input channels STO1
and STO2 must be connected to 24Vdc SELV/PELYV input to allow motor
operation.

2.2 Technical information

The technical documentation is a part of the product / machine. Due to that
the technical documentation contains important information and it shall be
kept near the machine at all times until the machine is finally disposed of. In
case the machine is sold, disposed or rented out, secure that the applicable
technical documentation follows the machinery.

2.3 Risk analysis

This documentation can only indicate the necessity of risk analysis. Users of
integrated safety systems must familiarize themselves with the relevant standards
and legislation. Before a machine can be marketed, machine manufacturers
must perform a risk analysis in accordance with the Machinery Directive so as
to determine the risk associated with the use of the machine.
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Risk assessment is described in detail in the DIN EN ISO 12100:2013-08:
Safety of machinery — general principles for design — risk assessment and risk
reduction. The result of the risk assessment of the machine determines the
category for safety-related control systems according to EN ISO 13849-1.

2.3.1 IGBT failure and STO - residual risk

If a drive experiences multiple power semiconductor failures (IGBT failures),
then the drive system can produce an alignment torque, which then rotates the
motor shaft by maximum “180/p” degrees, where p is equal to the pole pair
number of the connected motor. This residual risk can occur even though STO
function has been correctly activated. It shall however be noted that if it occurs
then it will be detected by the drive as a desaturation trip or fuses will blow.

24 Trained staff

As all machinery have residual risks to consider, only qualified/trained staff that
are aware of such residual dangers may carry out work / operate / dispose such a
machine. Qualified staff are defined as persons whom has acquired applicable
knowledge by professional training following applicable standards and
guidelines of safety engineering. IEC 60364 or CENELEC HD 384 describes
appropriate skills of staff more in detail.

¢ Staff shall be familiar with installation, mounting, commissioning and operating
the product.

* They should be qualified for their work.

*  They can apply all applicable regulations for prevention of accidents according
to directives and laws applicable for the location of the installation.

It is of main importance that the technical documentation and in particular the
safety information is fully read, understood and observed. In addition, other
applicable legal requirements and validation regulations shall be followed at all
times.

2.5 When working on the machine
It is crucial thart all work executed on the machine is performed in a safe way.

Procedure may be, but must not be limited to, the following procedure:

1. Disconnect power.
Secure that any additional auxiliary power is also disconnected.

2. Secure that the power cannot be turned on again.
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3. Check that no voltage is present!.

4. To secure that fuse will blow in case power turned back on by accident —
short & ground power interface.

5. Make sure that possible adjacent live parts are covered / made inaccessible.

WARNING!
ii E Always switch off the mains voltage before opening the AC and

wait at least 7 minutes to allow the capacitors to discharge.

2.6 Repair and modifications

The user is NOT allowed to do electrically design changes to AC drives which
has the Emotron OSTO_100 option mounted as it is part of a safety solution.
Nor shall the safety function be disabled by any hardwiring of the safety inputs.

Neither repair nor modification of the Emotron OSTO_100 option board is
allowed. In case of suspected defect on option board, please return it to CG /
Emotron along with a detailed fault description.

2.7 Disposal

The enclosures of the drives are made from recyclable material as aluminum,
iron and plastic. Our AC-drives comply to RoHS II directive, and contain
electronic waste (e-waste). Any local or national regulations in force for the
disposal and recycling of e-waste must be complied with.

1. NOTE: Also consider/check residual voltage.
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3. Functional description

The Emotron OSTO_100 option board is based on designated structure for
Category 4 of EN ISO 13849-1, which means that it has two safety input
channels. These input channels are independent of each other and must be
provided by an SELV/PELV 24Vdc source / safety switching device. This power
supply must not be used for connecting other auxiliary hardware. Do NOT use
the generic Emotron AC drives 24Vdc supply available on terminal strip of the
AC drive control board as it is the system voltage of the Emotron AC drive and
will be used both internally and for external sensors/actuators/auxiliary
hardware connected to the drive. The input signals shall be controlled
synchronously by the switching device.

WARNING!

The purpose of the Emotron 0STO_100 option is only to secure
that the motor is torque free. This means that dangerous high
voltages may still be applied to the motor while the Emotron
0STO_100 option is active. Secure that live parts cannot be
touched and in case the supply voltage must be switched off

NOTE: in case "Fire Mode" is activated in the Emotron standard product, the
activation of STO situation will overrule the continuous operation initiated
by Fire Mode activation.

3.1 O0SSD support
The Emotron OSTO_100 option supports OSSD functionality.

OSSD stands for “Output Switching Signal Device”. This output type is
typically available on safety PLCs, safety light curtains and sensors. With a
conventional 24Vdc output it is not possible to detect short circuit on the
wiring, this is however possible with OSSD technology. The method is based on
transmitting short OSSD test pulses with low output voltage. During this test
pulse length the safety device reads back the output signal via digital input. In
case 24Vdc is present at the input during the test pulse sequence a fault is
triggered and the two built-in processors will safely switch off both outputs.
Thus, OSSD allows automatic monitoring of both short circuits and cross
circuits (between safety inputs) up to PLe according to EN ISO 13849-1.
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The cross circuit is detected by utilizing a staggered test pattern between the two
safety channels (out of sync test pulse).

NOTE: The receiving unit must support 0SSD given the pulse length of the
test pulse and its periodicity. This Emotron OSTO_100 option have support
of OSSD test pulses with a maximum length of 1 ms, with a frequency up to
200 Hz.

3.2 STO status feedback signal

In addition to OSSD support, the Emotron OSTO_100 option board also
provides a non-safe ‘STO_STATUS_ISO’ output signal (open collector type,
pulled-up via supply voltage on X2:1) which mirrors the actual status of the gate
driver.

NOTE: The status feedback signal is not intended for use of driving external
relay. In the case this is required you may utilize a relay output set to
function ‘STO active’. Detailed description is available in Emotron AC drive
instruction manual. Note that this output is also considered unsafe.

Table 1 Truth table of STO_STATUS_ISO

STO1 ST02 STO_STATUS_ISO Description
HIGH HIGH LOW Drive is active
HIGH LOW HIGH
Safe torque off is acti-
LOW HIGH HIGH vated (gate driver de-
energized)
LOW LOW HIGH

The STO_STATUS_ISO signal is active high, i.e. signal will be high when safe
state (Safe Torque Off active) is reached.

NOTE: The STO_STATUS_ISO feedback signal may not be used for
cascading.

Note that a mismatch between STO! and STO2 will also activate Safe Torque
Off function as STO_STATUS_ISO mirrors the actual state of the gate driver

CG Drives & Automation 01-7513-11r0 Functional description 17



and whereas the gate driver will become powerless when any of the two STO-
inputs goes low (achieving a safe state).

The output signal STO_STATUS_ISO will not be affected by OSSD-test

pulses for test pulses < 1 ms in length (filtered in hardware).

To properly activate STO safety function, both inputs S701 and STO2 must be
switched off. During normal operation both inputs are switched off at the same
time (synchronized), but it is enough that one channel goes low to activate safe
state. After a response time of < 15 ms has elapsed from one or both input
signals going low, the gate driver will become de-energized and thereby the
motor cannot generate any further torque.

WARNING!

When safe torque off is active, the motor will become torque
free. This means that any hanging/suspended or tensioned load
like e.g. cranes or hoists will require additional brakes or
mechanical interlocks to avoid residual risk of dropping loads.

Dropping loads may cause personal injury or property damage!

Further, make sure that no other residual risk can occur while
the motor is coasting down to zero speed.

DANGER!

The safety function “Safe torque off” (STO) must not be
mistaken for safety function “Emergency off” which also
ensures that the motor is electrically disconnected. Safety
function “Emergency off” requires additional equipment like a
mains switch with undervoltage coil to also achieve electrical
isolation.

WARNING!

Safety function STO must never be used for electrical
maintenance purposes. Before carrying out any electrical
maintenance, the AC drive must always be disconnected from
the power supply.
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3.3 Deactivation of STO
When both $701 and STO2 inputs are high it means that the STO is

deactivated and that the motor can rotate / produce torque.

To activate STO both STO-inputs shall be disconnected from 24Vdc supply
voltage simultaneously. The unsafe ‘STO_STATUS_ISO’ output is available to
diagnose the safety channel wiring as well as the actual gate driver status.

Upon detecting fault in electronics of OSTO_100 option e.g. incorrect voltage
level on PCB, the STO will be activated (safe state).
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3.4 Response time

Motor speed
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Fig. 3 Timing diagram of OSTO_100 option

The Figure 3 above gives an example of how the Emotron OSTO_100 option
reacts to changes in inputs signals STO1 and STO2. At starting point we assume
that the motor is running at constant speed and both 7071 and S7O2 input
signals are high, STO_STATUS_ISO is low (indicating disabled STO). At time
t}, STO! signal goes low and after additional time of t;eqonee milliseconds
(@time t,), the gate driver is made powerless (regardless of state of input S702)
and STO_STATUS_ISO output goes high to indicate an active Safe Torque Off

state. The Emotron OSTO_100 option has a t;egpqnge time of <15 milliseconds.
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The motor will then coast to zero speed. The time it takes depend e.g. on the
inertia of the load and the friction. It is important to consider the residual risk
until the motor has come to a stopped state.

At time t3, STO2 is ‘reactivated’ and shortly after at time t; STO1 is also
‘reactivated’. From time t4 where both input signals are high safe torque off
status is disabled and the motor may ramp up at any instant after carrying out
the reset procedure as described in “Resetting STO condition” on page 38.
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4, Technical data

4.1 Safety data

As determined by TUV testing in accordance with EN ISO 13849-1 and IEC
61508-1 (see TUV certificate, and based on the associated technical report no.

968/FSP 2222.00/21).

This Emotron OSTO_100 option is designed with designated Category 4 acc.

EN ISO 13849-1.

NOTE: All calculations in this section are calculated based on a redundant
use case. If only a single channel is used the presented safety data below is

not valid.

Safety parameters according to IEC 61508, part 1-7 and IEC
62061 Safety of machinery

Table 2 Safety parameters IEC 61508 and IEC 62061

Parameter Value Comment
Safety Integrity Level 3
(SIL/ SILCL)
PFHp > 4.96E-10
PFD 4.13E-05
Proof test interval 20 years Mission time

22 Technical data
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Safety parameters according to EN ISO 13849-1

Table 3 Safety parameters EN I1SO 13849-1
Parameter Value Comment
Performance level (PL) e
Category 4
MTTF4 > 277 years
Diagnostic coverage .
High > 99%
(DCavg) & = 9%
SFF 99%

NOTE: In the case no parameter values were given be the component
manufacturer, database SN 29500 for Electronic Reliability Prediction have

been used.
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411 Missiontime

NOTE: Continued operation after which the mission time of the Emotron
0STO_100 option has elapsed is not allowed. The specified mission time
starts at the date of manufacturing which is stated on a label on the
Emotron OSTO_100 option. The mission time cannot be reset by any
refurbishing nor any special proof test.

4.2 Interface description with electrical data

NOTE: See picture below showing the physical location of X1 and X2 of
Emotron OSTO_100 board. The STO input terminal X1 is clearly marked with
YELLOW color on the terminal!

Fig. 4 Physical location of XI and X2 of Emotron OSTO_100 board
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Table 4 Safety channel terminal

Terminal Designation/function Data

Safety channel 1
Nominal voltage 24Vdc SELV/PELV
sourcel

X1 ST01 Logic level high >= 15Vdc
Logic level low <= 8Vdc
Input current 20 mA
X1:2 OVrefto STO1 and OV reference to safety channels
ST02
Safety channel 2
Nominal voltage 24Vdc SELV/PELV
1
X1:3 ST02 source, see footnote

Logic level high >= 15Vdc
Logic level low <= 8Vdc
Input current 20 mA

1) An external 24Vdc SELV/PELV power supply must be used. This must not
be connected to any other external HW which is not related to functional
safety. It must limit the output voltage under all fault conditions to < 60Vdc.
The Emotron OSTO_100 option board input is safely designed to
withstand input voltage up to 60Vdc. Note! Do NOT use the generic
24Vdc output available on AC drive control board on Emotron AC drive as
this is the system voltage used both for internal and external/auxiliary
connected hardware. Further, this generic 24Vdc output is not isolated and
cascading this signal to multiple drives with possible potential difference
may cause damage to the output.
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Table 5

Lsolated feedback terminal

Terminal

Designation/function

Data

X2:1

Power supply to iso-
lated status circuitry

Input supply for status feedback
Nominal voltage 24Vdc SELV/PELV
source

NOTE: This shall be separated from the
voltage supply used for the safety
channel.

Input range 18-30Vdc. Max input cur-
rent 10mA.

X2:2

OV ref status signal

OV reference to status feedback.

X2:3

STO_STATUS_ISO

Output feedback signal, see truth table
in Table 1

NOTE: This output is an un-safe feed-
back signal.

High when STO active

Low when STO is inactive

X2:4

Ov ref status signal

Additional OV reference connection,
internally connected to X2:2. Used for
feedback signal on X2:3

24Vdc

OSTO_100 OPT
X2:1

0Vdc

STO_STATUS.ISO

0Vdc

X2:2
X2:3:|
X2:4

Fig. 5 Wiring example Isolated feedback
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4.3 System timing information

Table 6 Timing information

System event

Time

Response time for one of STO1 or STO2

inputs going low until IGBT driver sig- <15 ms
nals made powerless1
STO_STATUS_ISO response time from

. . <10 ms
STO active state achieved
Filter time constant on input: <1ms

Maximum OSSD test pulse length

1) You must determine and evaluate the complete response time of the system,
i.e. also consider e.g. sensor reaction time and response time of safety

switching device.

4.4 Environmental conditions

The environmental specifications differ from product to product. Please consult

the user manual of the Emotron main product for actual environmental

specifications for the actual Emotron product.

As the Emotron OSTO_100 option can be used with any 2.1 model of the
standard Emotron products FDU/VEX/CDU/CDX, as well as in any
customized product based on these standard products, the Emotron

OSTO_100 option has been verified against the most severe environmental

specifications. These are listed in the Table 7 below.

Table 7 Environmental conditions

Parameter Norm?l Transportation Storage
Operation
Ambient 0-45°C(55°Cwith
reduced drive -40°Cto +70°C -25°Cto +60°C
temperature load)

CG Drives & Automation 01-7513-11r0
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Table 7 Environmental conditions

Normal .
Parameter Operation Transportation Storage
Atmospheric
80-106kPa 80-106kPa 80-106kPa
pressure

Relative humidity

5-95% non-con-

5-95% conden-

5-95% conden-

densing sation permitted sation permitted
10mm 2-9Hz ISTA 1A (up to ISTA 1A (up to
Vibrations 3Om/s2 68ke) 68ke)
9-150Hz ISTA 1D (over ISTA 1D (over
68kg) 68kg)
ISTA 1A (up to ISTA 1A (up to
2 68kg) 68kg)
Shock 250m/s ISTA 1D (over ISTA 1D (over
68kg) 68kg)
0-1000m
Altitude (4000m with 0-4000m 0-4000m
reduced load)
Contamination
solids 3S2 N/A N/A
(IEC 60721-3-3)
3C2 and 3C3 for
Dehydrogen Sul-
Contamination phide (H2S)
chemical gases Hydrogen Chlo- 2C2 1C2
(IEC 60721-3-3) ride (HCI)
Sea Salts (NaCl)

Ammonia (NH3)
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5. Electrical installation

NOTE: Please consider the following points for the electrical installation:

¢ The safety input channels STO1 and STO2 are protected against reverse
polarity

¢ 0SSD test pulse lengths of < 1ms are permissible, with frequency up to
200 Hz.

« The safety input channels are electrically isolated to the remaining cir-
cuitry

¢ Voltage supply to safety channels are only allowed from SELV/PELYV sup-
ply subsystem.

¢ Passive sensors are commonly connected towards the STO safety
inputs via a safety relay / switching device. Note that the switching
device must comply with the required category of the application.

¢ Active sensors can be directly connected to the STO safety inputs,
which support 0SSD pulses.
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6.

Connections and wiring

WARNING!

The Emotron 0STO_100 option cannot by itself determine faults
like short or open circuit in the external wiring. To reduce this
risk, one of the following measures is recommended. By
following one of these recommendations a fault in the wiring
shall not lead to loss of safety function.

1. Fault detection by STO_STATUS_ISO output signal by higher-

level safety switching device. This means that the safety
switching device may output a test pattern on both safety
channels before normal use to check the complete path (wir-
ing + STO hardware) to detect possible fault. The combina-
tions of TABLE 1 TRUTH TABLE OF STO_STATUS_ISO shall be
evaluated. NOTE: STO_STATUS_ISO state will NOT be affected
by OSSD test pulses.

. The Emotron 0STO_100 option has support for OSSD test

pulses up to 1ms in length, i.e. the pulses will NOT affect nor-
mal operation of STO. 0SSD means that the safety switching
device have means to self-check its outputs towards short
circuit or cross-wiring, for detailed information see “OSSD
support” on page 16.

. Fault exclusion for the external wiring according to EN I1SO

13849-2 is allowed. In practice this means that input signals
shall use separated wirings protected by conduits to avoid
fault. Details described in mentioned norm.

6.1

Wiring

It is important to follow applicable regulations for your machine / system when
installing electrical equipment. Ensure that the STO inputs does not
unintentionally become constantly powered, which would be considered as a

dangerous fault.

NOTE: For SIL3 it is not permissible to control both STO inputs from one
common safety circuit.
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6.2 EMC environment

The maximum allowed length of external wiring to the STO safety inputs
STOI and STOZ2 is 30 meters. In addition, observe and follow the
recommended EMC connections according to the Emotron main product
manual for the AC drive.

6.3 Cable requirements

Feature Wire type Unit Min Max
Stranded wire without cable mm?2 01 o5
end sleeve

Stranded wire with cable end
sleeve / ferrule without plas- | mm? 0.1 25
tic collar

Stranded wire with cable end

sleeve / ferrule and plastic mm 0.1 2.5
collar

Cross Two stranded wires with the

section same area without cable end mm?2 0.1 1.5
sleeve

Two stranded wires with the
same area with cable end 2
sleeve / ferrule without plas-
tic collar

0.1 1

Two stranded wires with the
same area with twm-cgble mm?2 0.1 15
end sleeve / ferrule with plas-

tic collar

Insulation
stripping mm 7 8
length

Recommended cable: 2 x 2 x 0.75 mm? low voltage, single shielded / screened,
twisted pair cable with screen connected to AC Drive chassis (PE).

Maximum allowed cable length is 30 m, counting from STO inputs towards the
operating contact switch.
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6.4 Cascading

The output of a safety switching device goes to STOI and STO2 inputs. It is
allowed to cascade these signals to the next OSTO_100 option in the line.

{ vy

X1 X1 X1
0STO_1001 0STO_1002 OSTO_100N

Fig. 6 Cascading of safety inputs between multiple OSTO_100 option boards

When cascading the risk of fault in wiring increases, therefore it is even of
greater importance to follow recommendations of “Connections and wiring” on
page 30. Also note the current supply limitation of the used SELV/PELV 24Vdc

power source.

Cascading up to maximum of 32 devices is allowed, depending on the
specification of the safety switching device capability as well as the overall
system safety figures.

NOTE: Cascading of STO_STATUS_ISO output is not allowed.

6.5 Safety sensors

The user must secure that the used safety sensors comply with the required
control category for the application / machinery.

Safety sensor can be split up into two different categories, passive or active
sensors.

6.5.1 Passive sensors

Passive sensors consist of 2-switching elements with contacts. The switches must
be wired according to closed-circuit principle, which means that they when
active produce an energized electric circuit, which upon interruption result in a
safe state. Passive sensors are commonly connected via a safety relay which in
turn connects to the Emotron OSTO_100 option. Examples of passive sensors
are: Emergency stop buttons & Door contact switches.
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6.5.2 Active sensors

Active sensors consist of 2-channel semiconductor outputs utilizing OSSD
technology further described in “Safety data” on page 22. OSSD allows
monitoring of both outputs and cables. Active sensors can be directly connected
to the safety inputs of the Emotron OSTO_100 option, which supports OSSD.

When using active sensors it is important to consider the maximum connection
capacity of the output from the active sensor. The outputs will under normal
circumstances switch simultaneously. Safety functions will be initiated if only
one of the two channels are active. Diverging channel status imply faulty sensors
or impermissible wiring.

Examples of active sensors are: laser scanners, light grids
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7. Commissioning and maintenance,
acceptance & functional tests

EN IEC 61508-1, EN IEC 62061-1 and EN ISO 13849-1 require that a
validation is performed on the complete machine with an acceptance test at the
installation site. The acceptance test shall be performed by an authorized
person, i.e. a person with expertise and knowledge of the safety function.

The acceptance test shall be documented and signed by the authorized person.
A signed acceptance test report must be stored in the logbook of the machine.
Report shall include all documentation of start-up activities and all test results.
The test result of every safety function must be signed and documented. Any

found failures and the remedy of such shall also be included in this document.

The STO functional safety shall be tested before initial commissioning and then
after each subsequent commissioning of the AC drive / machine (with an
updated acceptance test).

* After each system change it is important to check that the actual perfor-
mance level still meets the required performance level.

*  Check that the functional safety parts of the system works without any faults.

* Also perform manual functional testing of for example wiring, see “Manual
wiring check” on page 40.

* Always document performed tests when commissioning or upon system
change.

7.1  Periodic inspection

The Emotron STO safety function must be tested by authorized service staff as
frequent as the proof test interval specifies. It is the risk analysis and/or
applicable regulations which determine the time interval between tests. The
inspection test interval must however not exceed one year.
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7.2 Acceptance test

It is the machine manufacturer / user which must check and prove operability of
the used safety functions.

A complete acceptance test consists of at least:
*  Documentation of the plant and its used safety functions
- Overview of plant
- Description of safety equipment
- Documentation of used safety functions
- Checking / verifying these safety functions
* Implementing test report
- Documentation of the functional test
- Checking parameters
- Signing test report
* Implementing appendix with test records
- Protocols for the plant

- External recording

NOTE: In case any safety functions are altered, the inspector must repeat
the tests and its corresponding records / test protocol.

7.3 In case of fault

The Emotron OSTO_100 option is designed in a very robust way. However, in
case you suspect that there is a hardware fault on the actual STO function, then
send back the equipment, preferably together with the complete AC drive and a
detailed fault description to:

CG Drives & Automation Sweden AB
ATTN: Service department
Morsaregatan 12

SE-250 24 HELSINGBORG
SWEDEN

(or your nearest CGDA office)
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8. Faults and diagnostics

Table 8 Faults and remedies
Event Description Measure Confirmable
STO1 input is high
whereas STO2
input is Iqw o.r vice Use multimeter
. versa. This will be .
Inconsistent . to check wiring
. treated as if both . Yes
inputs and input volt-
channels are low age
and STO is active, ge.
i.e. safe torque off
motor is achieved.
If an internal hard-
. . No, return
ware fault have Indicated via 0STO 100
occurred on the RED LEDs on o tion_to
0STO_100 board 0STO_100 C’é DA service
STO hardware and this is detected, | board. o
The fault is
fault the Emotron internal on the
OSTO_100 option No further
. Emotron
will put the motor measure can be 0STO 100
to safe state and lit taken. o tion_
RED LEDs. pton.
STO active This could be Check wiring and
) manual to the
although high caused by the
. secondary STO,
input on both secondary STO intesrated on the
STO1 and STO2. | which is integrated g
power board.
Cannot start on some power Yes

motor. No RED
led indication as
for event ‘STO
hardware fault’.

boards. Both STO
circuitries must be
enabled to run
motor.

Applicable for
power boards
having
integrated STO
only.

1) Multiple RED LED: for indication are used for redundancy purposes which

is part of the functional safety design
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Table 9 Diagnostic LED indication

Diagnostic LED indicator

Comment

Two GREEN LEDs are lit

Normal operation with both STO-
inputs high. STO deactivated meaning
that motor can generate torque.

No LEDs are lit

STO active with one or both STO-
inputs low. IGBT driver made
powerless which means that motor
won’t be able to generate any torque.

One GREEN + one RED LED lit

Possible hardware fault on one
channel (red) whereas the second
(green) channel OK.

When the STO is activated by e.g. one or both STO-inputs going low, then this
event is detected by the AC drive control board (not part of functional safety,
used only for indication) of the Emotron AC drive. The display and keypad
(PPU) will then indicate this diagnostic state by showing “STO” blinking in
section D of the display (which is the bottom left corner). Upon detection the
AC drive control board will disable PWM modulation to gate driver as well,
although this function is not safety related itself.

\

100 0 rpm
B-» Torque 0% 0.0 Nm| < H
C = |Current 0A| =G
STO Key/Key
D E F

Fig. 7 PPU area D
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8.1 Resetting STO condition

NOTE: The user must secure that external measures according to EN ISO
13849-1 are provided to ensure that the Emotron AC drive only can be
restarted after a confirmation (following reset procedure).

If STO is activated while running the motor then this condition is latched
(similar to a trip, but not part of trip log list in Emotron AC drive). Blinking
“STO” will be shown as indication to the user as described above.

If STO is activated while in standby mode (motor stopped) then blinking
“STO” will be shown as indication to the user as described above. This
condition is NOT latched as it is triggered while motor is in stopped state.

To reset latched STO condition, do the following:
*  Check if the cause for activating the STO condition has been resolved

* Enable safety input terminals (by providing +24Vdc)

*  Give a STOP signal to the Emotron AC drive by falling edge on digital

input set to function STOP (Run/Stop Control signal in menu [21A]
should be set to edge to comply with the Machine Directive).

* In case [215] Run/Stp control is set to keyboard you also have to press the

RESET button on the control panel.

o If [215] Run/Stp control is set to Com you have to cancel existing Run-

command via communication by setting the corresponding bit of either

Run, RunR or RunL low.

To restart the motor after STO condition:

*  Give a new RUN command to the Emotron AC drive by rising edge on dig-

ital input set to function RUN (Run/Stop Control signal in menu [21A]
should be set to edge to comply with the Machine Directive)

o If[215] is set to Keyboard: After pressing reset button to clear STO condi-

tion the AC drive can be resetarted by pressing the RUN button again

e If [215] is set to Com: Give a new RUN command to the Emotron AC
drive by setting bit RUN high as well as either RunL or RunR depending on

selected shaft direction
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8.2 Diagnostics via communication interface

It is also possible to read out the status of the Emotron OSTO_100 option via a
variety of communication interfaces like e.g. Profibus, DeviceNet, Ethernet/IP,
Profinet 10, EtherCAT, CANopen etc.

The following parameter / Modbus registers shall be utilized which may also be
mapped to process data according to the Emotron fieldbus manual:

It can be read as bit 9 (0..15) in the status register on Modbus 49052. 1 <=>
STO active.

It can also be read as bit 5 (0..15) in the areaD flags on Modbus 30180. 1 <=>
STO active.

NOTE: This indication shall be treated as an unsafe output signal.

CG Drives & Automation 01-7513-11r0 Faults and diagnostics 39



9. Appendix

9.1 Manual wiring check

If none of the three points of section “Connections and wiring” on page 30 can
be followed, then regular function tests must be performed to detect error in the
external wiring. Le. this manual test is required if no other recommended test
method or fault exclusion can be followed. The STO inputs must in such case
be tested within the decided proof test interval.

During the test, S701 and STO2 must be alternately switched and the
STO_STATUS_ISO output feedback should be used for verifying that the
result is matching according to truth table in section “STO status feedback
signal” on page 17.

A functional controller can perform STO system test for applications up to
SIL2/PLd. For SIL3/PLe applications, a higher-level safety controller must be

used.

If you have not received correct result from this test, check wiring and eliminate
possible errors found.

NOTE: It is highly recommended to use insulating wire end ferrules for wiring.
This will reduce the risk of bare wire strands causing short circuits between
adjacent terminals. All safety relevant cables outside a control cabinet must
be protected be e.g. a cable duct or by monitoring. Separate shielded cables
shall be used for safety channels. Well tried safety principles for avoiding
short circuits are further described in EN ISO 13849-2.

9.2 Requirements on power supply

The STO inputs shall be supplied by separate 24Vdc SELV power supply with
the following mandatory criteria fulfilled:

* Limited to < 60 Vdc under all fault conditions

*  Opver voltage protection integrated

» Safety Extra Low Voltage (SELV) supply

*  Certified by an accredited organization according to EN 60950

This power supply shall not be used for any other purpose but the safety
channel.
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NOTE: It is not allowed to use the internal 24Vdc supply on the Emotron AC
drive control board as a power supply for the safety channel. Further,
cascading the internal 24Vdc output from the Emotron AC drive control
board to several other nodes may cause destruction of the output due to
potential differences between nodes.

9.3 Mounting instruction
The option kit shall include:

O
E =
ol]

666 OO0
Fig. 8  Content of OSTO_100 option kit

*  Emotron OSTO_100 option board
e Four screws, M3 x 6

* One 18-pole flat cable approximately 45 mm long for interconnecting
OSTO_100 option to AC drive control board.
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*  One 20-pole flat cable approximately 45 mm long for interconnecting
OSTO_100 option to AC drive control board.

¢ This user manual

9.3.1 Polarisation of flat cables

The flat cable is marked with a colour on one side and has a pin on the
micromatch male contact. This side must be matched to the female micromatch
contact on the AC drive control board and option board respectively, where a
small hole in the board is located.

Fig. 9 Polarisation of flat cables

CAUTION!
A Incorrect connection might cause damage both to the option

and to the AC drive control board /external equipment.
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9.3.2 Mechanical mounting

Make sure that the Emotron AC drive has been switched off for at least seven
minutes to ensure that the capacitor bank is discharged before continuing with
installation! Also make sure that no external equipment connected to the drive’s
I/O interface is powered on.

NOTE: Correct installation is essential for fulfilling the EMC requirements
and for proper operation of the module.

NOTE: When the cover of the Emotron AC drive is removed for installation
purposes, electrically conductive parts may fall into the drive which may
result in electrical failure. Take precautions to minimize the risk of this
happening.

1. Start by removing the option mounting plate with the two screws on the
right side.

2. Disconnect the two flat cables going to X6 and X7 interface on the Emotron
AC drive control board.

3. Place the Emotron OSTO_100 option in the free spot located above the AC
drive control board and attach the four screws towards the spacers.

CG Drives & Automation 01-7513-11r0 Appendix 43



4. Attach the two loose flat cables from power board (step 3) towards X6A and
X7A interface on Emotron OSTO_100 option board.

NOTE: Remember to polarize flat cable according to section “Polarisation
of flat cables” on page 42.
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5. Connect the two shorter 18-pole and 20-pole flat cables between X6 and X7
on AC drive control board side towards X6B and X7B on Emotron
OSTO_100 option.

NOTE: Remember to polarize flat cable according to section “Polarisation
of flat cables” on page 42.
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6. Replace the metal option mounting plate back over the AC drive control
board and Emotron OSTO_100 option. This metal frame will act as both
physical protection as well as attenuating EMI and magnetic fields.

NOTE: In case the option board becomes defect and is replaced with a new
board, then it is important to do a new acceptance test of the system to
secure that no faults have been introduced when replacing the option
board.
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9.4 Connection examples

NOTE: The following examples are general connections examples of STO
and Safe Stop category 1 time controlled stop (SS1-t).

In the case hanging/suspended or tensioned load like e.g. cranes, hoists is used
in the application it will require additional brakes or mechanical interlocks to
avoid dropping loads.

WARNING! The standard specifies that all machines must be
provided with a category O stop. If the application prevents this
from being implemented, this must be explicitly stated.
Furthermore, every machine must be provided with an
emergency stop function. This function must ensure that any
dangerous voltage on the machine is dis-connected as quickly
as possible without the risk of further danger. In such an
emergency stop situation, a category 0 or 1 stop may be used;
the choice of category depends on the possible risks to the
machine.

EN IEC 60204-1 defines 3 stop categories:

*  Category 0: Uncontrolled STOP
Stopping by immediate removal of power to the machine actuators (i.e. an
uncontrolled stop where the motor output is de-energized).

*  Category 1: Controlled STOP / removal actuator power
A controlled stop with power available to the machine actuators to achieve
the stop and then removal of power when the stop is achieved.

*  Category 2: Controlled STOP / power remains on actuators
A controlled stop with power remaining available to the machine actuators.

The above stop categories are just describing different stop methods, i.e. they
are not related to any safety classification. The above stops may be implemented
w/o any safety at all or alternatively fulfilling e.g. SIL 1-3 depending on
connections and external safety equipment.

Using Emotron OSTO_100 option as standalone will result in stop category 0
as it will de-energize the IGBT gate driver circuitry which in turn will result in a
coasting motor (uncontrolled stop).
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Additionally EN IEC 61800-5-2 describes different safe stop functions,
meaning that the general stop categories described in EN IEC 60204-1 above
are applied with different additional safety functions, for example:

Safe Torque Off (STO) is a safety sub-function which prevents force-pro-
ducing power from being provided to the motor. This safety sub-function

corresponds to an uncontrolled stop in accordance with stop category 0 of
EN IEC 60204-1.

Safe Stop category 1 which can be specified in three different ways:

Safe Stop 1 deceleration controlled (SS1-d). This initiates and controls
the motor deceleration rate within selected limits to stop the motor and
performs STO function when the motor speed is below a specified limit.

Safe Stop 1 ramp monitored (SS1-r). This initiates and monitors the
motor deceleration rate within selected limits to stop the motor and per-
forms the STO function when the motor speed is below a specific limit.

Safe Stop 1 time limited (§S1-t). This initiates the motor deceleration
and performs the STO function after an application specific time delay.
This safety sub-function corresponds to a controlled stop in accordance
with stop category 1 of EN IEC 60204-1. The working principle is that
e.g. a 2-channel passive emergency switch is connected to a safety
switching device (safety relay, mandatory). When the emergency switch
is activated, the safety relay activates a digital output signal (unsafe) to
signal to the Emotron AC drive to perform stop (braking motor). The
set delay (this is a safe delay function) of the safety relay is counted down
and when reaching zero the STO function is activated by deactivating
the two safety channels from the safety relay to the Emotron
OSTO_100 option. It shall be noted that the actual controlled stop (AC
drive braking of motor) is considered unsafe, therefore SS1-t cannot be
applied to applications where failure of braking function can lead to a
dangerous situation. Instead it is then advisable to use yet another safety
function like Safe Brake Control (SBC) which utilizes safe external
brake(s) in addition.

48 Appendix CG Drives & Automation 01-7513-11r0



9.4.1 Wiring example 1 - STO with 24Vdc from external
supply

0OSTO_100 option board

3 @'
- % =]
2 e g2 E o & o
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g 2z g g 2 5 &
-)8:1 C2) CS) -XCZF:‘I -X2:2 -X2:3 -XCZFA
| |
mJ
External 24Vdc
I E e
PE
f---/— —-7 Safety Stop

Fig. 10 STO with 24Vdc from external supply

STO function with a passive sensor using external 24Vdc.

Control wiring example to achieve STO function using passive sensor.
When the passive sensor is activated the contacts opens AC Drive
STO1I & STO2 signal and the AC Drive safe torque is activated.
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9.4.2 Wiring example 2 - Emergency stop category 0
with 24Vdc from external supply

0OSTO_100 option board
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Fig. 11 Emergency stop - STO 24Vdc from external supply

Emergency stop safety function with an external relay using external 24Vdc.
Control wiring example to achieve Emergency stop using external safety relay.
When the external safety relay is activated, the contacts on the safety relay opens
AC Drive STO1 & STO2 signals and the AC Drive safe torque off is activated.
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9.4.3 Wiring example 3 - Safe Stop 1 - timer controlled
with 24Vdc from external supply

OSTO_100 option board AC Drive control board
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Fig. 12 Emergency stop - SS1-t with 24Vdc from external supply

SS1 safety function with an external relay using an external 24Vdc.

Control wiring example to achieve SS1-t using external safety relay.

When the external safety relay is activated, it opens AC Drive stop signal and
motor decelerates first by AC Drive (dec ramp). When the time delay on the
external safety relay expires (this time must be higher then dec ramp time) the
safety relays delayed contacts opens AC Drive STO!1 & STOZ2 signals and the
AC Dirive safe torque off is activated.
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9.5 Certificate

The Emotron OSTO_100 option certificate is based on the following norms:

EN ISO 13849-1: Safety of machinery — safety-related parts of control
systems — Part 1.

EN ISO 13849-2: Safety of machinery — safety-related parts of control
systems — Part 2.

EN IEC 60204-1: Safety of machinery — electrical equipment of machines —
Part 1.

EN IEC 61508, Part 1-7: Functional safety of safety-related electrical/

electronic/programmable electronic systems.

IEC IEC 61800-3: Electrical variable-speed drives — Part 3: EMC

requirements including specific test procedures.

EN IEC 61800-5-1: Adjustable speed electrical power drive systems —
Part 5-1: Safety requirements — electrical, thermal and energy.

EN IEC 61800-5-2: Adjustable speed electrical power drive systems —
Part 5-2: Safety requirements — functional safety.

IEC 62061: Safety of machinery — functional safety of safety-related
electrical, electronic and programmable electronic control systems.
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EC Type-Examination Certificate

Reg.-No.: 01/205/5837.00/21

Product tested OSTO_100 option board for Certificate CG Drives & Automation
safety function Safe Torque Off  holder Sweden AB
(STO) in Emotron AC Drives Mérsaregatan 12
250 24 Helsingborg
Sweden
Type designation OSTO_100 (part no.: 01-7576-50) . Detailed correlation table in recent
Revision List (RL).
Codes and standards EN 61800-5-2:2017 EN 62061:2005 + AC:2010 +
EN ISO 13849-1:2015 A1:2013 + A2:2015

IEC 61508 Parts 1-7:2010

Intended application The safety function STO complies with the requirements of the relevant
standards (Cat. 4 / PL e according to EN I1SO 13849-1, SILCL 3 according
to EN 62061, SIL 3 according to EN 61800-5-2 / [EC 61508) and can be
used in applications up to PL e and SIL 3.

Specific requirements The instructions of the associated Installation and Operating Manual shall
be considered.

Itis confirmed, that the product under test complies with the requirements for machines defined in Annex |
of the EC Directive 2006/42/EC.

Valid until 2026-05-03

51105 Koln / Germany

The issue of this certificate is based upon an evaluation-ir-aceordance with the Certification Program TM 31 V1.0:2017
in its actual version, whose results are documente; mﬁﬂgp‘dﬂ‘@o,}} /FSP 2222.00/21 dated 2021-05-03. This

certificate is valid only for products, which are i ‘i(ﬁ/\c\zl/wiﬁhe\préﬁuk\t tested.
Folena feutes

Notified Body for Machinery, NB 0035 Dipl.-Ing. Jelena Stenzel

£
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Koéln, 2021-05-03

www.fs-products.com

www.tuv.com A TUVRhelnland®

Precisely Right.

10/222 12. 12 E A4 ® TV, TUEV and TUV are registered trademarks. Utilisation and application requires prior approval.
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9.6

Abbreviations

Table 10 Safety related abbreviations

Abbr.

Reference

Description

B10d

Typically specified for safety relays. Specifies
the mean number of switch cycles when
10% of the components involved have failed
dangerously.

Cat.

EN ISO 13849-1

Classification of the safety-related parts of a
control system in respect of their resistance
to faults and their subsequent behavior in
the fault condition, and which is achieved by
the structural arrangement of the parts, fault
detection and/or by their reliability. The cate-
gories are: B, 1, 2, 3 and 4.

CCF

EN ISO 13849-1

Common Cause Failure (%). Failures due to

common causes affecting both safety chan-
nels at the same time, e.g. high environment
temperature or EMI. This is why a diversity in
design shall be used between the channels.

DCqyg

EN ISO 13849-1

Average Diagnostic Coverage. Specifies the
average probability of revealing errors by a
test.

HFT

EN IEC 61508

Hardware fault tolerance

IGBT

Insulated gate bipolar transistor. This is the
electrical semiconductor that drives the
power outputs to the motor.

MTTF4

EN ISO 13849-1

Mean time to dangerous failure: (Total num-
ber of life units) / (Number of dangerous,
undetected failures) during a particular
measurement interval under stated condi-
tions. Note! Does not specify a guaranteed
service life or guaranteed fault-free time. Also
denoted ‘service life’.
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Table 10 Safety related abbreviations

Abbr.

Reference

Description

PFDavg

EN IEC 61508

Average probability of dangerous failure on
demand, that is, mean unavailability of a
safety-related system to perform the
specified safety function when a demand
occurs

PFHp

EN IEC 61508

Average frequency of dangerous failures per
hour, that is, average frequency of a
dangerous failure of a safety-related system
to perform the specified safety function over
a given period of time

PL

EN ISO 13849-1

Performance level. Levels a...e correspond to
SIL. Characteristic value of EN ISO 13849 for
the reliability which a controller fulfills a
safety function.

SC

EN IEC 61508

Systematic capability.

SFF

EN IEC 61508

Safe failure fraction (%).

SIL

EN IEC 61508

Safety integrity level (1...3) according to EN
IEC 62061 or EN IEC 61508.

SILCL

EN IEC 62061

Maximum SIL (level 1...3) that can be
claimed for a safety function or subsystem

SRP/CS

Safety related part of a controller. Part of a
controller that responds to safety-related
input signals and safety related output
signals.

STO

EN [EC 61800-5-2

Safe torque off.

STO
active

STO ‘active’ means that the safe torque off
safety function have been triggered by
removing power from one or both STO inputs.
STO activation removes the power from the
gate drive / motor (safe state).
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Table 10 Safety related abbreviations

Description

Proof test interval. T1 is a parameter used to
define the probabilistic failure rate (PFH or
PFD) for the safety function or subsystem.
Performing a proof test at a maximum
interval of T1 is required to keep the SIL or
PL capability valid.

Abbr. Reference
T1 EN IEC 61508-6
™ EN ISO 13849-1

Mission Time: the period of time covering the
intended use of the safety function/device.
After the mission time elapses, the safety
device must be replaced
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