A104 |Safety Integrated

Module Description:

This Module describes the step by step procedures to start-up and commission Sinumerik System
Based Safety Integrated for the Sinumerik 840D sl.

The procedures described within this module predominantly use Step7 & HMI Operate.
HMI Advanced (or Startup Tool) & SinucomNC are also required.

This Module is valid for >= S/W 04.05.xx.XX

It is expected that the student have a good understanding of the Sinumerik 840D sl control, including
PLC programming, NC & Drive Commissioning prior to using this module.

Module Objective:

On completion of this module, the student will have a comprehensive knowledge of the Sinumerik
System Based Safety Integrated Functions. This module aims to provide a defined step by step
procedural approach to commissioning Sinumerik System Based Safety Integrated on the 840D sl
control.

Caution: These procedures result in axis movement. All necessary safety precautions must be taken
into account.

Content:

System Requirements
Introduction

CE & the EU Standards
Drive Based Sl v System Based Sl
Overview of S| Functions
Wiring Diagram Examples
OEM Documentation
F-Controller S7 HW
F-Controller Enable NC
F-Controller SPL SIRELAY
F-Motion MD Description
F-Motion Axis Functions
Test Stop

SIAT

inumeri

S

Sinumerik 840D sl Safety Integrated Page 1 This document was produced for training purposes. A104
Siemens assumes no responsibility for its contents.



Sinumerik 840D sl Safety Integrated



Safety Integrated

A104

Safety Integrated: Description

This Module describes the step by step procedures
to start-up and commission Sinumerik System
Based Safety Integrated for the Sinumerik 840D sl.

The procedures described within this module use
Step7 & HMI Operate.

This Module is valid for >= S/W 04.05.xx.xx

As a pre-requisite for this module, It is expected
that the student have a good understanding of the
Sinumerik 840D sl control, including PLC program-
ming, NC & Drive Commissioning.
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System Reguirements:

¢ Sinumerik 840D sl. All NCU types can be used.

¢ Safe Motion Monitoring can only be used in combination with the Sinamics S120 drive system. ADI4, Hydraulic
axes...etc are not supported.

. Software Options ‘Sinumerik Safety Integrated'................
‘Sl Basic’ 6FC5800-0AM63-0YBO
Includes 1 Axis and a maximum of 4 SPL I/O
‘Sl Comfort’ 6FC5800-0AM64-0YBO
Includes 1 Axis and a maximum of 64 SPL 1/O
‘Sl High Feature’ 6FC5800-0AS68-0YBO
Includes 1 Axis and a maximum of 192 SPL I/O (Requires Software >= 4.5)
‘Axis/Spindle’ 6FC5800-0AC70-0YBO

Each additional axis/spindle

‘Axis/Spindle Package’ 6FC5800-0AC60-0YBO
Additional 15 axis/spindle

. Step 7 V5.5 SP3 or higher (No TIA Portal support at this time).

. * Step 7 F-Configuration Tool V5.5 SP9 or higher www.support.automation.siemens.com/\WW/view/en/15208817
This is a supplement to Step7 and is required so that ET200 F Modules can be integrated within the hardware
configuration.

. SinucomNC. V7.6 or higher.

. Only explicitly released encoder systems may be used. A list of the Siemens encoders and motors permissible
for Safety Integrated Functions can be obtained form your local Siemens contact partner.
Only 1v Peak to Peak EDat V2.1 (ENDat 2.2 with additional incremental track - Order designation 02)
or Incremental Drive-CliQ connected encoders are allowed. i.e SMI or SMC, SME...etc.
The use of TTL, HTL, SSI, Resolver, ADI4....etc is not possible for Safety Integrated Functions.

. S120 Book size and up to two Chassis drives may be used. From S/W V4.4 the S120 Combo drive may also be
used.

*

The Step 7 add-on package ‘Distributed Safety Programming’ is not released for Sinumerik.

Notes :
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System Requirements: Cont.

¢ The following F-Capable (Safe) I/O Peripherals are released for use;

The following specifically applies to Safety Functions integrated within the drives:
* The drive based ‘Extended’ Safety Integrated functions (Sinamics) cannot be used in conjunction with Sinumerik.

¢ A software option/license is not required for the drive based ‘Basic’ Safety Integrated functions (Sinamics).

The following drive based ‘Basic’ Safety Integrated Functions can be used with Sinumerik but not in conjunction with
an axis/spindle configured for ‘System’ based Safety.

- Safe Torque Off STO
- Safe Stop 1 SSs1

The drive based ‘Basic’ Safety Integrated Function for ‘Safe Brake Control’ (SBC) can be used in conjunction with
Sinumerik ‘System’ based Safety Integrated.

- Safe Brake Control SBC

Notes :
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Introduction

. Why Safety?
. Advantages of Integrated Safety Technology

Notes :
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Why safety? Machine safety is a must!

Machine manufacturers and operators are obliged by law to
ensure the safety of people and the

environment.

In other words: machinery which is manufactured or operated
in Europe must be safe — whether it is new or used.

Functional safety also protects you from high costs!

There are also sound economic reasons for avoiding as far as
possible every risk a machine may pose, right from the start:

. Avoidance of direct consequential costs of personal
injuries (for medical care, wages and compensations)
° Avoidance of indirect consequential costs of injuries

(e.g. fines due to non-compliance with regulations or
repair costs)

. Enhanced productivity through increased machine
availability: reduction of unplanned downtimes and
smoother production workflows

° Prolonged service life of the systems

. Enhanced global competitiveness through improved
export capability of machines

-

Advantages of integrated safety technology

The integration of safety technology in standard automation
concepts entails considerable and sustainable user benefits
for enhanced competitiveness. Machine manufacturers benefit
from reduced hardware and significantly simplified
engineering.

The result: Considerably faster realization of machines and
systems as well as easier adjustability to new requirements.

The advantages for system operators: They are provided with
safe and more productive machines and systems. A single
integrated system of safety technology and standard
automation reduces downtimes due to improved diagnostics
and this also increases the system availability.

Retrofits and modernizations are simplified: Due to flexible,
modularly expandable concepts, machines and systems can
be upgraded to state-of-the-art technology way more
efficiently.

-

Advantages of integrated safety technology...cont

Increased Efficiency
L] Minimized type differentiations

L] Minimized costs due to a single bus as well as
engineering system

° Easily reproducible machines due to intelligent
software solutions

Increased Standardization

° Simplified operation due to uniform user interfaces

L] Improved reusability due to the application of libraries
L] Reduced variety of control cabinets on machines

o Easier installation due to bus systems

Advantages of integrated safety technology...cont

Increased Productivity

(] Faster commissioning, prewired and certified
components

(] Minimized downtimes due to quick fault localization
and comprehensive diagnostics functions

(] Quicker restarts after system modifications

(] Production without standstills due to additionally

available safe, fault-tolerant systems
(] Space-, time- and cost-saving assembly

Increased Flexibility

(] Tailored solutions due to modular system

. Easy expandability and integration in the Totally
Integrated Automation architecture

. Improved global market opportunities due to availability
of required approvals and compliance with EU
directives

(] Easier maintenance and system expandability due to

long-term product and system availability

Notes :
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CE and the European Standards

. CE certification

° EU Standards (IEC 62061 & ISO EN 13849-1)

° Risk Assessment and Reduction

. Determination of SIL(IEC 62061) and pl(Performance Level - ISO EN 13849-1)

(] Evaluation of Safety Related Devices using the SET, the online Safety Evaluation Tool
Notes :
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CE and the EU Standards

Functional Safety for Machines and Plants
Mandatory in Europe, employed worldwide

European machine manufacturers (product safety) and machine
operators (industrial safety) are required by law to ensure the
protection of persons and the environment.

The safety awareness is constantly increasing in many other
countries where such legal regulations are not yet in place.

Machines “provided” in Europe have to be safe — whether they
are new or old. In this context, the term “provision” implies that
the machine is manufactured or significantly modified in Europe
— or is imported to and operated in Europe.

The basic requirements for machine manufacturers or system
operators who significantly modernize and modify their
machines themselves are laid down in corresponding European
directives — for example in the machinery directives,

EMC directives, etc.

Machinery
directive

CE Mark

The CE conformity process according to the machinery
directive is structured in a number of phases and describes
individual activities which must be performed before the CE
mark is applied.

Performing a Risk Assessment

The EU machinery directive demands 100% documentation of
the risk assessment. Only with this can the directives,
conformity assessments and standards drawn up in Phases 1-3
be appropriately applied to the machine.

The first step on the way to a safe machine is thus the risk as-
sessment — in the very planning phase of the machine.

Risk assessment implementation is to be considered a design-
accompanying process which is to be carried out by experts of
various disciplines. In this context, the EN ISO 12100 standard
offers support by description of an iterative procedure for risk
assessment. Also as an example: in the US, this is covered by
the ANSI B11.0 standard.

Following risk assessment, a decision as to whether risk reduc-
tion measures have to be initiated must be made. Such risk
reduction comprises:

. Design measures
° Technical protective equipment as well as
training measures for users
) =)
Notes :
Sinumerik 840D sl Safety Integrated Page 9 A104
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Risk Reduction

|
Necessary risk reduction

Actual risk reduction

1
|
! Partial risk covered by E/E-/pE Partial risk covered by Partial risk covered !
' safety related systems other technology safety by external risk re- !
1 . 5 TRR |
related duction facilities.
: Programmable Electrical, Systems. Training, :
Electronic safety systems. Guards, Machine Signage...etc
: design...etc |

Iterative Risk Reduction Process in accordance with EN 1050

[ Start ]
v
»| Determine the machine limits
v
Identify the hazard Risk analysis ] [ Risk assessment
4

Estimate the risk
\ 4

Evaluate the risk

v
Yes
Is the machine safe?

No

== Risk reduction and the selection of appropriate safety measures are not part of the risk assessment
process. For further information, refer to EN ISO 12100-1/-2

-

Notes :
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Application of the Safety Standards EN ISO 13849-1 and EN 62061

Conformity with the new machinery directive, and thus exportability and security against liability, can be achieved by machine
manufacturers through application of the EN ISO 13849-1 and EN 62061 standards. These have introduced not only qualitative
observations but also quantitative aspects, whereby “functional safety” and the “safety function” play an important part.
Risk-reducing protective measures described by way of safety functions can be derived from the risk evaluation process. The
safety function solution is then checked and evaluated with hardware and possibly software components until the level of safety
integrity specified in the risk assessment has been attained.

Once the risk assessment is completed, the OEM will then choose an appropriate standard for his machine:

EN 62061 - Based on SIL (Safety Integrity Level) assignment.
or
EN ISO 13849-1 - Based on PL (Performance Level) by risk graph.

The risk elements (S, F, O and P) serve as input variables for both EN62061 and EN ISO 13849-1. The risk elements are
evaluated in different ways; according to EN 62061, a required safety integrity level (SIL) is determined.
According to EN ISO 13849-1, a performance level (PL) is determined.

Risk [ ] . o
Related to the considered danger | I Occurrence Probability
Prevention Possibilities PL

Determination of required SIL (Safety Integrity Level) for EN 62061 (SIL 1, 2 or 3)

Occurrence Probability of | Prevention Possibilities
Hazardous situation

O P
Frequently 5
Probable
ssible é Impossible 5
Rakty 2 | Possible

Neglig%?e\ 1 | Probable / 1

Effects Class
Cl=F+0+P v

3-4 5-7 8-10 11-13 14-15

Death, loss of eye or arm SIL 2 SIL 2 SIL 2 SIL 3 SIL 3

Permanent, loss of fingers SIL1 SIL 2 SIL 3

Reversible, medical treatment SIL 1 SIL 2

Reversible, first aid SIL1
Example: Hazard N E E _ Cl | Safety Measures Safe
Rotating Spindle n * |12 | Monitor protective cover with SIL 2 Yes

Notes :
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Determination of required Performance Level (PL) for EN ISO 13849-162061 (PL a - €)

Risk Parameters

S = Severity of Injury
S1 = Slight (Usually reversible) injury
S2 = Severe (Usually irreversible) injury
including death
Start
F = Frequency and/or duration of exposure to
hazard
F1 = Rare to often and/or short
exposure to hazard
F2 = Frequent to continuous and/or
Long exposure to hazard

P = Probability of avoiding or limiting harm
P1 = Possible under certain circumstances
P2 = Hardly possible

JEEC

A

e —
|
O

Al

A

Al

-]

A

High Risk

Evaluation of Safety Related Devices

Once the ‘SIL’ or 'PL’ has been determined for the machine.
The OEM must then choose the various safety related devices
that will make up the different ‘Safe Systems’ on the machine.
i.e. Emergency Stop, Operator Door....etc

It is the responsibility of the OEM to prove and document that
the combination and integration of the different safety related
devices achieve the ‘SIL’ or ‘PL’ required.

The Safety Evaluation Tool for the IEC 62061 and
ISO 13849-1 standards takes you to your goal directly.

This TUV-tested online tool supports the fast and reliable as-
sessment of your machine's safety functions.

As a result, you are provided with a standard-compliant report,
which can be integrated in the documentation as a proof of

Subsystem 1:
Detecting

Subsystem 2:
Evaluating

Subsystem 3:
Reacting

Advantages of using the Safety Evaluation Tool

(] Certainty regarding compliance with the standards:
TUV-tested tool

° Free use of the online tool

° Automatic calculation in accordance with current stan-
dards

° Rapid result: report compliant with the standards

° Time savings in terms of safety function assessment

° Fast access to current product data

° Comfortable archiving: Projects can be saved and
called up again as required

° Fast and easy handling: Comprehensive, pre-defined
example libraries

° Selection menus for determining the DC and CCF

° Input of different operating cycles with a two-channel
design

. Calculation of failure rate

(] Selection assistant for drive components

Here is a link to the Safety Evaluation Tool

Notes :

Al104
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Safety Integrated

Online Safety Evaluation Tool (SET).

SIEMENS

|

Logle group - 150 138481 -
Name
Manufacturer

Productgroup

Producttype

Integrated communication

connection

Order number

More order numbers

General description

SNUMERK NCU

Siemens

SNUMERK 8400 3!

NCU 730.2

Irrelevant

6FCSI73- SINUMERIK Safety
0ARZO0-DAAZ  infegraled

Consideration of safety integrity acc to 150 138491

Consideration of safety integrity

Safety function

E04 EO5 E08 EO07 E08

Reference
designations

Max. service life (in
years)

PFHD PROFisafe incl.

Welcome Garry Mepham & - Logout

20

PLg
£.50E.08

1.00 E-09

SAFETY EVALUATION TOOL - tested by TUV

uvsup —
-
| 3|

-

The Safety Evaluation Tool contains useful examples based
on Sinumerik 840D sl. These examples cover both IEC 62061

and I1SO EN 13849-1.

The tool can produce a multi-page report that confirms the
safety integrity of the safety related components used in your
project. This report can form part of the technical file for the

machine.

SET projects can be saved locally and loaded again in the

future.

The tool provides online help and tutorials to help you get

started.

Notes :
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Drive Based S| v System Based SI

. Drive Based Functions v System Based Functions

Notes :
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Drive vs System Based Safety Integrated Functions

For the Sinumerik 840D sl, there are two concepts of Safety Integrated that can be applied:

- Drive Based Safety Functions (Only Basic Func- =
tions) Drive based System based
-STO Safe Torque Off
-SS1 Safe Stop 1
-SBC Safe Brake Control

- System Based Safety Functions
-SH (STO) Safe Standstill

-SBH (SOS) Safe Operational Stop Sinamics

-Safe Stopping Process (External Stops A-E) Drive

-SBR Safe Braking Ramp Integrated Integrated
-SG (SLS) Safe Reduced/Limited Speed Safety Safety

-Safe Speed Limit/Monitor (n<n,) (SSM) fuhcHons SHOCKONS

-SE (SLP) Safe Software Limit Switches PLC
Safe Limited Position.

-SN (SCA) Safe Software Cams

-SBC Safe Brake Control
-SBT Safe Brake Test H
-SGE/SGA Safety Related Inputs/Outputs: M p=E UE

- Profibus
- Profinet
-SPL Safe Programmable Logic
-Safe Communication:
- Profibus STO, SS1, SBC, SLS, SSM, SLP & SCA refer to naming conventions of
- Profinet IEC61800-5-2.

-

Drive vs System Based Safety Integrated Functions

The two concepts can both be applied within the same control to different axes/spindles. However, the ‘Drive Based’ function
for SBC (Safe Brake Control) can also be applied to axes/spindles that are configured for ‘System Based Safety’.

Drive based Safety (Drive Integrated)

Sinamics Drive Based Safety requires an « System based Safety (Motion Monitoring)
external hardware interface to control the
Safety Functions. Controlled Detected and

via controlled by

Profisafe and SPL

Hardware

Sinumerik System Based Safety allows for
Safety Related Devices to be directly con- P24

nected via F-Capable peripherals for monitor- Safe Standst

. MoM

ing and control by the SPL (Safe Programma- ., Gl

ble Logic) within the control. The SPL can thus )
control the ‘System Based Safety Functions’. f:fﬁcs,f;"x%s“”

SH/SBC
Wiring via

terminals
necessary

Notes :
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Typical wiring diagram for Drive Based Safety:

NCU 7x0 Motor Module
|DR|VE-CLiQ 1 DRIVE-CLIQ |
P S ————
NCU X122.4 BI:
Dl x [vo620

_‘_—* 0722x )| )
£ 1 3w

Monitoring channel
Control Unit

" | DRIVE-CLIQ

u2 O
ve ;
) ) = Temp+ w2 &
Monitoring channel "
b
Motor Module
_I:j\ b= EP +24 V BR+ O
BR-
T = EP MD 'r

. OR

By using a second CU input, e.g. NCU X122.3, a second
group of axes can be created for independent Drive Based Note: For System Based Safety Integrated, wiring of the
Safety Integrated (DBsi) functions: CU inputs or EP terminals of the motor modules is not
required.
_H
L
+ |
Selecting/ Selecting/de-selecting
de-selecting Group 1 NCU7x0 it i e
Group 2 | o £P w! ® P
:
x1323 | DI : s
=ik Aedl
b odule iotor Viotor lor
M  N— Module | Module | Module
Drive Drive Drive
1 2 i3 4
Group 1 Group 2

Notes :
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Overview of System Based Safety Integrated Functions

° Sinumerik 840D sl and Safety
° Scope of included functions
(] Brief description of all functions

Safe Standstill and Safe Operational Stop
Safe Stopping Process

Safe Braking Ramp

Safe Reduced Velocity

Safe Speed Monitor

Safe End Switches

Safe Cams

Safety Related 1/0
Safe Programmable Logic

Safe Brake Management, including Safe Brake Control and Safe Brake Test

Notes :
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SINUMERIK 840D sl Safety Integrated

SINUMERIK Safety Integrated is a comprehensive safety
package that helps protect both man and machinery.

It ensures high efficiency and profitability due to the complete
integration of safety functions into the control and drive tech-
nology.

In addition, you can safely and practicably operate your
machine under all operating conditions requested, for exam-
ple, in setup and test mode with open protective door.

The safety functions fulfill all requirements according to

DIN EN 61508 for applications up to and including SIL 2
(Safety Integrity Level) and Category 3 as well as PL d
(Performance Level) according to DIN EN I1SO 13849. You can
thus conveniently and economically fulfill the major require-

Included in the function scope are the following, e.g.:

° Functions to safely stop drives
° Functions to safely monitor motion
(] Direct connection of all safety-related signals and

internal logic operation.

Product features

° Functions for operator and machine protection

° Short response times due to integration into the drive
system

° Suitable for all modes of operation

° Replaces external electromechanical devices

Customer benefits

- ° High safety: Contiguous realization of Class 3/ SIL 2
ments placed on functional safety. )
P y safety functions (EN 954-1)
° High flexibility: Practice-oriented safety and operating
concepts can be realized
° High cost effectiveness: Reduction of hardware and
installation costs
° High availability: Electromechanically operated contact
mechanisms susceptible to interference are no longer
required
=) )
Functions _ _ . Safe software cams (SN) Area recognition
The safety functions are available in all modes and can ) )
communicate with the process via safety-related input/output ® Safety-relevant input/output signals (SGE/SGA) Process
. interface
signals.
° Safe programmable logic (SPL) Direct connection of all
The functions can be realized for each individual axis and spin- safety-relevant signals and their internal logic
dle: combination.
° Safe brake management (SBM) - 2-channel brake

. Safe stopping process Safely transfers the drives from
motion to standstill as soon as a monitoring function or
a sensor (e.g. a light barrier) responds.

° Safe acceleration monitoring (SAM) This function
monitors the speed characteristic. The speed must be
decreased after a stop request

control (SBC) (integrated in the Motor Module) - Cyclic
brake test (SBT)

° Safety-relevant communication via standard bus -
Connection of distributed I/O for process and safety
signals via PROFIBUS/PROFINET with the PROFIsafe
protocol - Safety-related CPU — CPU communication

L Safe operation stop (SBH) This safety function monitors e Safe network transition between ASI and PROFIBUS
the drives for standstill. The drives are fully functional in The DP/AS-I F-Link provides for a safe transition from
the bearing. ASlsafe to PROFIsafe. All safety-related signals are

° Safe standstill (SH) Pulse suppression of the drives and collected via the AS-i bus.
safe, electronic interruption of power supply ° Integrated acceptance test

o Safely reduced speed (SG) Monitoring of configurable Partially automated acceptance test for all safety-
speed limits, e.g. upon setup without pressing an relevant functlons. Con\(enler!t operation of thg test se-
enable key. quence, automatic configuration of trace functions and

. . automatic generation of the acceptance certificate.

(] Safety-related output n < nx Safe velocity detection of a
drive

. Safe software limit switches (SE) Variable traversing
range limits

) )
Notes :
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System Based Safety

Today, Safety Technology Moving Towards Software and Electronics.

External

Drive
control unit

Integrated

Safe
communication

External
safety technology

Drive
control unit

Safety
Integrated

System based ‘Integrated Safety’ allows for much faster reaction times of the safety system with ‘built in’ diagnostics.

The existing CPU’s form a two-channel diverse system structure.

i

Incremental
or absolute

PLC
Computer

Typ3

Crosswise data and
result comparison

NC - Feedback signals
> Computer ¢
Typ 1

Crosswise data and
result comparison
Shutdown path
Drive B

Drive
power
module

! |

B

Computer ¢
Typ 2

N Feedback signals

With only the addition of ProfiSafe 1/0, the standard architecture of the 840D sl & Sinamics S120 drives allow the system based
safety integrated features to be implemented. No extra hardware required!

Separate processes in the NC and Drives give redundancy for safe motion monitoring functions. Each process has its own
‘Shutdown Path’ that can put each drive into a 'Safe State’. Safe functions can be implemented with a single encoder, Absolute

or incremental.

-

Notes :
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Overview of the System Based Safety Functions:

SH Safe Standstill (Safe torque off (STO))

The drive pulses are cancelled. The motor and drive power are safety and electronically
‘ ‘ disconnected.

o SBH Safe Operational Stop (Safe operating stop (SOS))
The motor/encoder are safely monitored for standstill. The drive and motor remain fully
operational in closed loop control.

Safe working with protective door open to allow.... Operational axes....

. Checking . Vertical Axes
. Measuring . Non-symmetrical work-
. Cleanin pieces
T 9 . Axes without friction
. Aligning (linear motors)
. Removal of Swarf(Chips)
. Changing of Workpieces Safe pulse disabled axes....
N Changing Tools . Spindle can be rotated
manually
¢ ° Emergency Stop
Advantages....
o Fast Restart of machine
o Less brake wear
o No loss of accuracy
L]
)
Safe Stopping Process (Safe External Stops A-E)
When a monitoring function or sensor responds (e.g. Light Barrier), the drives are safely controlled to standstill.
The axes can remain operational and are safety monitored for standstill.
Stop Category according to EN60204 part 1 and NFPA 79
Stop Stop
B =
with with Path-related Inclusive
setpoint setpoint in the group retraction
input “0* input “0* conditions
"Safe operating stop" SBH
(Drive is still in closed-loop control)
. Only under fault conditions
"Safe standstill" SH
(Drive is torque-free)
Stopping process can be adapted to suit machine. Axes can be braked along the current acceleration profile or at axis
specific current limit. Stop’s A, C, D & E can be directly controlled by the safe logic.
d

Notes :
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SBR Safe Braking Ramp

Monitors the speed characteristic. The speed must be reduced after a Stop request has been issued.

fault detection

- -
»

......

Safe drive pulse suppression
(electronic power supply disconnection)

Safe brake ramp (SBR)
. Effective with Stop B and C
v [m/s]
Acceleration due to /'
fault /
/
Prompt

Without external brakes
speed / velocity acceptance
through mechanical friction only

/

ty STOPBor StopC
t SBR exceeded
ts STOP Ais activated (SH)

SBR is activated

t[ms]

SG Safe Reduced Velocity

There are four velocity levels per axis.

velocity limits per axis/

REDUCE spindle.

SPEED
NOW

Working with the protective door open....
¢ Single handed operation for jogging axes
e Spindle can be rotated (With enable button)

e Programs tested i.e. measuring cycles (With en-
able button)

Special Applications....
e Burst/Rupture protection for grinding wheels
e Max. spindle speed (depending on chuck)
e Protective Door only released below safe speed

Advantages....
e Improved Machine Control
e High flexibility, usability, Operator friendly

The axes/spindles are subject to configurable safe limits.

Levels 2 & 4 can be subject to a 16 position override thus giving upto 34 different ‘Safe’

Notes :
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Safe Speed Monitor N < Nx

Speed curve DRV
Speed curve NCK v

Filtering: +n

For actual value fluctuations,
e.g. as a result of mechanical
vibration of the machine, signal,
n< ny is kept more stable.

Hysteresis:

Continuous switching is prevented

|
|
for slight speed fluctuations (“flicker”) r \ % i - N
around the threshold “n,”. /’%W Wm% -n,- T;Ierance
|w I
11 |

Synchronization:

Definition of a tolerance bandwidth. SGA

b _
n<n, |_| I

Different signal states within the
Tolerance bandwidth no longer result

in a fault.

)
Safe software limit switch (SE)
e Two selectable Safe End-Switch pairs per axis
e A Safe Stop response is configured if the traversing range is violated
Safe software cams (SN)
e Variable range detection. 4 Cam Pairs per axis
e Safe Cam track. Upto 30 Cams per axis
X
- i
111111111111111111111111/1 GIITIININI S E zzzzzmzﬂ
0
1
SN 1+ SN 1-
@ Zone 2 20} Zone 1 ® | -SE1
\ — L, - 1 Protective door
SE1/2 SE2
@ Biocked
Access O
-

Notes :
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‘Safe Brake Control - SBC’ and ‘Safe Brake Test’ together form ‘Safe Brake Management’.

Safe brake management - SBM

|

v
Safe brake test I +

@ The brake is tested with
the electric drive

© The test torque is
monitored

© The movement of the
axes is mqnitored

v

v

Safe brake control

© Plus and Minus (P/M)
P/M switching control

© The control cables are
monitored

© Forced checking
procedure

v

Safe brake function |

Conventional
brake control

External brake no longer
functional.
Vertical axis crashes

brake control

'} SINAMICS
Motormodule

24V /l/

The brake remains fully
functional !

A vertical axis is safely held
in its position

—
Significantly reduced risk
"Safe brake management” allows the system to safely perform all brake applications within a uniform process.
Less machine damage
The direct, electronic control allows to achieve minimum response times and reduces axis sagging. This prevents production
failures following machine crash and increases machine availability.
Reduced brake wear
By using the function "safe operating stop - SBH (SOS)" function, the vertical axes only ever needs to be held by the
mechanical brake device in exceptional cases.
The existing safe drive is considered as a fully adequate, safe holding system
When using the ‘Safe Operational Stop - SBH (SOS)’ function.
SINAMICS
Motormodule
24V /1/
With “safe brake management®, the existing mechanical brake is considered as a fully adequate,
@ safe holding system.
)
Notes :
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<=
<=
)
)

e ET200s

4 F-DI

4 F-DO

4 F-DI/ 3 F-DO
PME-F

F-RO

Safety Related Inputs and Output Signals (SGE/SGA)

Failsafe I/0O systems via ProfiBus or ProfiNet.

6ES7 138-4FA0_-0ABO
6ES7 138-4FB0_-0ABO
6ES7 138-4FCO_-0ABO
6ES7 138-4CF0_-0ABO
6ES7 138-4FR0O_-0AAOQ

ET200eco (ProfiBus Only)
ET200pro

ET200M (V4.4 Spl)
DP/ASi — F Link

Safe Communication to F-CPU or other Sinumerik 840D sl
over ProfiBus or ProfiNet.

Safe Programmable Logic (SPL)

e Direct connection of safety related devices via Safety Related I/O - SGE/SGA.

e Cyclic execution of the SPL independent of the user program.

e Independent of all NC operating modes and status.

t ’I e SPL active at system run-up.
\ TUERSICH e
BETART s 2
ZEITUEB
& SBEIN
ANWTUER 1'_|_
= le . — SBHSGAUS NCK
| L monitoring
& | ;‘-1,& channel
ZUST —
:Macro definitions

DEFINE  TUERSICH AS $A_INSE[1] s external SPL interface (to the periphery)
DEFINE BEETART AS $A_INSE[2]
DEFINE ZEITUEB AS $A_INSE[3]
DEFINE  ANWTUER AS FA_INSE[4]
DEFINE  ZUST AS $A_INSE[5]
DEFINE SBEIN AS $A_MARKERSI[1] iintemal SPL status flags.
DEFINE  SBHSGAUSAS $A_OUTSI[1) ;intemal SPL interface to the NCK monitoring channal
DEFINE SGAUS AS $A_OUTSI2]

:Logic operations

IDS=01D0C SBEIN=(TUERSICH ANDBETARTAND ZEITUEB) AND (ANWTUER OR SBEIN)
IDS=02 D0 SBHSGAUS = TUERSICH ANDNOT SBEIN
IDS=03D0 SGAUS = SBHSGAUS OR (ZUSTAND BETART)

:End of program
M17

Notes :

Al104
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System Based Safety Wiring Diagram Examples

° Basic wiring example
° Detailed wiring example
Notes :
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Due to the ability to directly connect Safety Related Devices to  Example of the required wiring to the 840D NCU X122.
the 840D using Safe Inputs and Outputs, the use of conven-
tional safe monitoring relay devices is no longer required.

Guard Door switches, Emergency Stop push-buttons, light bar- ML Az i
riers...etc can all be directly connected and controlled. OFF 1: ° ® Qx.y
OFF3: 2 & - Qx.z

Depending on the application, it may also be possible to re-
move the power contactor that supplies the drive power.

Hard-wired over-travel or end-limit switches are also no longer
required as this function can no be done safely within the sys-
tem.

P OO~NOUIAWNPE
N
Recocooan
<

o
Zoommios

4

The control of X122.2 for OFF3 has the following possibilities:
(] PLC Output

° Connected directly to 24V

L] P849[0] = BICO 1 in each drive

- -

Detailed Wiring Example
A drive group without main contactor, however, with the system/drive-integrated safety function of the SINUMERIK 840D sil;
connection of the safety sensor technology / actuators using ET200S.

Power supply of the NCU 710 (=6.-K11)

Control signals to the NCU 710; digital inputs and digital outputs using the data of the standard macros
DRIVE-CLIQ connection to the power units

PROFIBUS connection to the ET200S distributed peripherals (=6.-K82)

Control signals to the ET200S distributed peripherals

Supply and control of the Line Module, including the integration of the auxiliary contact of the main power switch
Supply and control of the Double Motor Module (=6.-Q61)

Motor, holding brake and sensor system (motor-integrated sensor component) connection to the Motor Module
Constant motor outgoing feeder using ET200S "Standard" motor starter (=6.-Q86.1)

Constant motor outgoing feeder using ET200S "Fail-safe" motor starter (=6.-Q95.1)

Safety control with ET200S safe digital input modules (=6.-K92.1, -K93) and output modules (=6.-K94)

Safe interface level for external signals (=6.-K132, -K134)

All sensor/actuator signals required for the safety function are connected to the fail-safe modules of the ET200S peripherals
(=6.-K92.1, -K93, -K94, -K95). All fail-safe signals are linked using the system/drive-integrated safety function of the SINUMERIK
840D sl. External safety relays or safety controllers are no longer required. An external control of the SH/SBC function using the
terminals on the NCU or on the Motor Modules is also not required but is performed internally by the system.

Notice that the OFF1 (X122.1) is now controlled by a standard PLC output and that there is no longer a requirement for a power
contactor. OFF3 (X122.2) is shown here also connected to a standard PLC output. However, it could also be connected to +24V
or BICO=1 using p849 in each drive.

Notes :
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OEM Documentation (Function Table)

. OEM Documentation

. Function Table example

. Description of Safety Related Devices example
Notes :
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OEM Documentation It is also useful to have a list of the Safe Inputs and Outputs
assigned to the F-Modules;

It is the responsibility of the OEM to provide documentation
relating to the functional safety requirements of the machine.

4 F-DI Module
This documentation should describe the interaction of the
safety related devices fitted to the machine with the system $A_INSE[1] Emergency Stop from HT2
based safety functions of the Sinumerik 840D. $A_INSE[2] Emergency Stop Reset Push Button
$A_INSE[3] Operator Door Guard Switch
This should be in the form of a ‘Function Table’. $A_INSE[4] HT2 Enable Button

The documentation should also include a description of each 4 F-DI/3 F-DO Module
safety related device (Emergency Stop Push Buttons, Enable Inputs

Buttons/Key-switches, Guard Door Switches....etc). It should $A_INSE[9] End Limit Override Keyswitch
describe how that device is to be used. $A_INSE[10] Setup Mode Keyswitch
$A_INSE[11] Mode 3 Keyswitch
Electrical schematics showing the connection for each safety $A_INSE[12] Spare
related device with the safe 1/O should also be provided.
Outputs
Prior to commissioning System Based safety Integrated, the $A_OUTSE[1] Output for KA1 & KA2 Contactors
OEM must provide documentation to describe the following; $A_OUTSE[2] Spare
$A_OUTSE[3] Spare
° Function Table
° Description of Safety Related Devices
(] Electrical schematics of safety related device connec-

tions to safe I/O.

= -

Example of a Function Table

This table can be entered in section 2.1 of the SIAT (Safety Integrated Acceptance Test) document.
(This will be covered later in this document)

Operating mode Protective doors Axis / spindle Monitoring
Production Closed X1, Y1, Al C1 SG4 (SVv4)
SP1 SG4 (SV4)
Released X1,Y1, AL C1 SBH (SOS)
SP1 SBH (SOS)
Setup Closed X1, Y1l Al C1 SG2 (SV2)
SP1 SG2 (SV2)
Released X1,Y1, AL C1 SG1 (SV1)
SP1 SBH (SOS)/
SG1 (SV1) With HT2 Enable

Notes :
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Example Description of Safety Related Devices

This table can be entered in section 2.3 of the SIAT (Safety Integrated Acceptance Test) document.
(This will be covered later in this document)

Emergency Stop from HT2 ($A_INSE[1]):

A Stop C for X1, Y1, Al, C1 and Spindle is activated via the SPL using the EMERGENCY STOP signal and the
external brakes and the SH (Safe Satndstill) are then activated via STOP A. For an EMERGENCY STOP hy-
draulic pump, cooling-medium pump, chip conveyor and tool revolver are safely stopped, if safety-relevant via
SGAs (Safety Related Outputs) of the SPL.

Emergency Stop Reset Push Button ($A_INSE[2]):

The two-channel button is used to acknowledge the emergency stop and panel monitoring function (power is
switched-in).

Operator Door Guard Switch ($A_INSE[3]):

The operator door has a protective door switch. The protective door switch outputs the two-channel signal
“doors closed and interlocked”. The safety functions are changed-over and selected in accordance with the pre-
vious table.

HT2 Enable Button ($A_INSE[4]):
The Two-Channel enable button is used to allow the spindle to be run at reduced velocity with the operator door
open.

End Limit Override Keyswitch ($A_INSE[9]):
The Two-Channel Spring-return Key-switch selects SE2 and allows the axes to be jogged clear of the end limits
for SE1.

Setup Mode Keyswitch ($A_INSE[10]):

The “production” and “setting-up” modes are selected using the mode selector switch. The key-operated switch
has two contact levels. The safety functions are changed-over and selected in accordance with the previous
table.

Output for KA1 & KA2 Contactors ($A_OUTSE[1]):

KA1 and KA2 are non-positively guided relays driven in parallel by safe a output. They are energized as long as
the SPL SIRELAY is reset. A normally closed check-back circuit is connected to 136.0 and is monitored by the
PLC test stop routine for correct operation of the contactors.

Test Stop:
The test stop routine is executed every 8hours, following complete power-off-on and also manually at any time
with MCP User key 1.

Notes :
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F-Controller Logic: Step7 Hardware Configuration

This section describes how to adapt the hardware configuration of Step7 so as to add the ET200s (IM151-3PN) rack to the

existing ProfiNet network and also configure the Safety Related Input & Output F— Modules.

Notes :
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Enter the part number of the IM151-3 PN module and
Using the Step7 project ‘A102_001’, open the Hardware Con-  S€arch.....
figuration. i 15 c JRETE
lsm w Ineet ac w w Wrdow qsh SLIES
D@22 % & Be db Do BN
!rsNAu( Manager - [A102_001 -- D:\ #Customers#’,..\RIG\CourseRig\A102_001] = =101x| & ol xi
: — e b= commrr|
Dl [ E"Q ¥ :.- B * a §.¢ nﬂ " E <NoFier> % E@E BEM _'_munausm-;mu DF mash
;1052;1031 - o 3 5INAM s Is::u £
UMERIK T BN
i CPUNITF-3PN/OP || [ CPu 3177 3PNDP - cPu ) nme ﬂg . Falbuted
=@ §7 Ps'zi‘” :!cp B00 o 5 020, 2 Gaemay
ﬁsw‘x 8 SINAMICS lntegrat. - SINAMICS _Imegrated i3 106 : Ethamatl} PROFINET D Spe S i
sfcmwzl * £ ET 200eco PN
+ SINAMICS Irtegtalec © L ET200M
. __]fx[
e
P
::!533253350
M1 APHF Ve
; E!;‘i:?f?g
6E57 151 BA230A80 - H
',..2.."‘.‘42?13»‘?"';‘?:‘»’-’2@3
| [for ET 2005 slecwone modudes, =l
< 1204 | ja| Press F1 to gat Hip, | — | {— ]
Pross F1 to get Help. TCPIIP -> IntekR) 82577WM Gigal |
...or, expand the path ‘PROFINET 10’
>> /O’ >> ‘ET200S’ and select the corresponding part num-
ber and version as stated on the actual hardware.
Once you have identified the correct module, drag the ‘IM-
151-3 PN HF V?.?’ to the ProfiNet bus.
) )
Once the IM 151-3 module has been placed onto the bus, The following two pages contain information that applies only to the
double click (or Alt+Return) to display the module properties. NCU 7x0.3 which has ‘CPU 317 F’ integrated.
e a2 . = The safety Integrated functions known from the SIMATIC F-CPU
Goreral | ideificaion| Shaed | Accas | cannot be used in the SINUMERIK environment.
Shon description: 1M151.3PN
Fﬁ‘jwwm%?;”*@;ﬁ‘ﬂ““m If the software package ‘S7 Distributed Safety Programming’ is in-
P Sy T el P s ) stalled within Step 7, you will be requested to enter a password allow
Orderr / Fimware: 6657 151:384230880 /7.0 set up of a safety program. This will always appear whenever you
Famiy: ET2005 attempt to display or modify the safety settings in the HW Config.
=
Node in PROFINET 10 Sy;
Dexics rumber: 10 - [FROFNETI0Sptem 100) Dld passiword
P address 1521681503 Ethomat. | i pasenced
Bl e o For the purpose of this class, i
: change the ‘Device number’ to
10 and note the ‘IP address’ and e
‘Device Name’ i oot
o] b |
Click on the ‘Cancel’ key to acknowledge this dialogue.
_owca || wie |
Note: You do not need to enter a password when using the Safety
Make a note of the ‘Device Name’ (This can be changed if Integrated functions of the SINUMERIK 840D sl!
required to suit a drawing reference for example) and IP ad-
dress. We will need these later. If you do assign a password here, this cannot be undone!

Click ‘OK’ when finished to close the properties window.

Notes :
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If you have assigned a password, you must always enter this pass-
word when subsequently modifying the HW Config. Without entering
the password, you have only read-only access to the parameter set-
ting of the F-Modules.

# Password for Safety Program x|

© Enlerpassword: |

(" Read-only access [no password necessary]

To continue with the hardware configuration. Select the cor-
rect sub folder (below the IM151-3) from the hardware cata-
logue and Insert the PM module into slot 1 of the IM151-3PN
rack, the ‘4/8 F-DI’ module to slot 2 and the ‘4 F-DI/3 F-DO’
module to slot 3.

T2 1W Config - [SINUMERIK (Configuration) — A102_0011
Stetion Edt trwert PLC View  Optons  Window el

i -alfumuw:

R Prefle | Starded =
@ el chior mcr =
[i' o a3 o |
Cop = - 3 oUoo
€ Fothi a0 Password for Safety Program Ethemet( } PROFINE 1405 ystem [100) 4FOU3FD0 DC24
v 4FOU3FDODC2
7 I Cancel | " Enter password: |
& Head-only access [no password necessaiy < I B 60 Moo
=
~ For all other actions _j_j o} IM151.FN " Spaciel modules
IMIS13PNHS V10
St ¥ Ordes ruambes A IM151-3PH HS V20
" Far this access only "””” I 7772 72T I V77, . v IMIS1.3PH HS V2 1
' 8774 & IMI513PH HS V30
\/ F\w’ S & IMIS1:3PN 5T VA D
1 PME DC24V BES7 138.-40A01 DAAD B|7: JFi BT AINLSs a0
WA LLas - 513 STVED
oK Cancel I Help I 2 48 FDI D24V lGES7 136 ADSORE0 0.5 03 il ::::;: 12:;- :m
IMIS1-3PN STVT D
IM1518 PN/DP CPU -
8] Ee— _'!J
57 139.4FC01 0580 3]
ol irput/outond module 4 FDL3
o DC2MV/28, PROFIsle V2.
Note: Once a password has been assigned, the Step 7 addon S —— —

package ‘S7 Distributed Safety Programming’ is required to
modify the HW Config. In this case, the ‘S7 F Configuration Pack’
no longer suffices. You must be aware of this when sharing the
Step 7 project with a colleague or customer.

-

When the F-Modules are inserted, they are automatically as-
signed the next available I/O start addresses. Sinumerik
Safety does not actually access the Safety Related 1/0 using
these addresses. Therefore, It makes sense to re-assign the
F-Modules to a higher address range, away from that used by
the standard machine 1/O.

)

Open the ‘Properties’ dialog for each F-Module in turn and
select the ‘Addresses’ tab.

Change the start address of both the Inputs and Outputs for
the ‘4/8F-DI’ module and the ‘4F-DI/3F-DO’ module to suit-
able values. Both I/O start addresses must be the same
on each F-Module.

=] |
=] I T S |

=

e ———f NO'E: Make sure that

M s

S et | i | Tomsom i | o the selected address

£ o0 ; range is within the

i T maximum Pl & PIO [T ]

-
—
Scancich b hmcommncain) [0 (Process Image of
Inputs & Process
Image of Outputs)
areas as configured

within the properties

Sce of the pocesswsage (ot wea 1024
spdmumqwu

Now select the ‘Parameter’ tab for each module and note the
‘F_source_address’, ‘F_dest_address’ and the ‘DIP switch
setting(9..0)’. We will need this information later.

Properties - 4/8 F-D1 DCZ4V - (R-/$2)

Geneal | Addresses  Parameters |

Parametes Vabe
=) Sy Paramaters

2000: CPU 317F-3 P08
200

9.0y 0011001000

General| Addiesses Parameters |

Parametes Vahie
,_pu oters

2000: CPU 317F-3 PI0e
_] F des: ud’e’; 199
(&) DIP pwitch sattinn (9...0) 0011000111

25 Mode perammter

The ‘F_source_address’ will be the same for all modules as
this is the address of the Profibus/ProfiNet F-Master (CPU
31x).

Clock Mumcry
Aiarmnd — page of the CPU. Step7 allocates a unique ‘F_dest_address’ (Destination Ad-
dress) for each safe module from 200 down. (200, 199,
=] Cancel Heo 198etC)
=) )
Notes
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Note: Power must be switched off for this step!

Remove each F-Module from the rack and set the DIP
switches of each module in accordance with the
F_dest_address / DIP switch setting(9..0) value.

HZ] F_dest_address
L] DIP switch setting {9...00

[=] E monitoring bme (el

Once the DIP switches have been set correctly and the
F-Module inserted back into the rack, power can once again

be applied.
2

The following applies to ProfiNet I/O only.

Some ProfiNet devices (including the IM151-3PN) do not have
address switches to identify them on the network. These
devices need to be programmed with a ‘Device Name’ and ‘IP
Address’.

To program the IM151-3PN in this case, select the menu ‘PLC
>> Ethernet >> Edit Ethernet Node'.

Note: Ensure that the PG/PC is connected to X150 on the
NCU and the PG/PC is set to a DHCP assigned IP address.

L2 HW Conlin - [SINUMERIK (Canfigurstion) — A1GZ_001] =101 x|
By St ES Ieert [PLC Yiew Optio Wadow  Hel =181 ]|
| 2.8 ownbad., ki
OFs-8 8 ¢ :
| six
| Sychen [6257 151208230080 M(:I
Bufle [Sturiad -
= g PROFINET 1D .!
o Addtiorwd Febd Dwvices
& 2 Dive:
IR P2 : JET 1D Systen (100) w3 Gotmwy
i F 3 WMl
B =41
£ y. In # 3 ET 200eco FN
m # O ET 200N
3 ‘ & 23 ET 2000
I =2 ET 205
% Q) 650
Varfy Device Nae.., & g MISTIPN
s g Davice e ., ¥ @ MIS1IPN
3] | v @ MISI3IFNFOVED
. MISI3FNFOVED
| (10 IN151-PN MISL3IFNFOVE ]
WMISLIFNFO V70
Siot| [ M| Outerrurvbn | ladtess | Oadtess | Disgrostc asbuss Care A_{ IM159-3 PN HF
& g u:JA's)ln-.-a #1767 fa 51PN HFVED
wr (I Aviad | (% Al 11513 PN HFVED
Al A £ 1513 FNHEVED
YIAI] Aer, 1 al IM151.3FNHF VE1
I = N‘H-JPNHFWH_I:,
e »
[(E57 191 36423 0480 2] 2
[PROANET 1D device rherisce
- odhie M 151-3PN HF (ERTEC200)
) |ET 2005 dechor mebder. o
Duplays the adress of the sadionis) on Eterret to be chanond I e -

Clicking on the ‘Browse..." button will display the devices avail-
able on the ProfiNet network.

e Ehernettode =
Ethernet node
Nodes accessible online
MAC address: [00‘18»182968‘25 Browss,..
Set 1P eonfionration
Browse Network - 3 Nodes x|
Start ' || IP address MAC address Device type | Name
1921681501 00-1F-F8-08-71-DD  57-300 prvio
Siop ' 192.168.150.2 00-1C-05-04-50-38  SINUMERIK  pp72+48;
v Fast search
| | |
Flash MALC sddress: [mmqg.z;.mm
‘ Cancel H
= e | b
Reset to factory settings
Resat I
Close Help

Select the ET 200S device and click ‘OK’.

Enter the ‘IP address’, ‘Subnet mask’ and ‘Device name’
that we noted earlier.

£l
Ethemet node
Nodes scomssbls crine

MAL pddeess: 00-16-18-2F-L8-25 Browss.
SetIP configuiaion

& Use I parameters

P addiess [1221621503 g o e

Subral mak 265,265,255 0 ™ Use router

| ERC3E
Edit Ethernet Node (4502:703) x|

" Obkain [P address from a DHCP server

Icbaniiiad by~

o ey i) The parameters were fansfested succasshully.

Clegt 10
[ #een e conigusion. _tee |
Assign device name

Device name: IM151-3PN

- Resat lo lacloty ssttngs

_ e |

Now click ‘Assign IP Configuration’ then ‘Assign Name’.
After each step you should see the dialogue box as shown
here.

We have now successfully programmed the IM151-3PN device
so that it can be recognized on the ProfiNet network. Close the
‘Edit Ethernet Node’ Dialogue.

)

Notes :
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The hardware configuration can now be compiled and Click through the usual dialog boxes to complete the
downloaded to the PLC in the normal way. download and restart of the PLC-CPU.

Select Target Module

Target moddes:

Note: Ensure that the PG/PC is connected to X127 on the NCU
and the PG/PC is set to a DHCP assigned IP address.

Use the menus.......

Select Node Address B

x|
mﬁmm-n-nmmmmmdwnmwzms
FEHW Config - [SINUMERIK (Configuration) -- A102_001]
Bl staton EdR Insert PLC View Options Window Hep Rk =]
New, Ctrl+N | S =
I e il TR __ seeas | e
1 m““ PROFIBUS Ink Al
S _—
= —
FEERRT SrE=T '“‘j x|
— P — 192,165 2151 Station:
Proparties.., L2 HW Config - [SINUMERIK (Configuration) — A102_001] . SINUMERIK
s O siston €4 nset | FLC_View Optics Window_Help e Modie
Export... D@28 §l¢ v ‘ {072/0)CPU 317F-3 PN/DP
wmw i ¥ (OYNCL 720.3PN Gawnlsed Mod s Tdentificali yated | n
3 = 1 T8 At cation b « ]
gzpm ;Nwle s = _Cwed | |
XISOP2R PM‘J t ol ET-10:
A ;%mm 317F-3PN/DP [B O/S 2] iz in the
..... or the toolbar Icons. Doyostank (o stad Hhes macis novs fccmplele smatad?
+m~|t?9a||§||gl|ﬁ|wllﬁi
After downloading of the hardware configuration, the PLC HMI Operate offers some very useful diagnostic screens for

should be in STOP mode and the SF LED will be illuminated. showing the status of ProfiBus & ProfiNet devices....

At this stage, the PN and DP LED's on the NCU should notbe | & | 42| 2| & FA| N

Program

iluminated. Also, the BF LED on the IM151-3 will also be off. [ochie | Pormeter | Prooat | maroges | mostos | S
This means that the IM151-3 is correctly configured and recog-
nized on the bus. m o FEEAEERES & [Pl

PNAE
X1z

A\\" T R B 1] P1e sion-ot-1o meatemy
diagnestics  PN1/PN2

Here you can

Shatus PROFINET diagrestios! skwes see that the two
I S ProfiNet devices
Ni ‘ .
e o pom ws | are ‘Active on
o n 0 5 Bus’

57 submet 10: B683-0889

=3 Slave 9 is the

Baudrate: 188 MBd |
Dyoke time: 1 msec - PP72/48 qnd
S b5 m Slave 10 is the

{ newly configured
| |IM151-3 PN.

Note the ‘SF’ LED on the NCU, IM151-3 & 4/8 F-DI Module.

- -

Notes :
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> wed Z )
PROFINET diagnostics  PH1/PN2 - Details

Sooe. 10 fsipwest  PLC  Ackeoabs © Sunchror 3 The ‘Alarm list’ will also show that there is a diagnostic error
s from address 512 (PLC Error 428221).
ML S i e o N 5
" flams I
o Date Ab Delete  Humber Ted S
& i et folacctidond o contents
8 jartiieoen [0 28 PLEsionol-te mardorog Xesiord
8 'M;lt‘?_ﬁl;m A gipey  Stow/cancel event, errar anakysis via STEP/ index
(A2 Bugwasti i bom dgpasics adoess 52 “:“"m
:::'I.-‘s Sl:;: 2:,:“ been tmgered. =
Remedy: Reatily the cause of the esror Gsplayed reference
D e I = ¥ ....and the o, 0
munummum ‘PB/PN Diag' ?:j‘m= a:?::;:::mn -
SR screen. i fisy
& 1 Module Is 0K
A ol s fated
The diagnostic error has triggered a call to OB82 or OB86.
Address 512 is the 1/O start address of the F-Modules that we
configured earlier.
OB82 & OB86 both call FC5 (GP_DIAG) which actually gener-
; ates the PLC error 428221.
PB/PN -
= diag.
=) )

As you can see from the previous screenshot (and the SF
LED’s on the NCU, IM151-3 & 4/8 F-DI Module), there is a
problem with ProfiNet device number 10. This is the ‘IM151-3

PN’ rack.

Within OB82 & OB86, FC5 (GP_DIAG) is called. The default

parameter value for PlcStop := TRUE.

0B9Z : °“I/0 Point Fault®

Comment:

SRS pecailed Diagmosis in 0BEZ (inserrupt)

Comment:

Magnosis

CALL “GP_DIAG® PS5
Floftop: =THUE

alorm and Modul failure

This is the reason that the PLC is in STOP.

This can be changed to FALSE so that the PLC will no longer

go into STOP mode when the system detects

a diagnostic

interrupt from a PN/DP device. This applies to all diagnostic
interrupts and not just the interrupts from safety related PN/DP

devices.

Error 428221 will still be displayed when PlcStop := FALSE.

NOTE: When setting this parameter to FALSE, you must de-

cide if it's necessary to interrogate the header

data area’s of

each OB (e.g. FB125-DP_DIAG / FB126-PN_DIAG) for further
information on the faulty module. An appropriate course of
action can then be taken by the user PLC program.

From all of the diagnostic information we now have. It is clear
that there is a problem with the 4/8 F-DI module (address 512).

The default configuration for the 4/8 F-DI module is for ‘4 Dual
Channel’ inputs. The module expect both channels to be
‘Equivalent’ i.e. both channels must have the same state at all

times, both channels on or both channels off.

The 4 inputs are connected to the following

terminals;
Input 1 1&9
Input 2 5&13
Input 3 3&11
Input 4 7&15

In the default configuration, terminals 1, 5, 3
& 7 must be supplied by Vs1 (terminals
2,6,4 & 8). Terminals 9,13,11 & 15 must be
supplied by Vs2 (terminals 10,14,12 & 16).

The status of each channel can be easily
observed via the LED’s.

4/8 F-DI DC24V

PROFIsafe

sell

avse [l B avse

10 Os
3[] 07

of] [hs
ul] [hs

If you look at LED’s 5 & 13 for Input 2, you can see that only
LED 13 is illuminated (Non-Equivalent). Due to the default
settings of the module, this is the reason for the SF LED’s, the
system call to OB82 / OB86, PLC Error 428221 and the PLC in

STOP Mode due to FC5.PIcStop := TRUE.

-

Notes :
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Press the ‘Emergency Stop Reset’ button on the front of the

training rig and observe the LED’s 5 & 13 of the 4/8 F-DI Mod- Al of the Safety Related Input Devices are ‘Two Channel
ule. You can see them swap state so that LED 5is now onand  Equivalent'.

LED 13 is off. This is a ‘Non-Equivalent’ Input.

The Safety Related Devices of the training rig are connected as

follows; 4 F-DI/ 3 F-DO DC24V

4 F-DI Module PROFIsafe
Note: The 4 F-DI/3 F-DO module has a sell W vsr

Channels 1 & 9 Emergency Stop from HT2 different terminal number assignment.

Channels 5 & 13 Emergency Stop Reset Push Button Also, there is only 1 VS supply (terminals

Channels 3 & 11 Operator Door Guard Switch 15 & 16) for both channels of each input.

Channels 7 & 15 HT2 Enable Button
For more information on this and other F-

4 F-DI/3 F-DO Module Modules, see the ‘ET200S F Operating

Inputs Manual’.

Channels 1 & 2 End Limit Override Keyswitch 10 Os o[] [hs
Channels 5 & 6 Setup Mode Keyswitch 3] 7 1l

Channels 9 & 10 Mode 3 Keyswitch
Channels 13 & 14  Spare

Outputs
Channels 3 & 4 Output for KA1 & KA2 Contactors

Channels 7 & 8 Spare
Channels 11 & 12  Spare

Now operate each of the Safety Related Devices in turn and
observe the LED’s of the two safety modules.

= -

We must now change the second input of the ‘4/8 F-DI module  Carry Out an NCK Reset and the PLC will RUN with no error
(Channels 1 & 5) so that the ‘Type of Sensor Interconnection’ is messages displayed.

set to ‘2 Channel Non-Equivalent’ and not the default setting of — S

‘2 Channel Equivalent'. B 210 AN

R G— = Macie | Parameter | Program | (RO | oy | s

Germl| AdSeises Pasavatsss | ]
We can do this in the hard- Reset v
ware configuration by open- {po) Yes

ing the properties dialogue
for the 4/8 F-DI module.
However, operating the ‘Safety Related Input

Devices’ (Slowly) may still cause a ‘Diagnostic Error’ to be
triggered. This will be indicated by the SF LED, PLC Error

= T ‘428221 Diagnostics alarm from diagnostics address xxx’ and
] = possibly a PLC in STOP mode due to OB82 calling FC5
Select the ‘Parameters’ tab, now expand the folders ‘Module (GP_DIAG) if PlcStop := TRUE.

Parameter’ and ‘Channel 1, 5.

This is due to the default ‘Discrepancy time’ of 10ms being

Now change the ‘Type of Sensor Interconnection’ to ‘non- exceeded for a particular input channel.
equivalent’.
This can also be changed in the properties dialogue of the F-
Close the properties dialogue with ‘OK’ (Acknowledge the Module within the hardware configuration.
warning with ‘Close’ >> ‘OK’), ‘Save & Compile’ then download
the hardware configuration again. E.g. change the ‘Discrepancy Time’ from 10ms to 500ms for
the channel that is causing the error. This will stop the fault
The system will no longer report an SF error on the NCU, from appearing under normal operation.

IM151-3 PN or the 4/8 F-DI Module.

Notes :
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Circuit Diagrams for the Simulator Safety Related Devices:

Channels 1 & 9

Emergency Stop from HT2

Channels 3 & 11

Operator Door Guard Switch

4/8F-DI 4/gF-D|
PN Box Basic O;"Ge
Vi1 - x21 U1
21 31 137—"’—
V5] - 1 V52 -
Input 1. 1 e 2 Input 1- ] e
Input 2. 9 wfem : Input 2 3 e .- ez Gréen
Iriput 3- 5 s 5 Input 3. 5 e 2
Input 4 . 13 - 6 Input 4 - 13 - 22 320 14
Input 5- 3w 7 INPUt 5- 3 wpe
Nt 6 11 - 8 I0pUL 6 11 e
) 24v ov
Input 7- 7 e 10 nput 7. 7 e
Input 8- 15 s Input 8- 15 ==
Channels 5 & 13 Emergency Stop Reset Push Button Channels 7 & 15 HT2 Enable Button
4/gF-Dl 48501
Q35.0 PN Box Basi
VS1 - ? v X20
V52— 1
L — \/ 2
5o EA- (X) o118 ;
Input 3. 5 = —
PRAR'S <33 S lr:::nl?.l:l- :
5.3 w— 7
e & ot s
Input 7. 7 e —
Input 8 - 15 lr:u":na?}_:1-
Channels 1 & 2 End Limit Override Keyswitch Channel 3 & 4 Output for KA1 & KA2 Contactors
4F-DI/3 F-DO 4F-DI/3 F-DO 24V
ik - ' ? KA1
0<<1 S
ot A\~ ol
Outpes 2P - 7w
Input 3. 5 e Output 2P - & = s
S Outpet 37 - 11 mpem = KA2
Input 5- 3 e Outpest 3P - 12 e
Input 6- 1] =
A L KA1 KA2 136.0
Input 8- 15 wae

Channels 5 & 6
Channels 9 & 10

4F-DI/3 F-DO

V51w
Input 1- 1 -
Input 2. 9

Input 3. 5 -
INput 4 13 s

IPQULS - 3 -
Iput 6- 1] s

Input 7- 7w
INput 8- 15 wpe

Channels 7 & 15

Setup Mode Keyswitch
Mode 3 Keyswitch

Pos 1:Setup

Pos 2:Mode 3

Not Connected

Channels 7 & 8
Channels 11 & 12

Not Connected
Not Connected

Notes :
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R R L —

e pv— |

It is important to understand
the module and channel pa-
rameters of the F-Modules.

Pawwrm Vi

Input Delay:
This can be used to suppress

interference for all input
channels.

Cancel Hep

Short Circuit Test:

This parameter allows you to activate the short-circuit detec-

tion depending on the F-module used:

. For the entire F-module, or...

. For the channels of the F-module for which "internal
sensor power supply" is set.

The short-circuit test is only useful if you are using simple
switches that do not have their own power supply.

The short-circuit detection deactivates the sensor supply tem-
porarily. The length of the deactivation period is equivalent to
the configured input delay. The input delay is permanently set
to 3 ms for the 4 F-DI/3 F-DO DC24V PROFIsafe electronic
module and the F-switch.

If a short circuit is detected, the F-module triggers a diagnostic
interrupt in the CPU.

-

Behavior after Channel Faults:

This parameter is used to specify whether the entire F-module
is passivated or just the faulty channel(s) in the event of
channel faults.

Channel Specific Parameters

Activated:

If you select this check box, the corresponding channel or
channel pair is enabled for the signal processing in the safety
program. If you clear the check box, an unused channel or
channel pair is disabled.

Sensor Supply:
Here, you can specify whether or not the sensors are supplied

via the F-module (internal sensor power supply Vsl & Vs2).
The ‘short-circuit test’ requires this parameter to be set to
‘Internal’.

-

Evaluation of the Sensors:

1001 evaluation
In 1001 evaluation, there is one sensor, and it is connected to
the F-module via a single channel.

1002 evaluation
In 1002 evaluation, two input channels are occupied by:

. A single-channel sensor

. A non-equivalent sensor

o A two-channel sensor

o Two single-channel sensors

The input signals are compared internally for equivalence or
non-equivalence.

Note that in 1002 evaluation, two channels are combined into
a channel pair. The number of available input channels of the
F-module is reduced accordingly.

Type of Sensor Interconnection:

If "1002 evaluation" is specified for the sensor evaluation, you
can use this parameter to select the type of sensor intercon-
nection for each input channel:

. "2-channel equivalent” (with equivalent signals): one
two-channel sensor or two single-channel sensors are
connected via two channels to two opposing input chan-
nels

. "2-channel non-equivalent” (with non-equivalent sig-
nals): one non-equivalent sensor or two single-channel
sensors are connected via two channels in a non-
equivalent way to two opposing input channels

° "1-channel": one sensor is connected via one channel
to two opposing input channels

For "1o01 evaluation”, the type of sensor interconnection is set
permanently to "1-channel".

Notes :
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Behavior at Discrepancy:

For the "Behavior at discrepancy”, you assign the value that is
provided to the safety program in the F-CPU during a discrep-
ancy between two relevant input channels, i.e., during the on-
going discrepancy time. You can assign the behavior at dis-
crepancy as follows:

° "Provide last valid value" or
° "Provide value 0"

Note: Only applicable if ‘Sensor evaluation’ is set to
‘1002 evaluation’.

Provide last valid value

As soon as a discrepancy between the signals of two relevant
input channels is detected, the last valid value (old value) prior
to the discrepancy is made available to the safety program in
the F-CPU. This value is made available until the discrepancy
disappears or until the discrepancy time expires and a discrep-
ancy error is detected. Accordingly, the sensor-actuator re-
sponse time is extended by this time.

As a result, the discrepancy time of sensors connected via 2
channels has to be tuned for fast reactions to short response
times. Thus, it makes no sense, for example, if sensors con-
nected via 2 channels with a discrepancy time of 500 ms trigger
a time-critical shutdown. In the absolute worst case, the sensor
-actuator response time is extended by an amount -

approximately equal to the discrepancy time:

. You should therefore arrange the sensors in the proc-
ess with as little discrepancy as possible.
J You should then select the shortest possible discrep-

ancy time that, at the same time, has sufficient cushion
against false tripping of discrepancy errors.

Provide value 0

As soon as a discrepancy between the signals of two relevant
input channels is detected, the value "0" is made available to
the safety program in the F-CPU.

If you have assigned "Provide value 0", the sensor-actuator
response time will not be affected by the discrepancy time.

-

Discrepancy Time:

Here, you can specify the discrepancy time for each channel
pair. The entered value is rounded to multiples of 10 ms. When
you have assigned parameters to the type of sensor intercon-
nection as "1-channel”, the time discrepancy is permanently set
to 10 ms.

Requirements
You have assigned the following parameters:

° Sensor evaluation: "1002 evaluation" and

. Type of sensor interconnection: "2-channel equivalent"
or "2-channel non-equivalent”

Discrepancy Analysis and Discrepancy Time

If you use a two-channel sensor, a non-equivalent sensor, or
two single-channel sensors that measure the same physical
process variables, the sensors will have a delayed response,
for example, due to the limited precision of their arrangement to
one another.

The discrepancy analysis for equivalence/nonequivalence is
utilized with fail-safe inputs to identify errors based on the tim-
ing of the two signals of the same functionality. Discrepancy
analysis is initiated when different levels are detected for two
associated input signals (for nonequivalence testing: when the
same levels are detected). A test is conducted to determine
whether the difference in levels (when testing for non-
equivalence: agreement) has disappeared after a configurable
period of time. If not, this means that a discrepancy error exists.

In most cases, the discrepancy time starts but does not expire
because the signal differences disappear after a short time.

Select such a large discrepancy time, that when no errors are
present, the difference between both signals (for non-
equivalence testing: the agreement of the signals) has disap-
peared in every case before the discrepancy time has expired.

Behavior while Discrepancy Time is Running

While the assigned discrepancy time is running, either the last
valid value or "0" is made available from the relevant input
channels to the safety program in the F-CPU according to the
assigned behavior at discrepancy.

Behavior After Discrepancy Time Elapses

If the input signals do not agree once the assigned discrep-
ancy time expires, e.g., due to a break in a sensor wire, a dis-
crepancy error is detected and the "Discrepancy error" diag-
nostic message containing information on which channels are
faulty is generated in the diagnostic buffer of the F-module.

Notes :
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Reintegration after discrepancy error: Test O signal not required

This parameter specifies the criteria for when a discrepancy If you have assigned "Test 0 signal not required," a discrep-
error is regarded as corrected, thus enabling reintegration of ancy error is regarded as corrected when a discrepancy no
the relevant input channels. longer exists at the two relevant input channels.

The following parameter assignment options are available: F-modules in SIMATIC S7 for which the "Reintegration after
° "Test 0 signal required” or discrepancy error" parameter cannot be assigned exhibit this
. “Test 0 signal not required" behavior.

Requirements
You have assigned the following parameters:

° Sensor evaluation: "1002 evaluation"

Test O signal required

If you have assigned "Test 0 signal required," a discrepancy
error is not regarded as corrected until a 0 signal is present at
both of the relevant input channels.

If you are using non-equivalent sensors, i.e., "Type of sensor
interconnection” is set to "2-channel non-equivalent”, a 0 sig-
nal must be present at the channel supplying the useful signal.

For information on which channels of the F-module supply

useful signals, refer to the manual for the F-module you are
using.

= -

Based on the information in this section, we should: (for the
purposes of this training class only)

. Set a ‘Discrepancy time of 500ms for each input chan-
nel on both F-Modules.

. Disable any unused channels (4 F-DI/3 F-DO Input
Channel 13, 14 & Outputs 7, 8 & 11, 12)

. Change the FC5(GP_DIAG) parameter PlcStop :=
FALSE.

This completes the Step7 hardware configuration of the Safety
Related F-Modules.

Notes :
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F-Controller Logic: Enabling Safety in the NC

This section describes the following;

Enable Safety Integrated within the NC

Explanation of the Safety Related System Variables $A_INSE & $A_OUTSE

Assign the S7 Safety I/O (previously configured) to Sinumerik Safety Related System Variables $A_INSE & $A_OUTSE
Description of NCK-SPL and PLC-SPL

Running the NCK-SPL & PLC-SPL at system start-up

Notes :
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Enable Safety Integrated within NC

Depending on the number of External Safety Related Inputs
and Outputs are to be configured, the corresponding Safety
Integrated option must be set.

‘Sl Basic’
‘Sl Comfort’
‘Sl High Feature’

Maximum of 4 SPL 1/O
Maximum of 64 SPL I/O
Maximum of 192 SPL I/O
(Requires Software >= 4.5)

For this module, enable the ‘SI Comfort’ Option.

M, 2| B AN
Machine | Parameter | Program :m rl::!lv;s Setup

¥R X o e I

GFC5868-8AM62-8YBB

Si-Basic included 1 axis and 4 SPL /0
GFC5868-BAMB3-8YBB

SI-Comfort including 1 axis and 64 SPL /0
GFC5808-8AMB4-BYBB

Dist.cont. 10/3D in pos. cont.cycle, free direct.

1| O0(0O]| 0

0 ERE O 1 O

Execute an ‘Reset (PO)’ to activate the option once set.

-

Setting the Date & Time

During the commissioning, the Checksums of Safety Related
parameters are stored within the control. The information
stored also includes a time & date stamp. For this reason (and
good practice at any other time!) check that the time and date
is set correctly within the system.

= Da AT
Machine | Parameter | Program :’m r'::lv;s Setup

7, Optim./
test

HH:mmess AP

-

Assignment of $A_INSE & $A OUTSE system variables to
hardware

The safe input and output channels of the F-Modules config-
ured within Step7 must be assigned to safety related system
variables $A_INSE[..] & $A_OUTSE[..].

$A_INSE[n] Safety Related EXTERNAL Input

$A_OUTSE[n] Safety Related EXTERNAL Output
n=Number of input or output. Range is 1 to 192.
Once assigned, the ‘NCK Safe Programmable Logic’ (SPL)

can then read from and write to the I/O of the F-Modules using
the $A_INSE & $A_OUTSE system variables.

NCK SPL
F-Modules

$A_INSE[1..192]

$A_OUTSE[1..192]

The PLC SPL will also require access to the inputs and out-
puts of the F-Modules.

When the F-Module I/O is assigned to the NCK System Vari-
ables, the PLC SPL can then read from and write to DB18
within the PLC.

F-Modules PLC SPL

Inputs
DB18.DBB38..45

DB18.DBB272..287 (HF)

Outputs
DB18.DBB46..53

DB18.DBB288..303 (HF)

The system handles the transfer of signals between the
F-Modules and DB18 automatically.

For every ‘Safety Related NCK System Variable’, there is a
corresponding bit within DB18. This allows for ‘Redundancy’ in
the monitoring of the ‘Safety Related System Variables’. Both
the NCK Safety Related System Variable (e.g. $A_OUTSE[n])
and the corresponding bit in DB18, must always have the
same equivalence. If not, a ‘Crosscheck’ error will be dis-
played.

E.g. 27090 Error in Crosswise Data Comparision NCK-
PLC'.

Notes :
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In order to assign the F-Module Input and Output channels to
the system variables $A_INSE & $A_OUTSE, we must set the
following General Machine Data’s:

10385[0] $MN_PROFISAFE_MASTER_ADDRESS

10386[0] $MN_PROFISAFE_IN_ADDRESS
10386[1] $MN_PROFISAFE_IN_ADDRESS

10387[0] $MN_PROFISAFE_OUT_ADDRESS

10388[0] $MN_PROFISAFE_IN_ASSIGN
10388[1] $MN_PROFISAFE_IN_ASSIGN

10389[0] $MN_PROFISAFE_OUT_ASSIGN
10389[1] $MN_PROFISAFE_OUT_ASSIGN

Channel Rxis User
MD Mo

Eolclooz22zz23

$MN_PROFISAFE_MASTER_ADDRESS
$MN_PROFISAFE_MASTER_ADDRESS
$MN_PROFISAFE_IN_ADDRESS
SMN_PHROFISAFE_IN_ADDRESS

18386(8] ]
SMN_PROFISAFE_OUT_ADDRESS

18386(1]
18387(8]
18387(1]
18388[8]
18388(1]

$MN_PROFISAFE_OUT_ADDRESS
SMN_PROFISAFE_IN_ASSIGN
SMN_PROFISAFE_IN_ASSIGN
SMN_PROFISAFE_OUT_ASSIGN
SMN_PROFISAFE_OUT_ASSIGN

]

10385[0] $SMN_PROFISAFE_MASTER ADDRESS

Defines the PROFIsafe address for the F master NCK/PLC.
This is used to uniquely assign an F master to an F slave. This
parameter must be entered in accordance with the
"F_source_address” parameter set in S7--ES for the F slaves.
An attempt to establish communications is only made for F
slaves that have entered this address.

Format: Os 00 aaaa
s: Bus segment (5 = I/0O connection on the PLC side)
aaaa: Hexadecimal PROFIsafe address of the F master.

0 F-D1 DEZ4V - (R-/52)

[Properties - 4

General | Addesses  Parametees |

2000: CPU 317F-3 FIlEOP

200
0011001000

_Cocnt |t |

Earlier, we noted the ‘F_source_address’ from the Step7
hardware configuration. We can see in this case it is set to
‘20004¢’. F_source_address = 200059 = 7D035

Therefore, we must set 10385[0] = 050007D0

10386[0..1] $MN_PROFISAFE_IN_ADDRESS

Definition of the PROFIsafe target address of a PROFIsafe
input module. As specified in the ‘F_dest_address’.
Format: Os 00 aaaa

s: Bus segment (5 = I/O connection on the PLC side)
aaaa: Hexadecimal PROFIsafe address of the F module.

Again, we noted that the ‘F_dest_address’ for the first
F-Module (4/8 FDI) is 20059 = C8;6 and 199, = C7;¢ for the
second F-Module (4 F-DI/3 F-DO). This is also the DIP switch
setting value of each F-Module.

Therefore, we must set;
10386[0] = 050000CS8 for the ‘4/8 F-DI' Module
10386[1] = 050000C7 for the ‘4 F-DI/3 F-DO’ Module

10387[0] $MN_PROFISAFE_OUT ADDRESS

Definition of the PROFIsafe target address of a PROFIsafe
output module. As specified in the ‘F_dest_address’.
Format: Os 00 aaaa

s: Bus segment (5 = I/O connection on the PLC side)
aaaa: Hexadecimal PROFIsafe address of the F-module.

The ‘F_dest_address’ for the first output F-Module (second
Module in the rack - 4 F-DI/3 F-DO) is 199;9 = C716

Therefore, we must set;

10387[0] = 050000C7 for the ‘4 F-DI/3 F-DO’ Module
Note: As the second F-Module is both an Input & Output
device, the ‘F_dest_address’ is the same for....

10386[1] $MN_PROFISAFE_IN_ADDRESS

...and

10387[0] $MN_PROFISAFE_OUT_ADDRESS

Notes :
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10388[0..1] $MN_PROFISAFE_IN_ASSIGN

The SPL area data is specified in the decimal notation in the
following format: aaa bbb

aaa = area limit 1, SPL signal $A_INSE[aaa]

bbb = area limit 2, SPL signal $A_INSE[bbb]

Example:

PROFISAFE_IN_ASSIGNIO] = 4001 or alternatively 1004:
The system variable area $A_INSE[1] to $A_INSE[4] is sup-
plied with the state of the input terminals of the PROFIsafe

10389[0] $MN_PROFISAFE _OUT ASSIGN

The SPL area data is specified in the decimal notation in the
following format: aaa bbb

aaa = area limit 1, SPL signal $A_OUTSE[aaa]

bbb = area limit 2, SPL signal $A_OUTSE[bbb]

Example:

PROFISAFE_OUT_ASSIGNI[0] = 4001 or alternatively 1004:
The system variable area $A_OUTSE[1] to $A_OUTSE[4] is
supplied with the state of the input terminals of the PROFIsafe

module, which were parameterized using MD PROFIS-
AFE_IN_ADDRESS[0] and were selected using MD PROFIS-
AFE_IN_FILTERIO].

module, which were parameterized using MD PROFIS-
AFE_OUT_ADDRESSI0] and were selected using MD
PROFISAFE_OUT_FILTER[0].

For this class, we will assign the following Safety Related
External Inputs $A_INSE[1..4] to the first F-Module (4/8 F-DI)
and $A_INSE[9..12] to the second F-Module (4 F-DI/3 F-DO).

For this class, we will assign the following Safety Related
External Outputs $A_OUTSEJ1..3] to the second F-Module
(4 F-DI/3 F-DO).

10388[0] $MN_PROFISAFE_IN_ASSIGN = 001004
10388[1] $MN_PROFISAFE_IN_ASSIGN = 009012

10389[0] $MN_PROFISAFE_IN_ASSIGN = 001003

Note: Itis not necessary to leave a gap in the assignment of

the $A_INSE/$A_OUTSE variables.

= -

Once the machine data’s have been entered, execute a ‘Reset It is now possible to see the status of the External Safety In-

(POY. puts and Outputs $A_INSE & $A_OUTSE.

TOIUO[T] BT T _TTW_WooIaIN_Ul_THITOUT A m L Ll 3

18385(8]  SMN_PROFISAFE_MASTER_ADDRESS 5008708H po () RS PE‘_" ﬁ e

16385(1]  SMN_PROFISAFE_MASTER_ADDRESS ot po | Mactine | Paranctor | Progam | o007 |l oy | Sotw

18386[8]  SMN_PROFISAFE_IN_ADDRESS 5880BC8H po

16386(1]  $MN_PROFISAFE_IN_ADDRESS 5806C7H po |

1638718 SMN_PROFISAFE_OUT_ADDRESS SH06BC7H po e ; -

183871]  SMN_PROFISAFE_OUT_ADDRESS oH po | rm "o [l [ [ ] Vi version

16380(8]  SMN_PROFISAFE_IN_ASSIGN 1084 v |

18383[1]  SMN_PROFISAFE_IN_ASSIGN 9812 po

16389(6]  $MN_PROFISAFE_OUT_ASSIGN 1083 po | Fpr e - —T e

16389(1]  SMN_PROFISAFE_OUT_ASSIGN | 8 Do | (el 1 o e | | [ |
i Crarc e s e Arnrec o

Following the NCK reset.... /N ] <+ ot vt ented

7|
Safely Integrated SPL

.....27097 SPL start not executed’ will appear.

$A_INSE(P) .

$A_INSE(P)

A\\ N e SPL start not exeeuted

Date &  Delete  Number Text I
21.62.13 , "
1mzm4ml | 7897 [mmum |

We can ignore this error for now.

Select the variables as shown and operate the Safety devices
(Keyswitches, Operator Door...etc) and notice that the status
bits change in the NCK only, and not the in PLC.

- -

Notes :
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The Safety Related Devices of the training rig are now
assigned as follows;

4 F-DI Module

$A_INSE[1]
$A_INSE[2]
$A_INSE[3]
$A_INSE[4]

Emergency Stop from HT2
Emergency Stop Reset Push Button
Operator Door Guard Switch

HT2 Enable Button

4 F-DI/3 F-DO Module

Inputs
$A_INSE[9] End Limit Override Keyswitch
$A_INSE[10] Setup Mode Keyswitch
$A_INSE[11] Mode 3 Keyswitch
$A_INSE[12] Spare

Outputs
$A_OUTSE[1] Output for KA1 & KA2 Contactors

$A_OUTSE[2] Spare
$A_OUTSE[3] Spare

-

We can now address the NC Error ‘27097 SPL start not exe-
cuted’.

‘Sinumerik System Based Safety Integrated’ requires ‘Safe
Programmable Logic’ (SPL) to run in both the NC and PLC.
The above error informs us that the system has not executed
the file /CST/SAFE.SPF’. By default, the system expects to
see the SAFE.SPF file run within 20s of power on (MD13310
$MN_SAFE_SPL_START_TIMEOUT), if not, then the error
27097 is displayed.

SAFE.SPF is the NCK SPL, it will eventually contain the user
program that will define how the various safety functions will
be selected. The logic within the NCK SPL will be created
using Static Synchronous Actions (IDS=...).

Executing the SAFE.SPF at system power on is enabled by
MD20108 $MC_PROG_EVENT_MASK bit 5.

SPL start mot executed

26188:3MC_PROG_EUENT_MASK = 28H

[Igit B: Start of part program
[1Bit 1: End of part program
[Ipit 2: OP RESET

[_1Bit 3: Booting

[CIBit 4: reserved

[~]8it 5: Safety PowerOn

The file /CST/SAFE.SPF’ must be created using the ‘System
Data’ screen within the ‘Setup’ Area.

1.62.13 65:89:67 PI1

18213 85:09:67 P *

Free: 3.0 1B
>

1) I—
CYCLENS
M CYCLEN1B

Note: The SAFE.SPF file MUST exist within the ‘Standard
Cycles’(CST.DIR) folder in the NCK.

The editor will open and the system will automatically insert the
first for the SAFE_CHECKSUM value.

NC/CSLOIR/SAFE.SPF
; SAFE_CHECKSUM = BBABBRBEHY

IHSG("Sinumerik System Based Safety is Cool!™)Y
64 F161
1179

Enter some test code as shown and include the M17 to
indicate the end of the file. Close the editor and execute an
NCK reset.

Notes :
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Immediately after power on, the test message will appear... The ‘Safety’ screen within the ‘Diagnostics’ area will now show
that the SPL has started....

| Sinemerik System Based Safety is Cooll

Safely Integrated SPL Status SI

Uariable
SGE / SGA

21.82.13 ' 8 : :
ieinsizapn| ! is-ks_mnmsamrsm

$A_INSE(P)
SA_INSEP) || 16.88 [¥] B [~

...........

$A_OUTSE(P)

DCC tol. time 1s m
. Mua:
SPL program file SAFE.SPF loaded Yes

NCK and PLC status NCK and PLC in cyclic mode
Interrupt to be assigned for SPL start No

No | munication
sl

....and after the SAFE.SPF has been executed, the alarm
‘28095 NCK SPL protection not activated’ will be displayed.
This alarm is normally displayed throughout the commission-
ing of System Based Safety. It can be cleared with reset and ....and you will also now see that both NCK & PLC status bits
will re-appear periodically and after power on until the com- are displayed when the safety devices are operated.
missioning is complete.

= -

The NCK SPL (CST.DRI/SAFE.SPF) can also be started using The standard PROG_EVENT.SPF routine will call
the PROG_EVENT mechanism. ‘CMA.DIR/CYCPE_MA.SPF’ if it exists.

Using the PROG_EVENT mechanism will also require the op-  The system variable $_PROG_EVENT can be interrogated
tion for ‘Multiple Mode Actions’ 6FC5800-0AM43-0YBO. to determine the event.

Muttiple mode actions Example of ‘CMA.DIR/CYCPE_MA.SPF’;
GFG5886-8AM43-0YBH

Teanct, i "mMMparapD' 9 owne

i ; ; :$P_PROG_EVENT == 0 : Implicit Call of PROG_EVENT.SPF
Prior to S/W 2.6 SP1, the M43 option was not required. The '$P PROG_EVENT == 1- Start of Program

ability to execute ‘CST.DIR/PROG_EVENT.SPF’ at power-on. :$p_PROG_EVENT == 2 : End of Program

It was included within the Safety Integrated license M63 / M64. ;$P_PROG_EVENT == 3: Operator Panel Reset
;$P_PROG_EVENT == 4: System Power-on

Additional Md's to be set for the PROG_EVENT mechanism; oo RoC-EVENT =25 After Block Search

MD11602 = 7 IF ($P_PROG_EVENT == 4)
MD11604 = 1 CALL"/_N_CST_DIR/_N_SAFE_SPF"

_BHO_TTHOR ENDIF
11682 $MN_ASUP_START_MASK 7H M17
11684 S$MN_ASUP_START_PRIO_LEVEL 1
E

Another method for executing the NCK-SPL (‘CST.DIR/

‘ 28188:5MC_PROG_EVENT_MASK - 8H ) ] SAFE.SPF’) is to use the PI-Services block within the PLC
18R 8: Start of part program Setting bit 3 of MD 20108 . FB4 “PI_SERV” in conjunction with FC9 “ASUP”. The M43
L 1 o part g $MC_PROG_EVENT_MASK will Option may also be required for this method.
Eima heotig. cause ‘CST.DIR/PROG_EVENT.SPF’
g::;;‘::;‘:w — to be executed at power on.
=) )
Notes :
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Regardless of how the NCK-SPL (‘CST.DIR/SAFE.SPF’) is executed at start-up, useful status information can be interrogated

within the PLC using DB18 “SPL”.

DB18.DBX136.0

SPL_STATUS[1]

NCK-SPL Interfaces parameterized

DB18.DBX136.1

SPL_STATUS[2]

NCK-SPL Program file exists

DB18.DBX136.2

SPL_STATUS[3]

NCK Waits for the PLC to boot

DB18.DBX136.3

SPL_STATUS[4]

NCK and PLC in cyclic operation

DB18.DBX136.4

SPL_STATUS[5]

Call FB4 processing for SPL

DB18.DBX136.5

SPL_STATUS[6]

Exit FB4 processing for SPL

DB18.DBX136.6

SPL_STATUS[7]

Call FC9 processing for SPL

DB18.DBX136.7

SPL_STATUS[8]

Exit FC9 processing for SPL

DB18.DBX137.0

SPL_STATUS[9]

SPL start implemented using PROG_EVENT mechanism

DB18.DBX137.1

SPL_STATUS[10]

Crosswise data comparison started, NCK

DB18.DBX137.2

SPL_STATUS[11]

Crosswise data comparison started, PLC

DB18.DBX137.3

SPL_STATUS[12]

NCK-SPL checksum checking active

DB18.DBX137.4

SPL_STATUS[13]

All SPL protective mechanisms active

DB18.DBX137.5

SPL_STATUS[14]

End of SPL program reached

DB18.DBX137.6

SPL_STATUS[15]

SPL start via Safety-PowerOn

DB18.DBX137.7

SPL_STATUS[16]

Not Assigned

-

Now that the NCK-SPL is being executed at Power-on as an
ASUP using the ‘Safety PowerOn’, ‘PROG_EVENT’ or PLC
controlled PI service (FB4/FC9) method. We also require a PLC
-SPL to be called in the PLC user program once the NCK-SPL
has completed.

The PLC-SPL block type (FB, FC...etc) and number are freely
assignable.

For the purpose of this class, FC91 “fcSI:PLC-SPL” will be used
for the actual SPL.

FC91 will be called from FC90 “fcSI” (FC90 is called cyclically
from OB1).

FC91 “cSI:PLC-SPL” will be called conditionally and only when
the NCK-SPL has been executed. DB18.DBX137.5 can be
used to detect the status of the NCK-SPL.

Network 4 : Call PLC-SPL Vhen NCK-5PL has been executed

Comment :

A “SPL".SPL_STATUS([14]
cc "teSI:PLC-SPL"

Network 5 : Title:

The programming language (LAD, STL, FBD...etc) for the PLC-
SPL is open and remains the preference of the OEM.

-

The SPL will contain the Safety Logic for the machine. The
logic will manipulate Safety Related System variables and the
status of these variables will be critically monitored and evalu-
ated for discrepancy between the NCK-SPL and PLC-SPL.

NCK-SPL

» d
v ICST.DIR/SAFE.SPF -

| 1

System
Crosswise result &
data comparison

}

PLC-SPL

Safety Related
Inputs

Safety Related
Outputs

FC91 “fcSI:PLC-SPL” |«
DB18 “SPL”

\ 4

The functionality of the logic in both the NCK-SPL and PLC-
SPL must be identical. Only a short time (1s) is allowed for
any difference in the state of a Safety Related System
Variable.

Notes :

Al104
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Tip: In order to ensure that the NCK-SPL (CST.DIR/SAFE.SPF) is executed without restriction during startup of the control, any

or all of the following steps could be implemented:

- - CALL “puw_up* , ™
1)  Within OB100 set the FB1 et ....then start the MCP communication from a cyclically called
"RUN_UP" parameter L . block (e.g. FC90 called from OB1) once the NCK-SPL has
MCP1Stop’ to TRUE to BCPLATackas been executed or the NCK-SPL protection is not activated
Stop the MCP communica- CpLTineoue (MD11500[0..1] & DB18.DBX36.0).
tion..... uevzra
MCPZO0ut
MCPZSvarSend
MCP2StatRec -
oy 5 TSI scare el Connunication
MCPZCycl = \Cmm: v I
Bl criseop =TRUE
-1 MCP23% o <. ‘ 0 “8PL".SPL_STATUS[14] //End of SPL program reached ‘ DB18.DBX1
oN "8PL".SPL_STATUS([13] J//R11 EPL protactive mechanisus active DB18.DB 7.4
MCP2Not3end 1= » “gp_par”.MCPlSctop //8tart the MCP Communicatiol DB7.DBXE
2) If you're alarm concept uses the FC10 “AL_MSG” parameter ‘ToUserlF := TRUE’, then wait until the NCK-SPL has been
executed before setting the parameter TRUE. This will allow the NCK-SPL to execute even if alarms and messages that
generate ‘NC-Start-Disable’ or ‘Read-in-Disable’ are active.
M: Display Alarwms & Messages
C omm ent -
CALL "AL_MaG" FClo -- Alarms & Messages
ToUserIF:="5PL"_SPL_STATUS[14] LE12.DEXLZ7.5
Quit i="mErrick" M1.7 —-- Alarm Acknowledgement - MCP PBeset or OF Alarm Cancel
3) Within OB100, reset the PLC to NC VDI Signal for ‘Emergency Stop’ so that NC Alarm 3000 does not appear....
ITdentMepLengthIn =
TdentMepLengthiut: =
S/ Insert User program from here
SET
B "NC".4A EMERGENCY DELD.DEXEE. 1 ——- Emergency stop

....until there is an active request for emergency stop from the user program and the NCK-SPL has completed.

[Metwork & : PLC ta NC WDI - Alarm - =000 Emergency Stop Actiwve

Commert
A "mEStopPequestictive"” MEQ.O —- Emergancy Stop: HC Emergency Stop Begquest Actiwve
N "SPL"_SPL_STATUS[14] DELS DEX1IZ7_E
= "NC".A EMERGENCY LEL1O.DEXEE.1 —-- Emergency stop

This completes the section ‘Enabling Safety in the NC'.

The Safety I/O is now assigned to ‘Safety Related System Variables’ $A_INSE and $A_OUTSE and the SAFE.SPF file is now
started automatically at power on. The PLC-SPL (FC91) is also called once the NCK-SPL has completed.

Notes :
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F-Controller Logic: Writing the SPL for the Emergency Stop (SIRELAY)

This section describes the following;

. Assigning friendly names to the safety related system variables in NCK-SPL(DEFINE) and PLC-SPL(UDT 18)
U Use of the Safe Software Relay SIRELAY
. Description of the safety related system variables $A_ MARKERSI, $A_PLCSIIN, $A_PLCSIOUT

NOTE: Any NC/PLC code shown in this document is to be treated as an example and for
quidance purposes only!

Notes :
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In order to help with the structure and to make the SPL easier
to view, it is advisable to assign symbolic names to the safety
related system variables in both the NCK-SPL and the PLC-
SPL.

To assign Symbolic Names to the NCK-SPL, the ‘DEFINFE’
instruction is used within the SAFE.SPF file.

; SAFE_CHECKSUM = 00010264H

SAFE.SPF
SIEMENS IA & DT MC MT
A102

: Company:

; Project:

; Author:

; Creation Date:

e Cycle Definition —----------
:Suppress Single Block, Display
PROC SAFE SBLOF DISPLOF

3 e Declaration ========ecmeecceee
;Define Symbolic Names for SPL Variables

:External Inputs - $&_INSE

DEFINE IE1_EStop AS §A_INSE[1]
DEFINE IE2_EStop_Reset AS §A_INSE(2)
DEFINE IE3_OP_Door AS §A_INSE[3]

DEFINE IE4_HTZ Enable A3 §A_INSE[4]

DEFINE IES_OT_Override AS §A_INSE[S]

DEFINE IE10_Setup AS $A_INSE(10]
DEFINE IEL1 Mode3 1S §A_INSE[11)

= ! s . .
DEFINE IE12_Spare AS §A_INSE[12] Within the ‘Archives/

Manufacturer/A102’ folder,
the archive
‘A102_SAFE_001.ARC’ can
be loaded to save time.

-

:External Outputs - §i_OUTSE

DEFINE OE1_KAl_Ka2 AS §A_OUTSE[1]
DEFINE OEZ_Spare A3 §A_OUTSE[Z]
DEFINE OE3_Spare A3 §A_OUTSE(3]

m17

To assign symbolic names for to the PLC-SPL, compile
‘A102_UDT18_001’ within the source folder of the Step7
project.

BOOL ;
STRUCT

[ STOP_MODE :
SPL_DATA :
IE1_EStop
IEB2_EStop_Reset
IE3_OP Door
IE4_HTZ_ Enasble
A_INSES : BOOL ; //IN
A_INSE6 : BOOL ; /
A_INSE? : BOOL ;
A_INSES : BOOL ;
IES_OT_Override
IE10_Setup
IEll Mode3
IElZ_Spare
A_INSEL3 : BOOL ;
A_INSEl4 : BOOL ;

A Twepic . pony

A_INSES4 :
0OE_KAl_FAZ
OEZ_Spare
0E3_Spare
A_OUTSE4 -
A OUTSEE -

BOOL ;

: BOOL ;
: EBOOL
: BOOL
EOOL
EOOL

S ATNEEPE

S FAOUTSEPL

S /OUTSERE

: FAOUTSERS
FAOUTSER4
OUTSERE

Check that UDT 18 is assigned to DB18 within the Symbols

Table. Bl =IET CR__1f i _Seri
| | SPL DB 18 uoT 15 SPL dataares
LG oo 19 1557 s - %ﬁ £ NG

Symbolic names for the Safety Related System Variables
should be added to the NCK & PLC SPL as new variables are

used.
)

Safe software relay

Before we write the SPL code for the emergency stop circuit,
we must understand the use of the ‘Safety Software Relay”
SIRELAY. Up to four SIRELAY’s can be configured.

The standard SPL block "safety software relay” is designed to
meet the requirements of an Emergency Stop function with
safe programmable logic. However, it can also be used to
implement other similar safety functions, e.g. to control a
protective door.

AND

™ AND
cMP
>= E
r ®—— Timeri

El

Time measurement =

= rising to falling edge
I AND ™ _
= — i S Timer2 i
0 E_AND —l—,_
Tl

-— e
| Ti2 Timerd —A2

Signals that have a line above them signify low active”

Three shutdown inputs E1, E2 & E3

If one of these inputs is set to 0, direct output AO is set to 0.
Outputs Al, A2 & A3 switch off with the delay of TI1, TI2 & TI3.
If one of these inputs is not used, then it is internally set to ”1”
as static signal. If required, one of these inputs must also be
used to initiate test operation of the safety relay (forced check-
ing procedure).

Q1 & Q2 Acknowledge Inputs

Q1 must be supplied with the signal from the real acknowledge
button.

Q2 is only used for the forced checking procedure. The
software relay itself does not have to be subject to a forced
checking procedure. However, if the Emergency Stop function
is executed and if external actuators have to be subject to a
forced checking procedure, if the relay drops--out during the
Emergency Stop test, then it can be acknowledged using Q2
(in a defined time window, refer to TM1). This input must also
be connected with a safety system variable (even if the signal
is not used) preferably with a $A_ MARKERSI in order to detect
that this acknowledge signal is available as steady state signal
in the crosswise data comparison with the PLC. The associ-
ated comparison data in the PLC must have a steady state 0
signal level.

Notes :
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Three timer initialization values TI1, TI2 & TI3
The times after which outputs A1, A2 & A3 are switched to 0 at
a negative edge in output signal AO are defined here.

One timer limit value TM1

Defines the maximum time that the shutdown inputs E1, E2 &
E3 may have been at a 0 signal level so that they can still be
acknowledged using Q2. Q2 should only be used for the
internal safety relay test. It is not permissible that Q2 is used to
acknowledge a "real” shutdown.

Four output values A0 to A3

AO supplies the result of ANDing E1, E2 & E3 without any
delay. Outputs Al, A2 & A3 supply the same result for positive
edges of AO; for negative edges, the results are delayed by the
timer initialization values TI1, TI2 & TI3(switch-off delay).

A0 to A3 do not produce a result after booting until an
acknowledgment has been received via Q1.

-

Initialization in the SAFE.SPF program

The connections for the function block are defined when
initialized. The input and output quantities of the function block
are assigned to the required system variables
(A_MARKERSI, $A_INSE, $A_OUTSE,...). The following
functions must be called:

(The status value contains the number of the first incorrect
parameter; a value of 0 indicates that the parameter
assignment is correct.)

SIRELIN:
This language command assigns the input quantities Q1, Q2,
E1, E2 and E3 to the safety relay x (x = 1..4).

Syntax: SIRELIN(x,status,”Q1”,”Q2”,”E1”,”E2”,”E3")

The transfer parameters Q1 to E3 are strings and must
therefore be entered in quotation marks (" ”). The following
system variables are permissible as input quantities:
$A_MARKERSI[]

$A_INSE[ ]

$A_INSI[ ]

$A_OUTSE[ ]

$A_OUTSI[ ]

E2 and E3 are optional. If these parameters are not entered,
the relevant inputs are set to ”1” (static signal).

-

SIRELOUT:
This language command assigns the output quantities A0, A1,
A2 and A3 to safety relay x (x = 1..4).

Syntax: SIRELOUT(x,status,”A0”,”A1”,”A2”,A3”)

The transfer parameters AO to A3 are strings and must
therefore be entered in quotation marks (" ”). The following
system variables are permissible as output quantities:

$A_MARKERSI[ ]
$A_OUTSE[]
$A_OUTSI[]
$A_PLCSIOUT[ ]

Al to A3 are optional. If these parameters are not specified,
then the corresponding outputs are not supplied. However, if
Al is specified, the initialization value for timer 1 (TI11) must
also be parameterized via SIRELTIME. The same applies for
A2 and timer 2 (TI2) and A3 and timer 3 (TI3).

SIRELTIME:

This language command assigns the times for the timers
required to safety relay x (x = 1..4). These include the timer
limit value TM1 and the timer initialization values TI1, TI2 and
TI3.

Syntax: SIRELTIME(x,status, TM1,TI1,TI2,TI3)

Transfer parameters TM1 & TI1 to TI3 are REAL numbers
(timers in seconds). TI1 to TI3 are optional.

If these parameters are not specified, the corresponding
outputs Al to A3 are not supplied. However, if TI1 is specified,
output A1 must also be parameterized via SIRELOUT. The
same applies for TI2 and A2 and TI3 and A3.

Notes :

Al104
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SIRELAY:

Cyclic Monitoring of the configured SIRELAY is required for
operation. The cyclic section must be integrated in the
synchronized actions of the SPL. Only the SIRELAY number
(1 to 4) is passed to the SIRELAY function.

A ‘Status’ value other than 0 will indicate a fault with the
parameterization of the SIRELIN, SIRELOUT or SIRELTIME
function calls.

Syntax: Status = SIRELAY(x)

The ”"Status” variable must be defined as integer to correctly
map the possible return values of the function block.

The following values are possible for status:

Status Value Significance

0 SIRELAY parameterized correctly

The input quantities of the safety relay are
either not parameterized or incorrectly param-
1 eterized.

Remedy: Call SIRELIN with the

correct parameterization.

The output quantities of the safety relay are
either not parameterized or incorrectly param-
2 eterized.

Remedy: Call SIRELOUT with the

correct parameterization.

-

Status Value Significance

The input and output quantities of the safety
relay are either not parameterized or not
3 correctly parameterized.

Remedy: Call SIRELIN and SIRELOUT with
the correct
Parameterization.

The timers of the safety relay are either not

4 parameterized or not correctly parameterized.
Remedy: Call SIRELTIME with the correct

parameterization

The input quantities and timers of the safety
relay are either not parameterized or not

5 correctly parameterized.

Remedy: Call SIRELIN and SIRELTIME with
the correct parameterization.

The output quantities of the safety relay are
either not parameterized or not correctly

6 parameterized.

Remedy: Call SIRELOUT and SIRELTIME
with the correct parameterization

The initialization of the safety relay was either

7 not carried out or not correctly carried out.
Remedy: Call SIRELIN, SIRELOUT and

SIRELTIME with the correct parameterization

-

Example:
Example code for the emergency stop relay function within the
NCK-SPL (SAFE.SPF) using the SIRELAY.

DEF INT R1_IN, R1_OUT, R1_TIME

DEFINE IE1_ESTOP
DEFINE IE2_ESTOP_RESET
DEFINE M1_QUIT2

AS $A_INSE[1]
AS $A_INSE[2]
AS $A_MARKERSI[1]

DEFINE M2_A0 AS $A_MARKERSI[2]
DEFINE M3_A1 AS $A_MARKERSI[3]
DEFINE M4_A2 AS $A_MARKERSI[4]
DEFINE M5_A3 AS $A_MARKERSI[5]

DEFINE R1_STATUS AS $AC_MARKER([1]

SIRELIN(1, R1_IN, ”IE2_ESTOP_RESET ”, “M2_QUIT2”, “IE1_ESTOP ”)
SIRELOUT(1, R1_OUT, “M2_A0”, “M3_A1”, “M4_A2”, “M5_A3")
SIRELTIME(1, R1_TIME, 0.4, 1.0, 2.0, 3.0)

IDS = 200 DO R1_STATUS = SIRELAY(1)

;Error Handling
IDS =201 EVERY (R1_STATUS <>0) DO .....

Example:
FB10 “SI_Relais” within the PLC can be called within the PLC-
SPL to compliment the NCK-SPL SIRELAY function.

FB10 should be called once for each SIRELAY(1..4) with a
separate instance data block.

FUNCTION_BLOCK FB 10
Declaration of the function

VAR_INPUT
In1: BOOL :=True; // Input 1
In2: BOOL :=True ; // Input 2
In3: BOOL :=True; // Input 3
Acknl: BOOL; // Acknl signal
Ackn2: BOOL; // Ackn2 signal
TimeValuel : TIME := T#0ms ; // TimeValue for Output 1
TimeValue2 : TIME := T#0ms ; // TimeValue for Output 2
TimeValue3 : TIME := T#0ms ; // TimeValue for Output 3
END_VAR
VAR_OUTPUT
Out0 : BOOL; // Output without Delay
Outl: BOOL; // Delayed Output to False by Timer 1
Out2 : BOOL; // Delayed Output to False by Timer 2
Out3: BOOL; // Delayed Output to False by Timer 3
END_VAR
VAR_INOUT
FirstRun: BOOL; // True by User after 1st start of SPL
END_VAR

Notes :
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Within the ‘Archives/Manufacturer/A102’ folder, load the
archive ‘A102_SAFE_001.ARC’. This archive contains a
SAFE.SPF with the SIRELAY configured for the simulator.

& E3HMI data
&- ™ Local drive
B ClHoPli

26.83.13 B4:53:18PM |
13872 26.83.13 B1:3341PM
1683936 18.83.13 18:19:27 AM
B9:46:14 AM
84:53:18 PM
81:3212 PM

Archives/ Manufacturer/A182
/A182_SAFE_BB1.arc

Read in archive?

| @ EaUser cycles

|| P3Standard cycles

| B C3Manufacturer cycles

14.83.13
14.83.13

86:85:18 PM
B86:85:18 PM

27.83.13 84:69:88 PM
16245 27.83.13 84:69:87 PM

Within Step7, compile the source file ‘A102_FC91_001'....

',;JSIMATI( Manager - [A102_001 — D:\#Customers#...\RIG\CourseRig\A102_001]
Bprle Edt Inset PLC View Optins Window Help

E%I:USI 068
UST_832

i @ CUST CLAMP
mers/ﬂmladtnr/n 82

1812 27.83.13 B4:89:87 PM |

1185 27.63.13 84:09:67 PM =
Free: 1819.4 MB

D@ |8¥@| ) e dafo 28 7 | ® || <NoFier> - Ve BE
A102_001 Object name | Symbokc name | Type | Sue| Auhor |
=l SINUMERIK B ar02_Fcsn_om STLSou] g
© @ cruarrarnor | B SRR
=@ 57 Progienll] | NS00 (DT 18_001 Open Object Clrl+Alt+O
(B Sowices = v
(€3 Blocks Cut ClrleX
v o CPBAD ¢ c ctrl
& E SINAMICS _Intagratec W 5 :F
Delete Del
Insert New Object »
PLC »
Export Source... !§
Print »
Rename F2
Object Properties... Alt+Return
Special Object Properties »

...now download the newly complied FC91 “fcSI:PLC-SPL" to
the PLC from within the blocks folder.

Perform an NCK Reset to activate the new version of
NCK-SPL ‘SAFE.SPF'.

=) )
Following the NCK reset, The NCK error 14751 will appear. We can now look at the SPL code that has been loaded to the
NCK(SAFE.SPF) and the PLC (FC90 “fcSI” & FC91"fcSI:PLC-
A\\ . iR A7) SAFE.SPF ramp-up not completed % SPL“)
‘mﬁﬂ A Dolele | Number Ted ‘l' You will see new safety variables used, namely:
m'gémgm 18965 | SAFE.SPF ramp-up not completed y ;?m $A_MARKERSI and $A_PLCSIIN
,‘&;i%;ﬂ‘!. . |20 pit stat it exacued KaiRioed $A_MARKERSI are internal Boolean markers that the SPL
: ‘ ‘ l M] index can use to store intermediate states. There are 64
($A_MARKERSI[1..64]) in total and all can be freely assigned
o ] within the SPL.
9 lock %2 resources for motion synchronous actions not sufficient (code: : Full .
RO o R I AT scroen For each Safety Related System Variable (e.g. $A_INSE,
R iy . Folos $A_OUTSE, $A_MARKERSI...etc) within the NC, there is a
» %3 = ldestifes ) ) reference corresponding bit within DB18 (“SPL)” of the PLC.
Definitions:  Processing of motion—synchroneus actions requires resources that are configured
using MD28868 $MC_MM_IPO_BUFFER_SIZE, MD26870
Q’"nﬁ g ::ﬂ :k?fkgvf.": ﬁiﬂ;ﬁ:ﬁ”ﬁ}ms« To avoid errors (e.g. 27090 Error in Data Crosscheck.....), the
e e s B PLC-SPL must manipulate the appropriate bits within DB18 in
Help the same way that the NCK-SPL manipulates the system
variables $A_....etc.
This error is due to the default value of One exception to this rule are the Boolean system variables
MD28251 $MC_MM_NUM_SAFE_SYNC_ELEMENTS =0 $A_PLCSIIN[1..32 <96 for HF Option>] and
Change this value to 159. $A_PLCSIOUT[1..32 <96 for HF Option>].
98250~ MC_HM_NUM_SYNG_FLEMENTS 150 These variables are ‘Single ,Chann,eI'VariabIes’ and can be
28251 $MC_MM_NUM_SAFE_SYNC_ELEMENTS 159 po | | used to communicate none 'SAFE’ signals to and from the
28252 $MC_MM_NUM_FCTDEF_ELEMENTS | 3 SPL.
NCK Reset to activate new value.
) )
Notes :
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NC Fault ‘27090 Error in Data Crosscheck NCK-PLC $A ... NCK ?’ will be posted if the Sl system detects a difference of state
between the PLC(DB18) and the NCK (Saftey Related System Variables).
PLCSIIN and PLCSIOUT communication variables are ‘Single Channel and are not subject to ‘Crosscheck’ monitoring. They are

passes directly to/from the NCK for use within both PLC & NCK.

27090 Error in Data Crosscheck NCK-PLC $A ...

DB18 “SPL”

A_INSEP[x]

NCK

$A_INSE[X]

A_OUTSEP[x] SI System $A_OUTSE[x]
PLC.SPL 0 A_MARKERSIP[X] * Crosscheck Error? * $A_MARKERSI[X] 0 NCK.SPL
FCo1 A_INSIP[x] >< $A_INSI[x] SAFE.SPF
A_OUTSIP[X] | $A_OUTSI[X]
A_PLCSIIN[X] I »| SA_PLCSIIN[X]
| <P
A PLCSIOUT[X] | ] $A_PLCSIOUT[X]
|
PLC | NCK
1
o
FC90 “fcSlI” is called cyclically from OB1. This is the ‘Support’ block for PLC-SPL FC91 “fcSI:PLC-SPL”. FC90 prepares and
reacts to the state of the safety related variables within the PLC-SPL. Throughout this course, FC90, along with FC91 will be
expanded as we continue to enable and commission System Based Safety Integrated.
FCo0 : Bafety Integrated
m: Start MCP Communication .
u} "SPL"_SPL_STATUS14 A7End of SPL program reached Here’ we pass the Status Of any aCtlve Emer-
0N  "SPL".SPL_STATUS13 //h1l SPL protective mechanisms active gency Stop requests from the PLC (FB100
L "gp_par" . MCP1l2top ff8cart the MCP Communication ubeStop”) tO the SPL using the Single Channel
Netwvwork 2 : Initialise ZIRELAY FE10 within PLC-3PL Variable $A—PLCS”N[1] (FB1OO “beStOp”
4 DEe.DEX  45.0 //O0BL Sean L checks for emergency stop requests from
5 “mST:STRELAY_1_FirstBun® within the PLC i.e. Circuit Breaker Tripped, No
_ Hydraulic Pressure...etc. It also controls the
Netvwork 3 : No PLC-EStop request actiwe to SPL P VDI Slgna|S fOI’ NCK Alarm 13000 Emergency
AN "mPLCEStopRequestictive” l . 5
= "SPL".IP1_PLC_READY Stop Active’.
Network 4 : Call PLC-5PL When NCE-3PL has been executed P CaII FC91 “fCSl:PLC-SPI_” once the NCK-SPL
A "EPL".SPL_STATUZ14 FFEnd of SPL program reached |
cc "£eST: PLO-SPL has completed.
Netwvwork § : Generate Emergency Stop regquest when SIRELAY is off.
M "SPLY.SPL_DATA.N6_SIRELL OUTO < Create a PLC emergency stop request for
N M . FB100 “fbEStop” if the SPL S| Relay is off.
- e $A_MARKERSI[6] == FALSE.
Netwwork 6 : Emergency Stop Reset PE LED
A "SPL"_SPL_STATUS14 A7End of SPL program reached
AN "NC"_A_ EMERGENCYT
A "SPL".EPL_DATA.IEl_ESt,op
A "m0. EH="
o "SPL"_SPL_DATA M&_SIRELL OUTO
= "gPPPEN4B8:HEEE _39:28.0"
)
Notes :
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FC91 “fcSI:PLC-SPL” is the PLC equivalent of the NCK-SPL “SAFE.SPF”. The functionality of both NCK-SPL& PLC-SPL must
be identical, otherwise error “27090 Error in Data Crosscheck ...” will occur.

PLC-SPL FC91 “fcSI:PLC-SPL”

LECSL i Safety TIntecrated. PLC-SDIL
TS tpe-zo0: Assign EStop Input A_INSEP(1] to A _MARKERSIP(1]
A "SPL".5PL_DATA.IE1l_EStop \ 13 ”
o R NCK-SPL “/CST.DIR/SAFE.SPF
\:Nec 1:Assign EStop Input $A INSE[1] to $A MARKERSI[1]
Network 2 : IDE=Z01l: Assign PLC Estop Input A_PLCSIIN[1l] to A MARKERSIP[Z] IN10120 IDS=200 DO MI1 SIRELl—INl = IE1 ESTBP
A "EPLY.IPL_PLC_READY - — —
- "#PL". SPL_DATA.MZ_SIRELL_INZ \:Ne: 2:hs=ign PLC Estop Input $A_PLCSIIN[1] to $A_MARKERSI(Z]
N10125 IDS=201 DO MIZ_SIREL1_INZ = IP1_PLC_READY
Network 3 : IDE=202: Assign A MARKERSIP([3] Scacically TRUE
A "mTRIUE" ;Net 3:Assign $A_!!ARK'ERSI[3] Statically TRUE
= "SPL".SPL_DATA.M3 SIREL1 TH3 N10130 IDS=202 DO MI3_SIREL1_IN3 = TRUE
Network 4 : IDE=Z03: Assign Estop Reset Input A _INSEP[Z] to A MAREERSIP[4] ;Net 4:Assign EStop Reset Input $A_INSE[2] to $A_H)\RKERSI[‘!]
A WEPLY. 2PL_DATA.TEZ_EStop Reset —IN10135 IDS=203 DO MI4_SIREL1_QUIT1 = IE2_EStop_Reset
= "EPL".SPL_DATA.M4_SIRELL_QUITL
Net S:Assign $A MARKERSI[S] Statically FALSE
Network 5 : IDE=Z03: Assign A _MARKERSIP[S] Statically FALSE //‘momo IDS=204 DO MIS_SIREL1_QUITZ = FALSE
A "mFALSE"
= "EPLY. SPL_DATA M5 SIRELL QUITZ ;Net 6:Call 3IRELAY(1) for EStop
410145 SIRELIN(1, SIREL1_IN, "MI4_SIREL1_QUIT1", "MI5_SIREL1_QUIT2",
Network 6 : Call SIRELAY(l] for ESuop "MI1_SIREL1_IN1", "MI2_SIREL1_IN2", "MI3_SIREL1_IN3")
IN10150 SIRELOUT(1, SIREL1_OUT, "MI6_SIREL1_OUTO”, "MI7_ SIREL1_OUT1",
» QEPLY STLDATR-ML_STRELL_TN "MIS_SIREL1_OUT2", "MIS SIREL1 OUT3")
BLD 103 : N10155 SIRELTIME(1,SIREL1_TIME, 0.4, 1.0, 2.0, 3.0)
A "SPL".5PL_DATA MZ SIREL1_INZ IN10160 IDS=205 DO M STATUS 1 = SIRELAY(1)
= L o1
BLD 103 N10165 M17
A "SPL".SPL_DATA M3 SIREL1_IN3
- L 0.2
BLD 103 Apart from some parameters and syntax for the SIRELAY,
A "EPL".ESPL_DATA.M4_SIREL1_QUITL . - B .
- L 0.3 Notice how the functionality of the code in both the NCK-
BLD 103 SPL and the PLC-SPL is the same.
A "SPL".SPL_DATA ME_SIREL1_QUITZ
= L 0.4
ELD 103 . H
CALL "SI Relais’ ., "idweT:SIRELAY 1:Egtop" Notice how the network and IDS numbers are used in the
Inl imL0.0 comments of each SPL area. This helps to quickly
. =10, . . .
Ins i=10.2 associate the equivalent code in each area.
Quitl i=L0.3
Quitz =L0.4
TimeWaluel:=T#1S
TimeWValueZ:=T#ZS
TimeWalued:=T#3s
Oued :="SPL" SPL_DATA Mé&_SIRELL OUTO
Out 1 (MEPLY . SPL_DATA MY_SIREL1_0UT1
outz ="SPL".BPL_DATA.MB8_SIRELLl_OUTEZ
out3 ="SPL".BPL_DATA. M3 SIRELL_OUT3
FirstPun ="mSI: SIRELAY_1_ FirstRun"
NOP o

Using HMI Operate, Go to the ‘Diagnostics’ >> ‘Safety’ >> ‘SPL’ screen, enable the drives and press the 'Emergency Stop

Reset’ button.

Observe the safety related system variables ($A_MARKERSI[1..9]) that we have used and assigned to the SIRELAY(1)
within the SPL. Notice $A_MARKERSI[6..9] changing state when the Emergency Stop button on the HT2 is pressed.

Safety Integrated SPL m
Uariable Bit Format fAirea Ualue
NCK: #0608 ABA1
$A_INSEP)  |~| es.e1 [¥] B [~ . ABAA BAB1 SGE/ SGA
NCK: 1118 8111
$n_MARKERSKP) |~ | e8.m1 |-| B [~ PLD: 1118 8111
NCK: #0608 ABA1
$A_MARKERSKP) ~| 16.89 |~ B [v] PLL: F——
NCK: #0608 ABA1
$A_INSEP)  |~| es.e1 [¥] B [~ pp. AB9A BAB1 il

Notes :
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Useful Addresses for DB18

External Inputs:

External Outputs:

Internal Inputs:

$A_INSE[1..8]
$A_INSE[9..16]
$A_INSE[17..24]
$A_INSE[25..32]

$A_INSE[33..40]
$A_INSE[41..48]
$A_INSE[49..56]
$A_INSE[57..64]

DB18.DBX38.0 - 7
DB18.DBX39.0 - 7
DB18.DBX40.0 - 7
DB18.DBX41.0 -7

DB18.DBX42.0 -7
DB18.DBX43.0 -7
DB18.DBX44.0 - 7
DB18.DBX45.0 - 7

(High Feature Option)

$A_INSE[65..192]

DB18.DBB272-287

$A_OUTSE[L1..8]
$A_OUTSE[9..16]
$A_OUTSE[17..24]
$A_OUTSE[25..32]

$A_OUTSE[33..40]
$A_OUTSE[41..48]
$A_OUTSE[49..56]
$A_OUTSE[57..64]

DB18.DBX46.0 - 7
DB18.DBX47.0 - 7
DB18.DBX48.0 - 7
DB18.DBX49.0 - 7

DB18.DBX50.0 - 7
DB18.DBX51.0 - 7
DB18.DBX52.0 - 7
DB18.DBX53.0 - 7

(High Feature Option)

$A_OUTSE[65..192]

DB18.DBB288-303

$A_INSI[1..8]
$A_INSI[9..16]
$A_INSI[17..24]
$A_INSI[25..32]

$A_INSI[33..40]
$A_INSI[41..48]
$A_INSI[49..56]
$A_INSI[57..64]

DB18.DBX54.0 - 7
DB18.DBX55.0 - 7
DB18.DBX56.0 - 7
DB18.DBX57.0 - 7

DB18.DBX58.0 - 7
DB18.DBX59.0 - 7
DB18.DBX60.0 - 7
DB18.DBX61.0 - 7

(High Feature Option)

$A_INSI[65..192]

DB18.DBB304-319

Internal Outputs:

Markers:

$A_OUTSI[1..8]
$A_OUTSI[9..16]
$A_OUTSI[17..24]
$A_OUTSI[25..32]

$A_OUTSI[33..40]
$A_OUTSI[41..48]
$A_OUTSI[49..56]
$A_OUTSI[57..64]

DB18.DBX62.0 - 7
DB18.DBX63.0 - 7
DB18.DBX64.0 - 7
DB18.DBX65.0 - 7

DB18.DBX66.0 - 7
DB18.DBX67.0 - 7
DB18.DBX68.0 - 7
DB18.DBX69.0 - 7

(High Feature Option)
$A_OUTSI[65..192] DB18.DBB320-335

$A_MARKERSI[L..8]
$A_MARKERSI[9..16]
$A_MARKERSI[17..24]
$A_MARKERSI[25..32]

$A_MARKERSI[33..40]
$A_MARKERSI[41..48]
$A_MARKERSI[49..56]
$A_MARKERSI[57..64]

(High Feature Option)

$A_MARKERSI[65..192]

DB18.DBX70.0 - 7
DB18.DBX71.0 - 7
DB18.DBX72.0 - 7
DB18.DBX73.0 - 7

DB18.DBX74.0 - 7
DB18.DBX75.0 - 7
DB18.DBX76.0 - 7
DB18.DBX77.0 - 7

DB18.DBB336-351

We can now modify the SPL to control Safety Related

Output 1 ($A_OUTSEJ1]). $A_OUTSE[1] is for the 2 relays
within the simulator = KA1 & KA2, in this case, $A_OUTSE[1]
will be assigned to $A_MARKERSI[6].
$A_MARKERSI[6] is connected to the OUTO channel of the
SIRELAY(1). OUTO is the instant (non-delayed) channel.

Add a new network (7) to FC91 “fcSI:PLC-SPL” with the fol-

lowing code......

Note: The absolute addresses for the variables are;

$A_MARKERSI[6]
$A_OUTSE[1]

=DB18.DBX 70.5

=DB18.DBX 46.0

A "SPL".SPL_DATA.M6_SIREL1 OUTO
= “SPL*.SPL_DATA.OEL KAl KAZ DE1S.T

Network 7: IDE=206: Assign MarkerSIP(6] to KAl _KAZ Contactor Output

DBl18.DBX7 5

BX46.0

MARKERSIPE
-- OUTSEPL

....Now modify the NCK-SPL ‘CST.DIR/SAFE.SPF’ and add
the following block N10165 for IDS=206.

b

yHet 7:Assign HarkexSIP[6] to KA1_KA2 Contactor Output9

ID5-286 DO OE1_KA1_KA2 - MIG_SIREL1_OUTHY

q
il
H179

Cut

i

Once the SAFE.SPF and FC91 have been modified

¢ Load FC91 to the PLC

. NCK reset to activate the modified NCK-SPL
(the relays KA1 & KA2 will now be energized when the

emergency stop circuit is reset.)

. Observe the status of $A_OUTSE[1] in the SPL
Safety Diagnostics screen.

The relays KA1 & KA2 should now energize when the
emergency stop is reset.

Notes :
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F-Motion Monitoring:

Description of Safety Related Axis and Drive Machine Data

This section describes the following;

o Brief overview of ‘Safe Motion Monitoring’ machine data
. Explanation of the Safe Checksum monitoring
. Copy and Confirm of S| Data

NOTE: Any NC/PLC code shown in this document is to be treated as an example and for
guidance purposes only!

Notes :
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This section will describe how the various system based safety
integrated functions are applied to the axes/spindle.

The OEM must decide what safe functions are to be used for
each axis/spindle.
Available System Based Safety Functions;
-SH (STO) Safe Standstill ¥
-SBH (SOS) Safe Operational Stop
-Safe Stopping Process (External Stops) ¥
-SBR Safe Braking Ramp ¥
-SG (SLS) Safe Reduced/Limited Speed - 4 Levels
-Safe Speed Limit/Monitor (n<ny) (SSM)
-SE (SLP) Safe Software Limit Switches
-SN (SCA) Safe Software Cams
-SBC Safe Brake Control

Y Functions are mandatory for each axis/spindle

-

Axis and drive specific ‘safe’ machine data are used to enable
and configure the safety functions.

Safety Machine data’s exist in both ‘Axis’ and 'Drive’ machine
data areas.

All Safety related machine data for the axes begin with
‘SMA_SAFE_.....".

Safe Axis machine data range:
MD 36901 $MA_SAFE_FUNCTION_ENABLE
MD 36999[0..2] $MA_SAFE_DES_CHECKSUM

Within the Drive, all Safety related machine data begins with
‘Sl Motion...” from p9500 onwards.

e.g. p9500 SI Motion monitoring clock cycle (Control Unit)
For almost every Axis specific ‘Safety Related’ machine data,

there exists an equivalent Drive specific ‘Safety Related’ ma-

chine data.

e.g.

MD 36901 $MA_SAFE_FUNCTION_ENABLE

...is equivalent to...

p9501 SI Motion enable safety functions (Control Unit)

With a small number of exceptions, the value of each and
every safety related machine data within the NC must match
the value entered in the equivalent ‘Drive’ safety machine data.

However, it is not necessary to enter the values by hand in
both the NC AND the Drive. Using the ‘Safety’ commissioning
section of the ‘Setup’ area, you can copy safety related data
from the ‘NC’ to the ‘Drive’.

EEIRER-E=lET 1 )

The following pages show a list of Safety related NC machine
data with it's Drive equivalent parameters.

This is not a complete listing of the ‘Axis’ safety related data,
but a list that shows the ‘Axis’ MD that has an equivalent
safety related ‘Drive’ MD.

With the exception of the highlighted parameters, all of the
values from the NC data are copied to the respective drive
data when the afore mentioned ‘Copy S| Data’ function is used
within the ‘Setup’ >> ‘Safety’ commissioning area.

Drive
Ho.  Identifier

No axes present

Index Name Type

Current access level: Manufacturer
~]

General MO | fxis MO

N

Setup

Copy
51 data

>

=P | [@)] safety

The encoder related data in MD’s 36916 to 36922
(Highlighted), are not automatically copied and must be
entered manually in both the Axis and Drive MD. This is
necessary in the event of a two encoder system, where
the motor encoder is monitored and used by the drive
safety, whilst the direct (e.g. Linear scale) will be used by
the NC safety.

-
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List of NC Safety parameters that have equivalent drive Safety parameters that are copied automatically with the ‘Copy S| Data’
softkey in the ‘Setup’ >> ‘Safety’ commissioning area.

Note: Highlighted parameters 36916/p9516 to 36922/p9522 must be entered manually within NC and drive.

NC Name Drive |Name

MD MD

10089 | $MN_SAFE_PULSE_DIS_TIME_BUSFAIL p9580 Sl motion pulse suppression delay bus failure

10090 | $MN_SAFETY_SYSCLOCK_TIME_RATIO p9500 Sl motion monitoring clock cycle

36901 | $MA_SAFE_FUNCTION_ENABLE p9501 Sl motion enable safety functions

36902 | SMA_SAFE_IS_ROT_AX p9502 Sl motion axis type

36903 | $MA_SAFE_CAM_ENABLE p9503 Sl motion SCA (SN) enable

36905 | $MA_SAFE_MODULO_RANGE p9505 Sl motion SCA (SN) modulo value

36916 | $SMA_SAFE_ENC_IS_LINEAR p9516 Sl motion, motor encoder configuration, safety--related functions

36917 | $MA_SAFE_ENC_GRID_POINT_DIST p9517 Sl motion linear scale, grid division

36918 | $SMA_SAFE_ENC_RESOL p9518 Sl motion encoder pulses per revolution

36919 | $SMA_SAFE_ENC_PULSE_SHIFT p9519 Sl motion fine resolution G1_XIST1

36920 | $MA_SAFE_ENC_GEAR_PITCH p9520 Sl motion spindle pitch

36921 | $MA_SAFE_ENC_GEAR_DENOM][n] p9521 Sl motion, gearbox, encoder/load, denominator

36922 | $SMA_SAFE_ENC_GEAR_NUMERA[N] p9522 Sl motion, gearbox, encoder/load, numerator

36930 | $SMA_SAFE_STANDSTILL_TOL p9530 Sl motion standstill tolerance

36931 | $MA_SAFE_VELO_LIMIT[n] p9531 | SImotion SLS (SG) limit values

36932 | SAFE_VELO_OVR_FACTORIn] p9532 Sl motion SLS (SG) override factor

36934 | MA_SAFE_POS_LIMIT_PLUS[n] p9534 Sl motion SLP (SE) upper limit values

36935 | $MA_SAFE_POS_LIMIT_MINUS[n] p9535 Sl motion SLP (SE) lower limit values

36936 | SMA_SAFE_CAM_POS_PLUSIn] p9536 Sl motion SCA (SN) plus cam position

36937 | SMA_SAFE_CAM_POS_MINUS[N] p9537 Sl motion, SCA (SN) minus cam position

36938 | SMA_SAFE_CAM_TRACK_ASSIGN p9538 Sl motion SCA (SN) cam track assignment

36940 | SMA_SAFE_CAM_TOL p9540 Sl motion SCA (SN) tolerance

36942 | $MA_SAFE_POS_TOL p9542 Sl motion actual value comparison tolerance (crosswise)

36944 | $SMA_SAFE_REFP_POS_TOL p9544 Sl motion actual value comparison tolerance (referencing)

36945 | $MA_SAFE_VELO_X_FILTER_TIME p9545 | SI Motion SSM (SGA n < nx) filter time

36946 | $MA_SAFE_VELO_X p9546 | SI Motion SSM (SGA n < nx) velocity limit n_x

36947 | $SMA_SAFE_VELO_X_HYSTERESIS p9547 Sl motion SSM (SGA n < nx) velocity hysteresis

36948 | $MA_SAFE_STOP_VELO_TOL p9548 Sl motion SBR actual speed tolerance

36949 | $SMA_SAFE_SLIP_VELO_TOL p9549 Sl motion slip speed tolerance

36950 | $MA_SAFE_MODE_SWITCH_TIME p9550 Sl motion SGE changeover tolerance time

36951 | $MA_SAFE_VELO_SWITCH_DELAY p9551 Sl motion SGE changeover delay time

36952 | $MA_SAFE_STOP_SWITCH_TIME_C p9552 Sl motion transition time STOP C to SOS (SBH)

36953 | $MA_SAFE_STOP_SWITCH_TIME_D p9553 Sl motion transition time STOP D to SOS (SBH)

36954 | $MA_SAFE_STOP_SWITCH_TIME_E p9554 Sl motion transition time STOP E to SOS (SBH)

36955 | $MA_SAFE_STOP_SWITCH_TIME_F p9555 Sl motion transition time STOP Fto STOP B

36956 | MA_SAFE_PULSE_DISABLE_DELAY p9556 Sl motion pulse cancelation delay time

-

Notes :
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NC Name Drive | Name
MD MD
36957 | $SMA_SAFE_PULSE_DIS_CHECK_TIME p9557 Sl motion pulse cancellation checking time

36958 | SMA_SAFE_ACCEPTANCE_TST_TIMEOUT | p9558

Sl motion acceptance test time limit

36960 | MA_SAFE_STANDSTILL_VELO_TOL p9560 Sl motion pulse cancelation shutdown speed
36961 | $MA_SAFE_VELO_STOP_MODE p9561 Sl motion SLS (SG) stop response

36962 | SMA_SAFE_POS_STOP_MODE p9562 Sl motion SLP (SE) stop response

36963 | SMA_SAFE_VELO_STOP_REACTIONI[N] p9563 Sl motion SLS (SG)--specific stop response
36997 | MA_SAFE_ACKN r9727 Sl motion, internal drive user agreement
36998 | SMA_SAFE_ACT_CHECKSUM r9728 Sl motion, actual checksum, SI parameters
36999 | SMA_SAFE_DES_CHECKSUM p9729 Sl motion, reference checksum, Sl parameters

36969 | SMN_SAFE_BRAKETEST_TORQUE_NORM | p2003

Reference torque

The parameters highlighted above are not copied from the NC to the Drive with the ‘Setup’ >> ‘Safety’ >>

‘Copy Sl Data’ function.

MD 36977/r9727 and 36969/p2003 will be described later.

-

‘Actual’ checksum values of all safety related data values are
created on power up of the control or following an NCK reset.

Checksum values are stored in ‘General MD’, ‘Axis MD’ and
also within ‘Drive parameters’.

General MD
MD13318J[0..3] contains ‘ACTUAL’ checksum values for all
‘Global’ (non-axis/drive specific) safety related data.

Index [0] of MD 13318 contains the checksum values for
MD'’s relating to ‘Safe communication’, ‘SPL I/O connection’,
‘SPL functionality’....etc.
E.g.
10385[n] $MN_PROFISAFE_MASTER_ADDRESS
10386[n] $MN_PROFISAFE_IN_ADDRESS
10387[n] $MN_PROFISAFE_OUT_ADDRESS
10388[n] $MN_PROFISAFE_IN_ASSIGN
10389[n] $MN_PROFISAFE_OUT_ASSIGN

T33TH[6]  $TTN_SHFE_GLUB_UFG_CHANGE_UHTE Index [1] of MD 13318 contains the checksum values for
13318(8]  $MN_SAFE_GLOB_ACT_CHECKSUM 7BA20C83H | \\D's relating to ‘SPL User Data’.
13318[11 $MM_SAFE_GLOB_ACT_CHECKSUM EGF5ARSZH E.g.
13318[2] $MN_SAFE_GLOB_ACT_CHECKSUM F83044ADH 13312 $MN SAFE SPL USER DATA
13318[31 $MH_SAFE_GLOB_ACT CHECKSUM 11ADBH - - - -
13319[8] $MH_SAFE_GLOB_DES_GHECKSUM BH
13319(1]  $MN_SAFE_GLOB_DES_CHECKSUM BH Index [2] of MD 13318 contains the checksum values for
133192 | $MN_SAFE_GLOB_DES_CHECKSUM BH | MD’s relating to ‘Profisafe 1/0 Connection Enable Data’.
13319[3] $MH_SAFE_GLOB_DES_GHECKSUM BH E.g.
19294 €MM coFE cpnp
1P0TIME_ROTIO 18 13302 $MN_PROFISAFE_IN_ENABLE_MASK
13303 $MN_PROFISAFE_OUT_ENABLE_MASK
Index [3] of MD 13318 contains the checksum values for
MD'’s relating to the Step7 Profisafe hardware configuration.
E.g.
Data provided by the Step7 F-Configuration add-on
package.
[ -)
Notes :
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Axis MD
MD36998[0..2] contains ‘“ACTUAL’ checksum values for all

‘Axis’ specific safety related data.
KN

36998[8] $MA_SAFE_ACT_CHECKSUM B85287868H
36998[1]  $MA_SAFE_ACT_CHECKSUM D6CD7D28H
$MA_SAFE_ACT_CHECKSUM 73899A3EH
$MA_SAFE_DES_CHECKSUM 8H
$MA_SAFE_DES_CHECKSUM 8H
$MA_SAFE_DES_CHECKSUM 8H

Index [0] of MD 36998 contains the checksum values for
MD’s relating to ‘Safe motion monitoring’
E.g.

36901 $MA_SAFE_FUNCTION_ENABLE

36902 $MA_SAFE_IS_ROT_AX

...etc

Index [1] of MD 36998 contains the checksum values for
MD'’s relating to ‘Sinamics Hardware’
E.g.

36927 $MA_SAFE_ENC_MOD_TYPE

...etc

Index [2] of MD 36998 contains the checksum values for

MD'’s relating to ‘Sinamics Coupling’

E.g.
36906 $MA_SAFE_CTRLOUT_MODULE_NO
36907 $MA_SAFE_DRIVE_PS_ADDRESS
36912 $MA_SAFE_ENC_INPUT_NO

Drive MD
p9728[0..2] contains ‘“ACTUAL’ checksum values for all ‘Drive’
specific safety related data.

ToTZT TT T TOUOT UG agT WISTOG TG OTTos o

r9728(8] acksum over S| parameters for motion monitoring DF7BBE9SH
r9728[1] S1 Motion actual checksum, SI parameters:Che... 4970DCAEH
r9728(2] S| Motion actual checksum, S| parameters:Che... BH
p9729[8] S1 Motion reference checksum, SI parameters:... 8H
p9729[1] S| Motion reference checksum, S parameters:... BH
p9729(2] S1 Motion ref check Slp ters: 8H

0290 C1 Maodine Caf s X} by 000

Index [0] of p9728 contains the checksum values for MD’s re-
lating to ‘Safe motion monitoring’
E.g.

p9501 SI motion enable safety functions

p9502 S| motion axis type

...etc

Index [1] of p9728 contains the checksum values for MD’s re-
lating to ‘Safe gearing data’ (Leadscrew pitch, ENC resolu-
tion..etc
E.g.
p9516 to p9522 (i.e. All drive related data not included in
the ‘Copy SI’ function.

Index [2] of p9728 contains the checksum values for MD’s re-
lating to ‘Safe encoder actual value configuration’ (Hardware)
E.g.

p9515 SI motion coarse position value configuration

- )
The Safe Actual Checksum Data’s are updated at power-on MD 13318[2] <> MD 13319[2]
and following an NCK reset. When ‘System Based Safety’ is 27072 "Checksum error, enabling safe
enabled, the system will compare the values of the ‘Actual’ communication. Confirmation and acceptance test
checksum data against the ‘Desired’ checksum data values. required”
RN
36999(8] $MA_SAFE_ACT_CHECKSUM B8528786H MD 13318[3] <> MD 13319[3]
36998[1] $MA_SAFE_ACT_CHECKSUM DBCD7D28H 27073 "Checksum error, S7 PROFIsafe
36998[2]  $MA_SAFE_ACT_CHECKSUM II 73899A3EH configuration. Confirmation and acceptance test
369998]  $MA_SAFE_DES_CHECKSUM I 8H required.
$MA_SAFE_DES_CHECKSUM 8H
$MA_SAFE_DES_CHECKSUM 8H
Axis Specific Checksum Data:
If any safety related data is changed, the actual checksum
value will then differ from the ’Desired’ checksum value and MD 36998[0] <> MD 36999|0]
the following errors will appear: 27032 "Axis %1 checksum error of safe monitoring.
Confirmation and acceptance test are required!”
Global Checksum Data:
MD 36998[1] <> MD 36999[1]
MD 13318[0] <> MD 13319[0] 27035 "Axis %1 new HW component,
27070 "Checksum error, SPL parameter Acknowledgement and function test required”
assignment, and SPL interfaces. Confirmation and
acceptance test are required!” MD 36998[2] <> MD 36999[2]
27060 "Axis %1 checksum error of drive
MD 13318[1] <> MD 13319[1] assignment. Confirmation and acceptance test
27071 "Checksum error, safe SPL required”
parameterization. Confirmation and acceptance test
are required”
- -
Notes :
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Drive Specific Checksum Data:

p9728[n] <> p9729[n]
201680 (F01680) SI Motion CU: Checksum error safety
monitoring functions

Fault value (r0949, interpret decimal):

0: Checksum error for S| parameters for motion
monitoring.

1: Checksum error for SI parameters for actual values.

2: Checksum error for SI parameters for component
assignment.

-

The safety system not only checks the equality of the ‘Actual’
and ‘Desired’ safe checksum data, it also checks that the ‘Safe
Motion Monitoring’ (Index 0 of MD 36998/9 & r9728/9)
checksum values within the Axis and Drive are also equal
(subject to an internal offset/algorithm).

9728(8] 3cksum over S| parameters for motion monitoring DF7BBE9SH <
I on actua um, SI parameters:Che...

r9728(2) S Motion actual checksum, S| parameters:Che... BH
p9729[8] $I Motion reference checksum, SI parameters:... BH
p9729[1] S| Motion reference checksum, S| parameters:... BH
p9729(2] S1 Motion reference checksum, S| parameters:... BH

Error ‘27001 error in a monitoring channel, code %2, values:
NCK %3, drive %4’ will be displayed. Code %2 will describe
the specific safe machine data that has changed in the axis or
drive only.

E.g. Code =5
Function enables MD36901 MA_SAFE_FUNCTION_ENABLE.

-

It is clear that the ‘Desired’ checksum values must be the same
as the ‘Actual’ checksum values within the Global data
(General Machine Data), Axis specific data and Drive

specific safe data.

This is also true for the ‘Safe Motion Monitoring’ checksum
data’s between each axis and drive.

In order to easily and conveniently set the ‘Desired’ checksum

values to the ‘Actual’ values, we can use the ‘Setup’ >> ‘Safety’
>> ‘Confirm SI’ function within HMI Operate.

N >

Setup

Confirm
51 data

= | [@)] safety

Using this function will automatically calculate and set the
‘Desired’ checksum machine data and parameters.

Following a power cycle or NCK reset, the ‘Actual’ and
‘Desired’ checksum values should then be equal and the ‘Safe
Motion Monitoring’ checksums (Axis/Drive index 0) should also
be equal (subject to an internal offset/algorithm). i.e. all ‘Safe
Motion Monitoring’ data value must be identical in axis and
drive data.

-

For example, if a safety related data value is changed for an
axis, e.g. MD 36901 $MA_SAFE_FUNCTION_ENABLE, this
would result in the ‘Actual’ checksum data for index [0] of
36998 being different to index [0] of 36999.

This would result in error 27032 "Axis %1 checksum error of
safe monitoring. Confirmation and acceptance test are
required!”.

If a ‘Confirm S| Data’ was executed, then error ‘27001 error in
a monitoring channel, code %2, values: NCK %3, drive %4’
would be displayed with Code 5. This is because the data in
the Axis MD 36901 is not equal to the value in Drive parameter
p9501.

So, the normal procedure when changing any safe data is to
first ‘Copy S| Data’ then ‘Confirm Sl Data’.
Copy

(@) satety | =P 51 data =

This should help to avoid checksum errors during
commissioning.

Confirm
51 data

This checking method will also provide protection against
illegal changes to safety related data in Machine Data, Drive
parameters or changes to the Step7 Safe Hardware Configu-
ration once commissioning has been completed.

-

Notes :
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F-Motion Monitoring:

Enabling Axis Safety Functions

This section describes the following;

. Enable Sl Options
. Enabling of SI Function for each axis
. Activation of Drive Startup

° S| Encoder Matching

° SBR (SAFE Braking Ramp) calculation
. Safe Brake Control
. Safe Time Values (STOP D Ramp, Velocity Switcing times...etc
. Safe Internal Input / Output Assignment to SAFE MD
. Safe Internal Input / Output Assignment to NCK-SPL
. Safe Internal Input / Output Assignment to PLC-SPL
. Safety Related Drive Interface (Axis DB)
. SAFE_DES_VELO_LIMIT and SBH (Safe Operational Stop)
. Check Polarity of Safe Actual Value
o Application of the Function Table
. Setting Safe Velocity Limits
o Safe End Limits and Safe Software Cams

° User Agreement
. Safe Reference Position Tolerance
. Reducing Velocity when not Safely Referenced

NOTE: Any NC/PLC code shown in this document is to be treated as an example and for

guidance purposes only!

Notes :
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Sl Options

In this section we will enable the safe motion monitoring
functions for each axis.

Additional licenses will also need to be enabled for safe axes
2..n. The M64 option (SI Comfort) includes 1 safe axis within
its scope.

6FC5886-8AM62-8YBS

Si-Basic included 1 axis and 4 SPL /0
GFC5808-BAMB3-BYBS

SI-Comfort including 1 axis and 64 SPL /0
GFC5808-8AMB4-BYBE

Dist.cont. 10/3D in pos. cont.cycle, free direct.

Reset

{no)

DERE O | O
n|o(0O) o

Each C70 option allows for Safe Motion Monitoring functions
to be enabled on additional axes/spindles.

T TIVaTHTET 8 8
GFC5888-BAC18-BYBE

Sl axis/ spindle, add. 1 axis/ spindie 5 5{
6FC50688-BAC78-8YRE
Add. 2 Mbyte CNC user memory 5 gl | Reset

-

Enabling of S| Function

The ‘Safe Motion Monitoring’ functions for each axis/spindle
can be enabled using

MD36901 $MA_SAFE_FUNCTION_ENABLE.

This machine data is a bit mask that allows for specific safe
functions to be enabled on a per axis/spindle basis.

Bit 0: Enable safely--reduced speed, safe operating stop

Bit 1: Enable safe limit switch

Bit 2: Reserved for functions with absolute reference (such as
SE/SN)

Bit 3: Enable actual value synchronization, 2--encoder system
Bit 4: Enable external ESR activation (STOP E)

Bit 5: Enable SG correction

Bit 6: Enable the external stop requests / external STOPs

Bit 7: Enable cam synchronization

Bit 8: Enable safe cam, pair 1, cam+

Bit 9: Enable safe cam, pair 1, cam--

Bit 10: Enable safe cam, pair 2, cam+

Bit 11: Enable safe cam, pair 2, cam--

Bit 12: Enable safe cam, pair 3, cam+

Bit 13: Enable safe cam, pair 3, cam--

Bit 14: Enable safe cam, pair 4, cam+

Bit 15: Enable safe cam, pair 4, cam--

Bit 16: Enable synchronization (hysteresis and filtering "n<nx”

-

If bit 1 or a higher bit is set, then bit 0 must also be set since
the control system switches to a safe operational stop in re-
sponse to STOP C, D or E (a parameterizing alarm 27033 is
displayed if an error is detected).

If an insufficient number of axes/spindles have been enabled
for safe operation using the M64/C70 options, then this data
may be overwritten with the value 0000 when booting.

The minimum value for enabling safety on each axis is ‘41H’.
This is...

Bit 0: Enable safely--reduced speed, safe operating stop
...and

Bit 6: Enable the external stop requests / external STOPs

These bits should now be set for each ‘safe’ axis. For the

purpose if this course, the safe axes will be X1, Y1, A1, C1 and

the Spindle SP1. The Z1 axis is a simulation axis.

Note: It may be easier to enable the safe functions one

axis at a time, repeating the process for each axis once the

Using the ‘Safety’ commissioning screens of the ‘Setup’ area...

Setup

Safety

...select the ‘Axis MD’ page and set MD36901 to 41H for 1 or
more safe axes.

AX1:X1 DP3.SLAVES:SERVO_3.3:3(3)

38118(8]  $MA_CTRLOUT_MODULE_NR 2 po
381263]  $MA_CTRLOUT_NR 1 po =
30268 $MA_NUM_ENCS 1 po
36236(8] $MA_ENC_INPUT_NR 1 po
38238[1]  $MA_ENC_INPUT_NR 2 po
38248(8]  $MA_ENC_TYPE 1 po
36248(1]  $MA_ENC_TYPE ] po
Setpoint assignment: module number

S1 Axis MO (SMA...)

36981 $MA_SAFE_FUNCTION_ENABLE 4H po *
36982 $MA_SAFE_IS_ROT_AX 8 po =
36983 $MA_SAFE_CAM_ENABLE 8H po
36985 $MA_SAFE_MODULO_RANGE 8* po
36986 $Ma_SAFE_CTRLOUT_MODULE_NR 1 po
36987 $MA_SAFE_DRIVE_PS_ADDRESS BH po

36989 $MA_SAFE_ENC_MEAS_STEPS_RESOL
Enable safety functions
(o]

basic settings have been applied. e S:t‘:‘ns e I 3;‘;101;
=) )
Notes :
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Activation of Drive Startup. p10 = 95 (S| commissioning Mode), and a unique Profisafe
drive address in p9810 has now been set for each safe axis.

Drive

Index Name Type  No. Identifier Type  Channel
1 X Linear 2 SERU0_3.3:3 SRM  CHAN1
o trom o e L bl The next step requires the use of ‘HMI Advanced V7.6’ or the
4 m Rotary 4 SERVO_3.3:5 SAM  CHAN1 !Startup(lBN) TOOl V7.7
& 1 Rotary 5 SERUO_3.3:6 SRM CHAN1
7 1 SERUO_3.3:2

The functionality for completely starting-up Safety Integrated is
not yet included within HMI Operate.

Select the ‘Safety Integrated’ area within ‘Setup’.

e e I e ey el I

Drive

Index Name Type  No. Identifier Type Channel
1 X1 Linear 2 SERUO_3.3:3 SRM CHAN1
2" R
R m
6 €1 Do you want to activate the Safety Integrated ]
7 sP1 commissioning mode for all drives?

) )
Using the ‘SI Enc. Matching’ screen the safe encoder settings As you can see, the encoder data has now been copied to
for both the NC(Axis MD) and the Drive are set automatically the safe encoder data in both the NC and Drive for the
based on the non safe encoder settings. selected axis.

op3staveasenvo_233 ) aax [N

E.g.
‘MD 30110 $MA_CTRLOUT_MODULE_NR'’ is copied to
‘MD 36906 $MA_SAFE_CTRLOUT_MODULE_NR'.

If the axis/spindle has two encoders (i.e. direct measuring
system), then the direct measuring system can easily be

assigned as the NC Safe Encoder. The motor encoder is
always assigned as the safe encoder within the Drive.

Here you can see the dialog that appears for the Spindle.

Standard Machine Data
1MD |Vaue Ut

I
| ‘ i:j
2 | Two encoders are curently configured. Do you want to configure Safely I
BI06 | §MA_SAFE_CTALOUT_MODULE_NR > |Integrated for 2 encoders? ‘: ‘
B AT s I
3314 | $MA_SAFE_SINGLE_ENC 1 i) ml
| 36316 | $MA_SAFE_ENC_IS_LINEAR | o v
3317 | $MA_SAFE_ENC_GAID_POINT_DIST 0010000 10010000 om | ==
/318 | $MA_SAFE_ENC_RESOL L2048 2048 % | .
S| Drive Parameters :“
A ] ProposedValoe [Vae — — [Unt | !
P02 0] Linear axis [0} as | (A =
p3505. 10 0 =] I
3516 | SI Molion encoder coniiguion salely hunchens [ 0+ o & ‘
3517 | Sl Motion Ineer scale gnd division [Corkrol Unt) 000 ) m
pI518 | Sl Motion encoder pulses per revoluen (Contol U 2048 12048 1
| §1 Mohion spindie pich (Cantral Urd) 10,0000 |10.0000 o
PI521(0] | Gearbow | 1 i)
p3521[1] | Gearbox 2 1 il Calculating SI encoder sellings.

Notes :
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Notice the ‘Proposed’ values are now different in the NC and
Drive safe data.

DP3.SLAVE3:SERVO_3.3:2 (2) AX7:SP1 -

Ptopotad Vale |V

ahe
ﬂ 000000 *

50 000000

1
! 15
| 0
000 il

1024 2048'

| Proposed Vahae | Vake
[1] Aot ans/spi IOJLIM 0s

| Descripion
|51 Motion aws type | {Control Unt)
151 Mabion SCA (SN) moduo vahe (Control Unit)
st Mohon encoder conhguahon safety imcnom f EH

St Mohon encoder puses p uavdwm ContmlU

pSSZI[D] Geauxl
p3521[1] | Geatbox 2

Pressing ‘Accept’ will write the data and automatically save
the Drive data.

Ensure that this procedure is carried out for each axis/spindle
in turn.

It is also possible to not use this method and the data can be
set manually using HMI Operate. Using HMI Advanced
reduces the chance of an error being introduced.

Using HMI Advanced, the SBR (Safe Braking Ramp) can also
be calculated for all axes.

fe monitoring of acc tion (SBHA DP 0
Velocity tolerance
| Proposed Value
NC 432 000000
| Drive 43200
Abort
Accept
S1 Enc
Matching

MD ‘36948 $MA_SAFE_STOP_VELO_TOL and drive’
Parameter ‘p9548 S| Motion SAM actual velocity tolerance’
are both determined using the following formula;

SBR Tolerance = Acceleration * Safe Clock Cycle

Linear Axes: SBR[mm/min] =
a[m/s?] * teare * 2000[Mm/min] * 60[s/min]

Linear Axes: SBR[rev/min] =
afrev/s?] * tee * 60[s/min]

nk Stopping limit value

Spsediolerance:. | . GGrrey A STOP BIC intated

V.

The following machine data should be taken into account when
determining the acceleration:

MD 32300: MAX_AX_ACCEL

MD 35200: GEAR_STEP_SPEEDCTRL_ACCEL
MD 35210: GEAR_STEP_POSCTRL_ACCEL
MD 35410: SPIND_OSCILL_ACCEL

Recommendation:
The value entered for the SBR tolerance should be
approx. 20% higher than the calculated value.

Machine data/parameters for the SBR speed tolerance:

MD 36948: $MA_SAFE_STOP_VELO_TOL
p9548: S| motion SBR actual speed tolerance (Control Unit)

The speed limit is corrected until the speed, is less than that
defined in the following machine data. After that, the limit value
of the SBR monitoring is frozen to the value in MD/parameter
36946/p9546 plus the value in MD/parameter 36948/p9548.

MD 36946: $MA_SAFE_VELO_X (speed limit n<nx)
p9546: SI motion SSM (SGA n < nx) speed limit (CU)
E.g. Calculation of the X axis SBR:

Linear Axes: SBR[mm/min] =
a[m/s?] * tsae * 2000[mm/min] * 60[s/min]

MD 10091 $MN_INFO_SAFETY_CYCLE_TIME = 0.006s
MD 32300 $MA_MAX_AX_ACCEL = 1m/s?

SBR Tol = (0.006 * 1 * (60*1000)) + 20%

=432mm/min

Notes :
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Now adapt the SBR for all axes and Spindle.

Note:
Any changes to the following machine data’s will then
require the SBR to be re-calculated;

MD 10050: SYSCLOCK_CYCLE_TIME
MD 10090: SAFETY_SYSCLOCK_TIME_RATIO
MD 32300: MAX_AX_ACCEL

(For spindles)

MD 35200: GEAR_STEP_SPEEDCTRL_ACCEL
MD 35210: GEAR_STEP_POSCTRL_ACCEL
MD 35410: SPIND_OSCILL_ACCEL

Note: From this point on, we no longer require the use of
HMI Advanced or the Startup(IBN) tool.

-

Safe Brake Control:

It makes sense to enable SBC (Safe Brake Control) for all
safe axes that have a braked motor where the brake is
controlled by Sinamics.

By setting p9602 = 1 & p9802 = 1, SBC is enabled for that
axis. No other parameter settings are required. P/M isolation
of the motor holding brake will now be enabled.

T T TUTROTT VBT STOTT Saroty TIvoToTT o0 U

19598(3] S Motion version safety motion monitoring (Co... 14
p9661 $1 enable, functions mwnw in the drive (Co... [
p9682 Sl enable Safe Brake (8] Iohibit S [8] Inhibit SBC.

$1 PROFIsafe address [1] Enable SBC 8H

51 signal source for 51 itro...

Sl ref hecksum 51 p {Control ...
51 enable, functions integrated in the drive (Mo... BH

Sl enable Safe Brake Control (Motor Module) L

8-BICO

pds1e | R40FIsafe address (Motor Module) 3824
pas21 Sl Sale Brake Adapter signal source (Motor Mo... 8-BICO
p9822[8] S15BA relay delay times (Motor Module):Wait 1... 1668680.88 ys

SBC should not be enabled for motors that do not have a
holding brake.

-

We can now deactivate drive startup mode (p10 = 95 >> 0).

SERUO_3.3:3

2" Linear 3 SERU0_3.3:4 SAM  CHAN1
4 n Rotary 4 SERU0_3.3:5 SRM  CHAN1
6 01 R
7 SM §i

Do you want to de-activate the Safety Integrated
commissioning mode for all drives?

De- msawwmmmhm
nmmmnwmmmmmmm
nonvolatile memory

Imunma-adm'msmnmummmm
ith saving the parameters press “with saving™
lwudmw-mmsmmummm
ithout saving the parameters press "without saving™
lwmuuuhh-mmnnsmwwm
press *C

Exit the ‘Safety Integrated Commissioning Mode’ and Save the
drive data.
-

We know from the last section that any changes to ‘Safety
Related Machine Data’ must be ‘Confirmed’ in order to
generate the 'Desired’ checksum values.

If the data is related to 'Safe Motion Monitoring’ (as it is in this
case) then the safe data must also be copied to the ‘Drive MD
area’.

2 SERU0_3.3:3
2 Y Linear 3 SERU0_3.3:4 SAM  CHAN1
4 M Rotary 4 SERUO_3.3:5 SRM  CHAN1
6 C1 Rotary 5 SERUO_3.3:6 SAM  CHAN1
7 1

SERVO0_3.3:2

Note: When using the ‘Copy Sl data’ or ‘Confirm Sl data’
functions, be aware that if the ‘Axis MD’ page is active,
then the data will only be copied/confirmed for the
displayed axis. When the ‘View Axes’ screen is
displayed, all safe axes will be copied/confirmed.

Notes :
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Now use the ‘Copy Sl data’ function and acknowledge the Once the safe data has been copied from the Axis MD to the
dialog informing you that the ‘Safety Relevant Data’ will be Drive parameters, the drive data is automatically saved and
copied. the following dialogue will appear.
| Machine configuration Safe axes

Machine axis Drive Motor Machine axis Drive Mator
Index  Name Type No.  Identifier Type  Channel Index Name Type No.  Identifier Type Channel

1 X1 Linear 2 SERU0_3.3:3 SAM  CHAN1 1 X1 Linear 2 SERU0_3.33 SRM  CHAN1

2" Linear 3 SERU0_3.3:4 SAM  CHAN1 2 "N M CHAN1

. m Rotary 4 SERUO_3.3:5 SRM  CHAN1 4 m M CHAN1

CAUTION:
6 o1 Rotary 5 SERU0_3.3:6 SAM  CHAN1 68 C1 Vour must st resot e HEE and sefoss 2nd then M CHAN1
7 SM Spindle 1 SERU0_3.3:2 ARM  CHAN1 7 SP1 tost for Safety M CHAN1

perform an
Check that all safety functions operate correctiy!

| Machine configuration

Machine ads

Index Name Type
1 X Line:
2 1 Lineat
4 m Rotari

il o Aotarl Safety-relevant drive machine data of al drives Curent acosss lovek: Hanutaciuror

5 will be overwritten and the corresponding files

will be saved.

During the commissioning phase, we can ignore this request
for an ‘acceptance test’. Although we must perform an NCK
reset to activate the changes.

Now carry out a ‘Confirm Sl data’.

= -

Once the NCK reset has completed, the following 3 alarms

Drive should be present;
Index Name Type  No. Identifier Type  Channel
Ay LS g S SEV0.33Y i ] 27097 ‘SPL Start not executed’
21N Linear 3 SERU0_3.3:4 SAM  CHAN1
A ERMy S SR 45 SHHS S 22001 Axis <??>: Brake ramp longer than Stop D time:
6 C1 Rotary 5 SERVO_3.3:6 SAM  CHAN1
Reason : 1
7 sm Spindle 1 SERUO_3.3:2 ARM  CHAN1
S e 27033 Axis <??> parameterization of MD
. $MA_SAFE_EXT_STOP_INPUT[O] invalid
Index Name Type — — — -
1 Xt Line:
2 ¥1 e Error 27097 is there due to error 27033. We will address this
s om Rotan error later.
Curendl o o Aotarl  You confim here that all machine data of al
drives for SINUMERIK Safety Integrated .
m 7 sP Spind| (including possible PROFIsafe peripherals) now Alarm 22001 is due to
st kgl mcod syl MD 36953 SAFE_STOP_SWITCH_TIME_D being less than
the time it would take for the axis to decelerate from maximum
velocity to standstill including jerk.
STOP_D is a safe stop request using the position control loop
T acceleration profile (e.g. same profile as for NC Stop, Feed-

hold...etc).

The following machine data must be taken into account when
Using the ‘Confirm Sl data’ function will now update the calculating a value for MD 36953;
‘Desired’ checksum values in MD’s 13319, 36999 and p9729.
MD 32000 MAX_AX_VELO

Once again, the drive data is automatically saved. Now perform MD 32300 MAX_AX_ACCEL
an NCK ‘Reset(po)’ MD 32431 MAX_AX_JERK
=) )
Notes :
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Safe Time Values

Note: For MD’s with multiple indexes, always use the
largest value.

For linear axes, a suitable value for MD 36953 can be
calculated as follows;

MD 32000 MAX_AX_VELO = 10000mm/min
MD 32300 MAX_AX_ACCEL = 1m/s?
MD 32431 MAX_AX_JERK = 1000000m/s®

MD 36953 = ((MD 32000/MD 32300) / (1000*60) + (MD 32300/
MD 32431)3) + 20%

MD 36953 SAFE_STOP_SWITCH_TIME_D =0.2s

For rotary axes use the formula;
MD 32000 MAX_AX_VELO = 100rpm
MD 32300 MAX_AX_ACCEL = 10rev/s?
MD 32431 MAX_AX_JERK = 2777777m/s®

MD 36953 = ((MD 32000/MD 32300) / (60) + (MD 32300/MD
32431)%) + 20%

Rotary axes MD 36953 = 0.2s

-

For spindles, the following machine data must be considered;

MD 32000 MAX_AX_VELO = 1000rpm
MD 32300 MAX_AX_ACCEL = 30m/s?

MD 35130 GEAR_STEP_MAX_VELO_LIMIT = 1000rpm
MD 35200 GEAR_STEP_SPEEDCTRL_ACCEL = 30m/s?

MD 35135 GEAR_STEP_PC_MAX_VELO_LIMIT = 1000rpm
MD 35210 GEAR_STEP_POSCTRL_ACCEL = 30m/s?

MD 35135 GEAR_STEP_PC_MAX_VELO_LIMIT = 1000rpm
MD 35212 SPEEDCTRL_ACCEL2 = 30m/s?

The worst case (slowest acceleration/deceleration) of the
above three pairs of machine data must be used for the
calculation.

MD 36953 = ((MD 32000/MD 32300) / (60)) + 20%
cl\’/er 36953 = ((MD 35130/MD 35200) / (60)) + 20%
cl\’/er 36953 = ((MD 35135/MD 35210) / (60)) + 20%
(l\)/er 36953 = ((MD 35135/MD 35212) / (60)) + 20%

Spindle MD 36953 = 0.667s

-

MD 36952 SAFE_STOP_SWITCH_TIME_C should be set to
20% higher than ‘p1135 Off 3 ramp time’. The default value for
pl1135is Os. In this case, set MD36953 to no higher than MD
36953. e.g. MD 36952 = 0.2s and reduce after testing later.

STOP_C is a drive specific stop request at maximum current.
E.g. Emergency Stop.

Axes MD 36952 SAFE_STOP_SWITCH_TIME_C =0.2s
Spindle MD 36952 SAFE_STOP_SWITCH_TIME_C = 0.667s

MD 36951 SAFE_VELO_SWITCH_DELAY can also be set
using the same calculation values as used for MD 36953
SAFE_STOP_SWITCH_TIME_D.

This MD allows for transition from one safe velocity to another
without error.

Axes MD 36951 SAFE_VELO_SWITCH_DELAY = 0.2s
Spindle MD 36951 SAFE_VELO_SWITCH_DELAY = 0.667s

Note: The calculations for these machine data’s are
‘Recommendation Values Only’ They provide a ‘Starting
Point’ and they should be increased or decreased as
needed. You should take care in testing that the values
will be sufficient for maximum velocity.

SAFE_STOP_SWITCH_TIME_C
SAFE_STOP_SWITCH_TIME_D
SAFE_VELO_SWITCH_DELAY

These machine data values must be set as low as
possible in order to ensure safe operation of the machine.

Once the above machine data’s have been assigned,
‘Copy and confirm Sl data’ then NCK Reset to
activate the changes.

Notes :

Al104
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Safe Internal Input / Output Assignment to NC MD

The error 22001 Axis <??>: Brake ramp longer than Stop D
time: Reason : 1’ should no longer be displayed and the
following two errors will remain;

27097 ‘SPL Start not executed’

27033 Axis <??> parameterization of MD
$MA_SAFE_EXT_STOP_INPUT[0] invalid.

Error 27033 is displayed as

MD 36977 $MA_SAFE_EXT_STOP_INPUT[O] = OH (Default). This
machine data is used to assign an internal output ($A_OUTSI) to the
axis. The assigned $A_OUTSI can then be controlled by the NCK-SPL
(Safe Programmable Logic - SAFE.SPF).

In fact, all safe machine data ‘SMA_SAFE_....._INPUT’ will be as-
signed to a safety related internal output ($A_OUTSI[1..n]) if required.

Conversely, all safe machine data ‘SMA_SAFE_....._OUTPUT’ will be
assigned to a safe internal input ($A_INSI[1..n]) if required.

These ‘SMA_SAFE_....._INPUT’ and ‘SMA_SAFE_....._OUTPUT’ ma-
chine data’s provide the interface for selecting safe functions between
the NCK-SPL and each axis or spindle.

Before the error 27033 is resolved, it is important to understand the
assignment of these machine data’s.

The $A_OUTSI and $A_INSI safe system variables are
assigned to the SAFE_...._INPUT & ‘SAFE_...._ OUTPUT
machine data’s as follows using an eight-digit hexadecimal
number.

Coding of the input assignment = is mm xx nn
i = Inversion

0: No inversion

8: Inversion before processing

s = Segment No.
4: Internal image in the system memory (system variable)

mm = Module No. 01--02

01: Addressing the internal SPL interface $A_OUTSI/$A_INSI
02: Addressing the external SPL interface (only for input sig-
nals, $A_INSE)

xXx = Submodule No. 01--06 Index of the system variable
word (each 32 bit)

nn = 1/0 No. 01--20 Bit number in the system variable

word $A_OUTSID[xx], $A_INSED[xx]

If several output signals are set, then the signal involved is
first inverted. The (in some cases inverted) output signals are
then AND’ed and the result is output at the terminal.

e.g. $A _OUTSI[10] =‘0401010AH’
$A_INSI[33] ='04010201H’
=) )
The required ‘$MA_SAFE_....._INPUT’ machine data’s for each axis Machine data descriptions:

and spindle must now be assigned to $A_OUTSI system variables.

For the purposes of this course, the following assignments will be
made;

All Safe Axes;

36970 SAFE_SVSS_DISABLE_INPUT =0H = SG or SBH Active
36971 SAFE_SS_DISABLE_INPUT = 04010101 = $A_OUTSI[1]
36972 SAFE_VELO_SELECT_INPUT[0] = 04010102 = $A_OUTSI[2]
36972 SAFE_VELO_SELECT_INPUT[1] = 04010103 = $A_OUTSI[3]
36977 SAFE_EXT_STOP_INPUTI[0] = 04010104 = $A_OUTSI[4]
36977 SAFE_EXT_STOP_INPUT[1] 04010105 = $A_OUTSI[5]
36977 SAFE_EXT_STOP_INPUT[2] 04010106 = $A_OUTSI[6]
36977 SAFE_EXT_STOP_INPUT[3] = OH = No Assignment

Spindle;

36970 SAFE_SVSS_DISABLE_INPUT =0H = SG or SBH Active
36971 SAFE_SS_DISABLE_INPUT =04010107 =$A_OUTSI[7]
36972 SAFE_VELO_SELECT_INPUT[0] =04010102 =$A_OUTSI[2]
36972 SAFE_VELO_SELECT_INPUT[1] =04010103 =$A_OUTSI[3]
36977 SAFE_EXT_STOP_INPUTI[0] =04010108 = $A_OUTSI[8]
36977 SAFE_EXT_STOP_INPUT[1] 04010109 = $A_OUTSI[9]
36977 SAFE_EXT_STOP_INPUT[2] =0401010A = $A_OUTSI[10]
36977 SAFE_EXT_STOP_INPUT[3] =0H = No Assignment

Now ‘Confirm Sl data’ then NCK Reset to
activate the changes.

36970 SAFE_SVSS_DISABLE_INPUT
Signal 0 = SG OR SBH is Selected (active)
Signal 1 = SG AND SBH is De-selected (not active)

36971 SAFE_SS_DISABLE_INPUT
Signal 0 = SBH is Selected (active) if 36970 =0
Signal 1 = SG is Selected (active) if 36970 =0

36970 & 36971 work as a pair and are used to select SBH
(SOS - Safe Operational Stop) or SG(SLS - Safe Limited
Speed/Safe Reduced Velocity).

36971 signal level is irrelevant if 36970 = 1

36972 SAFE_VELO_SELECT_INPUT[O..1]

Index [0] Index[1] SG Level
0 0 1
0 1 2
1 0 3
1 1 4

36972[0..1] are used to select the four different safe velocity
levels.

Notes :
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MD 36977 $MA_SAFE_EXT_STOP_INPUT[O..3]

Index[0] = STOP A - SH/STO (Safe Pulse Disable)

Index[1] = STOP C - Brake at current limit

Index[2] = STOP D - Brake on acceleration path
Index[3] = STOP E - ESR + Brake on acceleration path

All indexes require a signal level = 1 to De-Select the STOP.
(If STOP E is not enabled (MD36901 bit 4), Index[3] can re-

main = 0)

For the purpose of this course, all of the axes have been
assigned the same $A_OUTSI system variables. This means
that the selected safety functions such as ‘Safe Velocity Level’

and ‘Safe External STOP’s’ will be common across all axes.

It is often required for the spindle to be in a different ‘Safe’

state to the axes. This is the reason that the Spindle has a

For STOP C, D & E the drive remains in closed position loop

control.

STOP A has the highest priority followed by STOP C, then

STOP D...etc.

different assignment of $A_OUTSI system variables for the
SPL to manipulate.

All axes:
YO ST _SATE_BARKETES T_TURGUE_NOATT LAY LS o]
36978 SMA_SAFE_SUSS_DISABLE_INPUT aH po
36971 SMA_SAFE_SS_DISABLE_INPUT 4818181H po
36972{8] SMA_SAFE_VELO_SELECT_INPUT 4818182H po
36972{1] $MA_SAFE_VELO_SELECT_INPUT 4818183H po
36973 SMA_SAFE_POS_SELECT_INPUT B8H poj
36974(8] SMA_SAFE_GEAR_SELECT_INPUT BH po
36974[1)  SMA_SAFE_GEAR_SELECT_INPUT 8H poj
36974(2)  SMA_SAFE_GEAR_SELECT_INPUT 8H po
36977(8)  SMA_SAFE_EXT_STOP_INPUT 48181844 po|
36977(1)  SMA_SAFE_EXT_STOP_INPUT 4818185H po
36977(2)  SMA_SAFE_EXT_STOP_INPUT 4818186H poj
36977(3]  SMA_SAFE_EXT_STOP_INPUT 8t o
|36078(8]  SMA SAFE OUR INPUT B Dol
Spindle:
JOI0T STTH_SATE_UNARETES T_TONQUE_TYOITT LA U L
36978 SMA_SAFE_SUSS_DISABLE_INPUT E po
36971 SMA_SAFE_SS_DISABLE_INPUT 4818187H po
36972[8) SMA_SAFE_UVELO_SELECT_INPUT 4818182H po
36972{1])  $MA_SAFE_UELO_SELECT_INPUT 4818183H po
36973 SMA_SAFE_POS_SELECT_NPUT BH po
36974[8] SMA_SAFE_GEAR_SELECT_INPUT BH o
36974{1)  SMA_SAFE_GEAR_SELECT_INPUT BH po
36974(2) $MA_SAFE_GEAR_SELECT INPUT BH po
36977(8)  $MA_SAFE_EXT_STOP_INPUT 4818188H 0o
36977(1]  $MA_SAFE_EXT_STOP_INPUT 4818189H po
36977(2)  SMA_SAFE_EXT_STOP_INPUT 481018AH po
36977(3)  $MA_SAFE_EXT_STOP_INPUT BH po
36978181  SM0 SAFF OUR INPUT #H 0o

-

Safe Internal Input / Output Assignment to NCK-SPL

Now ‘DEFINE’ names for the $A_OUTSI system variables

within the NCK-SPL (/CMA.DIR/SAFE.SPF).

Modify the ‘DEFINE’ section as follows;

(Or, within the ‘Archives/Manufacturer/A102’ folder, the
archive ‘A102_SAFE_002.ARC’ can be loaded to save time.)

TLT IME U5 TOELE

DEFINE OQE3_Spare

LT o& UOIoR[&]

LS $A OUTSE[3]

:Internal Outputs - §4 OUTZI
DEFINE OI1 SBH AX DES Az
DEFINE OIZ 3G BITO k]
DEFINE OI3_3G BIT1 k=]
DEFINE ©I4_STOPA DES_AX A3
DEFINE OIS_STOPC_DES_AX A3
DEFINE ©OI6_STOPD _DE3 AX A3
DEFINE OQI7 SBH 5P _DES Az
DEFINE QIS STOFL DEZ SF A4S
DEFINE OIZ_STOPC DES 3P A3
DEFINE ©I10_STOFD_DES_SF A3

§4 OUTSI[1]
§L OUTSI[Z]
§4_OUTSI[3]
§4_OUTSI[4]
§4_OUTSI[S]
§4 OUTSI[]
§4 OUTSI[T]
§4 OUTSI[E]
§L OUTSI[Z]
§4_OUTSI[10]

:Markers - §i MAIRKERZI
DEFTHME MT1 STEFEI1 TR s

i MIAREERSTI11]

The newly defined $A_OUTSI system variables can now be

used within the NCK-SPL.

Each $A_OUTSI will be controlled by individual synchronous
actions. See IDS=207 onwards.

IDS=206

ID3=207

ID3=208

ID5=20%

I1D5=210

ID5=211

IDS=212

IDS=213

IDS=214

IDS=215

IDS=216

M17

:Net 10:

;Net 11:

:Net 12:

:Net 13:

;Net 14:

:Net 15:

:Net 16:

:Net 17:

:Net 7:Assign SJ\_HLRKERSI[:S] to KAl_KAZ Contactor Output

DO OE1_KA1_KAZ = MI6_SIREL1_OUTO

;Net 8:Aissign SBH for all axes

DO OI1_SBH_AX_DES = FALSE

;Net 9:Aissign SBH for Spindle

DO OI17_SBH_SP_DES = FALSE

Assign SG bit0 for all axes & Spindle
DO OI2_SG_BITO = FALSE

Assign SG bitl for all axes & Spindle
DO OI3_SG_BIT1 = FALSE

Assign all axes STOP A deselection to SIRELAY OUT1(1.0s delay)
DO OI4_STOPA_DES_AX = MI7_SIREL1_OUT1

Assign all axes STOP C deselection to SIRELAY OUTO(No delay)
DO OI5_STOPC_DES_AX = MI6_SIREL1_OUTO

Statically deselect all axes STOP D
DO OI6_STOPD_DES_AX = TRUE

Assign Spindle STOP A deselection to SIRELAY OUT2 (2.0s delay)
DO OI8_STOPA_DES_SP = MI8_SIREL1_OUT2

Assign Spindle STOP C deselection to SIRELAY OUTO(No delay)
DO OI9_STOPC_DES_SP = MI6_SIREL1_OUTO

Srtatically deselect Spindle 3TOP D
DO OI10_STOPD_DES_SP = TRUE

Notes :
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Once the SAFE.SPF has been modified (or the ‘Archives/
Manufacturer/A102’ folder, archive ‘A102_SAFE_002.ARC’
has been loaded. It should now be possible to reset the emer-
gency stop.

Error ‘27090 Error in data cross check NCL-PLC, $A_OUTSI
[x], NCK:1; will be displayed but we can ignore this for now.

Using the ‘Diagnostics’ >> ‘Safety’ area, the status of the re-
quested STOPs can be seen.

> [E0

Monitoring “Safe operational stop” ... Yes Yes
Monitoring “Safe velocity” is act. No No “
Active SU level none none
Active SU override factor None =
Safe actual velacity limit Inactive = “""Es';‘““’
Set velocity limitation Inactive - il
Current velocity difference 8.688 - mm/min | rrp—
Maximum velocity difference 8.6688 - mm/min munication
Active safe software limit switch not assignable not assignable
i i 1 1
Ediua stop n/B n/8 m
urrently requested external stop None L}
5 3 - T b Sl
Pulses enabled No No -
Tr.lock through STOP in other axis Yes = 5

As you can see, when the Emergency Stop is reset, the NCK
column has no ‘Currently requested external stop’.

Notice that when the Emergency Stop is pressed on the
HT2, the ‘Currently requested external stop’ changes
from ‘None’ to ‘C’ then 1s later, it changes again to ‘A’.
‘STOP D’ is never displayed here as it’s statically
deselected within the SAFE.SPF.

This is due to IDS=211, IDS=212 and IDS=213 in the
SAFE.SPF.

;Net 12: Assign all axes STOP A deselesction to SIRELAY OUT1(1.0s delay)
IDS=211 DO OI4_STOPA_DES_AX = MI7_SIREL1_OUT1

;Net 13: Assign all axes 3TOP C deselection to SIRELAY OUTO (No delay)
IDS=212 DO OIS_STOPC_DES_AX = MI6_SIREL1_OUTO

:Net 14: Statically deselect all axes STOP D
IDS=213 DO OI6_STOPD_DES_AX = TRUE

Using the ‘Status SI’ >> ‘Select Axis’ soft-keys, select the
spindle and test the emergency stop again.

Notice the same behavior, except the time taken to go from
‘C’ to ‘A’ is longer at 2s. This longer delay is due to IDS=214
in the SAFE.SPF.

;Net 15: Assign Spindle STOP A deselection to SIRELAY OUTZ (2.0s delay)
ID3=214 DO OIS_STOPA DES 5P = MIS_3IREL1_OUTZ

-

Safe Internal Input / Output Assignment to PLC-SPL

As the NCK-SPL (SAFE.SPF) has been modified to control the $A_OUTSI system variables, we must now modify the PLC-SPL
(FC91 “fcSI:PLC-SPL”) and ‘UDT19’ so as to add the names of the ‘Internal Outputs’.

Firstly, update UDT18 within the S7 project. To save time, compile the ‘A102_UDT18_002’ file within the ‘Source’ folder.

SAFE.SPF:

TET IS T TOEL e T

DEFINE OE3_Spare

UTIOL[S]

L5 §4_OUTSE[3] uDT18:

A._J.J.\IDJ.D‘.E EUTTL FALOE INoS I P
:======================================= 0I1_SEH_AX _DES EOOL FALSE OUTSIFL
:Internal Outputs - §A OUTSI 0IZ_SG _EBITO EOOL FALSE OUTSIPE
DEFINE OI1 SEH AX DES LS $h OUTSI[1] 0I3_8G_BITL BOOL FALEE AUTETER
DEFINE OIZ 3G BITO L3 $h OUTSI[Z]
DEFINE 0I3_5G_BIT1 AS §_OUTSI[3] 0I4_STOPA DES AW BOOL FALSE OUTSIR4
DEFINE OI4 STCPAL DES AX AS SIL_OUTSI[‘}] OIS _STORC_DES &K BOOL FALSE OUTEIFE
DEFINE OIS STOPC DES AX LS §A OUTSI[S] 0I6_STOPD_DES_AXM ENOL FALEE OUTEIRE
DEFINE OIf STOPD DES AX LS §A OUTSI[A] 0I7 SEH SP DES EOOL FALZE OUTEIPT
DEFINE OI7 SBH SP DES LS §4 OUTSI[T] ————
== — — 0I2 STOPL DES EP EOOL FALEE OUTEIPE
DEFINE OIS STOPAL DES SP A% $i OUTSI[E] = = =
DEFINE OIS STOPC_DES SF A3 $h_OUTSI[S] OIS STORC DES SP EOOL FALEE OUTEIRS
DEFINE OI10_STOPD DES_SP AS $A4_OUTSI[10] 0Il0 STOPD» LES SP EOOL FALESE OUTEIPLO
A OTITET1L ENOL FALSE OITETPL]
;Markers - §4 MARKERSI
DEFTHE MT1 =STEFEI.1 TR 15 i MAREEERSTI11
Notes :
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Now modify the PLC-SPL (FC91 “fcSI:PLC-SPL”) and download it to the PLC.
(Once again, to save time and syntax errors, compile the source file ‘A102_FC91_002’)

:Net 7:Assign SA_KARKERS![S] to KAl_KAZ Contactor Output

IDS=206 DO OE1_KA1_KAZ = MI6_SIREL1_OUTO

:Net 8:Assign SBH for all axes

IDS=207 DO OI1_SBH AX DES = FALSE

:Net 9:Assign SBH for Spindle /
1D5=208 DO OI17_SBH_$SP_DES = FALSE

;Net 10: Assign SG bit0O for all axes & Spindle /

ID5=209 DO OI2_SG_BITO = FALSE

;Net 11: Assign SG bitl for all axes £ Spindle /

ID5=210 DO OI3_SG_BIT1 = FALSE

;Net 12: Assign all axes STOP A deselection to SIRELAY OUT1(1.0s delay

Entwtk 8 : IDS=207: Assign SBH for all axes
| — A “uFALSE*
= “SPL*.SPL_DATA.OIL_SBH_AX_DES
[Network 9 : IDS=208: Assign SBH for Spindle
/ A “mFALSE"
= “SPL*.SPL_DATA.0I7_SBH_SP_DES
Network 10 : IDS=209: Assign SC bat0 for all axes & Spindle
| — A “mFALSE"
= “SPL".SPL_DATA.0I2_SC_BITO
Network 11: IDS=210: Assign SC batl for all axes & Spandle
— A “mFALSE"
= “$PL*.$PL_DATA.0I3_SC_BIT1

Network 12 : IDS=211: Assign all axes STOP A DES to SIRELAY OUT1(1.0s delay)

ID5=211 DO OI4_STOPA_DES_AX = MI7_SIREL1_OUT1

;Net 13: Assign all axes STOP C deselection to SIRELAY OUTO(No delay)
IDS=212 DO OI5_STOPC_DES_AX = MI6_SIREL1_OUTO m

;Net 14: Statically deselect all axes STOP D
IDS=213 DO OI6_STOPD_DES_AX = TRUE

\

:Net 15: Assign Spindle STOP A deselection to SIRELAY OUTZ (2.0s delay)
IDS=214 DO OI8_STOPA_DES_SP = MIS_SIREL1_OUT2

/

A “SPL*.SPL_DATA.MI?_SIRELL_OUTL
= “SPL*.SPL_DATA.OI4_STOPA_DES_AX

Network 13 : IDS=212: Assign all axes STOP C DES to SIRELAY OUTO(No delay)

A “SPL*.$PL_DATA.MI6_SIREL1_OUTO
= “$PL*.SPL_DATA.0IS_STOPC_DES_AX

[Network 14 : ID$=213: Statically deselect all axes STOP D

A “uTRUE*
= “$PL*.SPL_DATA.0I6_STOPD_DES_AX

;Net 16: Assign Spindle STOP C deselection to SIRELAY OUTO (No delay)
IDS=215 DO OI9_STOPC_DES_SP = MI6_SIREL1_OUTO

;Net 17: Statically deselect Spindle STOP D

I

N

\thrk 15 : IDS=214: Assigm Spindle STOP A DES to SIRELAY OUTZ2(2.0s delay)
A “SPL".SPL_DATA.MIS_SIRELL_OUTZ

\ﬁet‘""‘ 16 : IDS=215: Assign Spindle STOP C DES to SIRELAY OUTO(No delay)
A “SPL".SPL_DATA.MI6_SIRELL_OUTO

IDS=216 DO OI10_STOPD DES_SP = TRUE
M17

\Netwrk 17 : IDS=216: Statically deselect Spindle STOP D
A “aTRUE"

= “SPL*.SPL_DATA.0I8_STOPA_DES_SP

= “$PL*.SPL_DATA.0I9_STOPC_DES_SP

= “SPL".SPL_DATA.OILO0_STOPD_DES_SP

-

The absolute address range for the internal outputs
‘$A_OUTSI' and safe markers ‘$A_MARKERSI’ within DB18
in the PLC listed below. These will be useful when making the
above changes if the source file is not used.

$A_OUTSI[1] = DB18.DBX62.0
$A_OUTSI[2] = DB18.DBX62.1
$A_OUTSI[3] = DB18.DBX62.2
$A_OUTSI[4] = DB18.DBX62.3
$A_OUTSI[5] = DB18.DBX62.4
$A_OUTSI[6] = DB18.DBX62.5
$A_OUTSI[7] = DB18.DBX62.6
$A_OUTSI[8] = DB18.DBX62.7
$A_OUTSI[9] DB18.DBX63.0

$A_OUTSI[10] DB18.DBX63.1

$A_MARKERSI[1]
$A_MARKERSI[2]
$A_MARKERSI[3]
$A_MARKERSI[4]
$A_MARKERSI[5]
$A_MARKERSI[6]
$A_MARKERSI[7]
$A_MARKERSI[8]

DB18.DBX70.0
DB18.DBX70.1
DB18.DBX70.2
DB18.DBX70.3
DB18.DBX70.4
DB18.DBX70.5
DB18.DBX70.6
DB18.DBX70.7

After the PLC-SPL (FC91 “fcSI:PLC-SPL”) has been modified
and downloaded to the PLC. You will notice that the error
‘27090 Error in data cross check NCL-PLC, $A_OUTSI[x],
NCK:1;’ can now be cleared with ‘Reset’.

This is because there is no longer any difference between the
NCK & PLC-SPL. The status of the ‘Safety Integrated System
Related Variables’ are also the same.

However, you can see that the ‘Drive’ column within the safety
diagnostics screen still shows a request for STOP A.

Safety Integrated status (NCK)

AX1:X1 DP3.SLAVE3:SERVO_3.3:3(3)

= Yes

Monitoring "Safe velocity™ is act. No. HNo L “

ctive SU level I _none, _none

ctive SU override factor I Hone - I

ate actual velocity limit Inactive - Shocknay

et uelocity limitation Inactive. -

urrent velocity difference 0.608 - mnv/min Sheontck
(Maximum velocity difference 8.888 - mm/min munication
[Active safe softuare limit suitch not assignable  not assignable

1

clive stop /B [ _I m

urrently requested external stop None | @ ﬂ
[Pulses enabled No No e
Tlock through STOP in other axis Yes -

We have not yet informed the ‘Drive’ (via the axis DB) about the
status of the requested external Stops A, C & D.

For every ‘$MA_SAFE_....._INPUT’ and ‘$SMA_SAFE_....._OUTPUT’
machine data, there exists an equivalent interface bit
within the axis DB’s. The next page details this
relationship.

-

Notes :
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Axis Machine Data
Signals From PLC

PLC Interface - DB<AXxis>
PLC to NCK

36970 $MA_SAFE_SVSS_DISABLE_INPUT DBX22.0
36971 $MA_SAFE_SS_DISABLE_INPUT DBX22.1
36972 $MA_SAFE_VELO_SELECT_INPUT[0] DBX22.3
36972 $MA_SAFE_VELO_SELECT_INPUT[1] DBX22.4
36973 $MA_SAFE_POS_SELECT_INPUT DBX23.4
36974 $MA_SAFE_GEAR_SELECT_INPUTI[0] DBX23.0
36974 $MA_SAFE_GEAR_SELECT_INPUT[1] DBX23.1
36974 $MA_SAFE_GEAR_SELECT_INPUT[2] DBX23.2
36977 $MA_SAFE_EXT_STOP_INPUT[0] DBX32.2
36977 $MA_SAFE_EXT_STOP_INPUT[1] DBX32.3
36977 $MA_SAFE_EXT_STOP_INPUT[2] DBX32.4
36977 $MA_SAFE_EXT_STOP_INPUT[3] DBX32.5
36978 SMA_SAFE_OVR_INPUTI[0] DBX33.4
36978 $MA_SAFE_OVR_INPUT[1] DBX33.5
36978 $MA_SAFE_OVR_INPUT[2] DBX33.6
36978 $MA_SAFE_OVR_INPUT[3] DBX33.7

Axis Machine Data
Signals To PLC

PLC Interface - DB<AXxis>
NCK to PLC

36980 $MA_SAFE_SVSS_STATUS_OUTPUT DBX108.0
36981 SMA_SAFE_SS_STATUS_OUTPUT DBX108.1
36982 $MA_SAFE_VELO_STATUS_OUTPUTIO0] DBX110.3
36982 $MA_SAFE_VELO_STATUS_OUTPUT[1] DBX110.4
36985 $MA_SAFE_VELO_X_STATUS _OUTPUT DBX110.5
36987 $MA_SAFE_REFP_STATUS_OUTPUT DBX108.7
36988 $MA_SAFE_CAM_PLUS_OUTPUT[0] DBX109.0
36988 SMA_SAFE_CAM_PLUS_OUTPUT[1] DBX109.2
36988 $MA_SAFE_CAM_PLUS_OUTPUT[2] DBX109.4
36988 SMA_SAFE_CAM_PLUS_OUTPUTI[3] DBX109.6
N36989 $MA_SAFE_CAM_MINUS_OUTPUTI[0] DBX109.1
N36989 $MA_SAFE_CAM_MINUS_OUTPUT[1] DBX109.3
N36989 $MA_SAFE_CAM_MINUS_OUTPUT[2] DBX109.5
N36989 $MA_SAFE_CAM_MINUS_OUTPUT[3] DBX109.7
N36990 $MA_SAFE_ACT_STOP_OUTPUT[O0] DBX111.4
N36990 $MA_SAFE_ACT_STOP_OUTPUT[1] DBX111.5
N36990 $MA_SAFE_ACT_STOP_OUTPUT[2] DBX111.6
N36990 $MA_SAFE_ACT_STOP_OUTPUT[3] DBX111.7
=)
Notes :
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Safety Related Drive Interface (Axis DB)

In order to ensure that the status of the PLC (Drive) safety interface matches the signal level status of the

$MA_SAFE_....._INPUT and ‘$MA_SAFE_....._. OUTPUT interface of the NC, the PLC program must again be edited. However,
in order to maintain the similarity between the NCK-SPL (SAFE.SPF) and the PLC-SPL (FC91 “cSI:PLC-SPL"), the handling of
the PLC safety interface will be done within the Sl support block FC90 “fcSI”. You will recall that this block supports and calls the
PLC-SPL (FC91 “fcSI:PLC-SPL”) block.

FC90 "fcSI”
Neteork 7 - Doceloctiom of cafe srerdsrill - ALl ewes Using thg status of the individual internal output ($A_OUTSI) that have
hEPLY P DATA. OTL SEH aX DES been assigned to each of the used $MA_SAFE_....._INPUT machine
- vixis 1" 4 SEH data, the corresponding interface bit in each axis DB<31..61> can be
= "Axis T1" A SEH controlled.
= "Axis_Al".A_SEH
= "Auisz_Cl".A SEH
Network 8 : Deselection of safe standstill - spinale | FC90 “ch.I” must be gdited to include_the‘ networks showp here.
N \SPLY SPL_DATA 07 SBH 5P DES Once again, to save time, the source file ‘A102_FC90_001’ can be
= "Spindle SP1"_A SEH compiled and downloaded.
Network 9 : Selection 3G bit 0 - 411 Axss & Spindle Once the modified FC90 “fc90” has been loaded into the control and the
"SPL".SPL_DATA.0IZ_SG _BITO emergency stop has been reset, select the ‘Diagnostics’ >> ‘Safety’ area.
= "Axis H1" A SGselectO
T hmis TLT.A SGseleced You can now see that there are no longer any requested external STOPs
= "Axis Al1" A SGselectO A N N A _ !
= "Awis C1" A _SGselect0 on the Drive side. The signal level of the NCK & Drive side are now the
= "Zpindle_ SP1"_A SGselectd same.
Network 10 : 2election 3G bit 1 - A1l Axes & Spindle Sdatu ltlegrated stalus(NcK) nx]:)“ IIP3.SLIIUE3:SEHUO_3.3:3(3)
A "SPL".SPL_DATA.0I3_SG _BIT1 Signal NECK Drive Unit 8
= "Axis H1"_ A SGselectl
= "Axis T1".A SGselectl S.da actual posli.on _ 8,868 8.88/mm SGE / SGA
- Wiziz 41" 4 SGselsctl Different NCK/ drive positions 8.888 - mm
= "Axis_Cl". A SGselectl Monitoring "Safe operational stop" ... Yes Yes
= "Spindle SP1".A SGselectl Monitoring "Safe velocity” is act. No No
2 SPL
Active SU level none none
Network 11 : Deselection external Stop &L - RAxes Active SU override factor None -
"SPL".SPL_DATA.0I4 STOPA DES_AX Safe actual velocity limit Inactive =
= "hxis H1". A extSteph Set velocity limitation Inactive =
: e zii Current velocity difference 0.608 - mm/min
- N .a.xis:c v A:extSt,op " Maximum velocity difference 0.688 - mm/min
fActive safe software limit switch not assignable not assignable
Netwwork 12 : Descslection external Stop C - Axes Active gear ratinn(stage) 1 1
"SPL".SPL DATA OIS STOPC DES A i Stw Hons L)
- vhxiz X1Vh exegmepe Currently requested external stop | None| None. |
= "hxis_T1".A_sxtitopt Stop F code value = 8
= "Aris_Al". A extStopC Pulses enabled Yes Yes 2|
= "hxis _E1.A_extIropC Tr.lock through STOP in other axis No = =
Network 13 : Deselection external Stop D - RAxes s
Drive
A "EPL".SPL_DATA.OI&_STOPD _DES_AX sys(em
= "Axis H1" A ext3topD
= “"Anis T1".A tEcopD . . .
- Mixis A1 & extdnepD Observe all axes and the Spindle whilst creating an emergency stop, you
= "Axis C1".A_extEtopD should see the requested STOPs will be the same for both NCK-SPL and
PLC-SPL.
Network 14 : Deselection external Stop L - Spindle
* "8PL.SPL_DATA. 0I2_STORA_DES_SP Use the Status Sl soft-key to select further axes.
= "Spindle SP1".A extitopld
Netwwork 15 : Deselection external Stop O - Spindle Status EI » nxis +
A "SPL".SPL_DATA OIS STOPC_DES SP _
= "Spindle SP1"_ A ext3topl
Network 16 @ Deselection external Stop I - Bpindle nxls -
A "EPL".SPL_DATA_ OI10_STOPD_DES_ ST _
= "Spindle SP1"_A4 extStopl SBIECt
ais Y
Notes :
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A more detailed overview of the status of the safety interface
for each axis/spindle can be seen in the ‘SGE/SGA’ screen.

Description of the ‘Safe Input Signals’ SGE/SGA status display;

SGE / SGA e] lalsls
§ g8 8
s
, i | B (B | el | |08
Safety Integrated SGE/SGA AX1:X1 DP3.SLAVE:SERVO_3.3:3(3) )" § 3313 &8 2
Safe input signals . . _ ~ 3 H @ »n o» ] g -
Safe input signals NCK bit15..6 | 4968 8669 8996 6086 H E 5 § f § § i s
Safe input signals drive bit15..8 [ 8660 0988 8860 8068 % s |sisls a @ ei2
Safe input signals NCK bit31..16 _ 6688 8868 BRB1 1168 S §l 1833 g 2 ]
a.mmmm‘.J“ | mmm“u} Bit 15.0 Safe Input Signals - NCK - Vord 1 = = olo|l= el eo|e
i Safe lnput Signals - Drive - Vord 1 L] o ole|e eol|le eol|le
Safe output signals [ ‘ |
Safe outpu signals NCK bit15..0 [ 8888 BB6A BAG 8161 Close Brake (Drive Only)
Safe output signals drive bit15..8 | 8686 BB6A BAGE BO81
Safe output signals NCK bit31..16 [ 8868 BBGA 6310 BA18 = P i
Safe outpul signals drive bit31..16 — L L L LY EEE & woe o<
Safe cam signals NCK bit31.. 6089 666 BBGA BAAG AAAA GGG BARA BBER. s(glsis 5353
Safe cam signals drive bil31..8 8660 6988 8880 8688 BBA0 868 BBBO 0088 § g g3 5% %5
£553 fEis
2888 FE5E
SR Safe Input Signals - NCK - Vord2 o |=]= =] lo|=]=]=]
s Safe Input Signals - Drive - Word2 |o oo |= eole|e]|e

Description of the ‘Safe Output Signals’ SGE/SGA status

display;
K
{ - s
o|dlalalalalets |3 £ 3
EEEE:EECE g & |3
SS6363838S3 ¢ 3
EEREEERE 5 B
o N o un n o un _ un 2l
pitso 5o OuoutSignals -NCK-Vord1 [oTeToTeToToT=]=]=]=]=]=]=]=]=]=
oot Safe Output Signals - Drive - Vord1 |o |o |o|o|o|o|eo|o|o|e|e|e|es|a|a|=
I
Pulses are cancelled
a
w e o< bod 3
5588 R
onarsg | 53 Ovtow Signats oK -vorda2 [s === [=[=[=[=[=[=[=]=]=]=]=]
- Safe Output Signals - Diive -Vord2 o o [ |e e |2 ]=|e2|=]=]=]|= °

Notes :
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SAFE DES VELO LIMIT and SBH

With the emergency stop reset, no errors displayed and the
drives enabled, jogging an axis will result in the following
errors;

27024 Axis X1 stop A triggered
27023 Axis X1 stop B triggered
27010 Axis X1 tolerance for safe standstill exceeded

Error 27010 is displayed as the axis has exceeded the
standstill tolerance set in $MA_SAFE_STANDSTILL_TOL.

The other errors (27023 & 27024) are in response to the error
27010 and inform you that the axis has been safely stopped.

Stop Category according to EN60204 part 1 and NFPA 79

Stop | Stop Stp
A B F

with with Path-related Inclusive
setpoint setpoint in the group retraction
input “0* input “0* conditions

"Safe operating stop"” SBH
(Drive is still in closed-loop control)
. Only under fault conditions

"Safe standstill" SH
(Drive is torque-free)

-

These errors can only be cleared with Power off-on or an
NCK Reset.

Once cleared, reset the emergency stop and observe the
‘Status SI’ page with the ‘Diagnostics’ >> ‘Safety’ area.

Safety Integrated status (NCK)
Signal

Safe actual position 8.868 8.668 mm
Different NCK/ drive positions 6.888 - mm
Monitoring *Safe operational stop” ... | Yes| Yes. |
Monitoring “Safe velocity” is act. No No

Active SU level none none

Active SU override factor None s

Safe actual velocity limit Inactive -

Set velocity limitation Inactive =

Current velocity difference 8.888 = mm/min
Maximum velocity difference | 6.868 = mm/min
Active safe software limd switch nol assignable nol assignable

Active gear ration (stage) 1 1

Active stop None None

Currently requested external stop None None

Stop F code value . 8

Pulses enabled Yes Yes 3
Telock through STOP in other s

You can see above that the axis is actually being monitored
for ‘Safe Operational Stop’ (SBH). So any movement, con-
trolled or uncontrolled, will result in the error 27010.

-

Whilst we are in a ‘Safe Operational Stop’ (SBH) state, we
could take measures in the PLC to create a feed-hold on the
axis. This would stop the axis from moving and the error 27010
would no longer appear.

Alternatively, we can use the machine data 36933
$MA_SAFE_DES_VELO_LIMIT[O0..3]. This machine data
allows you to specify a percentage limitation on the speed
set-point during SBH (Safe Operational Stop) and SG (Safe
Reduced Velocity).

Value 100%: The set-point is limited to the active SG level.

Value >0%: The set-point is limited to a % of the active SG
level but the set-point is limited to O if SBH is active.

Value = 0%: Set-point limitation is inactive.

Note: For the purposes of this course, set all indexes of
MD 36933 SAFE_DES_VELO_LIMIT[0..3] = 80%.

The SAFE machine data is not included in the Cross check
monitoring with the drive, nor is it included within the axis
checksum (MD 36998 SAFE_ACT_CHECKSUM) as it is a
‘Single’ channel function. i.e. the set-point is limited in the NC
only!

-

Once all axes and spindle values for MD 36933 have been set
to 80% as shown here...

SI Axis MD ($MA...)

36932(15] $MA_SAFE_UELO_OUR_FACTOR 168 % po
36933[(8] $MA_SAFE_DES_UELO_LIMIT 88 % e
36933[(1]  $MA_SAFE_DES_VELO_LIMIT 88 % e
36933(2] $MA_SAFE_DES_UELO_LIMIT 88 % re
36933(3] $MA_SAFE_DES_UELO_LIMIT 88 % e
36934[8] $MA_SAFE_POS_LIMIT_PLUS 188868 mm po
36934[1]  $MA_SAFE_POS_LIMIT_PLUS 188868 mm po

...the axis will no longer attempt to move when jogged...etc.

In order to remove the SBH condition from the axes & spindle,
the SPL must be edited.

We know from the ‘SMA_SAFE_....._INPUT machine data for
the ‘Safe Standstill’ function (36971) which $A_OUTSI vari-
ables are assigned to control the SBH function;

AXeS;

36971 SAFE_SS_DISABLE_INPUT = 04010101 = $A_OUTSI[1]
Spindle;

36971 SAFE_SS_DISABLE_INPUT = 04010107 = $A_OUTSI[7]

We also know that $A_OUTSI[1] is defined as
‘Ol1_SBH_AX_DES’ and $A_OUTSI[7] as ‘Ol7_SBH_SP_DES'.

Notes :

Al104
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We can see in the SPL that IDS 207 & IDS 208 control
‘Ol1_SBH_AX_DES’ ($A_OUTSI[7]) and
‘OlI7_SBH_SP_DES’ ($A_OUTSI[7]).

The PLC-SPL must also be modified to reflect the same
changes.

Edit FC91 “fcSI:PLC-SPL” in Networks 8 & 9 as shown here.

NG/CSLOIR/SAFE.SPF
1D5-285 DO H_STATUS_1 = SIRELAY(1)Y L
il
;Het 7:Assign $A_HARKERSI[6] to KA1_KA2 Contactor Outputy
1DS=286 DO OE1_KA1_KA2 = HIG6_SIREL1_OUTEY

u
;Net 8:Assign SBH for all axesY
IDS=287 DO OI1_SBH_AX_DES = TRUEY

il
;Het 9:Assign SBH for SpindleY

;Het 18: Assign SG bit8 for all axes & Spindley
IDS-289 DO 0I2_SG_BITB - FALSEY

i
;Het 11: Assign SG bitl for all axes & SpindleY
IDS=218 DO 0I3_SG_BIT1 = FALSEY i

1 v
;Net 12: Assign all axes STOP A deselection to SIRELAY OUT1(1.8s de
lay)y

For now, we can change both of these from ‘FALSE’ to ‘TRUE’
As shown above.

-

Hetwwork & : IDS=2Z07: Assign SBH for all axes
A "mTRUE"
= "SPL".SPL_DATAL 0I1 SEH Ax DES
Netvmork % : IDE=208: Assign SBH for Spindle
A "mTRUE"
= "SPL".SPL_DATA 0OI7 SEH SP_DES

The absolute address of mTRUE” is M1.1.

Save and load FC91 to the PLC and perform an NCK-
Reset.

(The NCK Reset is required so that the NCK-SPL, ‘SAFE.SPF’,
is executed and the changes activated.)

After the NCK reset and with the emergency stop reset, the
‘Safe Operational Stop’ (SBH) should be Deselected (no
longer active).

Safety Integrated status (NCK)

AX1:X1 DP3.SLAVEZ:SERVO_3.3:3(3)

The axes should now jog without error.

Notes :
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Check Polarity of Safe Actual Value If the polarity is not correct, the error 27001 Code 3 will be
displayed.

Now that the axes can Jog, the SAFE actual position values
must be checked to ensure they have the same polarity as
each other. They must also be the same as the MCS axis posi-

1:08:44.608 PM |

tion within the NC. © B6/24/13 m T
| HES i Using the Safety Diagnostics screen, you can determine

which safe position polarity is incorrect when compared to the
MCS actual position.

If the safe position of the NCK is incorrect, MD 36925
SAFE_ENC_POLARITY, must be adjusted.

If the safe position of the Drive is incorrect, p9516 bit 1 must
be changed.

| Monitoring “Safe velocity” is act. i
Active SU level ) ‘ -
Active SU override factor | i j Once these safe MD’s have been changed, a ‘Confirm Sl
Safe actual velocily limit , ‘ Data’ must be executed followed by an NCK reset.

Set velocity limitation

Current velocity difference | | 3 .

Maximum velocity diference [ Once again, check the safe actual positions for correct
Active safe software limit switch lari

Active gear ration (stage) polarity.
fctive stop

Currently requested external stop
Pulses enabled

Telock through STOP in other s

Notes :
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Application of the Function Table

The function table that describes how the safety related devices interact with the safety functions must now be applied.

At the moment, the ‘Internal Outputs’ ($A_OUTSI) assigned to the SBH de-selection and SG selection are statically assigned
the values TRUE and FALSE. See Networks 8 to 11 in the PLC-SPL(FC91 “fcSI:PLC-SPL”) and IDS=207 to 210 in the NCK-

SPL (SAFE.SPF).

Operating mode Protective doors Axis / spindle Monitoring
Production Closed X1,VY1, Al C1 SG4 (SVv4)
SP1 SG4 (SV4)
Released X1, Y1, Al C1 SBH (SOS)
SP1 SBH (SOS)
Setup Closed X1,Y1, AL C1 SG2 (SV2)
SP1 SG2 (SV2)
Released X1,Y1, AL C1 SG1 (SV1)
SP1 SBH (SOS)/
SG1 (SV1) With HT2 Enable

Edit the NCK-SPL (SAFE.SPF) as shown here;

;Net 8:Assign SBH for all axes
IDS=207 DO OI1_SBH_AX_DES = (IE3_OP_Door OR IE10_Setup)

;Net S:Assign SBH for Spindle
:Net 10: Assign SG bitD for all axes & Spindle
IDS=209 DO OI2_SG_BITO = IE3_OP_Door

:Net 11: Assign SG bitl for all axes § Spindle
ID3=210 DO OI3_SG_BIT1 = (IE3_OP_Door AND (NOT IE10_Setup))

IDS=208 DO OI7_SBH_SP_DES = (IE3_OP_Door OR (IE10_Setup AND IE4_HT2 Enable))

Now edit the PLC-SPL(FC91 “fcSI:PLC-SPL”) to match the

new functionality;

Network 8 : IDS=207: Assign SEH for all axes

0 “SPL".S$PL_DATA.IE3_OP_Door
"SPL".SPL_DATA.IE10_Satup
"SPL".SPL_DATA.O0I1_SBH_&X _DES

"o

Network 9 : IDS=208: Assign SEH for Spindle
“SPL"_SPL_DATA.TE3_OP_Door
"SPL".SPL_DATA.IE1O_Setup

“SPL".SPL_DATA. IE4 HTZ_Ensble
“SPL".$PL_DATA.O0I7_SBH_SP_DES

100

A "SPL".SPL_DATA.IE3_OP_Door
= "SPL".SPL_DATA.0IZ_SG_BITO

A “SPL".S$PL_DATA.IE3_OP_Door
AN "SPL".SPL_DATA.IE10_Setup
= “SPL".SPL_DATA.0I3_SG_BIT1

Network 10 : IDS=Z09: Assigmn SC bit0 for all axes & Spindle

Network 11 : IDS=210: Assign SC bitl for all axes & Spindle

Check that the expected functionality is working correctly.
This can be done using the ‘Diagnostics’ >> ‘Safety’ >>
‘Status SI’ screen;

Safety Integrated status (NCK) AX1:X1 DP3.SLAVEI:SERV0_3.3:3(3)

Different NCK/ drive positions
Monitoring "Safe operational stop” ...
Monitoring “Safe velocity" is act.

$Safe actual velocity limit
Set velocity limitation | 1666866 = mm/min il
Current velocity difference 6.8688 - mmy/min |~
Maximum velocity ditference 8.868 = mm/min
Active safe software limit swilch not assignable not assignable
fctive gear ration (stage) 1 1

ive stop None None I
Current ested external st NLn Nﬂ
Stop F code value & (]
Pulses enabled Yes Yes
Trlock through STOP in other axis No &) 51

Bus fxis
£ TGP/ n o

Notes :
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Setting the Safe Velocity Limits

The ‘Safe Actual Velocity Limit' can be seen using the
‘Diagnostics’ >> ‘Safety’ >> ‘Status SI’ screen;

Each axis/spindle has 4 different ‘Safe Velocity Limits’ that can

Safety Integrated status (NCK) AX1:X1 DPI.SLAVEZ:SERVO_3.3:3(3)
be selected. oo Het e - “
3 . Safe actual position -222.714 -222.714 mm
We can see from the function table that we are using SG1, Different NCK/drive positions (X - mm m
SG2 and SG4 for the axes and the spindle. Morltoring Sats operational sop'” e g0
Monitoring "Safe velocity” is act. Yes Yes Select
. ) . . Active SU level 1 4 axis
Each velocity level is set using the safe machine data Active SU override factor None -
'36931(0..3] SMA_SAFE_VELO_LIMIT'. The default value for |§s st L | e
. . . . Y n i =
this machine data is 2000mm/min (5.555rpm for rotary axes). o valoany dferanca & o e
Maximum velocity difference 6.008 - mm/min -
36931 $MA SAFE VELO L|M|T[0] =SG1 Active safe software limit switch not assignable not assignable
- 3 _ _ Acti ation (stage) 1 1
36931 $MA_SAFE_VELO_LIMIT[1] = SG2 Bethe ges oo e - o e
36931 $MA_SAFE_VELO_L|M |T[2] =SG3 Currently requested external stop None None
36931 $SMA_SAFE_VELO_LIMIT[3] = SG4 Stop F code vaue - ’ e
Pulses enabled Yes Yes |
Trlock through STOP in other axis No = o «
[]

The technical documentation prepared by the machine
manufacturer (Function Table, Description of Safety
Related Devices....etc) should state the different velocity

limitation for each level.

| Bus
| 2'%'2 ICP/IP

The ‘Safe Actual Velocity Limit' is the value above which, the
error ‘27011 Axis X1 safe velocity exceeded’ will be

displayed.

This error will also cause an

internal ‘STOP C’ with error

‘27022 Axis X1 stop C triggered’.

- =
Notice that the axes have a ‘Set velocity limit' of 1600mm/min.  Lets assume that the OEM has stated that the SG levels
N — — require setting as follows;
::e actual velocity limit 2666.868 ~ maymin Linear Axes; Rotary Axes;
S oy e ' L | SG1 = 2000mm/min SG1 = 10rpm
Mavimum uelocity difference A AAA I ey g SG2 = 5000mm/min SG2 = 50rpm
SG3 = 10000mm/min SG3 = 100rpm
This due to MD 36933 SAFE_DES_VELO_LIMIT[0] = 80% that SG4 = 10000mm/min SG4 = 100rpm
we set earlier. i.e. 2000 * 80% = 1600.
Spindle;
This machine data creates a ‘Single Channel - Non-Safe’ SG1 = 50rpm
Set-point limitation so as to prevent the actual velocity SG2 = 500rpm
exceeding the limit set in 36931 SAFE_VELO_LIMIT[0..3] SG3 = 1000rpm
SG4 = 1000rpm
The active index for MD 36933 SAFE_DES_VELO_LIMIT[0..3]
is selected using the PLC interface only (No NCK selection We must set 36931[0..3] as follows;
required as this is a single channel function). It can be selected SGx =SG /0.8
using DB<AXxis>.DBX34.0 & DBX34.1; 2500 =2000/0.8
Active Index of Linear Axes; Rotary Axes;
DBX34.1 DBX34.0 35933 36931[0] = 2500 36931[0] = 12.5
36931[1] = 6250 36931[1] = 62.5
0 0 0 36931[2] = 12500 36931[2] = 125
36931[3] = 12500 36931[3] = 125
0 1 1
Spindle;
1 0 2 36931[0] = 62.5
1 1 3 36931[1] =625
36931[2] = 1250
36931[3] = 1250
- d
Notes :
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When the new values for 36931 SAFE_VELO_LIMIT[0..3]
have all been entered, ‘Copy Sl Data’ & ‘Confirm S| Data’
must now be executed followed by an ‘NCK Reset’ to activate
the new values.

Using the ‘Diagnostics’ >> ‘Safety’ screens, you will now see
that the ‘Set Velocity Limitation’ is 80% of the ‘Safe Actual
Velocity Limit’.

Safety Integrated status (NCK) AX1:X1 DP3.SLAVERSERVO_3.3:3(3)

Signal

Safe actual position -0.881 -8.881 mm
Different NCK/drive positions 6.608 - mm
Monitoring “Safe operational stop" ... No No

Monitoring “Safe velocity is act. Yes Yes

Active SV level 4 4

Active SU override factor None =|

Safe actual velocity limit 12580.600 - mm/min

Set velocity limitation | 18889.868 - mavmin |
Current velocity difference 8.868 = mm/min
Maximum velocity difference 0.868 - mm/min
Active safe software limit switch not assignable not assignable

Active gear ration (stage) | 1 1

Active stop None, None

Currently requested external stop None None

Stop F code value & L}

Pulses enabled Yes Yes - |
Trdock through STOP in other axis

Check this is correct for all axes and spindle for all SG
levels.

Safe End Limits and Safe Software Cams

It may be required to use ‘Safe End Limits’ on one or more
axes. Up to two ‘Safe End Limit Pairs’ are available per axis.

To enable the ‘Safe End Limits’, in this case for the X1 Axis,
MD 36901 SAFE_FUNCTION_ENABLE bit 1 must be set.

369681:5MA_SAFE_FUNCTION_ENABLE = 43H

[“IBit 8: Safe velocity and operational stop [A|
[~IBit 1: Safe limit switches

[IBit 2 reserved

[IBit 3: Actual value synchronization 2-encoder system
[CIBit 4: External ESR activation

[CIBit 5: Safe velocity offset

[“IBit B: External stop requirements

Cna 3. 6o L

The Machine data’s....
36934[0] SAFE_POS_LIMIT_PLUS
36935[0] SAFE_POS_LIMIT_MINUS

...can also be set with limit values e.g.

36935[0] = (36100 POS_LIMIT_MINUS) - 10mm
36934[0] = (36110 POS_LIMIT_PLUS) + 10mm

Set the X axis Safe Limits to the values shown here.

36934[0] SAFE_POS_LIMIT_PLUS = 110.000mm
36935[0] SAFE_POS_LIMIT_MINUS = -110.000mm

Once the values have been set and the ‘Safe Limit Switches’
have been enabled with machine data

‘36901 SAFE_FUNCTION_ENABLE bit 1’, ‘Copy Sl Data’ &
‘Confirm Sl Data’ must now be executed followed by an ‘NCK
Reset’ to activate the new values.

The alarms...

201797 Axis X1 Servo....Sl Motion CU: Axis not safely
referenced.
27000 Axis X1 is not safely referenced

...will be displayed.

These alarms will remain after the axes have been referenced
(To reference all axes, select Jog-Ref mode & press Cycle
Start).

Now that a ‘Safe Position Related Function’ is active (i.e. Safe
End Switches or Safe Cams) the axis in question must be
'Safely Referenced’ during setup.

Notes :
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User Agreement Using the ‘Select’ key, the user agreement is given to the
X1 axis and both alarms will automatically be cleared.
In order to ‘Safely Reference’ an axis, the ‘User Agreement’

must be given by the machine user. This is done in the

'ﬁ' # :lﬁ_ﬁ)?!._-r‘ﬁ?g
Machine area of Jog-Ref mode. R 1
9 SIEMENS
M, e 31 loin U s wt il g

1.
SIEMENS |

Position [mm]

< Xi 0.600 8808
s Y1 0.600 8608 i

s 21 0.000 Ui L
% Al 0.000° S
s Cl1 319.657° LI

SP1 0.000° i

You have now confirmed that the ‘Sl Position’ is the same as
the ‘NC Position’.

F=0.668  51-8

From now on following power-on, the alarms...

Key-switch/Password level 3 (Orange Key) or higher must 201797 Axis X1 Servo....SI Motion CU: Axis not safely
be set in order to make the ‘User Enable’ soft-key

referenced.
available. 27000 Axis X1 is not safely referenced
...will be displayed until the axis is again referenced.
- =

The Sl position value is stored in SRAM. On power-up of the The ‘Safe End Limits’ are now active and the axis cannot be
system, and once the axes have been referenced, the actual moved past the set ‘Safe Limit Values’ of +/- 110mm.
NC position is compared to the buffered Sl position. If the _ -
difference between the two values exceed the value stored in ™ | B K1 b ol vl apeeied
MD 36944 SAFE_REFP_POS_TOL, the user agreement will — : SIEMENS | 2
be removed. | Machine Posiion [mm] i) e

X1 -110.280 T {inclions
The ‘User Agreement’ will also be removed if the Safe NCK 1 0.000 i -
and Drive actual position values exceed the value of 21 0.000 F :: e
MD 36942 SAFE_POS TOL. g: m:g_ ﬂn F '

L

Note: The X1 axis has an incremental encoder. This means
that as the reference cam is simulated within the PLC, the
axis will never reference in the same position.

If the axis is moved past the Safe Limits, the error
The newly referenced actual NCK position will never be ‘27012 Axis X1 safe end position exceeded’ will be
the same as the buffered ‘Sl Position’ value. displayed.

It will always exceed the default tolerance value of 0.0lmm  The only possibility to recover the axis now is to remove the
for MD 36944 SAFE_REFP_POS_TOL and the User Agree- ‘User Agreement’ for the X1 axis, reset the fault and Jog the
ment will always be removed after referencing. axis clear of the end limit.

- 4

Notes :
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Removing the ‘User Agreement’ to recover an axis that has
exceeded it's ‘Safe End Limit’ is one possibility.

It is also possible to select the second ‘Safe End Limits’ which
would be set greater than the first limit, this would then allow
recovery from the end limit without the need to remove the
‘User Agreement’.

To do this, MD 36973 SAFE_POS_SELECT_INPUT must be
assigned to an internal output ($A_OUTSI) and controlled.

® Assign $A_OUTSI[11] to the X1 Axis;
36973 SAFE_POS_SELECT_INPUT = 0401010B

® Set the limit values for the second ‘Safe End Limit Pair’;
36934[1] SAFE_POS_LIMIT_PLUS = 120.000mm
36935[1] SAFE_POS_LIMIT_MINUS = -120.000mm

® Now edit the NCK-SPL (SAFE.SPF) to add a new definition
for $A_OUTSI[11];
DEFINE OI11_SE2_AX

AS  $A_OUTSI[11]

® Add a new synchronous action at the end of the
SAFE.SPF;
:Net 18: Select Safe End Limit 2
IDS = 217 DO Ol11_SE2_AX = IE9_OT_Override

-

The PLC-SPL must also now be modified in the same way.
® Edit UDT18 to add the definition for $A_OUTSI[11];

FEZ5. 0

[UIF_STUFT_DES_SP

0I10_STOPD_DES_SP
A _OUTSILZ

EUUL FALSE TOTS TIPS

BOOL
E0O0L
EOOL

FALSE
FALSE
FALSE

OUTSIPlO
OUTSIPLL
OUTSIPLZ

+25.1
+25.2

SHEEDS!

e Edit the PLC-SPL (FC91 “fcSI:PLC-SPL”) to add Net 18;

At Y - TDE=717: Select Safe End Limit 7

A "ZPL".5PL_DATA_TES OT_Owerride
= "EPL".SPL DATA_OIll SEz AX I

® Edit the PLC-SPL support block (FC90 “fc:SI”) to write the
status of $A_OUTSI[11] to the X1 axis safe interface signal

for Safe End Switch 2 Selection;
(MD 36973 = DB<AXxis>.DBX23.4)

............

"SPL". SPL_DATA 0I1l_SEZ_A¥
= "hyis M1"_ A SE |

® Download the modified FC90 and FC91 to the PLC.

-

Copy and Confirm of Sl Data and NCK Reset are now
required to activate the changes in the NC Safe MD and
NCK-SPL(SAFE.SPF).

o After the NCK-Reset, reference all axes (Jog-Ref >> Cycle
Start).

® |ssue the ‘User Agreement’ for the X1 axis.

® Jog the X1 axis to +/- 110mm so that it activates the first
‘Safe End Limit’ and the error 27012 is displayed.

® Activate ‘End Limit Override’ key-switch and reset the
errors.

® Jog the X1 axis clear of the end limit and release the key-
switch.

Using this method to select the second ‘Safe End Limits’ can
be improved by using the non-safe hardware limit signals for
the axes DB<Axis>.DBX12.0 & DBX12.1.

This will prevent the axis from being allowed to travel towards
the second Safe Limit.

To do this we will need to determine which end limit has been
exceeded, Plus or Minus.

However, no interface signal exists to indicate that the axis has
exceeded a ‘Safe End Limit’. For this, we can use a ‘Safe
Cam’.

® Enable SAFE Cam pair 1 for the X1 axis;
36901 SAFE_FUNCTION_ENABLE bit 8 & 9

® Set Cam Plus & Minus values the same as the ‘Safe End
Limit 1’ values. (36934[0] & 36935[0]).
36936[0] SAFE_CAM_POS_PLUS =110.000mm
36937[0] SAFE_CAM_POS_MINUS =-110.000mm

Notes :
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® Edit the PLC-SPL support block (FC90 “fc:SI”) to read the
status of SAFE CAM pair 1 and control the hardware limit
signals DB<AXxis>.DBX12.0 & DBX12.1.

Network 18 : X Axis End Limit Minus

AN “Axis X1".E_SN1Plus

AN “Axis_X1".E_SN1lMinus

A “SPL".SPL_STATUS14

= “Axis X1".A_HWLimitMinus

//End of SPL program reached

Network 19 : X Axis End Limit Plus

“Axis X1".E_SNlPlus
"Axis_X1".E_SN1Minus
“Axis X1"_.A HWLinmitPlus

"o e

(SAFE Cam 1 Plus = DB<Axis>.DBX109.0)
(SAFE Cam 1 Minus = DB<Axis>.DBX109.4)

Note: To prevent the Minus hardware limit alarm
from appearing during power-up,
DB<AXxis>.DBX12.0 is interlocked with
DB18.DBX137.5 (NCK-SPL Completed).

® Save and Download the modified FC90.
® Copy & Confirm Sl Data, then NCK Reset.

® Remove User Agreement for X1 axis (only for this class due
to incremental encoder).

® Reference all axes and re-issue the User Agreement for the
X1 axis.

-

As we are only using the Safe Cam status in 1 channel only,
no modification of the SPL (NCK or PLC) is required.

When the axis is now jogged onto the first safe limit, it will also
be sat on Safe Cam 1 (Plus or Minus). The cam signal is
connected to the standard non-safe hardware limit interface of
the axis.

The alarm ‘21614 Axis X/X1 hardware limit switch + /- will
also now be displayed along with the alarm ‘27012 Axis X1
safe end position exceeded’. This will now prevent the axis
from moving towards the second ‘Safe End Limit’ during
recovery.

-VE . . -
Mechanical Traversing Limit
/////

SE 2 Minus
e
T

+VE

SE2Plus— |

*\I

SE 1 Plus

AN

\¢—— Traversing Range———

SE 1 Minus — Cl
Software Limits

Safe Cam 1 Minus

Safe Cam 1 Plus

As a result of system--related actual value differences, the cam
signals of the monitoring channels can have different states.

In order to prevent this, the cam synchronization

can be activated. This rounds off the results of both channels.
The cam SGAs at the input position of the SPL are
synchronized if the user has parameterized this using the
function enable.

Cam signal synchronization is enabled using machine data
MD 36901: SMA_SAFE_FUNCTION_ENABLE, bit 7

When cam synchronization is activated, cam signals are output
with a hysteresis that takes into account the approach direction.
This helps to prevent the SGAs from "flickering” if the axis is
positioned exactly on the cam.

The magnitude of the hysteresis is determined by machine
data: MD 36940: $MA_SAFE_CAM_TOL

Notes :
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Reducing velocity when not Safely Referenced e Also in the NCK-SPL, Interlock the SG selection bits 0 & 1
with 1I1_AX_REF:

It could be useful to limit the velocity of the axes if they are not

‘Safely Referenced'. (i.e. Before referencing or without ‘User :Net 10: Assign SG bitD for all axes & Spindle
Agreement‘) IDS=209 DO OIZ_SG_BITO = (IE3_OP_Door m
;Net 11: Assign SG bitl for all axes & Spindle
To do this we must monitor the ‘Safely Referenced State’ of 1039210 DOOTI-S0LANTL. S {XESLOP. Door ulp (NOTZE10:Serup) ““‘

the axis within the SPL and ensure SG1 is selected if the axis

is not safely referenced. o ] ] ) o
® \Within the Step 7 project, Edit UDT18 to include the defini-

e Assign ‘Internal Input 1’ ($A_INSI[1]) to the 'Safely Refer- tion for $A_INSI[L];

enced Stat of the X1 acs e ————
MD 36987 SAFE_REFP_STATUS_OUTPUT = 04010101 e TS So0L PALSE TNEIPZ

® Create a definition for $A_INSI[1] in the NCK-SPL e Edit the PLC-SPL support block (FC90 “fcSI") to assign the

(SAFE.SPF); ‘Safely Referenced Status’ to $A_INSI[1] (Insert a new
_______________________________________ Network 4);
;Internal Inputs - sA_INSI Hetwork 4 : Assign Safely Referenced Status to $4_INSI[L]
DEFIMNE II1 AE REF L3 SA_INSI [1] A "Axis W1" E_Shef

= "SPL".3PL_DATA.A INSIL

Absolute addresses for the code are;
:Internal Cutputs - §4 OUTSI A DB31.DBX 108.7

DEFINE OI1 SEH AX DES A3 §h OUTSI[1] - DB18.DBX 54.0

= -

® Edit the PLC-SPL (FC91 “fcSI:PLC-SPL”) to Interlock the ® Reference all axes (Jog-REF & Cycle Start)

SG selection bits 0 & 1 with I11_AX_REF; ® |Issue User agreement and check SG Level selection is
Network 10 : ID5=209: Assign SG bit0 for all axes & Spindle working as expected. i.e SG4 is now selected with operator
" WSPL".SPL_DATA.IE3 0P Door door closed and production mode selected.
Lo o e o o o
) - ) == Maonitoring "Safe velocity” is act. Yes Yes
Active SU level | 4 4
Network 11 : IDS=Z10: Assign ECG bitl for all axes & Spindle Active SV override factor None -
A "SPL".5PL_DATA. IE3_OF Deoor Eﬂe actual velocily limit 12580.808 - iy min
AN "SPL"_SPL DATA TE10_Setup el ueloeitu limitati 1AAAA ARA = mm/ min
A "SPL"_SPL DATA A TNSTL
= "SPL"_SPL _DATA 0OIZ SG ETTL

® Download FC90 & FC91 to the PLC.
® Copy, Confirm Sl Data and NCK Reset.
® Remove User Agreement for X1 axis. (This class only due
to incremental encoder).
® Check that SG level 1 is now active, even with operator
door closed, Production mode...etc. (Normally SG4);
HMonitoring "Safe operalional stop™ ... Ho Ho
Monitoring “Safe velocity” is act. Yes Yes
Active SU level | 1] 1]
Active SU override factor None =
Safe actual velocity limit 2586.860 ~ mm/min
€t uelondn lmitati JHAR ARA = pom moin
-y -
Notes :
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Test Stop:

This section describes the following;

Description of Test Stop
Safe Brake Test

Pulse Disable Test
External Stop Test

SPL I/O Test

SPL Protection

NOTE: Any NC/PLC code shown in this document is to be treated as an example and for
quidance purposes only!

Notes :

Al104 Page 100 Sinumerik 840D sl Safety Integrated




Safety Integrated

A104

Test Stop (forced Checking Proceedure) Description

A forced checking procedure must be carried out for all static
(steady-state) signals and data. Within the required time (8 h),
the state must change from a logical 1 to a logical O -- or vice
versa. If the state remains static in a fault situation, then this is
detected at the latest as a result of this forced checking proce-
dure and the subsequent comparison.

A forced checking procedure must be used, e.g. for compo-
nents that are required to stop a process (e.g. contactors and
power semiconductors) - the so-called shutdown path and for
the shutdown condition. Generally, it is not possible to test a
shutdown condition, e.g. violation of a limit value criterion, us-
ing other methods such as e.g. crosswise data comparison,
when the machine is in an acceptable (good) condition.

This also applies to errors along the entire shutdown path in-
cluding associated hardware and software and circuit-
breakers.

By integrating a test stop every eight hours with a comparison
and expected status, faults can also be detected when the
machine is in an acceptable (good) condition.

Note: Acceptable (good) condition means that there are no
machine faults that are apparent to the operator

Note: For Safety Integrated, a forced checking procedure in-
terval of one year is permissible.
-

The forced checking procedure is used to detect faults/errors in
the software and hardware of the two monitoring channels. In
order to do this, the safety - related parts in both channels must
be processed at least once during a defined period in all safety-
related branches. Any faults/errors in the monitoring channel
would cause deviations and will be detected by the cross--wise
data comparison.

For Safety Integrated, the forced checking procedure interval is
max. 1 year. This involves components from the SINUMERIK
840D sl / SINAMICS S120 system.

Possible requirements relating to shorter forced checking pro-
cedure intervals of safety-related components (e.g. PROFIsafe
I/0 modules, sensors such as e.g. emergency stop buttons,
actuators such as e.g. brakes, etc.) are not influenced.

The forced checking procedure must be initiated by the user or
integrated in the process as an automatic procedure,

e.g.
® \When the axes are stationary after the system has been
powered--up

® \When the protective door is opened

® |n defined cycles (e.g. every 8 hours) The maximum permis-
sible is every year).

® |n the automatic mode, dependent on the time and event.

-

The forced checking procedure also includes testing the safety
-related sensors and actuators at the safety--related inputs/
outputs.

In this case, the entire circuit including the Safe Programmable
Logic (SPL) is tested to ensure that it is correctly functioning.

Warning
The test interval duration of max. 1 year may only be extended
under the following conditions:

® |n the time after the test interval has expired, no hazards for
personnel may be allowed to occur -- they must be com-
pletely excluded (e.g. the protective door is closed and is
also interlocked)

® After the test interval has expired, before a possible hazard
to personnel (e.g. for a request to open a protective door), a
test stop or a forced checking procedure must be carried
out to absolutely ensure the availability of the shutdown
paths and the safety-related inputs/outputs.

0

This means that for the duration of the automatic mode (with

the protective door closed and interlocked), a fixed cycle is not

strictly specified. After expiry of the time, the forced checking

procedure can be carried out before the next opening of the

protective door.

-

The ‘Test Stop’ or ‘Force Checking Procedure’ for Sinumerik
safety integrated can include some or all of the following tests;

® Safe Brake Test. Note: This must be done first as subse-
quent tests involve testing the shutdown paths of the
Sinamics drives (STO). This could lead to unexpected
movement of the axis if the brake is faulty.

® Pulse Disable Test (STO)
® External Stop Test (STOP A,C D...etc)
® SPL Inputs & Outputs (Check-back circuit of contactors...etc)

Notes :
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Safe Brake Test

Note:

If used, the safe brake test should be carried out prior to other
test stops. Subsequent tests should be inhibited if the brake
test fails. This reduces the possibility any unexpected move-
ment from the axis due to a faulty brake when testing the shut-
down path of the pulses (STO).

The ‘Safe Brake Test’ is primarily intended for so-called
"Vertical Axes’.

The functionality is based on "travel to fixed stop” (FXS). The
travel to fixed stop can be individually parameterized to test the
function of the mechanical braking system. It is activated and
deselected from the PLC.

The machine manufacturer can use his PLC user program to
close the brake at a suitable instant in time (nominal value
every 8h) and to initiate that the drive produces an additional
force in addition to the weight of the axis. In an error/fault-free
state, the brake can produce the necessary braking torque/
force that the axis hardly moves.

When an error/fault occurs, the actual position value exits the
parameterizable monitoring window and the function test of
the brake system is negatively acknowledged.

The brake test must always be started when the axis is at a
standstill.

The direction in which the drive produces its torque / its force
is specified by the PLC using a "traversing motion” via FC 18.

The direction of travel should be selected so that the motor
applies force in the direction of the already existing force due
to weight as a result of the load.

The target of this motion must be able to be reached without
any danger (no collision, sufficient distance to the end stops).

- )
Safe Brake Test Machine Data MD 37000 $MA_FIXED_STOP_MODE:
The function test of the mechanical braking system is enabled
The user can use the following axial NCK machine data to by setting bit 1 in MD 37000 $MA_FIXED_STOP_MODE. If
parameterize the function test of the mechanical braking the user needs to travel to a fixed stop with this axis from the
system: part program, bit O can also be set. It is internally monitored
to check that only one type of travel to fixed stop is active at a
time. In the case of an error, Alarm 20092, "Axis % Travel to
MD 37000: $MA_FIXED_STOP_MODE fixed stop still active” is issued.
Enable brake test
MD 37030 $MA_FIXED_STOP_THRESHOLD:
MD 37030: $MA_FIXED_STOP_THRESHOLD The contour deviation that is determined is always used in the
Threshold for fixed stop detection brake test to detect that the fixed stop has been reached.
The required threshold value must be set in MD 37030
MD 36966 $MA_SAFE_BRAKETEST_TORQUE $MA_FIXED_STOP_THRESHOLD.
Enter the test torque
This means that the traversing distance from the PLC via
MD 36967: $MA_SAFE_BRAKETEST_POS_TOL FC 18 must be greater than this threshold value.
Position tolerance, brake test
If the travel distance that is entered is too short, after the end
MD 36968: SMA_SAFE_BRAKETEST_CONTROL position is reached on the setpoint side, Alarm 20096 "Axis %
Bit 0 = 0: As average value of the torque limiting, 1 brake test aborted, additional information %2” is output. The
drive parameter p1532: "Torque limit offset” is used supplementary info contains the value 2 "End position
Bit 0 = 1: The measured torque at the instant in reached, motion stopped”.
time that the brake test is selected is used as the
average value of the torque limit.
- d
Notes :
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MD 36966 $MA_SAFE_BRAKETEST_TORQUE:

The machine manufacturer must parameterize the required
brake test torque as percentage in the axial MD 36966
$MA_SAFE_BRAKETEST_TORQUE.

The magnitude of the torque to be configured is orientated to
the maximum holding force of the brake, according to the data
sheet. Internally, this is used to calculate the drive torque that
is required in addition to the weight of the axis to load the
brake. The drive torque to load the holding brake is limited to
the maximum motor torque if the desired test torque would
require a higher drive torque.

Value for MD 36966 = ((test torque of the brake / p2003) *
100) * 1.3)

The value from $MA_SAFE_BRAKETEST_TORQUE refers to
the reference torque or the reference force from drive parame-
ter p2003, whose image is saved in
$MA_SAFE_BRAKETEST_TORQUE_NORM.

The magnitude of the torque to be configured is orientated to
the maximum holding force of the brake to be tested.
Incorrect parameterization in MD
$MA_SAFE_BRAKETEST_TORQUE could mean that the
drive with reduced torque cannot even apply the required
holding torque. These parameter assignments are detected
when the brake test is selected and results in Alarm 20095
"Axis %1 inadmissible holding torque %2”.

MD 36967 $MA_SAFE_BRAKETEST_POS_TOL:

The monitoring window for the maximum permissible move-
ment during the brake test is defined in the axial MD 36967
$MA_SAFE_BRAKETEST_POS_TOL. The PLC actively
monitors this position window - from the start of the brake test
and not only when it has been detected that the fixed stop has
been reached. This is a difference when compared to activat-
ing the traversing to the fixed stop function from the part pro-
gram.

MD 36968 $MA_SAFE_BRAKETEST_CONTROL:
Principally, the automatic determination of the load torque
available using MD 36998
$MA_SAFE_BRAKETEST_CONTROL, bit 0 = 1 is preferred.
This is because over the complete traversing path of a sus-
pended axis the torque situation continually changes to some
extent or the other. The torque situation is dependent

on the different tools/workpieces being used and can vary
significantly.

Using the automatic torque determination function, the instan-
taneous holding torque available at standstill is automatically
determined and is temporarily used as average value for the
torque limiting in the drive. In this case, it must be ensured
that at the start of the test, the brake is open, otherwise

an incorrect reference value will be determined. With the auto-
matic torque determination function, the plausibility of the load
torque is not checked.

o i
The currently available holding torque is displayed in r1509 1) When selecting the brake test, the holding torque re
"Force setpoint before force limiting”. If the automatic torque quired for the force due to the weight of the axis is
determination function is not used (MD 36998 internally measured (mAct).
$MA_SAFE_BRAKETEST_CONTROL=0), then p1532
"Torque limit offset” should be parameterized. Also in this 2) The drive must only additionally provide the difference

case, when selecting the brake test, the holding torque re-
quired for the force due to the weight is internally measured
and the effective brake test torque adapted. Contrary to the
automatic torque determination function, the plausibility of the

between this torque and the braking torque from MD
36966 $MA_SAFE_BRAKETEST_TORQUE. In the
diagram, this torque is designated with mDrive.

load torque is checked. 3) For the non automatic torque determination function,
3 the following applies: The torque limiting of SINAMICS
Upper torque fimiting + mexs is symmetrical around the torque from drive parameter
il p1532. In the diagram, the measured torque m_Act is
Mexs however less than p1532.
This is the reason that mFXS is entered as torque limit
ing.
@ mexs mFXS is the sum from mdrive and the drive parameter
MD 36966 y p1532_
S If the measured torque mact matches that parameter
:;'Iz*:on I ized in drive parameter p1532, mFXS becomes
p1532 1) mAct % the value from the
Y
# A $MA_SAFE_BRAKETEST_TORQUE.
g [ORA ("
4 3 Mexs t
2) mDrive
Torque v
limiting -
Mexs Lower torque limiting - mexg
=) )
Notes :
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Torque Limits

The torque limits p1520[0] and p1521[0] and the reference
torque p2003 are pre-assigned when commissioning the motor

Further, the torque limits p1522[0] and p1523[0] are pre-
assigned as follows:

p1522[0] 63:2902:5 reference to +100% referred to p2003
p1523[0] 63:2902:12 reference to -100% referred to p2003

When using the safe brake test, these pre--assignments for
p1522[0] / p1523[0] may not be changed.

To ensure that the brake test functions without any errors, it
should be checked as to whether the required test torque in MD
36966 $MA_SAFE_BRAKETEST_TORQUE is not prevented
from being generated due to the fact that torque limits are effec-
tive in the drive.

Further, e.g. the following parameters can also have a limiting
effect:

p1530/p1531 (power limit, motoring/regenerating)

p0640 (current limit)

p0326 (motor stall torque correction factor)

Traversing direction for the brake test

The brake test must always be started when the axis is at
a standstill.

The direction in which the drive produces its force is specified
by the PLC using the direction specified by the traversing mo-
tion of FC 18.

For a brake test, the motor should apply a force to the brake
that is applied in addition to the force due to weight. The
target of this traversing motion must be able to be reached
without incurring any potential hazard (sufficient clearance to
end stops).

Brake control for SINUMERIK 840D sl
If Safety Integrated is activated for an axis, then the brake can
be closed using the interface signal "Close brake”, DB31-
61.DBX23.5. The feedback signal is realized using the inter-
face bit "Motor holding brake open”, DB31-61.DBX92.5. In this
case, it involves a single-channel control.
If the brake is to be safely controlled, then the SBC function
integrated in the drive must also be activated. (p9602 &
p9802=1)
The interface bits for the brake, only activated in conjunction
with Safety Integrated, have a higher priority than the standard
interface signal DB31-61, DBX20.5 "Open motor holding
brake”. The "Extended brake control” function of the S120 is
used independently of SBT.

)

Safe Brake Test Sequence

Warning

The brake test must be carried out before carrying out the
test stop. If the brake test was not successful (i.e. the brake
cannot hold the axis), then it is not permissible that the test
stop is carried out. Users must carefully take this into con-
sideration when configuring the brake test and test stop.
The brake may only be tested when the axis is in an abso-
lutely safe position.

The brake test must always be started when the axis is at a
standstill. For the entire duration of the brake test, the enable
signals of the parameterized axis must be set to enable (e.g.
the controller inhibit, feed enable signals). It must be ensured
that the feed override of 100% is effective.

Within the PLC, FB11(“SI_BrakeTest”) and FC18 “SpinCtrl”
are used to perform the actual ‘Safe Brake Test'.

FB11(“Sl_BrakeTest”) controls the sequence for the SBT and
enables the 'Travel to Fixed Stop Mode’. FB11 also reads/
writes the axis VDI signals (DB31-61) for the axis involved.
These signals include the following;

DBX11.0 Activate Brake Test
DBX71.0 Brake Test Active

DBX23.5 Close Brake

DBX92.5 Brake Closed

DBX64.6/7 Traversing Command Active
DBX62.5 FXS(Fixed Stop) Reached

Before the brake test can be started via FB 11 (from the basic
program), the NC axis to be tested must be transferred to the
PLC as "PLC-controlled axis”.

During the complete test, the axis must remain a PLC-
controlled axis.

Start via FB 11 can be made after the transfer to the PLC.

FB11 provides a “MoveAxis” output that is then used to start
FC18 for the ‘Travel to Fixed Stop’ mode.

-

Notes :
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PLC NCK
Transfer axes to PLC
DB31..61.DBX68.7=1 *. Motor brake connected to
S120. The control and feedback
signal must be adapted for an
external/additional brake.
- Start FB11 © Start brake test
- Start TV BTactv ° DB31.61.DBX11.0 = 1 - Determine holding torque
= : - - Torque limiting reduced
(Time until feedback signal
that SBT is active)
ST e TV Bdiose Brake test active
(Time until the brake closed - CLERA7LD =
feedback signal) Close brake *
[ DB31..61.DBX23.5 =1 - Feedback signal, brake
closed
- FB11 outputs a travel command Brake closed *
- Start timer TV_FeedCommand | DB31..61.DBX92.5 = 0
(time up to the traversing
command output)
lMoveAxis
- Timer TV FXSreached Output traversing command - Detect the fixed stop
start, time up to DB31..61.DBX64.6 = 1 or using
fixed stop reached) DB31..61.DBX64.7 = 1 > - Contoqr deviation
- Traverse axis against closed = Reaching the
brake at standstill torque limit
(Start FC18)
- Start timer TV_FXShold fiibd stop reached
(time period that the « DB31..61.DBX62.5 = 1
motor applies force against
the brake) .
Exit brake test
l DB31..61.DBX11.0=0
Delete traversing command
Moriiterinati ired DB31..61.DBX64.6 = 0 or
=IOTHIONTELINe. exe DB31..61.DBX64.7 = 0 - Withdraw reduced
- Delete traversing command | torque limitation
- Brake test in the NCK .
Exit Brake test no longer active
; DB31..61.DBX71.0=0
- Start TV_BTactiv Delete fixed stop reached
DB31..61.DBX62.5 =0
- Open brake
- Output FB11 Done Open brake *
DB31.61.DBX23.5 = 0
-
Notes :
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FB11 “Sl BrakeTest” Description

Declaration of the function:

VAR_INPUT
Start : BOOL ; //Start of the brake test
Quit : BOOL ; //Acknowledge fault
Bclosed : BOOL ; //Brake closed input (single channel -- PLC)
Axis : INT ; /[Testing axis No.
TimerNo : TIMER ; //Timer from user
TV_BTactiv : S5TIME ; //TimeValue --> brake test active
TV_Bclose : S5TIME ; //TimeValue --> close brake
TV_FeedCommand : S5TIME ; //TimeValue --> force FeedCommand
TV_FXSreached : S5TIME ; //TimeValue --> Fixed stop reached
TV_FXShold : S5TIME ; //TimeValue --> test brake

END_VAR

VAR_OUTPUT
CloseBrake : BOOL ; //Signal close brake
MoveAxis : BOOL ; //Move axis >> FC18
Done : BOOL; //Brake Test Complete
Error : BOOL; //Error
State : BYTE ; //Error byte

END_VAR

To support the commissioning of the brake test Alarm 20096,
"Axis %1 brake test aborted, additional information %2” can be
enabled with MD 11411 $SMN_ENABLE_ALARM_MASK,

bit 5 = 1. This alarm supplies more detailed information if

the brake test is interrupted.

FB11 Error Codes (VAR OUT:STATE)

State Reason

1 Start conditions not fulfilled.

E.g. Axis not in closed loop control,
brake closed, axis disabled...etc

2 No N/C checkback in “Brake Test
Active” on selection of brake test.

3 No "Brake applied” checkback by
input signal Bclosed

4 No traversing command output

5 Fixed stop is not reached --> axis
RESET was initiated

6 Traversing inhibit/approach too slow
--> fixed stop cannot be reached.
Monitoring time TV_FXSreached has
expired.

7 Brake is not holding at all (the end
position is reached)/approach speed
is too high

8 Brake opens during the holding time

9 Error when deselecting the brake test

10 Internal error

11 "PLC--controlled axis” signal not
enabled in the user program

FB88 “S| BRAKE TEST”
In order to simplify the programming within Step 7, FB88 is
provided to help with the sequence control. FB88 will transfer
the axis to the PLC, then call FB11 and also call FC18.
Once the SBT has completed with or without error, FB88 will
transfer the axis back to the NCK channel from the PLC.
The In/Out parameters of FB11 are passed to the interface of
FB88 along with further signals for FC18 status information.
VAR_INPUT
BT_Start: BOOL ; //Start for Braketest
Reset : BOOL ; //Quit Error
FB11_Bclosed : BOOL ; //brake closed input(single channel - PLC)
FB11_AxisNo : INT ; [ltesting axisno.
FB11_TimerNo : TIMER ;
FB11_TV_BTactiv: S5TIME ; /ITimeValue -> braketest activ
FB11_TV_Bclose : S5TIME ; /[TimeValue -> close Brake
FB11_TV_FeedCommand : S5TIME ; /ITimeValue -> force FeedCommand
FB11_TV_FXSreached : S5TIME ; //TimeValue -> Fixed stop reached
FB11_TV_FXShold : S5TIME ; /ITimeValue -> test brake
TimerNo_Bclosed_delay : TIMER ;
Time_Bclosed_delay : S5TIME ;
END_VAR
VAR_IN_OUT
FB11_CloseBrake : BOOL ; /ISignal Close brake
FB11_Done: BOOL ;
FB11_Error : BOOL ;
FB11_State : BYTE ; /[Errorbyte
FC18_InPos : BOOL ;
FC18_Error : BOOL ;
FC18_State : BYTE ;
END_VAR =) 2
Notes :
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Test Stop Example: Safe Brake Test Network 7 of FC92 “fcSI"TestStop” contains the following call
to FB88;

In order to execute a test stop we need to now call FB88.

Network 7: Call FBSS - Safe Brake Test

. . 2 AN “Axis_Y1".E_HoldBrakeOpened
Within the S7 project, a prepared block (FC92 fcSl: TestStop”) - "idbST_SAFE_BT".FBll_Belosed
AN “ »
can be called from within FC90 “fcSI” as shown here. GALL *EX SAFE BTY , "1dbsi sATE BT
B :="mSI:TS:SBT: 8 »
Wetwork 20 ¥ Axiz End Timit Flus it i il
i FB1l_Bclosed -
ES "Axis_XK1"_.E_EN1Plus FB1l_AxisNo :=2
o "Awis H1"_.E SN1Minus FB1l_ TimerNo :="tSI:SBT:FBB8Timer"
T . FB11_TV_BTactiv :=S5T#200MS
= Axis H1".A HWLimitFlus FB1l_TV Bclose :=35T$200MS
FBll_TV_FeedCommand :=35TgZ00MS
FBll_TV_FXSreached :=55T#2S
Network 21: Test Stop FB1l_TV_FXShold 1=85T41S
TimerNo_Bclosed_delay:="tSI:SBT:FBESBClsd"
CALL "foSI:TestStop” Time_Eclosed_delay :=55T$200MS
° FC18_Pos :==5.000000e+000
FCl8_FRate :=1.000000e+002
FBll CloseBrake :="Axis Y1"_A BrakeToClose
Done :="nSI:TS:SBT: FB88Done"
FBll_Error :="mSI:TS: SBT:FB88_FBllErr"
« " . i FB1l_State :="ubSI:SBT: FB88: FBllState"”
FC92 “fcSl:TestStop” contains sample code with a call to FC18_InPos :="uSI:SBT: FB8S: FC18InPos"
FC18_Error :="mSI:SBT:FB88: FC18Erroxr"
FBSS for the Safe Brake TeSt Pcls:sr,nce 1="ubSI:SBT: FB88: FCl8Stace"

The block also contains a timer to request a TestStop every

30s (this would normally be set to 8 hours). Check the axis number is correct (FB11_AxisNo) and that the
correct brake status and command signals are passed to
‘FB11_Bclosed’ & ‘FB11_CloseBrake’.

Note: ‘FB11_Bclosed’ must be supplied with the inverse of
the axis DB brake status bit DB<Axis>.DBX92.5 or the
block will return error code 1.

4 -

We must now set the necessary machine data for the Safe MD36966 SAFE_ BRAKETEST_TORQUE

Brake Test function; This machine data describes the torque required to be
applied to the brake during the safe brake test.
The value entered here is a percentage of the refer-

MD 11411 ENABLE_ALARM_MASK Bit 5 (20H) ence torque (p2003).
This enable alarm 20096 to be displayed. This alarm
will display detailed information relating Safe Brake E.g. p2003 = 2.81Nm

Test in the event of an error.

The value can then be calculated as;
MD37000 FIXED_STOP_MODE Bit 1 (2H)
36966 = ((r1509 / p2003) * 100) * 1.3

37608:5MA_FIXED_STOP_MODE = 2H r1509 (Actual Torque Setpoint) should be observed to
CIBit 8: reserved determine the required holding torque that the drive
<18t 1: Enable for safe brake test uses to keep the axis in position.

(In this case, the axis is under no load so we can make
an assumption and use a suitable value e.g. 0.25Nm).

36966 = ((0.25 / 2.81) * 100) * 1.3 = 23%
36968 SAFE_BRAKETEST_CONTROL Bit 0 (1H)

23% of p2003 = 0.64Nm

(During the test, this value can be observed in r80)
36968:5MA_SAFE_BRAKETEST_CONTROL = 1H

[“1Bit 8 Auerage value for torgue limitation This equates to a value 30% greater than the force

[1Bit 1: Criterion for reaching the torque limit in the PLC required to hold the axis in position.

Notes :

Sinumerik 840D sl Safety Integrated Page 107 Al104




A104 Safety Integrated

Check that the calculated value for the Safe Brake Test does Ensure the following have been completed,;
not exceed the holding torque of the motor brake;

® Call FC92 “fcSl:TestStop” from FC90 “fcSI” and

Motor Type .
(Nm) e Set the machine data 11411, 37000, 36968 & 36966 as
1FK701_ 0.4 described.
® Copy & Confirm Sl data and NCK Reset to activate.
1FK702 1
— ® Once the Emergency Stop has been reset and the axes
1FK703_ 1.9 are enabled, User key TO1 should be flashing to indi-
cate that a test stop is required. (Ensure operator door
1FK704_ 4 is closed!).
1FK706_ 13 ® Press user key TO1 to perform a Safe Brake Test. Ob-
1FK708 29 serve the Torque Actual Value in r80. During the test,
— this should represent the value set in MD 36966
1FK7100 23 SAFE_BRAKETEST_TORQUE.
1FK7101
1FK7103 43
1FK7105
) [
Using the Trace function to observe the ‘Following Error’ & Once FXS (Fixed Stop) has been reached, the axis remains in
‘Torque Setpoint’ during the brake test; FXS mode for the duration of ‘FB11_TV_FXShold'.

Cropped (8.884, Undo Scroll Right Gursor
el g Cropped (6,684, 5.142)
/Nek/ Servol ata/ nekS ervol atal mdTorquebd[2]
Torque / force setpoint (limited) (64 bit)

F

»e

rs

FB11 TV_FXSReached
must be greater than the
time taken to reach FXS.

FB11_TV_FXShold

B fixi : i s Dri
e 1epip| [S,_diag, | B Sate [T Ll il s Bus s | o .
._,q;m” @) Safety ISR (71

If FB11_TV_FXSReached is too short, FB11 will return
Error code 6. NC Alarm ‘20096 Axis Y1 Brake Test Can-
celled’ will also be displayed.

Notes :
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Test Stop Example: Pulse Disable Test

Once the Safe Brake Test has completed successfully, the
second part of the ‘Test Stop’ can now be enabled.

The ‘Pulse Disable’ test checks the shutdown paths of both
NCK & Drive monitoring channels.

The test is initiated by setting DB<Axis>.DBX23.7 (Test Stop
Selection) and the response is monitored by
DB<AXxis>.DBX108.2 (Pulses Cancelled) within the Drive and
operator message ‘27002 Axis ?? Test stop is running’ within

the NC.

PLC

Start
I

NCK

DB<Axis>.DBX23.7 = 1 [

MD 36957

SAFE_PULSE_DIS_CHECK_

TIME t=0?

Wait for;
DB<AXxis>.DBX108.2 = 1

Disable Pulses and dis-
play Message:
27002 Test Stop Running

DB<AXxis>.DBX23.7 = 0 [

Wait for;

DB<Axis>.DBX108.2=0 Ig

Enable Pulses and re-
move Message:

27002 Test Stop Running

FC86 “fcSI_TSTSTP_SL” can be used to carry out this test.

® Call FC86 within FC92 Network 9 as shown here;

Network 9 : Test Pulse Disable

CALL “fcSI_TSTSTP_SL™

stare :»"nSI:SBT:Complete"
clear :="Chanl®.A_Reset
mam_axis :=5

test axis l:=1

test_axis_2:=2

aux_dvord :=*mdSI:T5:FC86aux_dword®  MD7Z
ready :w*n3I:TS: FCB6ready” 1701
Ferror :="nSI:TS:FC86serror" n70.2
error :=*mSI:TS: FC86error" N70.3

A "mSI:TS:FC86ready" n70.1

s “mSI:TS:SPT:Complete” n70.4

Network 10 : Safety Integrated: Safe Brake Test: Complete

A “nSI:SBY:Complete" N70.0

A "nSI:TS:8PT:Complece” n70.4

» *nSI: TS: Requestictive” M60. 5

Network 11: Safety Integrated: Test Stop is Active

oN *mEI:TS: Pequestictive”
0 “Chanl".A Reset DB DE
*nS8I:TS:SBT: FBB8Stare” Nel.1
*mSI:¥BT:Complete”
*“nSI:TestStopActive"
*nSI:TS:SPT:Complete”
*nSI:TS: ExtSep:Complete”

M60. S

n70.4

n76.6

WEw e w

® Modify Network 10 & 11 to include M70.4

® | oad the modified FC92 to the PLC and run the Test Stop
and observe the 27002 messages for each axis.

End
Increasing MD 36957 to ~0.5s will allow the 27002 messages
to be displayed for longer.
\\ 3\6}; fixis £1 test stop is tunning !%
Date & Delete  Number Text B
125000133 1 27862 i C1 test stop is runing
87/84/13
kel 27882 fixis A1 test stop is running -
87/684/13
ey L 27882 s SP1 test slop i running
67/84/13
12500138 P 27862 s Y1 tost stop s runing
87/84/13 : :
2588015 PH1 27682 s X1 tst stop is running
fixis Y1 SERUO_3.3:4 (4) Component
i 281798 Control_Unit_1: !
o 51 Motion CU: Test stop running. Hide
0 fixis X1 SERUO_3.3:3(3) Component Sl.atams
12:56:09.128 PM Gl L
5
oy Ala === Mes- = fAlarm | /i, NC/PLE: @ Remot iy
oRlle 2o 1B |V o g I ersion
You should also now see messages 201798 Test Stop Run-
ning’ from the Drive monitoring channel being displayed.
Notes :
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Test Stop Example: External Stop Test

In order to test the ‘External Stop’s’ (A, C & D), the PLC user
program must explicitly request a STOP in the PLC-SPL(FC91
“fcSI:PLC-SPL”) and then in the NCK-SPL(SAFE.SPF).

This can be done by interlocking the ‘Safety Related Internal
Output’ (JA_OUTSI[n]) with a standard ‘non-safe’ signal gener-
ated by the user program. The ‘non-safe’ signal can then be
passed through to the NCK-SPL using the single channel
PLCSIIN[n] interface.

The status of the External STOP’s can be monitored with
DB<AXxis>.DBX111.4,5 & 6 for STOP A, C & D.

FC87 “fcSI_EXTSTP_SL” is provided for the purpose of car-
rying out the ‘External Stop Test'.

® |n FC92, Call FC87 and parameterize as shown;

Network 10 : Test External Stops

CALL
starc
clear

*£cSI_EXTSTP_SL*
c="mSI:TS:SPT:Complete”
:="Chanl®.A_Reset

Note: UDT18 has been up-
dated to include the
PLCSIIN symbolic names.

req_stopd_plc:="uSI: TEST_D*
req_stopc_plc:="mSI:TEST_C"
SI:TEST A"
PL".IP2_TEST_D
PL".IP3_TEST_C
PL".IP4_TEST A

req_stopa_nchk:=

aux_dword dSI: TS: FC87aux_dword"

ready SI:TS$:PC87ready”
serror : SI:TS:FC87serroxr”
error 1="mS8I:T8: FC87error"
A "n8I:TS:FC87ready”
s *nSI:TS: ExtScp: Complate”

Network 11: Satety Integrated: Safe Brake Test: Complete

"n8I:SBT:Complete” n 0
"nSI:TS:SPT:Complete” N70.4
“asI:T5:ExtScp:Complate" N76.6
“mSI:TS: RequestActive" L

o

Network 12 : Safety Integrated: Test Stop is Active

oN “aSI:TS:Requestictive” M60.5
0 “Chanl".A_Reset BZ1.DE:
“mSI:TS:SBT: FB88Start" 1
“nSI:SBT:Complete® 1
“nSI:TestStopActive” M60.(
"nSI:TS:SPT:Complete"” T

T

CER R

"nSI:TS:ExtScp:Conplete”

® Modify Network 11 & 12 to include M76.6
® Modify the PLC-SPL FC91 “fcSI:PLC-SPL”

Network 12 : IDE=F11: Assign all axes STOP A DES to SIRELAY OUT
A "SPL".2PL_DATA.MIV SIRELL OUTL DEL2.DEXTO.E
M7E. 2

AT "mEI:TEST_A"

"SPL".SPL_DATA_0OI4_STORA DES_AX DELS_DEXGZ. 3

Network 13 : IDS=F1Z: Assign all axes 2TOP C DES to SIRELAY OUTT

"SPL".SPL_DATA MI&_SIRELL 0OUTO
"m3I: TEST_C"
"SPL".SPL_DATA_OIE_STOPC_DES AX

LELS_DEX70.5
H7e.1
LELZ2 DEXEZ. 4

||Et=‘

Network 14 : IDE=F13: Statically deselect all axes STOP Ir
4 "mTRUTE" M1l.1
AN "m3I: TEST_D" M7s.0
= "SPL".3PL_DATA OIS _STOPD_DES_AX DE1S . DEHEZ.E
Network 15 : IDE=Z14: Assign Spindle STOP A4 DEZ to SIRELAY OUTZ
A "SPL".2PL_DATA.MIS SIRELL OUTZ DEL2.DEXTO.7
AN "mEI: TEST_A" M. 2

LELS _DEXEZ. 7

® Download FC92 & FC91 to the PLC

e Edit the NCK-SPL to DEFINE symbolic names for the
$A_PLCSIIN[n] variables.

DEFINE HI9 STREL1_OUT3 A5 $n_HARKERSI[9]Y

:Single Channel Inputs from PLC - $A_PLCSIIMY
DEFINE IPi_PLC_READY AS $A_PLCSIIH[11Y
DEFINE IP2 _TEST D AS $A_PLCSIIH[21Y
DEFINE TIP3 _TEST_C AS $A_PLCSIIH[31Y
DEFINE IP4_TEST A AS $A_PLCSIIH[A1Y

: STRELAY(1)Y
DEFIHE H_STATUS 1

NS $AC_HARKER[ 119

"EPL".SPL_DATA_OIS_STORA DES_EP

Network 16 : IDS=Z15:

"SPL".SPL_DATA MIS_SIRELLl_OUTO
"m3I: TEST_C"
"EPL".SPL_DATA OIS _STOPC_DES 3P

||Et=‘

AT "mEI:TEST_D"
= "SPL".SPL_DATA 0OI10_STOPD _DES_SP

Assign Spindle ZTOP C DES

to SIRELAY OUTO

DE1S.DEBXTO. S
n7e.1
DE1S.DEXEZ.

[=]

Network 17 : IDS=Z1l&: Statically deselect Spindle STOP D
4 "mTRUTE" Ml.1
M7E.0

DELS.DEXE3. 1

® |nterlock the ‘External Stop De-selection’ internal outputs
($A_OUTSI[n)) for the axes and spindle.

;Het 12: Assign all axes STOP A deselection to SIRELAY OUT1(1.8s de
lay)q

5=211 DO OI4_STOPA_DES_AX = (HI7_SIREL1_OUT1 AND (HOT IPA_TEST_A)
Al

Notes :

Al104
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Het 13: Assign all axes STOP C deselection
Jal

to SIRELAY OUT@(No dela

;Het 14: Statically deselect all axes STOP DY

jl

m
:Het 15: Assion Spindle STOP A deselection to SIRELAY OUT2(2.8s del
ay)v

® Save the SAFE.SPF file and Execute an NCK Reset to
activate the changes.

® Test Stop will now perform three tests;
1) Safe Brake Test
2) Pulse Disable Test
3) External Stop Test

The External Stop’s D,C & A will now be tested individually

both the NCK and the Drive monitoring channels.

m
;Het 16: Assign Spindle STOP C deselection to SIRELAY OUTB{Ho delay
)9

SGE "deselect ext. STOP D"
SGA"STOP D is active" - - - -

SGE "deselect ext. STOP C"
SGA"STOP C is active"

SGE "deselect ext. STOP A"
SGA"STOP A/B is active"

;Het 17: Statically deselect Spindle STOP DY

-

Test Stop Example: PLC SPL 10 Test (KA1 & KA2)

The final test to be carried out is for the KA1 & KA2 contactors
that are controlled by $A_OUTSE[1] (OE1_KA1l_KA2).

The check-back circuit is connected to 136.0.

4E-DI/3 £-DO

28v

KA1
Output 1P
Output 10 - 4 e I ]
Output 27 - 7 e -
sy N[N
Output 3P - 11 wbes KA2
Output 3P - 12 =

KA1 KA2 135.0

The contactors must be briefly switched off to test the circuit.

FB89 is provided for this purpose. The check back signal is
expected to be seen within 1 second of the test signal.

The test signal should be interlocked with the safe output
within the SPL.

-

® Modify FC92 (fcSl:TestStop) to add a new network as
shown here: (Note: UDT18 has been edited to include the
symbolic name for $A_PLCSIIN[5] :=
“SPL".IP5_TEST_KA1_KA2)

Network 11 : Test 5PL IO - EAl & EAZ Contactors

CALL "fb5PL_IO_TestStop" , "idbSPL_IO_TestStop" FES2 / DESD

Start :="m8I:TE8: Ext8cp:Complete” M7E. &
FDOStatus:="SPL".5PL_DATA 0OE1_KAil KAz DE1S.DEX4E.0
Feedback :="iPP7Zx48:XZZZ.11:35.0" Izs.0

Test :="SPL"_IPE_TEST_KAl KAZ DE1S.DEX13Z. 4
Error c="mET:TS:5PL_I0TestError" MsZ.0

® Now modify the PLC-SPL FC91 “fcSI:PLC-SPL”

Network 7: IDS=206: Assign MarkerSIP[6)] to KAl KAZ Contactor Output

A “SPL".SPL_DATA.MI6_SIREL1_OUTO DBl8 -~ MARKERSIPE
AN “SPL".IPS_TEST_KAl_KAZ DBl PLCSIIN_S
- “SPL".SPL_DATA.OEl_KAl KA2 DBL OUTSEPL

® The NCK-SPL(SAFE.SPL) must also be modified to
include the changes made to the PLC-SPL.

DEFINE IP1_PLC_READY
DEFINE IP2_TEST_D AS $A_PLCSTIN[2]Y
DEFINE IP3_TEST C AS $A_PLCSIIN[3]Y
DEFINE IPA_TEST_A AS $A_PLCSIIN[4]Y
DEFINE IPS_TEST_KA1_KA2 AS $A_PLCSTIN(S]Y
i

AS SA_PLCSTIN[11Y

;Het 7:Assign SA_MARKERSII6] to KA1_KA2 Contactor Outputq

® Save the NCK-SPL, NCK Reset and test

Notes :
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NCK-SPL Protection °

Using MD 11500[0..1], specify the range of Safe’ synchro-

Once the logic is complete, the ‘NCK-SPL Protection’ must be nous actions used within the NCK-SPL (SAFE.SPF).

enabled to remove the alarm 27005 NCK SPL protection not 11482 $MN_PLC_0B48_TRACE_DEPTH 2 po | active
activated’ 11588(8]  $MN_PREUENT_SYNACT_LOCK 288 po
. 11580[1]  $MN_PREVENT_SYNACT_LOCK 228 po Reset
fa SMH 1PN MAY 1000 a0 no

This is done in two parts, once in the NCK and also within the

PLO Here you can see the range has been set from 200 to

220. This will cover the actual upper limit of
‘Safe Synchronous Actions’ actually used.

To activate the NCK-SPL Protection;

® Two consecutive NCK-Reset's are now required to fully
activate the protection. After the first NCK reset, the error

® Within OB100, set DB18.DBX36.0 =1 27090 Error in data cross check NCK-PLC’ will be active.

Network 2 : Emergency stop

SET
B " i EMERGENCY DELIO DEXSE 1
| "SPL". SPL READY DE1S. DEX35. 0 |

- -

You can observe if the protection is successfully activated
within the ‘Diagnostics’ >> ‘Safety’ >> ‘SPL’ screen

SA_INSEP)  |~| @8.81 |v|] B |~ H‘:E 2888 0181
Signal Ualue *
Interrupt execution for SPL start finished No
SPL start execuled via PROG_EUENT mechanism No
SPL start executed via AUTO start Yes
SPL processing completed, end of program reac... Yes
NCK data cross-checking has been started Yes
PLC data cross—checking has been started
Gyciical SPL checksum checking active

AN - oo (R [

The status of the SPL protection can also be detected within
the PLC using DB18.

DB18.DBX137.4 SPL_STATUS[13] ‘All SPL protective mecha-
nisms active’.

Notes :
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Safety Inteqgrated Acceptance Test (SIAT):

Description - SINUCOM NC
Pulse Disable Paths
External STOP’s

SPL /O

Emergency Stop

Functional Relationships
Safe Operational Stop

Safe Reduced Velocity
Safe Software Limits

Safe Brake Test

Saving the Results and Generating the Certificate

Notes :

Sinumerik 840D sl Safety Integrated
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Description

The requirements associated with an acceptance test can be
derived from the EU Machinery Directive. Accordingly, the ma-
chine manufacturer (OEM) is responsible for the following:

® To carry out an acceptance test for safety--related func-
tions and machine parts, and....

® .. .toissue an "Acceptance certificate” that includes the
results of the test.

When using the Safety Integrated function, the acceptance test
is used to check the correct configuring of the SI monitoring
functions used in the NCK, PLC and drive. The test objective is
to verify proper implementation of the defined safety functions,
to check test mechanisms (forced checking procedure meas-
ures) and to examine the response of individual monitoring
functions by specifically violating tolerance limits. This should
be carried out for all safety functions, i.e. for the axial monitor-
ing functions, the SPL, the safety-related communication rela-
tionships, the safety--related 1/O etc.

Warning:

If machine data for Sl functions is changed, a new acceptance
test must be carried out for the modified Sl function and re-
corded in the acceptance report.

-

The SIAT is carried out by using SinucomNC V7.6 or higher.

Once SinucomNC has started, select the ‘Diagnosis’ >> ‘Sl
Acceptance Test’ menu item.

12 SINUMERIK - Proje:

&5l SinuCom NC - [[Online]SinuCom_NC_Project]
ED File Edting Target syst. | Diagnosis Tools View Window ?

=] :,_)\l (I\V{»_‘[i Service data
Trace
Gl

+ () SINUMERIK (1) (connectenT

SINUMERTK
(1) [con...

After a short delay and once the software has initialized, the
following screen should be visible.

Select the item ‘Overview’ from the list on the left hand side

and fill out the required information.

List of Tests Welcome to Siemens Safety Integrated Acceptance Test
I Template Information This wzaed provides assistance for performing tests and peeparing the Acceptance Test Report
L Swvscom N - [51 Accegtance Test] alnl x| gOVeMew
Tie Twgs ent. Tock ew Wndow 7 xi > Pulse Disable Path S -
B\s:w. mmrtl.’!l‘%:].!} i @ External Stops Macire ety 2
X Templats information [ SPL Inputs/Outputs Mactine type: [ Mg Machine
lecdmamandirion ool & Emergency Stop
[® Functional Relationships Senial Number [1234567890
2 (SBH) Safe Operating Sto)
No Template Active 2 (SG) Sefely Reducad Spe|  Manufacturer [48C Mochine Tools
2 (SE) Sefe Software Limit §
&, Sale Brake Test PLE veesion manufscturer: [123
% Finished Ulimate custeme: [ACHE Products Inc
Narme of tester John S
Modiication S1 monitoang r
Senez machine startup I3
Lowd Tangiee. Uszes “Safe programmable logic" Yes
The tick-boxes for ’'Modification SI monitoring’ and ‘Series
TR machine startup’ should not be selected for the first time the
| e SIAT is carried out.
Pleak SR HG 25 00 RS N 1
"Modification S| monitoring’ is used to record a subsequent
modification to an already tested machine.
‘Series machine startup’ is selected for subsequent identical
machines. This enables a reduced scope of tests to be car-
ried out.
Notes :
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Navigation Test of Pulse Disable Paths
Using the ‘Next’ and ‘Previous’ buttons in the bottom left cor- With the ‘Pulse Disable Path’ item selected, click on ‘Begin
ner of the application will allow navigation through the various  this test'.
tests. You can also directly click on the list of tests displayed —— Tt Dbl Py ,
on the left hand side of the application. Tamplate EBetl o s e '
[Warnin:
External Stops :’r:'eclugn thioe'al"'g pelscm;el must be given top priority Gm
Inputs/Ouf h ety functions an i d and tested .
ol Tests Test of Pulse | BrUseoshs hen ssfety functions sre conigured and teste "R
emplate Information This test venfies thy Functional Belatonships :\:‘.:F|::um=s s i s b T ek
Overview : gg;ﬂsﬁﬁifiﬁiﬂa ith .km;s.m:nm.?n of :z?;;moqme:dluncmm are
Wammg (SE) Sefe Schware Limit Switch [checked within a forced checking procedure
> External Stops Protection of op: DRI — y
5 SFLinut/Oupus ton sy i e ==
2 Emergency Stop [0 Overview
Functional Relafionships %ll‘?l‘;?l,vev'fes e Puig Dsolzll.epa'h . s
" i Ul New Test Stat Daa
2 (SBH) Safe Operating Stop ith implomiarita . 2 ke disable o, Stat Do
> (SG) Safely Reduced Speed checked within & SPLInputs/Outputs
> (SE) Safe Software Limit Switc) % Emergency Stop
Safe Brake Test Procedure Functional Relationships Tet o ;
% Finished Initiate the force: % Egg:gil:;g:’z:j;ﬁd
path. The initiati 12 (SE) Sofe Softwore Limit Switch
every applicatior| I3 Sofe Broke Tast
disable paths (d % Finished

be tested. This

corresponding al
A checkbox is p|
paths were chec|

™ This test & not
< ] |
3 o then § Eoiw o
I < Previous Next > Frish I I— —l
< Previous e | men | Cancel | Helo
(Ready 821632141 ZZSFJE,@
) )
Now execute a test stop procedure (User key 1 on MCP). Within the ‘Enter Results’ screen, give the test a name, specify

the test conditions and select the radio button for a successful
This test is testing the functionality provided by the call of FC86 test as shown here,
in the test stop routine.

ik of Teits Test of Pulse Disable Paths Ponds
I Templote od New Test
Start deta callection and then perform the tezt procedure for Pt
PR DN B e P S [© Pulse Disable Poh 2
. the pulse disable paths. Stant Dgh 7 .7 A::m& Spindla r:u:“ et Flepast Test for
Collection [ Extemal Stops 56 Opetatil doot, select Paoduction mode and Faie 3 Tedt
1% SPL Inputs/Oupuss ' procesdure wih User kay 1 on the MCP
& Emergency Sop
_ _ & Functons Relationships Do 1ax Revn
Initiste the forced checking procedure for the pulse disable & (SEH) Safe Operating Stop
2 paths. The mitistion for this test sequence depends on your Test Completed I (SG) Seedy Reducad Speed
application. & (SE) Safe Software Limit Swich
|2 Sati Erke Test syoe siams g cartc
Example: Request foe opening the protective docr. % Finished
Collected
After successful ingiation press the "Test Completed” button. 5[ AlsmiD | AlsnTeet -
200 Aot X1 hest 340p & nreung
B e Aes Y1 best shop & turning
200 Aves SP1 et stop it runewg b
B 2oe e Al st shap i 1
Collected l 200 Aes O hr: :::: -m
Aamd ol = R 7% a1 SERVO 3330306 Mtk CU. To mmmﬂﬂ
27002 : Awas X1 test stop is running R
27002 : Aws Y1 test stop is running - 3 eie es i
27002 : Aws SP1 test stop is running : ) _
27002 : Asis A1 test stop is running w"‘"m“"d"“""“"mm”g
27002 : Aws C1 test stop is running -
201798 : Aws X1 SERVO_3.3:3 (3):%nS1 Motion CU: Test stop running - Cicki k)
201798 Awas SP1 SERVD_332 (2} %nS| Motion CL: Test stop running. fhoneet =]
1700 1 Avea 1 CEOMD 2 2C IELYull Mabinan FLL T ant abam oanminm _’—I
« I | »
e o Cacat et
3 Remove Puse Disable Test condtion, then press "Entes
Results” to contmue Entet Resils . . . .
I s As we tested all axes including the spindle in the same group
(only 1 call of FC86) we do not need to repeat the test for an-

Once the test stop has completed, click on ‘Test Completed’ other axis set.

followed by ‘Enter Results’
Click ‘Next>* to advance to the next test.

- -

Notes :
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External Stops Test

The ‘External Stop’ test should be carried out for at least 1 axis
from each ‘Group’. A ‘Group’ contains axes that are switched
together. This can be determined by the values of MD36977
SAFE_EXT_STOP_INPUTIO0..3]. In this case, X1, Y1, A1 & C1

are in group 1 and the Spindle is in Group 2.

ik of Tests Test of Forced Checking Procedure (External Stops) [oy—
|5 Template Indormation This test varhes Sl aed evemal #1003 ate chacked Estenal Siof
) Overvew

| Puise Disable Path
 All Axes & Spndle

Warning -
[Protection of oparating personnel must be given top
(BYExtemal Stoc jorionity when safety functions are configured and tested
& SPL Inputs/Outputs

% Emergency Stop

5 Functonal Rietstonships

© (SBH) Safe Operating Stop

® (SG) Safely Reduced Speed
[ (SE) Safe Software Limit Switch
2 Safe Brake Test

[ Finished

Purpose

[ Thes tost verifies that 3l used external stops are checked
separately in Drwa/NCK within a forced checking
jprocedure.

Procedure

[Select one 3.5 per 308 group. An “30s group® 5 3
lcallection of axes for which a forced checking procedure
jof the external s1ops i executed separately

in addition check the assignment of machine data 36377
I$MA_SAFE_BXT_STOP_INPUT}O. 3] and the supply of
ithe mterface signals DBaxis. DBX32 2. 5 for ol the other
axes in the same group and verify thewr compliance with  »|

I This tast = not appbeable 1o s maching

< Previous I Nest > | Frish I

Cancel Hep

With the ‘External Stop Test’ page displayed,

this Test’ to continue.

click on ‘Begin

-

® Select an axis from group 1

® Click on ‘Start Data Collection. Wait for the dialog to ap-
pear.

® Execute a Test Stop (MCP User Key 1)
Acknowledge Dialogue with 'Done’ when Test Stop is
complete.

® Click on ‘Enter Results’ when available.

st of Tasts Test of Forced Checking Procedure (External Stops) | Rurnig.

(T;;nz:: Informason Statur Waiing for gges. 1 Mo Test

Fulse Desable Path
' Al Axes & Spindle

. Select an daiz
|

Exeral Stops =2 |
5 New Test Fress "Stast Dt Collchiont”,then wast o the “Cobecting
SPLinputs/Outputs )
@ Emergency Stop Data collection in progress
[& Functional

‘ draced (I
Checking| s S1opa] i
e estinal #400 condiion and then press the “Done”
Lrdton o procesd 1o the resd tep

I (SBH) Safe Operating Stop

I8 (SG) Sadely Reduced Speed
2 (SE) Sofe Sotware Limit Switch
|2 Sate Brake Test

[ Finished

=1

® Click on ‘View Graphs’ to ensure that the signal states have

switched correctly.

® Enter a test name, and specify the test conditions.

® Acknowledge that the test completed successfully.

® Enter the Test Name, Conditions and acknowledge that

the test completed successfully.
® (Click ‘Next’ to advance to the next test.

To e Test of Forced Checking Procedure (External Stops) Reculs
- [ Templote e i passad Spendde - Group 2
vt of Tests Test of Forced Checking Procedure (External Stops) Ress (O Overview — — —nee
) Template , sasnd ot laked 1 fo - Gocup 1 & Pulse Disable Poth Selected e AXTSPL
[ Ovendew - . L AllSces 8 Spingl ‘Stop Group A Nere Riepeat Thiz Test for
| Pulse Disable Pah Sehcied A A & External Stops il LS
 All Axes & Spindle StopGeouplwes  AX2Y1, AXAAL AXEC) memfﬂ X1 Ade - Group 1 Test Name: JSperde - Grouwn 2
2 Extemol Stops  Spindle - Group 2 "ot Tnager Condiion Dkt Tes Reside
/ X1Ads-Group Tes Nane: P12 - Group 1 : (Core cperatr door, et Production mods snd mtiste 3 Teet
IS SPL Inputs/Outputs [Teat Tagger Carndtion TedP ® Emergency Stop Saop’ procesduae wth User key 1 on the MCP
& Emergency Stop eiose opesaiaor door, voloct Producion mod and rdicko o Todk 1& Functional Relationships Repeal WIS
€ Funcsonal Stop h Uses key 1 c6 e MCS I©5 (5BH) Safe Operasng Stop e e
|& (S8H) Sate Operating Stop Wik Sane [ (3G) Safely Reduced Speed
& (SG) Safaly Reduced Speed Nl %) (SE) Safe Software Limit Swach
€, (SE) Sete Software Limit Switch Sade Broke Test LKVl Gsed suiswnal 3050 i i
& Sofe Brake Test [ Finished INCK/Duye) fox the sefected g
V% Finished © 36k ¥l ied sl o _w-o-u-ﬁl
WDl ke g - m&-mwmmmmu
marver
CETTm—
SGESEA
SZWM:
TN
e — —
dter ) T =
FEDR AT v_Lr < Provious Nedt > Firush Carcel I Halo I
< Prervious. I B | | — [ [ [/ [] Cancel Hep
ﬂgm—|_17
o — =
W& @ 4 b & P B
L . .
® Now click ‘Repeat This Test for Another Axis’ and select the
Spindle.
Notes :
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SPL Inputs/Outputs Test

Purpose

This test verifies that relevant SPL-10 (for example output
circuits that are switched off for safety reasons under certain
conditions) are checked within a forced checking procedure.
So when a check-back input is removed, the appropriate reac-
tions and alarms should be generated.

$A_OUTSE[1] controls KA! & KA2 relays. They have a check-
back circuit connected to 136.0.

$A_OUTSE[1] - KA1 & KA2 Contactors
4F-DI/3 F-DO 24V

KA1

Output 1P - 3 st
Output 1M - § ==

Output 2P - 7 wie —
G

Output 3P - 11 = KA2
Output 1P - 12 =

KA1 KA2 136.0

Note: 136.0 is connected to the terminal INllo of the Terminal Strip Converter.

The check-back circuit (136.0) will be disconnected for this test
to ensure that the fault is detected.

-

® Temporarily disconnect 136.0 from terminal strip (IN1.0).
® Click on ‘Start Data Collection’

® Execute a ‘Test Stop’

® Error 700103 should be collected

® Enter Results, de-selecting all messages and alarms ex-
cept error 700103.

® Enter test name, trigger condition, results...etc.

T |t ] 8]
Test of Forced Checking Procedure (SPL Inputs/Outputs) Rasds
Paoniche roemabon aboud the best and swiect whwoe 1 pacinc o Lnded $A_DUTSE[) K41 kA2
Teat Harvm: [$4_OUTSEN] KA) KAz B
i Tngoe Condécn, oas bgnd ol
[Evecure Test Stop wh 1950 [Ever 700103 SPL 1D Evee
descorocted
Dubete Test Fasds
Fewbyon slatrs e ks sedecions (o o Canicat
Cobectod l
[AlerniD | Saem Tex
00100 0
i | 5
e hsine S L
.
ik bmedthe e & .
NOT appear. =
<P Newr | Fn | Corcel !

Acknowledge the successful detection of the error.
Click Next to advance to next test.

Re-connect 136.0 to terminal strip IN1.0.

Reset alarm with MCP Reset.

-

Emergency Stop Test

Purpose

This test verifies the reaction of the emergency stop function
for axes if the emergency stops are implemented via the exter-
nal stops of the safe programmable logic (SPL).

e With the Emergency Stop test selected, click on ‘Begin This
Test’

® Select the first of two axes.

® Select ‘SH'. (In this case, Emergency Stop results in
‘SH’ (Safe Standstill or STO) using External STOP C >>
STOP A.)

Test of Emergency Stop Reaction Rurreg
late Information Flaase (oow the 2o ksted below New Test

e Disable Path
Al Axes & Spindle
& Extemal Stops
& X1 Axis - Group 1
& Spindie - Group 2
/0

Select an Ans

Salect Stop Mode:
.~ sen & S

3 Press "Stat Data Colection”, then wat for the "Collecting

Daa” dislog fo appeat

|'4_ o e D g o

Start Data
Collection

€ Funchonsl Relatonships
( ) Sate Operating Stop

Safely Reduced Speed

< Safe Software Limit Switch
% Sofe Brake Test

% Finiched

® Click on ‘Start Data Collection’.

Notes :
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® \Wait for ‘Data Collection in Progress’ dialogue to appear. ® Enter the Test Name and other details e.g as shown;
® |nitiate Emergency Stop using HT2 Emergency Stop Button. ot renpsry s Pt ] | mwes | W
. . . ot ol Tests Test of Emi Stop Reactio)
e After STOP A is selected (use the Safety Diagnostics %'i'.fm’pm P i ot e i N
. . Oven
screen to observe the currently active STOP), click done to 5 Puise Dol Foh Sekcied v wa —
. 03 4 i he Vst
close dialogue. o it [ e
. . X1 Axis-Group 1 YT s T Y
® View the graph to see the transition from STOP C to STOP e age [ tsal Dt ou i R Tana
A ./sA_CIUTSEEI]KAI KA2 &gscu;mz N/A [STOPC>> STOPA
. © Emergen:
i e
I Functional Relationships
_loix] 3 och oo opaon e
i G) Sadsly Reduced §
oin 1 SGE/SGA | 8 (50 e Sowere L onch | € 6K s
[& Sale Brake Test
SE Diive S % Finished
5G4 D ShopE. " Cick hawe o the emengercy stop lest FAILED,
S N StopE.
SN SpE. View Geaphs
SEDiweSepD

® Acknowledge that the test was successful

® Repeat the test for another axis e.g. Spindle.

2 =

Functional Relationships Test

® Enter the test data for the Spindle e.g. as shown;

[3000 Emergency stop [Reset) _I Alaern log | _.J
List of Tests Test of Emergency Stop Reaction Resuks Purpose
) Template Information Provide infoemation about the test and select whether # passad or faded l Speredle - SH X p " . i i . .
ggf"’g" - - — This test verifies functional relationships. The relationship
58 Disable Selacted, 3 g - . . . .
o All Aves & Spindle SehctedStopTpe SH Repaa ha Tt for between the active monitoring function of the relevant axis
\ig b Sprde -SH — and the mode / sensor technology is verified.
roup 1 —
 Spindle - Group 2 Crout 1D Input Fw‘” DG Yan ek
@ SP&"?:%OJ?S“;” P76 %zs:n]mz NiA STOPC o STOPA
[ o e Reses i e The Functional Relationship Table created by the OEM is
 Spindie-SH | now used to confirm that the SPL operation in accordance
@ Functional Relationships - .
(& (SBH) Safe Operating Stop with that table,
& (SG) Sefely Reduced Speed & Cick here i the emergency stap test passed
® (SE) Safe Software Limit Switch FEEEEE
% Sofe Brake Test
e L EOREUEn R Each condition described by the function table should be
brought about and a check made using the HMI Safety Diag-
nostics screen to ensure that the correct Safe state is active.

® (Click ‘Next’ to select the next test.

Notes :
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Functional Relationships Test con’t

Functional Relationships Table:

Operating mode Protective doors Axis / spindle Monitoring
Production Closed X1, Y1, Al C1 SG4
SP1 SG4
Released X1,Y1 AL C1 SBH
SP1 SBH
Setup Closed X1, Y1 Al C1 SG2
SP1 SG2
Released X1, Y1, Al C1 SG1
SP1 SBH/
SG1 With HT2 Enable

-

® Select the first condition: ‘Production Mode’ and 'Protective
Doors’ closed.

® Using the Safety Diagnostics Screen, check that all axes
and spindle have an ‘Active SV Level’ of 4 in both NCK and

® C(Click ‘Begin This Test’ in SinucomNC.

® C(Click ‘Enter Results’ and enter a Test Name, trigger condi-
tion and Result. E.g. as shown here;

A List of Tests Test of Functional Relationships | Aesubs
Drive. O Template Information Frovids rfaimation about the lest and select whethe it pasead of faed Frod Meds Doars Closed|
K Over 4
‘At = ® Pulse Disable Path Testh [ProdMode 0oors Cioed
® Also Check that there are no ‘Active Stop’s’ selected. o AR Axes & Spindie e e Gl e

r I External Stops

Safely Iteogated status (NCK) |~ 50 - Group Pt Hodh g [Fao DgroceScom

Signal NCK Drive Unit 8 o it e o (e pranecs AP oA I | <
Safe actual position 8.875 8.875 mm ¥ & $A_OUTSE[T] KAT kA2 B

Different NCK; drive positions | 8.888 - mm & Emergency Stop

Monitoring "Safe operational stop"” ... No No < X1-SH

" "  Spindle - SH

:Huilugl'uhS:eM is act. YB:| Y”:l | S::sd © F‘Jr:;nor-ulﬂalc:vanshwﬁ.s (& Cick heve § functional reationship bested vaid.

Active SU override factor None = ® (SBH) Safe Opersting Stop

Sate actual velocity fimit 12566.860 - mn/min - 5 (50) Sy Feduced Spoe e T o e S AT

Set velocity limitation 18608.608 - mmymin 15 ;B‘;S?;i jil“:}j'? Limd Switch

Gurrent velocity difference 8,668 - mm/min Qi

Maimum velocity difference 0.608 - mm/min - A

fActive safe software limit switch 1 1

Active gear ration (stage) 1 1 -

fctive stop None None

Currently requested external stop None None

Stop F code value =) ] -

Pulses enabled Yes. Yes = e I | Cancel

Trlock through STOP in other axis No - g «

Back
Bus fxis S - i Drive i
.43! TCP/IP o Safely BSRET asem| ® Acknowledge a valid test
® C(Click on ‘Create New Results Table’.
Notes :
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® Create the second condition: Open the Operator Door.

® Using the Safety Diagnostics Screen, check that all axes are
in a ‘Safe Operational Stop’ state.

| Safety Integrated status (NCK)

NCK Drive Unit L
8.875 8.875 mm

B X 8.6 - mm
Hondorig " operationa lop” . | Yos! Yes. |
Monitoring “Safe velocity" is act. No No
NActive SU level none none
Active SU override factor None =
Safe actual velocity limit Inactive =
Set velocity limitation 8.888 - mm/min
Current velocity difference 6.608 - mm/min
Maximum velocity difference | 6.608 = mm/min
Active safe software limit switch 1 1
Active gear ration (stage) 1 1
fictive stop None None
Currently requested external stop None None
Stop F code value - 8
Pulses enabled | Yes| Yes
Trlock through STOP in other axis

® Enter the test results. E.g. as shown here;

ist of Tests
) Template information
) Oveniew
& Pulse Disable Path
 All Axes & Spindle
& External Stops
v X1 Ans - Group 1
 Spindie - Group 2
© SPL Inputs/Outputs
 $A_OUTSE[1] KAl KA2
® Emergency Stop
v X1-SH
 Spindle-SH
& Funcbonal Relationships
 Prod Mode & Doors Closed
' Prod Mode & Doors Open
® (SBH) Ssfe Operating Stop
® (SG) Safely Reducad Speed
& (SE) Safe Software Limit Switch
© Sofe Broke Test
¥ Finished

Test of Functional Relationships
Provide rfoimation aboul the test and selec vihsther i passed of [sded

Test Name: Prod Mode & Dooes Open

ITest Tngger Condiion esuk

Cieate New Results
Table

Select Production Mede and
Open Operatar Doors

Safety Disgnoshics Screen
on HMI rdicates Safe
Operational Stop' = active
for o awes and Sprdie

Delste Teat Resubs

& fkkhes]

ok

" Chick hese § funchianal relshonship did NOT test vabd

o |

Resuts
Frod Mede Docrs Open

Cancel Help ]

® Repeat this procedure for all conditions described by the
function table. There should be a test for the following;

1.

4.
5.

Production Mode with doors closed.
Production Mode with doors open.
Setup Mode with doors closed.
Setup Mode with doors open.

Setup Mode with doors open and HT2 Enable.
® Once successfully completed, click ‘Next’ to advance to

- the next test. -
Safe Operating Stop Test ® Now create a ‘Safe Operational Stop’ condition with
Purpose Production Mode’ and ‘Operator Door’ open.
This test verifies that exceeding the safe operating stop toler- ® Select Jog Mode.
ance limit results in a drive shutdown. e Click on ‘Start Data Collection’.
WARNING: THE SELECTED AXIS WILL MOVE DUR- ® Wait for the data collection dialogue to appear;
ING THIS TEST!
e Gpesig Septeecion mncvros |
T Gl
e With the Safe Operating Stop test selected, click on ‘Begin e Caneet ton, possE
This Test'.
® Select the first axis: X1 and select a suitable direction. [ Eec
e R
w:m | ® Jog the axis in the direction selected for the test.
it e Wait for the data to be collected and click ‘Enter Results’.
[ skl il ot S S0
‘ [a .
l:-hlml I
l J 2
GE:
) )
Notes :
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® Enter test description data. E.g. as shown here; Safe Reduced Velocity Test

e Tl | Memes | 1] Pu_rpose - Lo .
A —— Test of SBH (8o Opumting Siop) Reaction This test verifies that safe speed limit violations are detected.
L — If a safe speed limit violation occurs, the appropriate alarm(s)
@ Diseble [\,—
|4 WA Sone S Tom ] "hranen should be generated.
© Bxemal Sops s /Speds Nare A5
j X1 A-xs~c.rmp=. _g.-.m; d :v\;.{:; -
Spcte - Group 2 Speed Exc 2 /“::\m N |
e citimenm. precolium |
o crwomaysp Joendkal LT WARNING: THE SELECTED AXIS WILL MOVE DUR-
 X1-SH e Tugss\ e |
 Spnde-SH [Setact Produchon Mods and Open s Opevator Doct ING THIS TEST
1% Functional Relsionships
 Prod Mode & Dooes Closed

 Prod Mode & Dooes Open

 SetupMods & Daors Closed

 SetpMode & Daors Open

' Setp Mode & Doors Open, HT2 Enable Pressed
(SBH) Sate Oparsing Stop

v X

Note: If, during this test, the error ‘27013 Safe Monitoring
For Acceleration Exceeded’ is displayed, then the MD 36948
SAFE_STOP_VELO_TOL may need to be increased or the
drive may require tuning.

L]
T

| VewGiahs I

™ Chck e # cpevationsl stop enoe was NOT poperly
handied

e With the ‘Safe Reduced Velocity’ test selected, click on
‘Begin This Test'.
® Observe results data and graphs, OEM to confirm results Select the X1 axis
are within specification. ) _
® Acknowledge test was correctly handled. ® Select a Safe Velocity Level (i.e. SV =1)
e Reset Alarms ® Open ‘Operator Door’ and Select ‘Setup Mode’ (This will
o _ select SV Level 1 for all axes).
® Repeat this test for all axes and spindle. ® Select a suitable direction for the test.
® Click ‘Next’ to advance next test.

-

e Te Teat of SG (Safely Reduced Speed) ® Enter test description data. E.g. as shown here;
[ Templse Indormason Please fobow the steps lsted below
) Overview
© Puse :h::::?gond\e Select andvis 201708 fuaz 1 SERVO_3.33 |31 %rl Mohen CU: STOP C rbisted [Fowerin = _| amog | 1]
® ExemaiStops AKX £ (:vg Tets Test of SG (Safely Reduced Speed)
7% o0 ) o Template information Provwds plomshon sbod the taal ares sebect whethee f pasted o L]
7 Sp:'vdte-(.lv:u‘:)': [R?.—;] [ Overview - s
& SPL Inputs/Ouputs |& Puise Disable Path Test Name: v %
 $A_OUTSE[1]KAI KAZ Sebect a drecion  All Axes & Spindle ——] e Tra Teto
e suies ® Edemsl Stops 3
® Emargency Stop  Negabve & Poddra > NSiope:. 56 1D 61
< X1-SH ke ' X1 Aodis - Group | Avis/Spinde Name A1
Monirrg of SG acsve Yes (561) Spindle -G 2 Died Positve
¥ Spindle’ B Sencted SG crenide lactos Nons e cp{,n 35:,2\: bl Spond Excanded e D Teot Resits
[ Funceonal Relationships e e 200000 B A N Reaction Tre 000858 sec =]
« Prod Mode & Doors Closed o e a s  $4_OUTSE[1] KAT KAZ « | »f
Prod Mode & Doo o © Emergency Stop TR
j Setup Mode &0 Safe achasi posticn W70 mn & ¥1-5H n.o.-owzsm
Achivats S menkoing o the tested avis. then press 'St +/ Spindle-SH [Select Setup Mode and Open Dperatee Doox
Doors Opan HT2 Enable Fressed 4 Dty it i v o e Cobecing Dol kg o S'C;'.g:: & Functonal Relationships
S (SBH) Safe Operating Stop o  Prod Mode & Doars Closed
7 -  Prod Mode & Doars Open P} ime s
V| £ e AP0 -4 19 o Aty U bt oot  Setup Mode & Daors Closed
7 Al  Setup Mode & Doors Open Collected
70 + Setup Mode & Doors Open. HT2 Enobls Fressed || (ST [ Aumvas -
< Spindie e [ (SBH) Safs Operotng Stop B2 0 Aois X1 acceptance teat mode s achwe
® (SG) Sefely Reducad Speed Collected sl B 201799 Awe X1 SERVD_333 (31 361 Motion |
5 New Tast Ao 10| Al Teat v 8 2o Ases X1 safe vekocty escesded -
[ (SE) Safe Software Limit Switch A B e Avés X1 sop C iggered -
& Sofe Broke Test s e — e ST
V% Frishad  Spindle
G) Safelv R 5 R e A RS
[ (50) Sotek Radoced Spoed & R S 5 o
SE) Sae Soware Limit Switch
J 2 % O o oL S ik e  s3f0 speed ik ovce e NOT secpy
i e Eries Flesid % Finishad View Grase I

. . L . . ® Verify test results are acceptable and acknowledge a suc-
® Click on ‘Start Data Collection’ and wait for dialogue box. cessful test
® Jog the axis in the selected direction. e Reset Errors
e Wait for dialogue box to clear and click ‘Enter Results’. °

Repeat test for all Axes & Spindle and all used SV Levels.
Note: It may not be possible or practical to test the
Maximum Safe Velocity Limit (i.e. SV4) without
error due to the limitation of the axis machine data
and mechanical components.

=)

Notes :
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Safe Software Limit Switch Test

Purpose

This test verifies that limit switch overtravel is detected. If limit
switch overtravel occurs, the appropriate alarm(s) should be
generated and the drive should be shut down.

Ensure X1 axis is ‘Safely Referenced’ and the ‘User Agree-
ment is set’.

With the ‘Safe Software Limit Switch Test’ selected, click on
‘Begin This Test'.

® Select the X1 axis and SE1 (Safe End-switch Pair 1)
® Select the Positive Direction and click ‘Start Data Collection’
Selact an fws
E Select a working range
SE1 -
R Seloct a deection
. Negaive = Foie
Moniorng of SE active SE1
Sale postion ek 1100.00000 e
Operator Mode J0G
Sale actusl posbion 00000 men

Achivate the testad soltware lmd, then press "Stait Dats
4 Colection”, then wat fos the "Callecting Data” ddiog to Stat Data
sppsat Cobection

5

® Jog the X1 axis onto the Positive Limit
® Click ‘Enter Results’

® Enter the Test Name and Trigger Condition.

Test of SE (Safe Software Limit Switch)
Provide information sbout the lest snd select whether it passed o laled
Test Name. pa-SE1Posbve
Repeat Tha Test for
[ Descrpton | Data | " Ancther Avis
SEID SE1
Anz/Spinde Name A0 X
Direction Pusitive
Poshon Limk 11000000 mm  Delete Test Resuhe
Aeaction Tme 00034 sec
Overtravel 03462 mm
Test Trigger Condition Repeat With Same
Data
Jog X1 aas onto the posilive overtravel il
Analyze dam and make selections for the cestiicate
3
N
201708 Aws X1 SERVO_3.33 (3} %nSI Moton CU. »
aq-- | i i T =
& Chck hers if Imits weie conectly detected
" Chck here # imits were NOT conectly detected
View Graphs

® Verify result data and acknowledge the test.
® Recover the axis using the ‘End Limit Override’ keyswitch.

-

® Repeat the test for the SE1 Negative direction.
® Enter the test data and acknowledge the test.

In order to test the SE2 limits It is necessary to temporally
modify the PLC user program.

The Hardware Over-travel interface signals must be inhibited
for the axis (DB<Axis>.DBX12.0 & 1). This is done in FC90 as
shown here.

Network 19 : X Axis End Linit Minus

AN "Axis_¥1"_E_SN1Tlus LE21.DEX109.0

AN "Axis_¥1"_ E_SN1Minus DEZ1.DEXLOS. 1

A "EPL".EPL_STATUS14 DELS.DEXLZ7.E
-CLR

= "Axis_ M1"_ A HWLimitMinus DEZ1.DEX1Z.0

Network 20 : ¥ Axis End Limit Plus

B “"Axis_¥1"_E_BSN1Tlus LDEZ1.DEX1O2.0
A "Axis_¥1"_.E_SN1Minus LEZ1.DEXLIOS. 1

= “"Axis_H1"_ A HWLimitPlus LE31.DEXLZ. 1

Once this done, SE2 can then be tested by selecting the ‘End
Limit Override’ keyswitch, whilst jogging the axis onto the SE2
limit.

It is only possible to recover the axis by removing the ‘User
Agreement’ before jogging clear.

WARNING: CARE MUST BE TAKEN TO AVOID
MACHINE DAMAGE!

Note: Remember to remove the modifications from the
PLC.

Notes :
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Safe Brake Test e Ensure the Feedrate is set to 100%.

Purpose ® Execute a ‘Test Stop’ (MCP User Key 1).

This test verifies the holding torque and the functionality of the o When Comp|eted' enter the test data and trigger conditions.
brake.

Test of Safe Brake Test
Priowids nfoemation about the test and selact whather it passed o falled
® \With the ‘Safe Brake Test selected, click on ‘Begin This Test Name: fr S
) [Descigon  [0sls | Anolherhwe
Test'. Asis/Spinde Name AX2Y
. . i A Directon l’legalwe
® Select the Y1 axis and a Negative Direction. (L — Y |
Tozn:lsatonw ggg :m
° H ‘ : ) Additond loequa - m
Click ‘Start Data Collection’. Rekigiean [
Tost of Sate Braka Tost [Jog Mode. Doce Chased. Production Mode Selected

Flease folow the sleps lated bekoe Feediste set al 100

St an v F——
[xvt ~ Analyze akems and make selections for the certiicate
. Swlect & deecton T
TS e 1
Sate Brake Testactve No Sl shenp ' |l o =
Pt Madk 106 0O 2m02 Az X1 test stop 1 nunning
5o chual ponlion FEST0 wn 0 2n0e Asiz Y1 test slop i 1unring
o : 0 2ne Az SP1 test stop & wunring
b ety Stat Do 0 2o Avis Al test stop s unring <
aiSiiey ™ L[J
& i e ks b i
Bomaw moves n Ihe pactad dhector
" Cick here ¥ brake did not work propesly.
Cotected
e 0| Adwan Test

bl

4 i 2
[5 misetachimpmBmtab® e e Verify the result data and acknowledge the test.
® Repeat this test for all ‘Safe Brake Tested’ axes.
i
® Click ‘Next’ to complete the acceptance test procedure.
) =)

Notes :
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Saving the Test Results and Generating the Certificate

With the ‘Finish’ page now selected, export the test results and

store the .ATW file safely for future use.

Finish Page
Generale an acceptance test certficate.

The "Generate Caitificate” button on this page & used to produce
the accaptance test cedificate.

Pl ired tests and repeat them for al
conditions and axes before you gensrate the cedificate.

Now ‘Generate Certificate...’

Finish Page

Genecate an acceptance test centficate.

The "Generate Cattificate” button on this page & used to peduce
the acceptance test cerificate.

P iwed tests and them for I
condilions and ases before you genarate the cetficate.

apalid

o8

ceitiicale, § requited

~Resuke _— _
mpod Tesk Goonshs LR Generate Certificate T )
Resuks.. Cetifcate.. ————— Savein|[ ST x| « B ckmE-
= |
Bt Teaesks EIF] Foae
Savain: | 0 SIaT =] + @k E-
Import Axial
Resubs..,
Emﬁd Filename:  [A1020( Save |
Save asbpe: [Fich Text File (1) =] caed |
File name:  [A102 atw Save I
Save & bype: [ATW Resuts Fie (* atw] | Cancel |
) )
The Certificate file should now be edited to include machine
specific information;
® Section 1.1.1 Machine diagram detailing the Safe Axes/
Spindles and the location of all safety related devices
(Emergency Stops, Guard Door switches....etc).
® Section 2.1 Function Table description.
® Section 2.3 Description of all Safety Related Devices.
® Section 4.5 Data Archiving.
® Section 4.6 Counter Signatures.
) )
Notes :
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