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Safety Architecture and Standards Review

Drive Safety System Architecture Option Review

Safety Controller Activated Drive Safety
Function Overview and Application Use Cases

Safety Controller Executed Drive Safety
Function Overview and Application Use Cases
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» Networked Safety
» Based on EtherNet/IP

» Safety Controller/PLC
- Safety Task

» Safety 1/0 Devices
= Emergency Stop
- Safety Relays
< Light Curtains
- Safety Mats
= Door Lock Control

» New Safety Device = CIP Safety Drives
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There are many safety standards that provide guidelines for safety
systems.

CIP Safety Drive Profile design focuses on EN61800-5-2, which defines
Safety Function requirements for adjustable speed drive systems.

Standard Relevance

Safety related parts of control systems:
Describes the categories, requirements, functional characteris-
tics, and general principles for design

ISO 138491

IEC 61508 Generic standard covering the safety lifecycle of electrical/ elec-
tronic/ programmable electronic systems. Facilitate

development of application sector standards. Risk assessment
for safety functions & safety integrity levels (SIL).

IEC 60204-1 Electrical Equipment of Industrial Machines:
Defines safety related conventional functions, stopping catego-
i : . — " i

IEC 61800-5-2 Safety requirements and functional safety for adjustable speed
drive systems

IEC 62061 TSrarmaar ot rrrrrie e rrtattoTr o IET U1 o000 specifically

for machinery sector including functional safety and manage-
ment procedures to achieve functional safety by design

NFPA-79 National Fire Protection Agency Electrical Standard for Indus-
trial Machinery:
Covers electric/electronic equipment or systems supplied as
part of industrial machinery or mass production industrial
equipment that will promote safety to life and property

OSHA Occupational Safety and Health Administration:
1910.217(b)(13) Addresses control reliability
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» EN61800-5-2 provides high level 61800-5-2
functional description of drive safety Functions Description
functions 5TO Safe Torque Off
» These are the safety functions that are 551 safe Stop 1
targeted for CIP Safety Drive Profile 552 safe Stop 2
support 505 Safe Operational Stop
SLA Safe Limited Acceleration
SAR Safe Acceleration Range
Functionality Grouping - bl ok
> Di T ti t SSR Safe Speed Range
isconnect Torque generating power to oT Safe Limited Torque
the motor (STO) o Safe Torque Range
» Safe stop (i.e. S§1, _SSZ)_ P Safe Uimited Position
» Safe speed monitoring (i.e. SSM) su Safe Limited Position Increment
» Safe acceleration monitoring (i.e. SLA) DI safe Direction
> Safe tOl’que mOnitOring (le SLT) ShAT Sa[E Motor Temperature
» Safe position monitoring (i.e. SLP) SBC Safe Brake Control
» Safe brake control (i.e. SBC) SCA Safe cam
S5M Safe Speed Monitor
Technical Track 2014 Industry Conference & 16 Annual Meeting page 5
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STO (Safe Torque Off)

Safe Torque Off
Stop Request } y
{
Wait Stop Delay M" !
Speed SafeTtI‘_mL.Luff
Disable Motor Power e
! » Time
SS1 (Safe Stop 1)
Safe Stop 1
Stop Request | ot
Wait Stop Monitoring Delay R TR e
Monitor Decel Until Standstill
Disable Motor Power Standstil Speed e
Active
o [IME
SLS (Safe Limited Speed) Safe Limited Speed s SIS Reguest
EeqUE: EMOWE
Safe Limited Speed Request { o st Mantang | _ sate ed speed |
elay
Wait Stop Monitoring Delay Speed f\/\/_’_h e
. . . | .
Monitor Speed < Safe Speed Limit - - - M ___ _f_\ﬁ,;;;__;_/-/
Safe Speed Limi
e spesemt Acceptable Speed Range = Time
Technical Track 2014 Industry Conference & 16 Annual Meeting page 6
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OPTION 1
Drive safety 1/0 activated drive safety functions
OPTION 2 <€ Detail & application use case examples focus
Safety controller activated drive safety functions
OPTION 3
Safety controller configured & activated drive safety functions
OPTION 4 <€ Detail & application use case examples focus
Safety controller executed drive safety functions

Safety Network Safety IfO Drive Safety Drive Safety | Motion Profile
Connection Required Owner Function Activation| Config Source Command
Option 1 Mo Drive Drive Drive Drive
Option 2 Yes Safety Controller | Safety Controller Drive Drive
Option 3 Yes Safety Controller | Safety Controller |Safety Controller Drive
Option 4 Yes Safety Controller | Safety Controller | Safety Controller| Controller
Technical Track 2014 Industry Conference & 16t Annual Meeting page 7
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Safety Logic

" Motion Control, Safety
R s and
g ] Communications

Configuration

Safety Communications

Safety /O
Safety devices to inputs, outputs connect to drive Motion Data &
Safety Data

Monitoring

Power Amplifier

Encoder Daa . - T
A —'w.,e“"‘“"’m"— load e b i e A \
L _ I

Drive safety configuration is stored SF execution is performed in the
In the drive drive

Use case: preconfigured safety functions Safety functions are controlled locally
Safety function (SF) activation is Safety Controller safety input and
performed in the safety controller safety output network connection

Safety 10 owned by Safety Controller to the drive(s)

SF activation transmitted via network
Technical Track 2014 Industry Conference & 16™" Annual Meeting page 8
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Normal
operation

Safe stop 1
(Emergency stop)

Special mode
»,safe motion
(1_n)“

Special mode
,safe standstill

Technical Track 2014 Industry Conference & 16" Annual Meeting page 9
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Operating state | Safety Functions Mode Selector

Normal mode Safe direction Normal mode select
Safe maximum speed
Safely-limited position

Safe standstill Safe stop 1 Special mode select
Safe stop 2
Safe brake control

Emergency stop Safe stop 1 Emergency stop button

Safe motion Safely-limited speed Special mode select +
Safe direction enabling control button

Safely-limited increment
Safely-monitored position
Safe maximum speed
Safely-limited position

Technical Track 2014 Industry Conference & 16 Annual Meeting page 10
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Safety functions pre-configured and pre-tested
without a safety controller

Easy migration path between option 1 (safety 1/0
hardwired to the drive) and option 2

Less CPU power needed in the safety controller.
Valuable in machines using a large number of safe
drives

Less data used for safety communication.
Less load on the communication interface
Less bandwidth on network used
Relevant in applications using a large number of safe drives

Shortest possible reaction time to events exceeding

limits. Especially for hydraulic applications this is In
many cases the only possible solution

Technical Track 2014 Industry Conference & 16 Annual Meeting page 11
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201 Module

— Local safety signals
(option 1)

l CIP Safety
(option 2)
[

Independent axis configuration
Flexible system integration

Technical Track 2014 Industry Conference & 16 Annual Meeting
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&% Use Case - Woodworking

2 Machinery

Zone mat
| | |
1] n 1]
CIP Safety
(option 2) @

o o5 o

Speed limit monitored in drive - fast reaction time

Example shows separate safety controller
Easily implemented using CIP Safety

Technical Track

2014 Industry Conference & 16 Annual Meeting
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Speed limit monitored in drive - fast reaction time

Group select enables flexible safety solution for a limited
number of monitoring combinations

E.g. Changing print plates, speed limit depends on
direction of motion

Technical Track

2014 Industry Conference & 16 Annual Meeting
© 2014 ODVA, Inc.

page 14
All rights reserved.

www.odva.org



S8

ODVA
2014

B o B o
Industry Conference
6th

and 16th Annual Meeting

>

Drive safety configuration is
stored in the safety controller
Minimal safety configuration required

Safety function activation is
performed in the safety task

User safety task application program
with embedded safety instructions

Library of drive safety instructions

for a range of safety functions
Safety function execution is
performed in the safety
controller — Except STO

Safesy Configuration and Logic

Safety Controller Executed Drive Safety
Functions (Option 4 Architecture)

. 1

Motion Control, Safety

Communications

and

Safey Commusications
|

Safety /O

iy S L P, dulel it L

Matisn
Safiety

Runtime execution of the safety
functions is managed in the safety ;.. .uu
controller

Drive safety status data is used in
the instruction runtime

Power Amplifier

O Lty Yo R [

Ersediod Data !
| .
Maotor Encoder o Mator

Bt el e e tamidy il b et e, = g, e, i

loagd o Load Encoder

Bt o e o e ey

|

Safety Controller safety input
and safety output network
connection to the drive(s)

Technical Track 2014 Industry Conference & 16 Annual Meeting
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Safe Torque Off

Safe Brake Control

Safe stop

= l.e. SS1
Safe speed
monitoring

= l.e. SSM
Safe acceleration
monitoring

= l.e. SLA
Safe torque
monitoring

= l.e. SLT
Safe position
monitoring

= l.e. SLP

Technical Track
© 2014 ODVA, Inc.

Sa1
Safe Stop 1
851 Axis_1_881 [.] (01—
Revision 0+
RestartType MANUAL H{SR—
e
ColdStar{Type AUTOMATC  H(BT)—
i9
HonitorDelayTime 025+ HRR—
MaxStopTime 20%
DecelRefSpeed 200& HFP—
DecefMolerance 10¢
StandstilSpeed 05+
SpesdTolerance 1.0+
DiscrepancyTime 100+
Trigger Line_SS51_Combined Status
1%
Feedback_& Axis_1_MotorFB
Feedback B Axis 1 AuxFB
Reset  Safety Circuit_Reset Cmd
l&
DiagnosticCode 0+
FaultCode 0+

Output 1
1ol

Bl
Requested
(58)

Below
Threshold

{E7)

Required
[RR)

Fault Pracant
{FF]

2014 Industry Conference & 16 Annual Meeting
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Drive Safety Instructions

Description

This cutput is enersized when the input conditions have bean satisfied,

OFF {0]: Unheslthy or inactive

ON {1): Healthy and active
The cutput bacome de-snersized when the following ocours:

1.The rung is no long energized.

2 Any fault has oocumed.

1.The monitoring saquence has completed.
ffitem 1 occwrs and monitoring has not been requested, only making the input
conditions true is required to restart the instrection. If item 2 oocurs, then 2 Resst
command will nesd to be issued. fitem 3 oocurs, the restart action is dependent on

the state of the Trigzer and the Restart Type.

This cutput signifies that the monitor sequence isactive. It will =nerzize when the
initialzation of the instruction has completed after the Trigzer transitions from ON {1}
to OFF {O]. It will stay energized until the procass completes or a fault cocurs,

This output is enersized when Speed Input A and Speed Input B are both below the

Standstill 5peed configuration value. This cutput will continue to operate wntil & reset

ora fault ooowrs.

This cutput is enerzized when the Reset input nesds to be togsled to restart the
instruction. This can cocwr with Restart Type Manual after the monitor sequence
completes and the Trigzer is returned to the ON | 1) state, or when 2 fault is prasent, or

when Cold Start Type Manwal is chosen,

This output is enersized when 2 fault oocurs and will stay enersized until the fault is

clegred and the Reset input transitions from OFF (0] to ON | 1)

page 16
www.odva.org
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SLS instruction is executed in
the safety task
Safety task logic enables SLS
instruction
SLS request handshake
received by the standard task
Request to command drive to SLS
setpoint.
Safety task executes SLS
monitoring function
As defined by SLS instruction input
parameters -> Monitoring delay, safe

speed limit, speed tolerance,
discrepancy time
Safety feedback data from the drive

(single or dual channel position,
speed, acceleration)

If a SLS fault occurs a STO

activation request is sent to the
drive

Technical Track
© 2014 ODVA, Inc.

T

Safy Lmind Speed

Safe Limited Speed Example

5SS Axam 1 _SLS [l =00 D
=1 ] O
EesiarType BLAMILLAL T -
e
ColitarType AUTOMLTIC ] 2y T
-
WanterDaiay Teeg S0 = BT =
SatelmiedSpeed 10
WislabeSLS 0% mm—
SpeedTolefandi 10
DeicrepancyTens 158 & =" F P
Trigoe® Toasl SLS Swlch O
1
Feadbaci_ & dapm_1_UglorFB
Feadhack B axm 1_auxFB _—
FAesal Safety Croud Raast Cmd
[aF
DagrcatcCode =R 3
FausCaode G
Instance | Byte Bit7 Bit6 Bits Bitd Bit3 Bit2 Bitl Bit0
180y, (] Fasat Fasarvad Fasarvad Fszarvad Fasarvad Fasarvad | Raservad 5TO
F.aquest Ontput
Safety Output Data with 5TO
Tnstance | Byte | Bit7 Bit6 Bitf | Bitd | Bit3 Bit2 Bitl Bit0
100, | ©
; Faadback Position (DDNT)
3
4
: Faadback Velocity (DINT)
=
B
190 Faadback Accelarstion (DINT)
11
12 Fazat Safsty Foazarvad Foazaread Fazaread F.azarvad Foazarvad Tongua
Raquirad Famlt Dizsblad

2014 Industry Conference & 16 Annual Meeting
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%g,iﬂ Safety Functions (Option 4 Architecture)

Single software package for managing safety
configuration, programming, commissioning, diagnostics, maintenance
safety configuration is unified in the safety controller for all drives

Flexible, centralized safety function execution

supports complex safety logic

Coordinated safety function execution for an
unlimited number of drives

Runtime calculated or operator entered safety
function parameters
I.e. speed, acceleration, torque, position limit setpoints

Support for safe stopping and safe limiting functions
on drives that only support STO

“Path” based safe functions

i.e. robot TCP safety monitoring which require multi-axis kinematic
functions

Technical Track 2014 Industry Conference & 16 Annual Meeting page 18
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» SLS monitoring of the surface speed on a Wind/Unwind roll

== HindUnwind
Analog Sensor - - >, roll
roll diameter £ %

4. I: -

Safety Controller
Slandard Tash Sarwly Tak
B-:I:I‘l.'.!‘l"lf Appbcstion Code A paeri Code
o

otor/Safety Feedback

Drive aowe contiy v\

n| ==
£

Technical Track

2014 Industry Conference & 16 Annual Meeting
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1. Open guard door input detected (safety task)

2. SLS setpoint is calculated using the analog inputs for roll diameter calculation
— one time event or continuous (safety task)

SLS request with calculated setpoint handshake (safety task/standard task)
Drive ramped to speed < SLS setpoint (standard task)
SLS instruction is executed (safety task)

5. = monitoring delay time out & speed exceeds the SLS setpoint = fault present
output is set & STO activation request (Safety Task)

il

Point_Module-4 1ChDingutSistus  Point_Module £ 1ChinpulSislus  St8_RolDiamaber CF:
JE JE PR Camrguts
4 L 2 L
— Ces ELS_UFWrmrﬁlfﬂLﬂﬂﬂﬁD?E
e
o “'""""""fg;_ e con— Expressin SufellaxiineSpeed ! ([Destance_ - SensorOstance)’2*3 14159)
Revisian 0+
Hestart Type MANUAL (=L HTF DCa_RolDameter. 01 LS
Coid 2art Type AUTORATIC 1 [ Safe Limied Spesd
Chanesl 4, Distance_& |={LTF)=— £LS SL5_Unwinder [] H{01 03—
<Point_Maduls: 41 ChiDatas Rervancn he
0 H={FR— RestaType HANUAL [l MR
Chanmed B Oistance_B 1=}
«Pain]_Waduie 4L CH1Datay CeliSiarType AUTOMATIC e ML e
0+ I-1
Telsrance 1.0 Wen&oriDelay Tims D0* (AT =
SafelimiedSpeed 0.0+
Dicrepancy Time (Masc) 100 VarabasLs LT S e
SpeedTolrance 01+
High Limt 000 .0 DescrapancyTins 100+ HFP)—
Trigger 0
Lo Limi 0.0
Fesdback_&  SFD_Unwinder
nput Status Sis_RolDimeter Feedback B SFD_Unwinder
0+ Seset Cmod_ReserSafetylooat
Resel Cma_ReseiSafelyCincut o+
0+ DagnoaticCode 0+
Disgnostic Code 0+ FaukCode 0#*
Faut Code 04
Technical Track 2014 Industry Conference & 16 Annual Meeting page 20
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» Coordinated safe line stop (SS1)

Standard Task Safety Task
Application Code Application Code

Drive config,
Drive Safety config

___________ Line Stop
Safety Switch

; 4—3&”11'11‘!8
: —vwoﬂmm

Technical Track
© 2014 ODVA, Inc.

2014 Industry Conference & 16" Annual Meeting
All rights reserved.

page 21
www.odva.org




28 _
‘2’8}’2 Solution

Industry Conference
and 16th Annual Meeting

1. Line stop safety switch input detected (safety task)
2. SS1 request handshake (safety task/standard task)
3. Line master axis ramped stop is initiated — drives 1-4 follow (standard task)

551 Requested
0 = Nermal Operation Any Axis Has a Safe
1 = 551 Reguested Stop Reguest
Axiz_1_S51.5R Line_S51_Request
1 E L
10
551 Requested

0 = Nermal Operation
1 = 551 Reguested
Axis_2_S51.5R
1E
10
551 Requested
0 = Nermal Operation
1 = 551 Reguested
Axis_3_SS1.SR
1E
10
551 Requested
0 = Nermal Operation
1 = 551 Reguested
Axis_4_S51.5R

Any Axis Has a Safe

Stop Request
Line_S51_Request MAS
JE Motion Axis Stop HCEN——
Axis Line_Master_Axis [..) M DN3}—
Motion Control Line_Master_Stop HER—
Stop Type All HoIP—
HPC—
Disable Servo Disable Servo Dizable Servo Disable Servo
Line_Master_Stop.PC Axis_1_CirlCmd Disable  Axis_2_Ctrl.Cmd.Disable  Axis_3_CtrlCmdDisable Axis_4_Ctrl.Cmd.Disable
L L L L.
Technical Track 2014 Industry Conference & 16 Annual Meeting page 22
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4. SS1 monitoring instruction is executed for each drive (safety task)

SAFE STOP 1 BUTTONS.

D! D!
Cual Channel Input Stop Cual Channel Input Stop
DCs Zonel_Safe_Stop =01 %== Dcs Zone2_Safe_Stop =01 2==
Safety Function EMERGENCY STOP Safety Function EMERGENCY STOP
Input Type EQUIVALENT - ACTIVE HIGH  [~FP— Input Type EQUIVALENT - ACTIVE HIGH  [~FP—
Discrepancy Time (Msec) 50 Discrepancy Time (Msec) 50
Restart Type AUTOMATIC Restart Type AUTOMATIC
Cold Start Type AUTOMATIC Cold Start Type AUTOMATIC
Channsl A Foint_Module:1:1 Pti0Data Channsl A Foint_Module:2:| Pti0Data
1% 0«
Channel B Point_Module:1:.Pt01Data Channel B Point_Module 2:1 P01 Data
1 0«
Input Status  Point_Module:1:.CombinedinputStatus Input Status  Point_Module:2:1. CombinedinputStatus
14 14
Reset Cmd_ResetsafetyCircutt Reset Cmd_ResetsafetyCircuit
0« 0«
Zone1_Safe_Stop.01  Zone2_Safe_Stop.O1 Line_SS1_Combined_Status
SAFE STOP MONTORING AND TORQUE OUTPUT
Safe Stop 1 Safe Stop 1 Safe Stop 1 Safe Stop 1
Safe Stop 1 Safe Stop 1 Safe Stop 1 Safe Stop 1
ss1 Axis_1_SS1 [) (013>— ss1 Axis_2_SS1 [) (O013>— sS81 Axis_3_SS1 [ (01— ss1 Axis_4_SS1 ) (O13—
Revision ne Revision ne Revision ne Revision ne
RestartType MANUAL HOSRI— RestartType MANUAL HSRI— RestartType MANUAL HSRI— RestartType MANUAL HSRI—
e 0o oo e
ColdStartType AUTOMATIC HBT>— ColdStartType AUTOMATIC HET— ColdStartType AUTOMATIC eT— ColdStartType AUTOMATIC eT—
19 1@ 1@ 1@
MoniterDelay Time 025€ |[{RR}— MoniterDelay Time 025€ |{RR}— MoniterDelayTime 025 |[RRI— MoniterDelay Time 025 |[CRRI—
MaxStopTime 20e MaxStopTime 20e MaxStopTime 20 MaxStopTime 20
DecelRefSpeed 200 [HFP3— DecelRefSpeed 40.0€  [HFPI— DecelRefSpeed 10.0€  [HFPI— DecelRefSpeed 33.0e  |[HFPI—
DecelTolerance 10e Decelolerance 20e DecelTolerance 10e Decelolerance 10.0€
StandstilSpeed 0.25 & StandstilSpeed 05e StandstilSpeed 01 StandstilSpeed S50
SpeedTolerance 10e SpeedTolerance zne SpeedTolerance 05 SpeedTolerance 1.0
DiscrepancyTime 100 DiscrepancyTime 100 e DiscrepancyTime 100« DiscrepancyTime 100«
Trigger Line_SS1_Combined_Status Trigger Line_SS1_Combined_Status Trigger Line_SS1_Combined_Status Trigger Line_SS1_Combined_Status
1& 1& 1% 1%
Feedback_& Aoxis_1_MotorFB Feedback_& Axis_2_MotorFB Feedback_A Axis_3_MotorFB Feedback_A Axis_4_MotorFB
Feedback_B Asxis_1_AuxFB Feedback_B Axis_2_MotorFB Feedback_B Aoxis_3_AuxFB Feedback_B Axis_4_MotorFB
Reset  Safety_Circut_Reset_Cmd Resst  Safety_Circut_Reset_Cmd Resst  Safety_Circut_Reset_Cmd Resst  Safety_Circut_Reset_Cmd
0e 0e 0« 0«
DiagnosticCode ne DiagnosticCode ne DiagnosticCode o DiagnosticCode o
FaultCode e FaultCode e FaultCode e FaultCode e
Safe Stop 1 Safe Stop 1 Safe Stop 1 Safe Stop 1
Axis_1_S51.01 Axis_01_Safety.STO_Output Axis_2_S51.01 Axis_02_Safety.STO_Output Axis_3_S51.01 Axis_03_Safety.STO_Output Axis_4_S51.01 Axis_04_Safety.STO_Output
TE T T TE

5. STO activation request @ Standstill speed for each drive (safety task)

Technical Track
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Conclusion

Drives with network safety connection support are a key component in
emerging safety controller based safety architectures.

Recently published Safety Motion Device Profile addresses critical need for

a networked “Safety Drive” CIP Safety standards

Reviewed Option 2 (Drive based) and Option 4 (Safety controller based)

architectures and use case examples

Technica
© 2014

Configuration /
Parameterization
Multi-axis kinematics (TCP)
Safety limit setpoints

Dynamic safety limit
calculation
Drive functionality

Safety feedback

Safety PLC CPU power

Safety response time
Network bandwidth

Controller and each device
separately

Not possible
15

Not possible

STO, safe stop, safe limiting
functions

drive primary and auxiliary
port connected safety feedback
devices

Low

<lims

Low

Controller only

Possible
Unlimited

Possible

STO

Drive primary and auxiliary port
safety feedback devices and/or
local or network connected safety
feedback

Medium to high - increases with
number of axes

>10ms

Medium to High



	Application of CIP Safety for functional safety in motion applications - analysis of CIP Safety motion application use case scenarios
	Agenda
	Safety Controller Architecture
	Safety Standards
	EN61800-5-2 Drive Safety Functions
	Drive Safety Function Examples
	Drive Safety System Architecture Options
	Safety Controller Activated Drive Safety Functions (Option 2 Architecture)
	Safety modes for Drive operation
	Safety modes and functions
	Benefits - Safety Controller Activated Drive Safety Functions (Option 2 Architecture)
	Use Case - Single Axis Press-fit Module
	Use Case - Woodworking Machinery
	Use Case - Printing Machine
	Safety Controller Executed Drive Safety Functions (Option 4 Architecture)
	Drive Safety Instructions
	Safe Limited Speed Example
	Benefits - Safety Controller Executed Drive Safety Functions (Option 4 Architecture)
	Use Case– SLS Wind/Unwind Roll 
	Solution
	Use Case– Coordinated Web SS1
	Solution
	Solution
	Conclusion

