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1. ESD Overview
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» 0On 19 November 1984, the LPG disaster in Mexico City, 500 fatalities,
occurred; Two weeks later, 3 December 1984, the Bhopal tragedy (more
than 3700 fatalities) occurred.
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Safety Instrumented Function (SIF)

SIF/SIS

Field Sensor

Logic Solver

Actuation
Elements
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Examples:

Level sensors, Pressure
Transmitter, etc

Triple Modular Redundancy (TMR)
system

1) SOV + Actuator + Shutdown
Valve (butterfly or globe viv),
1) Fire Alarm
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Where can Norgren help?

To reduce SOV Probability of Failure on Demand (PFD)

To increase reliability
In Safety or/and Availability

Partial
stroke
System —
Digital SOV to
Single SIL4 (to Positioner Control on/off
form 1oo02 SIL4 & Redundancy SOVs
Redundant SOVs SO\_/ _fOI’ the
System) Positioner Actuator
Signal
Positioners Valve
controller certified ESD ESD
to SIL 3, e.qg.
Metso, Fisher Valve Valve

(Emerson), etcs.
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Actuated Shutdown Valve

¥ The actuated shutdown valve are expected to
remain static in one position for a long period
of time, during the operation, and reliably
operate only when an emergency situation
arises.

M Failure and/or spurious trips could result in
expensive procedural and downtime
consequences.

@ The challenges is: ESD valve to operate &
return to safe mode, when emergency occurs.

® Thus, the reliability on safety and availability,
need to tested frequently before the next
maintenance, but not interrupting the
operation.

® The heart of the actuated shutdown valve

system is the solenoid valve that requires high
level of reliability, availability and safety too.
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2. IEC 61508 Standard
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Safety and availability 4

based on ,,IEC 61 508

For applicAions-in-precess plénts
hased on JEC61 511°

ESD- Emergency Shut Down
Process valves into the safe position , if necessary

»  The international standard "IEC 61 508/61 511" replaces the local standard "DIN V 19 251/19 250" .
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- 1 Safety and availability
L based on ,,IEC 61 508*

Risk-graph and requirement classes according to:

IEC 61 508/ 61 511

W3 w2 wi C = Extend of damage
c1 . . . C1: slight injury of a person
C2: severe, irreversible injury of one or
P1 several persons
SiL1 — — C3: death of several persons
F1 C4: catastrophic implication with many
P2 $iL1 || SIL1 — death persons
c2 F = Duration of stay
P1 F1: rarely or more often
SiL2 SiL1 SIL1 F2: frequently up to permanent
P2 P = Hazard prevention
SiLs || siLz | SiL1 P1: possible under certain conditions
P2: rarely possible

F1 SIL3 || SIL3 || SIL2 | W =Probability with which undesirabal
c3 incidents happen

W1:very low
SIL4 SIL3 SIL3
W2: low

ca Wa3: relatively high
ALt <ALt e — =No safety requirement

Start F2
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Presentation Notes
Risk Graph�IEC 61508 provides an alternative to Risk Matrix, called Risk Graph. This method focuses on the evaluation of risk from the point of view of a person being exposed to the incident impact zone. It is consequence driven and four parameters are used to characterize a potential hazardous event: Consequence (C), Frequency of exposure (F), Possibility of escape (P) and Likelihood of event (W). The following is an example of Risk Graph.

The consequence levels are as follows:�C1 = Minor injury�C2 = Serious permanent injury to one or more persons, death to one person�C3 = Death of several people�C4 = Very many people killed

In assessing the consequence severity, the following are considered:

Potential for injury or fatality

Possibility of the exposed person recovering and returning to normal activities

The effects of injury - acute or chronic 

The exposure frequency (F) has two levels:�F1 = Rare to more often exposure in the hazardous zone�F2 = Frequent to permanent exposure

Personnel exposure is evaluated in terms of the personnel presence and activity in the unit. Typically, the following are considered:

Location of the process unit

The fraction of time plant personnel (e.g. personnel from operations, engineering and maintenance) spend in the vicinity 

The possibility of escape (P) has two levels:�P1 = Possible under certain conditions�P2 = Almost impossible

Ease of escape from danger might be evaluated as such: 

Personnel training on handling accident scenario

Ease with which danger is recognized

Alarm sirens and lights

Escape time

Accident scenario training to personnel 

The likelihood of occurrence (W) is quantified as follows:�W1 = 0.03 pa or above (below 0.3 pa) - a slight probability�W2 = 0.3 pa or above (below 3 pa) - a medium probability�W3 = 3 pa or above - a high probability








Product Range according IEC 61508 - SIL4 @ NORGREN

Series :
97105 Series
: . —a 97105
Inline S
O Namur
L. - —

Series 24011 & 24010

P

\\
\ \ \
\\ \
\\ % e
Safety Integrity Level
IEC-61508 [ECB1511

Triple channel / increased safety & availability 2003
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Maxseal SIL Product Overview
| ICO series

| Solenoid Valves

* Rugged Stainless steel construction

» /4" to 4” threaded, flanged and Namur connections
* Exd Exia Exmbe Exn — ATEX, CSA, IECEX
«Sil3/4

4
§:)
e Low power coils E

 Fit & forget 30 year life

GE A fluid controls business of IMI plc



Safety and availability

»

Product
safety
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Approval for the Product testing of the HERION Solenoid valves

UV L und

A

TUV Rheinland Group

Installation pasitien

Tusd rosulis:
Uf‘m basis of

i [EC &1508:

Examination of the Suitability of 3/2 Way Solenoid Valves
for usage in defined safety integrity levels according to IEC 61508

© Morgren GmbM, Stuttgarter Strasee 120, 70718 Felibach

- 10 bar cverpressure
Hat 25 °C to +65 °C (NBR - Perturan Seal)

the avaiable report for the type sories 24011 of 2611 2001 (Raport S15701)
thes arvailable report for the Lype series 24010 of 14.00.2002 (Report § BA0T)
through 8 total af mone then 30,000,000 teull-fres swiching Cycies by cantinuing an sodions st
program with new and usad vales based on the mpads 5137401 and & BA02
8 puccusshul manufacturing conirol suditng al the Norgren Gk of 20,11 2001

e Tasl Cantra confimg (el T koilowng figures have been cetermined for the valwes N SO0

» probekslity of Taikrs of 1o salety function on demantd
PFO <2 x 107 &t a upper confidence limil of B5%

& The Sale Faiure Fracton (SFF) sccording o Tabis &1, ECH1S08.2 & greste PiEn o sgusl in
0.5

The vaives are therefors sultable for utlllsatien in sataly related systoms with a Hardware Fault
Telsrance of 1 of 2 up lo and including SIL 4,

vlasy GmbH TOv

Type sares 24010 of 1 valve ssction list of 28.02 02 (End, 1);
Type sariees 24011 of B wahv aslwciion lisl of 22.91.01 (Enl, 2
=t yakve carineiges 1029960 , 1025348, 1026347

F7-wey valve wilh slecliomagres: drve

10°C bo +120 °C (FRM - Viton Seal)

80 °C to +130 °C (VIS - Biicone Seed)
At 10°C i #00 'C with FRM

<25°C fo +80 °C win KER

<40 °C o ~50 "C win VIO

For cuadont comrston he @t BF SRORred. sl B 6gu00ad
Wit BOuNG SO B0 CONDULS DO SoRrweTs. 02 Wi
funnel-shaoad fiters

Rumarks.

‘T e a0y I guch mopACatony i agw 01 | 1o 100y

"igh demanc T can be U e 3CCOMBrg W0 AGpendis | based 0n Ihe garicie dermed e The deliikons
el ral

i araticr g cweraiedt roxte 1 L 61508 2 dagiopd hase scooeinghy, 48 B

P T

Valigity of the Test Regert

7.7
D'MM
Orter Vo, 21207332

o
o tmrs st b o ekt < spshesb
P sirnnt it bor 3 g of rperaion of § pRers U8 3 T OF |6 Pl Wiinge five ekve by uasi o]
it . e e sty of e e oo utiing of

nmrer 0% et wsbemq ey avary hec pha

Tre vaioty of the test report & bmsted o @ panad of § yeans Wl Jenuary 2006

Dated in Coiogne, January 20, 7004 Tesl Laborsiory for Energy Appliances

Somacaton haes, 8.3 et of e B haghgatie arkisnce o e pRAbINY

Ll

Page 3188 ot Mo ¥ 37 2008 51

The excellent test results are recorded on pages 1 through 22 of the TUV test protocol and its relating annex.
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Safety and availability 9 NORGREN
based on ,,IEC 61 508“

»  Approved HERION Solenoid valves, series 24011

Expert Appraisal
based of: IEC 61 508
3/2 directional solenoid valve, series 24011

Test results:
As aresult of the tests and examinations carried out, it is the opinion of the Test Centre that the

probability of the failure of the safety functions at an operational requirement (PFD) is
determined for the valves as follows:

= probability of failure of the safety function on demand
PFD > 2 x 107 at a upper confidence limit of 95%

= The Safe Failure Fraction (SFF) according to Table Al, IEC61508-2 is greater than or
equal to 0.99

The valves are therefore suitable for utilisation in safety related systems with
Hardware Fault Tolerance of 1 or 2 up to and including SIL 4.
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3. ESD Concept & Applications
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Reliability, safety and availability
In process plants

» Application. = '_I ot oo
Solenoid valves control process valves alven b o to
“ESD” Emergency- Shut - Down é é é éé IEC 61508; SIL 4

ENGINEERING ADVANTAGE
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Safety and availability

»  Application
»  Main valve in the safety position in case of power failure.

I “ESD” Emergency- Shut - Down, closing / opening by spring

| TN

Pneumatic drive
of main valve

Electric auxiliary
energy _

Plant engineering

Solenoid valve
with TUV approval T |

Main valve,

/ \ ~~ safety position open

Exhaust \
connection N/
Pneumatic auxiliary

energy @

ENGINEERING ADVANTAGE



Safety and availability

»  Application:

@ NORGREN

»  Main valve in the safety position in case of power failure.

“ESD” Emergency- Shut - Down, closing / opening by spring

N

Electric auxiliary

energy
Solenoid valve
with TUV approval =
T |-
I N
| Z
Output signal
Exhaust
connection
A4

Main valve, safety position open |>\u

Output signal of the positioner travels via the solenoid valve.

ENGINEERING ADVANTAGE

Pneumatic drive
of main valve

Electro pneumatic
position controller

Input signal

<

Y Pneumatic

auxiliary
energy
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Redundant systems ,,Safety* GF‘ NORGREN

&4
| _[ﬂ -y Double channel: switching on: series / switching of :

- | parallel

ik}

<
2
B A /
| ; T Y 7 W
3 1
2] “1002" Safety Logic Analysis
A I / " R1 R2
Condition ©
wa VA A | s
Ip All functioning 0 0 0
ONE chanmel fail its 1 0 0
function 0 1 0

“1002“ Availability Logic Analysis

i,y R1 R2
. Condition A B (C)
Activated Error All functioning 1 1 1
Without Valve ONE channel fail its 1 0 0
Error A Sunction 0 1 0
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Redundant systems ,,Availability“ @ NORGREN

Double channel: switching on: parallel /7 switching of :
series

(C)

3N
2| M “2002“ Safety Logic Analysis
A 4 e R1 R2
Condition C
[/ 1r v / W A B (©)
3 All functioning 0 0 0
ONE chearmel fail its 1 0 1
| @ Sfunction 0 1 1
“2002“ Availability Logic Analysis
i, R1 R2
Condition A B ©
Activated All functioning 1 1 1
Without ONE channel fail its 1 0 1
Error Junction 0 1 1
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Redundant systems ,,Safety and Availability* @ NORGREN

design 2 out of 3

(©)

L
=
/|
=

,..
¥
|

¥
X

Safety Logic Analysis

- R1 R2 R3
3 \ 2 Condition v, v v vV, c
! ﬁ 3 2 | All fnctioning 0 0 0 0 0
1 N 1 0 0 0 0
5 ONE channel fail itd 0 1 1 0 0
Jflnction 0 0 0 1 0
@ L enanes 1 1 1 0 1
its function 0 1 1 1 1
Availability Logic Analysis
Availabilit iti R1 R2 R3
y Condition v, v v vV, C
All funetianing 1 1 1 1 1
ONE channel fs 0 1 1 1 1
CFLAFIMEL Jatl
Safety Error @ Error @ Error @ Error its function 1 0 0 1 !
1 1 1 0 1
A =] C D T 0 1 1 0 0
f;:?ﬁ(inc;‘ix;f;nels Jarl 0 0 0 1 0
1 0 0 0 0
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Presenter
Presentation Notes
Functional test of the 3 redundancies possible during operation.

Integrated switching position monitoring via inductive proximity switch

Solenoid with international explosion-protection classes: EEx ia; EEx me;  EEx md.
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Product Range for ESD Application

" 2 '
Inline ported body
IP 67

€x
-
-
-

IP 65

L 4

y

SS ported body EEx me/md
ENGINEERING ADVANTAGE



Product Range for ESD Application @ NORGREN

Namur SOV Redundancy Solutions

Double Redundancy Triple Redundancy

(i) 1002 increased Safety, or (iii) 2003 increased Safety

(ii) 2002 increased Availability and increased Availability

Sensors or / o \ / . Sensors or
pressure / pressure
switches Individual 24011 Series Individual switches

_ option for Isolation Valve NAMUR Interface Isolation or option for

diagnostics option for online Solenoid Valve Bypass Valve diagnostics
coverage maintenance (SIL 4 option) option for online coverage

maintenance

ENGINEERING ADVANTAGE



New Product Range according IEC 61508 - SIL4 @ NORGREN

Low Flow Rate

Version Series 24011 High Flow Rate

Version Series 98015

Sit

IEC-61508 IECE1511

Triple channel / increased safety & availability 2003
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V81l Advantage --- Aluminum version

® Aluminium, brass or stainless steel construction
® |EC 61508 SIL 3 & 4 based on field reliability data

® DIN EN 161/3394 DVGW Type examination;
Automatic shut off / control Valves

® Compact modular manifold design
® Reduced potential leak paths

® Modular construction enabling standard
and customisable circuits

® Bypass function for online valve replacement

® 1002, 2002 and 2003 options providing “safety”,
“availability” or "safety & availability” functionality

® Standard and high flow options
® |nductive proximity sensing of valve spool position

® 24011xx -40 to +80°C

® 98000xx -25 to +60°C

ENGINEERING ADVANTAGE



(Y NORGREN
V81 Advantage --- Stainless Steel Version

® 316 Stainless steel construction
® |EC 61508 SIL 3 & 4 based on field reliability data
® 3 point mounting system

® [ntegrated downstream filter to protect against
particle ingress

® Reduced potential leak paths

® Modular construction enabling standard
and customisable circuits

® Bypass function for online valve replacement
® Jlool, 1002, 2002 and 2003 options providing
“safety”, “availability” or “safety & availability”

functionality

® Dkg return spring ensures safe,
reliable closing of valve

® -50to +90°C

ENGINEERING ADVANTAGE ® Flow controls to individually meter in and out
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V81 Advantage --- Flexibility

2002
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Redundant system “Safety & Availability” @ NORGREN

2 out of 3 Design

By Pass Advantage:

>> 97105 Namur interface: flow >1000 L/m: SIL 4;

>> Easy to operate;
>> POKA-YOKE

Add-on Bypass
Kit

ENGINEERING ADVANTAGE
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Solutions

e

N~ 2
= =
%OJ C\—M]]E
© Lﬁ

©

SOV with

Isolation ?
SOV with
Isolation ?

ENGINEERING ADVANTAGE

@ NORGREN

o g, 11

-.""‘-" b s i
1 4 =3

225 (2]

Customized Dual Redundancy 2002 with:

e Individual isolation valve

e Visual SOV pressure indicators

e Automatic drain Filter Regulator

Other Optional:

e Diagnostic SOV sensors/pressure switches
e Bypass valve

e SIL 4 SOVs
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Real Advantage . ..

RELIABILITY ADVANTAGE
AVAILABILITY ADVANTAGE

MAINTAINABILITY ADVANTAGE

+

SAFETY ADVANTAGE

ENGINEERING ADVANTAGE
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